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The  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  c o o p e r a t i o n  of  
i n d u s t r i a l  l e a d e r s  who h a v e  p r o v i d e d  i n f o r m t i o n  a b o u t  t h e  ways 
t h e y  h a v e  r e d u c e d  t h e  q u a n t i t i e s  o f  h a z a r d o u s  a n d  n o n - h a z a r d o u s  
waste t h e y  p r o d u c e ,  w h i l e  s i m u l t a n e o u s l y  i n c r e a s i n g  n e t  
p r o f i t a b i l i t y .  

Our  t h a n k s  t o  t h e  N o r t h  C a r o l i n a  B o a r d  o f  S c i e n c e  a n d  
T e c h n o l o g y  f o r  a g r a n t  t o  p e r f o r m  t h e  f i r s t  p o r t i o n  o f  t h i s  s t u d y  
a n d  f o r  t h e i r  p e r m i s s i o n  t o  u t i l i z e  some of  t h e  N o r t h  C a r o l i n a  
case s t u d y  ma te r i a l s  i n  t h i s  p r e s e n t  vo lume .  A l s o ,  o u r  g r a t e f u l  
a p p r e c i a t i o n  t o  S v e n  T h e s e n  who c o n t r i b u t e d  much t o  t h e  f i r s t  
e d i t  i o n .  

Our t h a n k s  t o  t h e  I n s t i t u t e  f o r  L o c a l  S e l f - R e l i a n c e  f o r  
p r o v i d i n g  t i m e l y  a s s i s t a n c e  t o  t h e  p r o j e c t .  

Our t h a n k s  t o  o u r  f a m i l i e s  who, w i t h  u n d e r s t a n d i n g  a n d  
p a t i e n c e ,  have  e n c o u r a g e d  u s  t o  d e v o t e  t h e  t ime a n d  e f f o r t  
n e c e s s a r y  t o  d e v e l o p  t h i s  vo lume  i n  t h e  v e r y  s h o r t  time 
a l l o t t e d .  

Our g r a t i t u d e  a l s o  t o  a l l  who b u i l d  upon t h e  e x a m p l e s  
i n c l u d e d  h e r e ,  a n d  t h e r e b y  h e l p  t o  m a k e  t h e  w o r l d  a s a f e r  a n d  
more  h e a l t h y  p l a c e  t o  l i v e .  
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Since 1974 ,  the Institute for Local Self-Reliance has worked 
to make communities more efficient, and to increase the amount o f  
work derived from local resources., Higher efficiency makes for a 
healthier local economy. It also makes communities more self- 
reliant. 

The concept of local self-reliance has broad application. 
Rather than import all our materials from outside sources and 
dump the used materials in waste repositories, the self-reliant 
community embraces closed-loop systems that minimize the use of 
materials and maximize recycling. Rather than base the health of 
a local economy on its ability to attract jobs from remote 
corporations, the self-reliant community generates employment by 
nurturing its native entrepreneurialism and inventiveness. 
Rather than allow remote governments to make decisions that 
destabilize the local economy, the self-reliant community assumes 
the authority and responsibility for its own future. 

The Institute works with interested communities and provides 
technical information to the general public on innovative, 
locally based solutions to the problems facing our society. 
Proven Profits from Pollution Prevention is one in a series of 
such b ooks. Twenty years ago, Americans discovered that some of 
the materials we thoughtlessly consumed and discarded were 
threatening our health. The realization led to a series of 
environmental laws intended to clean up the air, water, and land. 
By imposing the social costs of pollution on manufacturers, the 
nation significantly changed the dynamics of industrial waste 
disposal. A new technological dynamic emerged. Manufacturers 
learned to produce the same products and services with greater 
efficiency and far less pollution. 

This book is a testament to the ability of society to 
channel human ingenuity. By setting environmentally and socially 
sensitive design parameters for engineers, we encourage ways of 
doing things that are supportive of the healthy progress of - .  

society as a whole. Prov-en Profits from Pollution Prevention 
presents the case and demonstrates that efficiency at the local 
level must be a major remedy for our toxic epidemic. 

David Morris, Co-director 
Institute For  Local Self-Reliance 
July 1985 
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This volume had its conceptual origin in May of 1982 at the 
close of North Carolina's first "Pollution Prevention Pays" 
conference. Dr. Michael Royston of Geneva, Switzerland suggested 
that industry and government would soon be needing an easy-to-use 
compendium of case studies illustrating how various industries 
have captured the essence of the source reduction concept by 
meeting environmental regulation's goals through primary emphasis 
on pollution prevention instead of on pollution control. 

In the following months, enthusiasm for the pollution 
prevention concept grew among North Carolina industrialists, 
governmental regulators, educators, and environmentalists. This 
interest was translated into a financial commitment to the 
pollution prevention concept when the legislature allocated 
$300,000 to the North Carolina Board of Science and Technology to 
sponsor a wide array of educational and research activities 
designed to help more industrial leaders become acquainted with 
the approaches and benefits of pollution prevention procedures. 

Don Huisingh and Helene Hilger applied for and received a 
small grant to develop both the methodology for obtaining 
information from industries, and for presenting it in a readily 
usable form. A copy of the questionnaire used in the data 
gathering phase is included in Appendix 1 ,  A first volume of 
materials derived from these information-gathering efforts was 
published through the North Carolina Board of Science and 
Technology in May 1985 under the title: A Compendium of North 
Carolina Case Studies in Resource Con 
Reduction: Profits of Pollution Prevention. That volume - - 

included information drawn exclusively from North Carolina-based 
industries. With permission from the Board of Science and 
Technology, we have included some of those North Carolina case 
studies, and have added others prepared from replies to our 
questionnaire from industrialists in other states and from a 
Canadian respondent. 

The present volume has been made possible by the Institute 
f o r  Local Self Reliance. The Institute's Waste Utilization staff 
and resources made possible the extension of the scope of 
research and guaranteed widespread and immediate dissemination of 
this information. Our thanks to the agencies who supported the 
Institute's research in hazardous waste minimization strategies 
and made this publication possible. These agencies are: the 
Beldon Fund, Washington, B.C.; the Ruth Mott Fund, Flint, MI; and 
the Area Foundation, Washington, D.C. 
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Humans h a v e  l o n g  b e e n  aware of  t h e  d u a l  n a t u r e  o f  
s u b s t a n c e s .  On t h e  o n e  h a n d ,  t h e y  p r o v i d e  b e n e f i t s ,  on  t h e  
o t h e r ,  t h e y  p r e s e n t  r i s k s .  The e s t h e t i c a l l y  b e a u t i f u l  l e a d  
ceramic g l a z e s  u s e d  on t a b l e  c h i n a  a r e  t h o u g h t  t o  h a v e  
c o n t r i b u t e d  t o  t h e  demise of  t h e  Roman E m p i r e  d u e  t o  t h e  l ead  
w h i c h  leached from t h e m .  F e l t  h a t s  were a t t r a c t i v e ,  b u t  a l s o  
r e s u l t e d  i n  t h e  "mad h a t t e r "  n e u r o l o g i c a l  s y n d r o m e  i n  1 9 t h -  
c e n t u r y  h a t m a k e r s  who were e x p o s e d  t o  mercury i n  t h e  h a t m a k i n g  
p r o c e s s ,  Many o t h e r  s i m i l a r  e x a m p l e s  c o u l d  b e  c i t e d ,  b u t  f o r  
p r e s e n t  p u r p o s e s ,  o u r  f o c u s  w i l l  be t h e  dramatic i n c r e a s e  i n  
s o c i e t a l  r e l i a n c e  on new s y n t h e t i c  s u b s t a n c e s  t h a t  h a s  o c c u r r e d  
s i n c e  Wor ld  War 11. 

P e o p l e  were a n x i o u s  t o  c h a r t  a new c o u r s e  a f t e r  t h e  war a n d  
were r e a d y  t o  e n j o y  t h e  " b e t t e r  l i f e  t h r o u g h  c h e m i s t r y , "  a s  o n e  
l e a d i n g  company a d v e r t i s e d .  They  demanded a n  i n c r e a s i n g  s u p p l y  
o f  c o n s u m e r  p r o d u c t s .  I n d u s t r y  r e s p o n d e d  by p r o d u c i n g  n u m e r o u s  
p r o d u c t s  t h a t  u t i l i z e d  t h o u s a n d s  of  new compounds .  B i l l i o n s  o f  
met r ic  t o n s  o f  t h e s e  new mater ia l s  were s o o n  p r o d u c e d  a n d  p u t  
i n t o  u s e .  

T h e  w e s t e r n  s t y l e  of  I tu se  i t  o n c e  a n d  t h r o w  i t  away" h a s  
become n o r m a t i v e ;  s o  much s o  t h a t  w h o l e  armies of  w o r k e r s  a r e  
e m p l o y e d  i n  p i c k i n g  up a n d  h a u l i n g  "away?' o u r  "wastes." 

C o n f i d e n c e  i n  s c i e n c e  a n d  t e c h n o l o g y  was s h a k e n  i n  1 9 6 2  when 
R a c h e l  C a r s o n ' s  b o o k ,  S i l e n t  S p r i n g ,  a l e r t e d  t h e  p u b l i c  t o  t h e  
f a c t  t h a t  D D T ,  t h e  s y m b o l  o f  human t r i u m p h  o v e r  t h e  i n s e c t  w o r l d ,  
c o u l d  b e  f o u n d  i n  o r g a n i s m s  e v e r y w h e r e  on e a r t h ,  t h u s  
u n d e r s c o r i n g  t h e  g l o b a l  i n t e r c o n n e c t i o n  of  e c o s y s t e m s .  She  
p r e d i c t e d  t h a t  D D T  would  b r i n g  a b o u t  t h e  e x t i n c t i o n  o f  a number 
o f  species  a n d  m i g h t  e v e n  t h r e a t e n  t h e  human spec ie s .  Whi l e  
t h e s e  p r e d i c t i o n s  were d e b a t e d  by s c i e n t i s t s  a n d  p o l i t i c i a n s  on 
many f r o n t s ,  t h e  p u b l i c  b e g a n  t o  q u e s t i o n  t h e  c o n s e q u e n c e s  a n d  
i m p l i c a t i o n s  of  a " b e t t e r  l i f e  t h r o u g h  c h e m i s t r y . "  

D u r i n g  t h e  1 9 7 0 s  a n d   OS, n a t i o n s  a r o u n d  t h e  w o r l d  became 
aware of t h e  m u l t i p l e  impacts  o f  i n d u s t r i a l i z e d  s o c i e t i e s  on 
human h e a l t h ,  a i r  q u a l i t y ,  water q u a l i t y ,  l a n d  q u a l i t y ,  a n d  food  
q u a l i t y .  T h e y  demanded c h a n g e s .  C o n s e q u e n t l y ,  many p i e c e s  of  



p o l l u t i o n - c o n t r o l  l e g i s l a t i o n  were e n a c t e d .  T h e  laws were 
e n a c t e d  on  a piecemeal bas i s ,  f o c u s i n g ,  i n  t u r n ,  upon a i r  
p o l l u t a n t s ,  water p o l l u t a n t s ,  workp lace  p o l l u t a n t s ,  a n d  f o o d  
p o l l u t a n t s  . The laws were f r e q u e n t l y  e n f o r c e d  by  separa te  
d i v i s i o n s  of  s epa ra t e  d e p a r t m e n t s  w i t h i n  s t a t e  a n d  f e d e r a l  
g o v e r n m e n t s ,  r e s u l t i n g  i n  c o m p a r t m e n t a l i z a t i o n  a n d  f r a g m e n t a t i o n  
i n  e n v i r o n m e n t a l  p r o t e c t i o n  e f f o r t s .  C o n s e q u e n t l y ,  a i r  
p o l l u t a n t s  were " c o n t r o l l e d f 1  a n d  k e p t  f r o m  e n t e r i n g  t h e  a i r ,  b u t  
o f t e n  t h e  p o l l u t i o n - c o n t r o l  s l u d g e s  were t h e n  dumped i n t o  t h e  
water. O r ,  p o l l u t a n t s  were k e p t  f r o m  e n t e r i n g  t h e  water b u t  were 
p l a c e d  o n  or  i n  t h e  l a n d .  To o u r  c h a g r i n ,  t h e s e  s u b s t a n c e s  t h e n  
moved f rom t h e  p i t s ,  p o n d s ,  l a g o o n s ,  a n d  l a n d f i l l s ,  i n t o  s u r f a c e  
water a n d  g r o u n d w a t e r ,  a n d ,  f r o m  t h e r e ,  i n t o  t h e  g l o b a l  food 
c h a i n !  

T h e  p u b l i c  became i n c r e a s i n g l y  i m p a t i e n t  w i t h  a n d  
d i s t r u s t f u l  o f  p o l i t i c i a n s  a n d  i n d u s t r i a l i s t s .  I n  s p i t e  o f  
h a v i n g  more  a n d  more p o l l u t i o n - c o n t r o l  laws on t h e  b o o k s  t h a n  
e v e r  b e f o r e  a n d  d e s p i t e  t h e  e x p e n d i t u r e  of  b i l l i o n s  of  d o l l a r s  on 
p l a n n i n g  , b u i l d i n g  , o p e r a t i n g ,  a n d  m o n i t o r i n g  end-o f  -p i p e  
p o l l u t i o n  c o n t r o l  d e v i c e s ,  t h e  p u b l i c  c o n t i n u e d  t o  hear o f  new 
t o x i c  s u b s t a n c e  a n d  h a z a r d o u s  waste p r o b l e m s .  L o c a t i o n s  l i k e  
Love C a n a l ,  Times Beach o r  B o h p a l ,  s u b s t a n c e s  l i k e  P C B s ,  d i o x i n s ,  
o r  T C E ,  a n d  c o m p l e x  c o n d i t i o n s  l i k e  a c i d  r a i n ,  smog,  o r  l e a k i n g  
u n d e r g r o u n d  s t o r a g e  t a n k s  c o n t i n u e  t o  b e  b r o u g h t  t o  t h e  p u b l i c ' s  
a t t e n t i o n .  

T h e  p u b l i c  h a s  become aware t h a t  e x p o s u r e  t o  t h e s e  
s u b s t a n c e s  or c o n d i t i o n s  may c a u s e  a d v e r s e  h e a l t h  e f f e c t s  r a n g i n g  
from eczema a n d  r e s p i r a t o r y  d i s e a s e s ,  t o  miscar r iages ,  f e t a l  
a n o m a l i e s ,  a n d  t o  c a n c e r s  of  many t y p e s .  O f  a l l  t h e  maladies 
c a u s e d  b y  t o x i c  s u b s t a n c e s ,  t h e  p u b l i c  i s  e s p e c i a l l y  f e a r f u l  o f  
c a n c e r ,  a n d  o f  a n y t h i n g  t h a t  may i n c r e a s e  t h e  p r o b a b i l i t y  o f  
d e v e l o p i n g  t h e  d r e a d  d i s e a s e  i n  o n e  of  i t s  v a r i o u s  forms. 
Medical a n d  e n v i r o n m e n t a l  s c i e n t i s t s  es t imate  t h a t  a s  many a s  6 0  
t o  80  p e r c e n t  o f  a l l  human c a n c e r s  a r e  c a u s e d  o r  e x a c e r b a t e d  by  
e x p o s u r e  t o  t o x i c  a n d  h a z a r d o u s  s u b s t a n c e s .  I t  is  n o t  s u r p r i s i n g  
t h a t  p e o p l e  h a v e  b e e n  l o o k i n g  i n  new d i r e c t i o n s  f o r  s o l u t i o n s .  

W i t h i n  t h e  a g r i c u l t u r a l  i n d u s t r y ,  t h i s  search  h a s  r e s u l t e d  
i n  t h e  d e v e l o p m e n t  of  i n t e g r a t e d  p e s t  management  a p p r o a c h e s  t h a t  
work more  s e n s i t i v e l y  w i t h  t h e  c y c l e s  o f  n a t u r e  t o  p r e v e n t  o r  
m i n i m i z e  t h e  b u i l d - u p  of  p e s t s .  T h e  r e s u l t  is  a decreased  u s e  of 
p e s t i c i d e s  f o r  m a n a g i n g  p e s t s  o n c e  t h e y  reach e c o n o m i c a l l y  
t h r e a t e n i n g  p r o p o r t i o n s .  

W i t h i n  t h e  medica l  p r o f e s s i o n ,  i n c r e a s i n g  e m p h a s i s  is  b e i n g  
p l a c e d  on  d i s e a s e  p r e v e n t i o n  a n d  w e l l n e s s  p r o m o t i o n  t o  h e l p  
p e o p l e  s t a y  h e a l t h y ,  r a t h e r  t h a n  p l a c i n g  s u c h  h e a v y  r e l i a n c e  on 
t h e  u s e  o f  d r u g s  f o r  c o n t r o l l i n g  o n e ' s  d i seases  o n c e  c o n t r a c t e d .  
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I n  b o t h  t h e  a g r i c u l t u r a l  a n d  t h e  hea l th -ca re  s e c t o r s ,  t h e  
t r u t h  o f  t h e  o l d  a d a g e ,  a n  o u n c e  o f  p r e v e n t i o n  i s  w o r t h  a pound 
of  cure ,  i s  b e i n g  s u b s t a n t i a t e d .  F o r t u n a t e l y ,  i n d u s t r y ' s  
a t t e n t i o n  t o  p o l l u t i o n  p r e v e n t i o n  a n d  waste m i n i m i z a t i o n  a r e  
y i e l d i n g  s i m i l a r l y  p o s i t i v e  e c o n o m i c  a n d  e n v i r o n m e n t a l  r e s u l t s .  

A s  t h e  case s t u d i e s  i n c l u d e d  i n  t h i s  vo lume  i l l u s t r a t e ,  
i n d u s t r i a l  l eaders  a r e  d e v e l o p i n g  a n d  i m p l e m e n t i n g  i n n o v a t i v e  
w a y s  t o  r e d u c e  t h e i r  p r o d u c t i o n  of  wastes of  a l l  t y p e s  a n d ,  a t  
t h e  same t ime,  a re  i n c r e a s i n g  t h e i r  p r o f i t s .  They  are  
s i m u l t a n e o u s l y  r e a l i z i n g  b o t t o m - l i n e  a n d  e c o l o g i c a l  b e n e f i t s .  

The  3M C o r p o r a t i o n  h a s  b e e n  a leader  i n  i m p l e m e n t i n g  w h a t  
t h e y  c a l l  t h e i r  P o l l u t i o n  P r e v e n t i o n  P a y s  p r o g r a m ,  o r  3 P ,  f o r  
s h o r t .  T h e i r  3 P  e m p h a s i s  was b e g u n  i n  1975 a s  a n  a l t e r n a t i v e  t o  
t h e  c o s t l y  p o l l u t i o n - c o n t r o l - o n l y  a p p r o a c h  m a n d a t e d  by 
g o v e r n m e n t a l  a g e n c i e s  r e s p o n d i n g  t o  t h e  w i d e s p r e a d  p u b l i c  c o n c e r n  
a b o u t  t o x i c  a n d  h a z a r d o u s  s u b s t a n c e s .  The  aim of  3 P  is  t o  
p r e v e n t  t h e  p r o d u c t i o n  of p o l l u t a n t s  a t  t h e i r  s o u r c e ,  r a t h e r  t h a n  
c o n t r o l l i n g  them a t  t h e  end  o f  t h e  m a n u f a c t u r i n g  p r o c e s s .  3M h a s  
a c t i v e l y  i n v o l v e d  t h e i r  e m p l o y e e s ,  a t  a l l  l e v e l s  o f  i n d u s t r i a l  
o p e r a t i o n s ,  i n  making  s u g g e s t i o n s  f o r  ways t o  p r e v e n t  t h e  
p r o d u c t i o n  of  w a s t e f u l  p o l l u t a n t s .  The p r o g r a m  has e l i c i t e d  
i m p r e s s i v e  e m p l o y e e  r e s p o n s e s ,  s a v e d  d o l l a r s ,  p r e v e n t e d  
p o l l u t a n t s ,  u s e d  r e s o u r c e s  more w i s e l y ,  s a v e d  e n e r g y ,  a n d  
a d v a n c e d  t e c h n o l o g y .  I n  t h e  f i r s t  n i n e  y e a r s  o f  t h e  3 P  p r o g r a m ,  
1 , 2 0 0  e m p l o y e e  s u g g e s t i o n s  were a p p r o v e d  a n d ,  t o g e t h e r ,  t h e y  
h e l p e d  t h e  company s a v e  $192  m i l l i o n .  A t  t h e  same time, t h e  
company e l i m i n a t e d  t h e  d i s c h a r g e  o f  more t h a n  9 0 , 0 0 0  t o n s  o f  a i r  
p o l l u t a n t s ,  1 0 , 0 0 0  t o n s  of  water p o l l u t a n t s ,  a n d  1 4 0 , 0 0 0  t o n s  of  
s l u d g e ,  a n d  p r e v e n t e d  t h e  p r o d u c t i o n  o f  a p p r o x i m a t e l y  o n e  b i l l i o n  
g a l l o n s  of wastewater. A d d i t i o n a l l y ,  t h e y  saved  2 5 4 , 0 0 0  b a r r e l s  
o f  o i l  a n n u a l l y  t h r o u g h  i n c r e a s e d  o p e r a t i o n a l  e f f i c i e n c y .  
( B r i n g e r ,  1 9 8 4 . )  

Many o t h e r  i n d u s t r i a l  f i rms  a r e  a l s o  m a k i n g  g r e a t  s t r i d e s  
toward t o t a l  r e s o u r c e  s t e w a r d s h i p .  The case s t u d i e s  i n c l u d e d  
here  p r e s e n t  e v i d e n c e  t h a t  s o u n d  i n d u s t r i a l  management  o f  
r e s o u r c e s  r e s u l t s  i n  s i m u l t a n e o u s  e c o n o m i c  a n d  e c o l o g i c a l  
b e n e f i t s  e 

B e f o r e  p r o c e e d i n g  w i t h  t h e  i n f o r m a t i o n  p r o v i d e d  by t h e s e  
i n d u s t r i a l  l e a d e r s ,  t h e  f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  m a g n i t u d e  
o f  t h e  p r o b l e m s  c o n f r o n t i n g  u s  i n  t h e  area o f  t o x i c  a n d  h a z a r d o u s  
waste management .  
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Charact 

The federal government has effectively preempted th 
designation and classification of hazardous wastes through th 
issuance of definitions pertaining to reporting requirements, 
The threat of financial and criminal penalties for the 
mismanagement of designated hazardous wastes has meant, f o r  all 
practical purposes, that concerned parties have subscribed to the 
definition of hazardous waste as stated in the Resource 
Conservation and Recovery Act (RCRA), 

The RCRA was designed, somewhat arbitrarily, to emphasize 
individual generators of hazardous waste producing in excess of 
1,000 kilograms (kg) per month (2,200 pounds). More recently, 
with the passage of the RCRA reauthorization, this threshold 
reporting requirement was modified to include a l l  generators 
producing in excess of 100 kg per month, Even under this 
definition, the estimated 3 to 8 percent of hazardous waste 
produced by small generators, who escape regulation, is not 
included in most considerations of waste management strategies. 

This omission is consistent with our poor appreciation of 
how hazardous wastes are spawned by our consumption/disposal 
habits. Like the small generator, hazardous wastes disposed of 
by the general public are not included in the federal definition 
for purposes of management and waste reduction. With respect to 
the federal definition of hazardous waste, household hazardous 
waste constitutes zero percent of hazardous wastes generated. 

A more comprehensive context for understanding resource use 
and by-product management would help us to conceptualize how the 
various phases of resource use are interrelated, and would be 
constructive in promoting resource conservation and waste 
reduction. Three primary phases are identified for this 
purpose: 

1 )  feedstock or primary resource production, to be used as 
a component in further manufacturing processes (may 
include multiple subphases) 

2) manufacture of finished consumer product 
3) consumption and discard of product 

To illustrate these phases take, as an example, the use of 
chromium. First, chromium is produced in large quantities as a 
feedstock for the metalplating industry. The millers and 
refiners of the metal characteristically generate a hazardous by- 
product. They have traditionally supplied hexavalent chromium to 
the metalplaters who utilize the element in chrome metalplating. 

Some plating technologies, still currently in use, commonly 
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waste as much as 90 percent of the chromium resource to the 
plating rinse bath wastewater stream. (Martin, 1 9 8 4 . )  This is 
the second distinct hazardous waste stream identified stemming 
from the use of chromium, 

A third waste stream which arises from chromium use relates 
to the consumption and discarding of the products manufactured 
with chromium as a constituent. Discarded items in the public 
sector are commonly routed to a sanitary landfill, The majority 
of sanitary/municipal landfills in the United States are listed 
by federal agencies as potential sources of groundwater 
pollution. These landfills pepper the land, and are often sited 
adjacent to surface waters, and above drinking-water aquifers, 
It has been shown that years of percolating rain leach the 
chromium and other heavy metals, soluble organics and minerals, 
oils, and other toxins from the decaying buried waste and into 
the natural water cycle. Ordinary household wastes and other 
by-products of our industrialized culture contain many of the 
same toxic metal components, oils, solvents, caustics, and other 
hazardous substances found in industrial wastes. 

This third waste stream will still exist despite all our 
mental and technical efforts to minimize wastes from primary 
production and manufacturing process by-product streams, This 
phase of hazardous waste generation is addressed only briefly in 
this document, as it is a psychological and sociological issue 
beyond the scope of this work. 

There is a significant challenge in altering the consumption 
habits of an entire culture. The issue of household hazardous 
waste strikes to the root of resource use and disposal, 
highlighting the fallacy inherent in perceiving disposal as an 
actual end. The concept of disposal in a closed ecological 
system is, for a l l  practical purposes, the means for a current 
society to avoid responsibility for total resource stewardship. 
Disposal shifts the burden of inefficient and wasteful resource 
use to future generations who will face both resource 
diminishment and contamination of critical life resources. 

Hazardous Waste Categorized as a Function of Regulation 

For purposes of regulation under the Resource Recovery and 
Conservation Act, wastes which exhibit characteristics of 
explosivity, ignitability, corrosivity, reactivity, infectivity, 
o r  toxicity are regarded as hazardous. The United States 
Environmental Protection Agency (EPA) lists by name some 400 
specific substances which exhibit one or more of the above 
characteristics. However, EPA also excludes numerous substances 
which are known to exhibit such hazards. Although the regulatory 
and legal framework has introduced some loopholes, incomplete 
toxicological data on many chemicals contributes to uncertainty 
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in the designation of hazardous wastes. The EPA maintains a 
procedure whereby wastes can be listed o r  delisted as hazardous 
based on scientific findings. 

There are a variety of classification schemes frequently 
used in characterizing the hazardous waste stream. Most often, 
the wastes are characterized by their chemical properties in 
greater or lesser detail, Other useful categorizations include 
wastes managed on- o r  off-site, potential hazard, waste generated 
by industry group, o r  the physical properties of the waste, such 
as whether it is solid, liquid o r  gas, and its moisture content. 
Such properties are important to consider both in seeking broad 
policy goals for pollution prevention, and in designing 
appropriate waste minimization and detoxification strategies. 

Hazardous wastes are most popularly classified as 
encompassing variations of the following categories: 

met a 11 i c inorganic 
non-metallic inorganic 
halogenated organic 
non-halogenated organic 
cyanides 
pesticides 
corrosives 
exp 10s ives 

The most reliable information regarding the amount of waste 
generated in each of the hazardous waste classifications is 
available through the federal and state hazardous waste 
management programs, most notably, the EPA. The information is 
not exact because of limitations inherent in the regulations. 

In their May 1985 report on hazardous waste management, the 
Congressional Budget Office (CBO) estimated that about 266 
million metric tons (MMT) of hazardous wastes were generated by 
industries operating in the United States in 1983. This estimate 
is within a 95 percent statistical confidence interval, and is in 
keeping with other estimations of hazardous waste, generated in 
1981, made by the EPA and the Office of Technology Assessment 
(OTA). The OTA and EPA estimates ranged from a low of 132 MMT to 
a high of 395 MMT, with the most probable amount being 264 MMT. 
The CBO estimates waste generation growth of 1 percent per year 
through 1990 if no significant incentives are implemented to 
encourage waste reduction. 

Of the 450 four-digit classifications of industry in the 
Standard Industrial Classification System (SIC), CBO reports that 
7 0  industries generate about 95 percent of the hazardous wastes 
reported in the United States. These 70 industries are 
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c a t e g o r i z e d  a c c o r d i n g  t o  t h e  t w e l v e  g r o u p i n g s  l i s t e d  i n  T a b l e  
1. Data on t h e  a m o u n t s  o f  waste g e n e r a t e d ,  a n d  t h e  a m o u n t s  
managed o n -  a n d  o f f - s i t . e  a r e  p r e s e n t e d  i n  T a b l e  1 f o r  t h e s e  major 
i n d u s t r i e s .  

A s i g n i f i c a n t  d i s t i n c t i o n  b e t w e e n  on -  a n d  o f f - s i t e  h a z a r d o u s  
waste management  is  l a r g e l y  v i s i b l e  i n  t h e  c o n c e r n s  o f  communi ty  
a n d  o t h e r  a d v o c a c y  r e p r e s e n t a t i v e s  who q u e s t i o n  t h e  r i s k s  o f  
t r a n s p o r t a t i o n  o f  h a z a r d o u s  wastes, a n d  of  t h e i r  c o n c e n t r a t i o n  a t  
c e n t r a l i z e d  management  f a c i l i t i e s .  T h i s  is  e s p e c i a l l y  t r u e  f o r  
d i s p o s a l  f a c i l i t i e s  e Deep-we l l  i n j e c t i o n ,  o c e a n  d u m p i n g ,  
l a n d f i l l i n g ,  a n d  r e l a t e d  l a n d - b a s e d  t r e a t m e n t s  a l l  car ry  t h e i r  
c h a r a c t e r i s t i c  h a z a r d s  t o  l o c a l  e n v i r o n m e n t s .  A l t h o u g h  t h e s e  
same p r a c t i c e s  a r e  p e r f o r m e d  o n - s i t e ,  o n - s i t e  f a c i l i t i e s  h a v e  
h i s t o r i c a l l y  rece ived  l e s s  a t t e n t i o n  f rom c o n c e r n e d  c i t i z e n s .  I n  
c o n t r a s t ,  n e a r l y  e v e r y  s t a t e  h a s  s e e n  a p r o p o s e d  h a z a r d o u s  waste 
management  f a c i l i t y  f o u g h t ,  a n d  o f t e n  b l o c k e d ,  by communi ty  a n d  
p u b l i c  h e a l t h  a d v o c a t e s ,  

A n o t h e r  d i s t i n c t i o n  b e t w e e n  on -  a n d  o f f - s i t e  f a c i l i t i e s ,  of  
p e r h a p s  g r e a t e r  i m p o r t  f o r  waste managemen t ,  i s  t h a t  a waste 
stream which  c a n  b e  p r o p e r l y  managed o n - s i t e  b r i n g s  t h e  l o o p  of  
t o t a l  r e s o u r c e  management  u n d e r  t h e  i n c r e a s e d  c o n t r o l  o f  t h e  
r e s o u r c e  c o n s u m e r s .  Waste b y - p r o d u c t s  w h i c h  a r e  managed o n - s i t e  
a r e  g e n e r a l l y  more a m e n a b l e  t o  d e t o x i f i c a t i o n ,  r e c y c l i n g ,  or 
r e u s e .  

F a c t o r s  which  may i n f l u e n c e  t h e  a b i l i t y  o f  a n  i n d u s t r y  t o  
t r e a t  i t s  wastes o n - s i t e  a r e  h i g h l y  v a r i a b l e  w i t h  r e s p e c t  t o  
s p e c i f i c  i n d u s t r y  d y n a m i c s .  

They  a re :  

Waste F a c t o r s  

1 )  ease o f  r e c y c l i n g  o r  r e u s e  
2 )  ease o f  d e t o x i f y i n g  t h e  b y - p r o d u c t  
3 )  amount  o f  waste g e n e r a t e d  

a n d  

B u s i n e s s  F a c t o r s  

1 )  r esearch  a n d  d e v e l o p m e n t  p o t e n t i a l  o f  t h e  b u s i n e s s  
2 )  c a p i t a l  i m p r o v e m e n t  f u n d s  a v a i l a b l e  
3 )  c o s t  of  t r e a t m e n t  t e c h n o l o g y  
4 )  p s y c h o l o g i c a l  p r e p a r a t i o n  
5 )  a v a i l a b i l i t y  o f  o f f - s i t e  waste management  
6 )  p o t e n t i a l  j o i n t  a n d  s e v e r a l  s t r i c t  l i a b i l i t y  claims 
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TABLE 1 

ASTE G E N E R ~ ~ E D  AND ~ A N ~ G E D  ON- OR OFF-SITE I 
  estimated ~ u a n t i t ~  in thousan~s of metric tons) 

Chemicals & Allied Products 

Primary Metals 

Petroleum & Coal Products 

Fabricated Metal Products 

Rubber & Plastic Products 

Miscellaneous Manufacturing 

Nonelectrical Machinery 

Transportation Equipment 

Motor Freight Transportation 

Electrical/Electronic Machinery 

Wood Preserving 

Drum Reconditioners 

1 2 7 , 2 5 4  

4 7 , 7 0 4  

3 1 , 3 5 8  

2 5 , 3 6 4  

1 4 , 6 0 0  

5 , 6 1 4  

4 859  

2 , 9 7 7  

2 , 1 6 0  

1 , 9 2 9  

1 , 7 3 9  

45 

47 .9  

18 .0  

11 .8  

9 . 6  

5 . 5  

2 * 1  

1 .8  

1 . 1  

0 .8  

0 . 7  

0.7 

less 
than 0 .1  

99 

98  

99 

98  

80  

8 3  

8 8  

8 3  

1 1  

90 

100 

1 1  

1 

2 

1 

2 

20 

17 

12  

17 

89  

10 

0 

89 

SOURCE: Hazardous Waste Management: Recent Changes and Policy 
Alternatives. Congressional Budget O f f '  ice, May 1985.  
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An alternative way of viewing the waste 
is to organize them according to the quantity 
generated, Table 2 lists a mean quantity for 
taken from the upper and lower values of the 
waste generated for that category. 

generation figures 
of each waste type 
each waste category 
estimated range of  

The case studies of low- and non-waste technologies included 
in this book are listed by Standard Industrial Classification 
(SIC) code, with abstracts cross-indexed both by pollution 
prevention technology and waste type. Waste type is usually more 
suitable for choosing the technology appropriate for a given 
waste stream, since industry wastes vary qualitatively, and are 
often generated by a variety of industrial processes. 

The Standard Industrial Classification code is a 
categorizing system used to classify industries by related fields 
of function. The complete index, entitled Standard Industrial 
Classification Manual 1972, is available in most libraries or 
from the Superintendent of Documents, U.S. Printing Office, 
Washington, D,C. 

THE COSTS OF H STE G ~ N E R ~ T I O N  TO INDUSTRY, SOCIETY, AND 
THE E N ~ I R O N ~ E N T  

The costs of management and mismanagement of hazardous waste 
have been high for society and the environment, as well as for 
industry. The national bill for hazardous waste management and 
cleanup of waste disposal sites is estimated by federal agencies 
to exceed $6 billion a year. Under the expanded RCRA regulations 
adopted in 1985, future costs are likely to be higher. 

The cost of waste management is particularly odious to 
industry, which enjoyed an element o f  freedom in externalizing 
this cost until the late 1960s and early 1970s, when federal 
pollution control laws were enacted. Since that time, waste 
management costs have increased dramatically. The 70 largest 
waste generating industries, identified by the CBO, incurred 
total costs of an estimated $5 billion (the median estimate) to 
treat and dispose o f  their hazardous wastes in 1983. 

The 1985 RCRA amendments are expected to add an estimated 
46 percent to industry's compliance costs by the year 1990. Such 
an increase would raise the costs of compliance for the 3ntire 
industry from an estimated $5.8 billion in 1983, to as much as 
$11.2 billion in 1990, depending on the degree of success in 
waste reduction. A s  these costs swell to even larger percentages 
of  product value added, corporations will undoubtedly seek 
relief, as production rates will not experience an attendant rise 
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TABLE 2 

ESTIMATED NATIONAL GENERATION OF HAZARDOUS WASTE IN 1983 
RANKED BY WASTE CATEGORY 

(estimated quantity in thousands of metric tons) 

WASTE TYPE ESTIMATED QUANTITY % OF TOTAL 

Nonmetallic Inorganic Liquid 
Nonmetallic Inorganic Sludge 
Nonmetallic Inorganic Dust 
Metal-containing Liquid 
Misce llanous Waste 
Metal-containing Sludge 
Waste Oil 
Halogenated Organic Solvent 
Metallic Dusts & Shaving 
Cyanide & Metal Liquid 
Contaminated Clay, Soil & Sand 
Nonhalogenated Organic Solid 
Dye & Paint Sludge 
Resins, Latex & Monomer 
Oily Sludge 
Halogenated Solvent 
Other Organic Liquid 
Nonhalogenated Organic Sludge 
Explosives 
Halogenated Organic Sludge 
Cyanide & Metal Sludge 
Pesticides & Herbicides 
Polychlorinated Biphenyls 

* - less than 1 percent 

8 2 , 2 6 1  
28 ,061  
21 ,120  
19 ,760 
15 ,415 
14,497 
14 ,249 
12 ,130 

9,784 
7 , 3 8 3  
5 , 4 6 1  
4,578 
4 ,236 
4 ,018  
3 ,734 
3,479 
3 ,435  
2 ,242  

720  
7 1 5  
557 

26 
1 

3 1  
11  

8 
7 
6 
6 
5 
5 
4 
3 
2 
2 
2 
2 
1 
1 
1 
1 * 
n 
* 
* 
n 

S O U R C E :  Hazardous Waste Management: Recent Changes and Policy 
Alternatives. Congressional Budget Office, May 1985 .  
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from the waste management investment dollar. Many corporations 
have met this challenge through the modification of processes to 
reduce and eliminate waste, rather than investments in pollution 
control. 

The cost-weighted average f o r  all industrial waste 
management was aproximately 1.3 percent of the value added. As 
is evident from the figures in Table 3, compliance costs for some 
industries appear high enough to erode a significant part of  
their profit margin. As costs rise, some plants will be forced 
to close if costs cannot be passed along to customers. Higher 
prices, in turn, could reduce demand for domestically produced 
products, since overseas production facilities may not operate 
under such strict regulations. However, as our case studies 
document, industrial emphasis on pollution prevention is 
presenting economically viable alternatives to these increasing 
hazardous waste disposal costs. 

In addition to the costs incurred by industry directly, 
other segments of society have also experienced high costs 
associated with hazardous waste. Although some costs are 
quantifiable, often they are of a subjective nature or are too 
interwoven with other factors to be quantified. There is no 
reliable national estimate of costs to private individuals which 
include medical expenses due to acute or chronic exposure to 
hazardous wastes. This is largely due to the lack of a data base 
from which to compile the information, and to the fact that 
pollution victims are not always aware of their disease etiology. 
In the case of the chronic toxicity of Love Canal, the full 
extent of a victim's injuries may not be known for 10 to 20 years 
o r  more, because chronic diseases, such as cancer, heart disease, 
neurological disorders, and reproductive problems often have long 
latency periods. To compound the difficulty of assessing health 
costs there are confounding variables which undermine certainty 
in cause and effect studies. 

The OTA report, Protecting the Nation's Groundwater, 
documents increasing evidence of land and water contamination 
from toxic substance burial sites, pesticide application, and 
chemical and gasoline storage tanks. Such releases of toxics 
into the environment can only lead to increased exposure for 
individuals. Indications are that costs in this sector are 
growing. F o r  example, Love Canal victims were recently awarded a 
$20 million settlement. 

Burial and other land-based hazardous waste management 
approaches do not factor in the long-range costs to society 
commonly associated with them. The OTA has estimated that the 
cost of cleaning up a land-based facility which is contaminating 
groundwater is typically 10 to 100 times the cost incurred had 
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T 3 

Primary Metals 1,243 44,770 

Miscellaneous Manufacturing 267 15,384 

2.8 

1.7 

Nonelectrical Machinery 254 27,563 0.5 

Electrical/Electronic Products 156 46,507 0.5 

Petroleum & Coal Products 136 29 9 327 0.5 

Transportation Equipment 191 68,904 0.3 

Motor Frieght Transportation 29 9 No data available 

Drum Reconditioners 6 No data available 

SOURCE: Hazardous Waste Management: Recent Changes and Policy 
Alternatives. Congressional Budget Off' ice, May 1985. 
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the wastes been treated in a more responsible manner in the first 
place. EPA estimates that the cost to clean up and contain 
polluted groundwater is $5 to $10 million per site, The cost to 
totally reclaim a polluted aquifer may be ten times that. 

While the EPA has placed 2,000 sites on their National 
Priorities List, OTA estimates that 10,000 or more sites may 
require clean-up by Superfund. (Superfund Strategy, Office of 
Technology Assessment, March 1985.) Thus, a cleanup costing as 
much as $100 billion already looms before us. 

Even the limited discharge of dilute toxic waste streams 
meeting federal effluent standards exacts a cost to society, in 
addition to the potential adverse public health effects. When 
these wastes are discharged to a municipal or other privately 
operated wastewater/sewage treatment plant, the toxic 
constituents can disrupt the organic treatment systems by killing 
the treatment organisms. Equally important is the concentration 
of the industrial waste in the sludge formed in treatment. Case 
studies included in this volume indicate that sewage sludge can 
be easily processed to form a valuable soil amendment high in 
nutrients, and of good texture. This recyclable product is 
grossly under-used because of its large scale contamination with 
toxic industrial by-products. Thus, this particular cost to 
society is retarding an entire for-profit and socially beneficial 
industry. 

In addition to the expenditures relating to hazardous wastes 
noted above, there are the'costs incurred by various segments of 
society battling one another for what are claimed to be "best 
intereststt. Additional billions of dollars are spent yearly by 
government to regulate industry, by industry to lobby the public 
and government, and by environmental and other special interest 
groups to promote their respective ttecologically sensitive" 
agenda. An effort to pool these resources toward mutually 
agreeable goals of pollution prevention and waste minimization 
could be much more productive. A society working together to 
solve common problems, as opposed to the current in-fighting and 
squandering of resources, will allow us to proceed with the task 
of practicing total resource stewardship. 

POLLUTION PREVENTION-WASTE MINIMIZATION: ESSENTIAL FOR ECONOMIC 
AND HUMAN HEALTH 

The best hope for moving our industrialized society beyond 
the continual creation of additional superfund sites and rapid 
escalation of waste disposal costs, is to implement pollution 
prevention-waste minimization approaches throughout all the 
industrial sectors of our society. Net profitability can thereby 
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be increased at the same time that new, stricter waste management 
regulations are implemented. 

The case studies included in this book illustrate that 
pollution prevention and waste minimization are already 
technically feasible and have been implemented in many industrial 
sectors. The reductions in wastes produced range from 20 to 98 
percent. Additionally, some firms have reduced the degree of 
hazard of their wastes so that they no longer produce or release 
any hazardous wastes. 

Payback periods for these waste minimization investments 
range from immediate to five years. Concomitantly, since each 
firm is producing and releasing fewer hazardous pollutants, they 
have reduced the hazards to their workers and to the environment. 
As a result, these firms will experience fewer long-term waste 
liability and victim compensation claims. 

In assembling the information for the case studies, several 
industrial leaders commented that the motivation to investigate 
waste minimization alternatives was three-fold: 

1 )  environmental regulations mandating stricter effluent 

2) rapidly increasing costs of previously inexpensive 

guidelines 

"waste disposal" approaches such as landfilling 

3) enactment, or potential enactment, and enforcement of 
regulations pertaining to joint and several liability, 
worker and citizen right-to-know laws, and victim's 
compensation 

These three clusters of regulations and situations were the 
stick which initially received the attention of the industrial 
leaders, and prompted them to look for waste minimization 
alternatives. Once the carrot of financial and environmental 
benefits of utilizing these approaches became apparent, one 
industrial leader was led to express his sentiments as follows: 

I wish we had been forced to look at waste 
reduction in this comprehensive way ten years 
ago. We are now saving $ 1  millon per year. 
Just think what we could have done if we had 
started earlier! 

Other industrial leaders made similar statements. Some 
leaders saw a close relationship between the role of increasing 
energy costs that forced society to be more energy efficient, and 
the rising health and environmental costs forcing industry to be 
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more e f f i c i e n t  i n  t h e  management  of i t s  t o t a l  r e s o u r c e s ,  
i n c l u d i n g  i t s  t o x i c  a n d  h a z a r d o u s  s u b s t a n c e s .  

P o l l u t i o n  p r e v e n t i o n  a n d  waste m i n i m i z a t i o n  a p p r o a c h e s  can 
h e l p  o u r  s o c i e t y  a v o i d  t h e  p i t f a l l s  r e f e r r ed  t o  i n  t h e  f o l l o w i n g  
q u o t e :  

To waste a n d  d e s t r o y  o u r  n a t u r a l  resources  
i n s t e a d  o f  i n c r e a s i n g  t h e i r  u s e f u l n e s s ,  w i l l  
u n d e r m i n e  t h e  v e r y  p r o s p e r i t y  which we a re  
o b l i g a t e d  t o  hand  down t o  o u r  c h i l d r e n ,  
a m p l i f i e d  a n d  d e v e l o p e d .  

-Theodore R o o s e v e l t ,  1907 
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OVERVIEW OF ~OLLUTION P ~ E V E N T ~ O N  AND WASTE M ~ N I M I ~ A ~ I O N  

The goals of clean air, fishable and drinkable water, and 
safe workplaces have been evolving throughout the last 15 to 20 
years. A s  each new environmental crisis emerged, lawmakers 
responded with new regulations to "control" the problem. But as 
stated before, the consequences of the piecemeal, medium-by- 
medium pollution control efforts have been less than 
satisfactory. Consequently, some industrial leaders, in looking 
for better ways to comply with the environmental regulations, 
found they could more efficiently achieve the regulatory goals by 
placing primary emphasis on methods that prevent the production 
of pollutants, rather than attempting to control them once 
produced. 

In the fall of 1984, the U.S. Congress passed and President 
Reagan signed the RCRA reauthorization. Several amendments 
are designed to drastically reduce the quantities and types of 
wastes permitted to be buried in landfills, and to encourage 
industries, small and large, to undertake efforts to minimize the 
production of hazardous wastes. Furthermore, each generator must 
certify that a waste minimization program is in operation in its 
plant. Each generator is also required to quantify the reduction 
in waste volume and toxicity achieved each year. Each must also 
certify that the method of treatment, storage, or disposal is a 
practicable method which minimizes the present and future threat 
to human health and the environment (Resource Conservation and 
Recovery Act of 1976, as amended, published in the Congressional 
Record, October 3, 1984 & October 1 1 ,  1984.) 

Thus Congress, in reauthorizing the RCRA, mandated that 
industry employ waste minimization and toxicity reduction 
approaches and decrease its reliance upon the environmentally 
dangerous methods of land interment. 

The authors of this book submit, for your use, case studies 
of  the economic successes achieved by approximately 50 industries 
through reducing the quantity of their hazardous and non- 
hazardous wastes, and decreasing the toxicity of their hazardous 
wastes. 

In the case studies, each organization's personnel usually 
performed environmental or waste audits to determine the types 
and quantities of wastes being produced. They then utilized 
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a p p r o a c h e s ,  s u c h  as p r o c e s s  m o d i f i c a t i o n s ,  a n d  componen t  
s u b s t i t u t i o n s ,  t o  p r e v e n t  or s u b s t a n t i a l l y  r e d u c e  t h e  q u a n t i t y  o f  
wastes g e n e r a t e d ,  

N e x t ,  by s e g r e g a t i n g  t h e  waste streams a n d  a n a l y z i n g  t h e m ,  
n i e s  f o u n d  many ways t o  r e u s e  o r  r e c y c l e  t h e  

c o n s t i t u e n t s  o n -  o r  o f f - s i t e .  

F o l l o w i n g  t h i s  p h a s e ,  t h e  r e m a i n i n g  wastes were d e t o x i f i e d  
by c h e m i c a l ,  b i o l o g i c a l ,  o r  p h y s i c a l  means .  T h e  r e s i d u e s  f r o m  
t h e s e  p r o c e s s e s  were i d e a l l y  s a fe  f o r  r e l ease  i n t o  t h e  
e n v i r o n ~ ~ n t ~  If, h o w e v e r ,  t h e r e  a r e  a n y  r e m a i n i n g  h a z a r d o u s  
c o m p o n e n t s ,  i t  s h o u l d  b e  m a n d a t e d  t h e y  b e  p l a c e d  i n  r e t r i e v a b l e  
s t o r a g e .  I n d u s t r y  a n d  s o c i e t y  s h o u l d  be  c h a r g e d  w i t h  
u n d e r w r i t i n g  r e sea rch  t o  d e v e l o p  m e t h o d s  f o r  t h e  f u r t h e r  
d e t o x i f i c a t i o n  o f  t h e s e  r e m a i n i n g  mater ia l s .  Once d e v e l o p e d ,  
s u c h  m e t h o d s  s h o u l d  b e  employed  t o  d e t o x i f y  t h e  ma te r i a l s  h e l d  i n  
s t o r a g e .  

A s  a g o i d e  t o  t h e  reader ,  T a b l e  4 p r e s e n t s  t h e  h i e r a r c h y  of 
p o l l u t i o n  p r e v e n t i o n - w a s t e  m i n i m i z a t i o n  s t r a t e g i e s ,  

Many o f  t h e  i n d u s t r i e s  t h a t  have  b e e n  mos t  s u c c e s s f u l  i n  
t h e  d i f f e r e n t  s t e p s  i n  t h i s  h i e r a r c h y  h a v e  u t i l i z e d  a n  
awards p r o g r a m  t o  e n c o u r a g e  t h e i r  e m p l o y e e s  t o  o f f e r  

i deas  f o r  s o l v i n g  t h e  h a z a r d o u s  waste management  p r o b l e m s  of  t h e  
company. S u c h  p r o g r a m s  m i g h t  a l s o  become i n c o r p o r a t e d  a s  p a r t  o f  
o t h e r  c o m p a n i e s '  waste m i n i m i z a t i o n  e f f o r t s ,  

FO 

I n  t h e  f o l l o w i n g  s e c t i o n s  o f  t h i s  c h a p t e r ,  i n d i v i d u a l  
c o m p o n e n t s  a n d  p r o c e s s e s  o f  t h e  p o l l u t i o n  p r e v e n t i o n - w a s t e  
m i n i m i z a t i o n  h i e r a r c h y  a r e  a d d r e s s e d .  T h e s e  p r o v i d e  a n  
i n t r o d u c t i o n  t o  t h e  a p p r o a c h e s  t h e  i n d u s t r i e s  h a v e  f o u n d  u s e f u l .  

~ ~ v ~ ~ o n m e n t  I ~ u ~ i t / ~ ~ s t e  A u d i t  

T h e  waste a u d i t  i s  a n  o f f s h o o t  of t h e  e n v i r o n m e n t a l  a u d i t .  
Because t h e r e  a r e  no  s t r i c t l y  o b s e r v e d  p r o t o c o l s  f o r  p e r f o r m i n g  
a n  a u d i t ,  i t  c o u l d  b e  a r g u e d  t h a t  t h e  two a r e  o n e  a n d  t h e  same; 
b o t h  e x a m i n e  t h e  p r o c e s s e s  a f a c i l i t y  r e g u l a t e s  i n  o r d e r  t o  
m a i n t a i n  e n v i r o n m e n t a l  q u a l i t y  a n d  t o  manage  t h e  d i s p o s i t o n  o f  
i n d u s t r i a l  b y - p r o d u c t s .  E n v i r o n m e n t a l  a u d i t s  a r e ,  i n  t h e  most 
g e n e r a l  terms, u s e d  t o  d e t e r m i n e  t h e  a d e q u a c y  of  a n  
o r g a n i z a t i o n ' s  c u r r e n t  p r a c t i c e s  i n  c o m p l y i n g  w i t h  e n v i r o n m e n t a l  
r e g u l a t i o n s ,  



ABLE 4 

HIERARCHY OF POLLUTION PREVENTION-WASTE MINIMIZATION 
STRATEGIES USED BY INDUSTRY TO E F F I C I E N T L Y  MEET ENVIRONMENTAL 

QUALITY STANDARDS 

A. Environmental Audits & Waste Audits 

B. Pollution Prevention 

C. Waste Minimization 

D. Resource Recovery, Reuse & Recycle 

1. on-site 
2. off-site 

E. Waste Detoxification & Destruction 

1. neutralization 
2. chemical 
3. biological 
4 .  thermal 

F. Retrievable Storage 

1. short-term 
2. long-term encapsulation & 

solidification 
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A well-designed and properly performed audit can provide an 
organization's leadership with important information. Audits can 
indicate problems in processing which appear chronic or lead to 
senedial work and/or fines for non-compliance with environmental 
regulations. In this regard, they can identify repetitive 
compliance problems, and ensure emergency preparedness. They are 
useful in assisting plant management in certifying compliance 
with regulations. Information obtained through an audit may be 
important in preparing the disclosure statements required by the 
Securities and Exchange Commission. Finally, they enhance the 
environmental awareness of management-level personnel, and 
provide an opportunity for positive public relations on 
environmental concerns. Audit design may have a variety of foci. 
Costing out compliance strategies, determining existing o r  
contingent liabilities, and providing a planning mechanism to 
determine future costs associated with compliance may be 
independently or jointly designed into an audit. 

The waste audit, however, can be designed as a detailed 
examination of all aspects of process design and material flow 
which relate specifically to waste management. A subsequent plan 
may be developed for the management of waste, thus optimizing its 
environmental sensitivity and economic benefits. The waste audit 
can be used to identify appropriate technology and innovative 
methods which minimize the organization's costs and waste 
generation. It has been used to successfully identify the raw 
materials likely. to result in hazardous waste generation before 
they are purchased, thus allowing for the use of alternative 
substances. The inventory of wastes generated can be useful in 
planning waste segregation for the recycling of certain waste 
streams back into processes or to external markets. In one 
corporation a research engineer is assigned to review audit 
information to seek opportunities for reducing pollution and 
costs through process or material changes. Audit information is 
also useful for technology transfer and employee waste-reduction 
incentive programs. Use of the audit information can help 
stimulate personnel to think in terms of proactive pollution 
prevention and waste reduction, rather than focusing solely on 
pollution control, as has been the case in the past. Properly 
performed and utilized, waste audits will assist industry in 
setting goals for waste minimization and hazard reduction, and in 
quantifying their progress in achieving those goals. 

On-Site Waste Reduction and Pollution Prevention 

Following the waste audit, instituting strategies for the 
reduction of wastes on-site is the initial step in a good waste 
management system. Waste reduction is the first phase of the 
waste management hierarchy. On-site prevention of the production 
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of  wastes c a n  o f t e n  b e  e a s i l y  a n d  i n e x p e n s i v e l y  a c c o m p l i s h e d .  
Many o p p o r t u n i t i e s  may e x i s t  i n  a f a c i l i t y  which  has  n e v e r  h a d  a 
waste a u d i t  p e r f o r m e d ,  Improved  h o u s e k e e p i n g  t e c h n i q u e s ,  s u c h  as 
r o u t i n e  c h e c k s  f o r  l e a k i n g  o r  i n a d e q u a t e l y  m a i n t a i n e d  e q u i p m e n t  
o p t i m i z i n g  f l o w s  o f  m a t e r i a l s  ( p r o c e s s  c o n t o l s )  a n d  c h e c k i n g  t h e  
mass b a l a n c e  o f  f l o w s  i n  a n d  o u t  o f  t h e  processes  t o  d e t e c t  
u n u s u a l  l o s s e s ,  c a n  s i g n i f i c a n t l y  c o n t r i b u t e  i n  i d e n t i f y i n  
o p p o r t u n i t i e s  f o r  waste r e d u c t i o n .  

O t h e r ,  more  i n v o l v e d  i n i t i a t i v e s  i n c l u d e  s u b s t i t u t i o n  o f  
low- o r  n o n - w a s t e  g e n e r a t i n g  raw ma te r i a l s  f o r  t h o s e  wh ich  
g e n e r a t  e p r o b  lemat i c  waste by  - p r o d u c t s  An e x a m p l e  o f  t h i s  
a p p r o a c h ,  g a i n i n g  i n c r e a s e d  u s e ,  i s  t h e  s u b s t i t u t i o n  of 
water-based s o l v e n t s  f o r  o i l - b a s e d  s o l v e n t s  w h i c h  r e q u i r e  s p e c i a l  
c a r e  i n  t h e i r  h a n d l i n g  a s  b y - p r o d u c t s .  

W i t h  t h e  d e v e l o p m e n t  o f  e n e r  y -  a n d  r e s o u r c e - e f f i c i e n t  
t e c h n o l o g i e s ,  t h e r e  a r e  o p p o r t u n i t i e s  f o r  t h e  m o d i f i c a t i o n  of  
p r o c e s s  e q u i p m e n t  t o  p r o m o t e  waste m i n i m i z a t i o n ,  E i t h e r  t h e  
a d d i t i o n  o f  c l o s e d - l o o p  c y c l i n g  of  ma te r i a l s ,  or t h e  i n t r o d u c t i o n  
o f  more  e f f i c i e n t  p r o c e s s i n g  t e c h n o l o g y  may r e s u l t  i n  d e c r e a s e d  
waste g e n e r a t i o n ,  a n d  l o w e r  p r o d u c t i o n  c o s t s ,  

O t h e r  o p p o r t u n i t i e s  f o r  o n - s i t e  waste m i n i m i z a t i o n ,  t h o u g h  
a l s o  a p p l i c a b l e  a t  o f f - s i t e  f a c i l i t i e s ,  a r e  t h e  r e c l a m a t i o n  of  
c o m p o n e n t s  i n  t h e  waste, a n d  r e c y c l i n g ,  These may be r e a l i z e d  as 
p r o c e s s  m o d i f i c a t i o n s ,  b u t  o f t e n  r e q u i r e  a d d i t i o n a l  p r o c e s s i n g  
beyond  t h a t  s p e c i f i c  t o  t h e  m a n u f a c t u r i n g  p r o c e s s .  V a r i a t i o n s  of  
t h i s  i n c l u d e  t h e  s e p a r a t i o n  o f  waste streams t o  m a k e  r e c o v e r y  o f  
r e c y c l a b l e  ma te r i a l s  eas ie r .  F o r  e x a m p l e ,  p r o c e s s e s  may be 
a p p l i e d  w h i c h  s e p a r a t e  c o m p o n e n t s  o f  wastes t o  a l low p a r t i a l  o r  
c o m p l e t e  r e u s e  o f  t h e  mater ia l s ,  a n d  t h e  i n t e r i n d u s t r y  e x c h a n g e  
o f  b y - p r o d u c t s ,  f r o m  t h e  g e n e r a t o r  t o  a m a n u f a c t u r e r ,  may u t i l i z e  
t h i s  m a t e r i a l  as a n  i n e x p e n s i v e  f e e d s t o c k  r e p l a c e m e n t  o r  
s u p p l e m e n t .  Waste t r e a t m e n t  f a c i l i t i e s  a r e  f i n d i n g  t h a t  t h e  
r e c y c l i n g  o f  waste streams a n d  t h e i r  c o m p o n e n t s  g e n e r a t e s  
r e v e n u e ,  a n d  r e d u c e s  t h e  amount  o f  r e s i d u e  r e q u i r i n g  a d d i t i o n a l  
management .  

S o l v e n t  r e c y c l i n g ,  p e r f o r m e d  o n - s i t e  a t  many m a n u f a c t u r i n g  
f a c i l i t i e s ,  has  b e e n  f o u n d  t o  b e  p a r t i c u l a r l y  a d v a n t a g e o u s ,  T h e  
a d v a n t a g e s  c i t e d  f o r  t h i s  a r e :  

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

o e l i m i n a t i o n  o r  r e d u c t i o n  o f  p o t e n t i a l  l o n g - t e r m  l i a b i l i t y  

o r a p i d  r e t u r n  on c a p i t a l  e q u i p m e n t  i n v e s t m e n t  
o no  f e d e r a l  EPA p e r m i t  r e q u i r e d  ( s e e  F e d e r a l  R e g u l a t i o n  

c o s t s  

f r o m  d i s p o s e d  ( b u r i e d )  h a z a r d o u s  wastes 
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o reduction of storage of hazardous material on-site, 

o assurance that solvent reclaimed in-house is not 

o tremendous savings in production costs by reusing 

recovery is completed as material is being generated 

contaminated with other outside solvents 

solvents 

After the opportunities for waste minimization and recycling 
have been realized, on-site and off-site treatment of the 
remaining substances, to detoxify o r  destroy them, is desirable. 
Detoxification processes are biological, chemical, physical, o r  
thermal. 

The appropriate use of biological treatment is limited to 
those wastes which can be biologically degraded. The technology 
for biological treatment has been in service f o r  years, and 
includes most elements of the standard sewage treatment plant, 
trickling filters, aerated lagoons, and activated sludge, as well 
as rotating biological contactors, deep-shaft oxidation, 
landfarming, and the application of biotechnologically produced 
strains of microorganisms. 

Most of these techniques require the periodic removal of 
sludges. Ideally, the sludges will be applied to land as an 
amendment. Because the degraded waste residues will eventually 
be worked into the land, it is important that wastes treated in 
this manner are fully biodegradable, and are not contaminated 
with heavy metals or other toxics with long residence times in 
the natural environment. Industrial by-products commonly treated 
in this fashion are oils, phenols, alcohols and sulfides, as well 
as vegetative by-products, such as are associated with breweries 
and pulp mills. 

Chemical and physical treatments involve a wide variety of 
technologies ranging from simple separation procedures, such as 
settling tanks and filtration, to precipitation and delicate 
chemical reactions, Dilute wastes are usually treated so as to 
concentrate them on-site prior to shipment off-site for further 
treatment. In many cases, concentration processes can be applied 
as recovery techniques for materials and water. Ultrafiltration, 
reverse osmosis, electrolytic recovery, distillation, 
precipitation, flotation, centrifugation, ion exchange, and a 
wide variety of other filtration techniques are illustrative of 
separation and concentration methods. 
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Waste Detoxification and Destruction 

The neutralization o r  destruction of toxic by-products by 
chemical reactions is a research chemist's garden of 
possibilities. The neutralization of acidic by-products with 
alkaline wastes is commonly practiced. Chlorine stripping, 
cyanide destruction, and a wide range of precipitation 
applications are other examples. The limitations to the 
application of chemistry for waste treatment lie within the 
inclination and creativity of process engineers and chemists. 

Thermal destruction has been identified by many federal 
agencies as an important technology for waste treatment likely to 
see expanded use. Waste destruction has been found to be very 
satisfactory, with the added incentive of often providing for the 
recovery of the waste's energy potential through the cogeneration 
of electricity and steam. 

Thermal destruction is classified as either incineration o r  
pyrolysis. Incineration is the combustion of waste by-products 
in the presence of excess oxygen. With pyrolysis, the materials 
to be treated are combusted in an oxygen-deficient environment. 
Organics are decomposed into simpler molecules, often suitable 
for recovery, and ash. In both of these methods, stack emissions 
will ideally be carbon dioxide and water, with bottom ash as 
another residual. Sometimes, however, the residual contains 
toxic components which require further management. F o r  these 
reasons, the use of long-term storage and stabilization 
strategies is recognized as essential to a complete waste 
management system. 

Long- and Short-Term Retrievable Storage 

It must be emphasized that, as the least desirable element 
of a total waste management system, long-term storage of waste 
treatment residuals is appropriate only f o r  those materials 
which, with presently available technology, cannot be further 
reduced in volume o r  toxicity. This is an important contrast to 
the current use of land disposal practices as an inexpensive 
preliminary or sole management strategy. Hazardous treatment 
residuals in long-term storage should ideally be made 
retrievable, so that, when technology is available f o r  the 
detoxification o r  recovery of the waste constituents, they may be 
so treated. Such provisions are required in order to exclude 
from the concept of long-term storage the erroneous notion of 
d i sp osa 1 'I. 

Technologies are being developed to ensure the maximum 
security of stored wastes. Solidification techniques rely on the 
fixation and encapsulation of waste constituents to physically 
encase o r  immobilize their toxic components. Current techniques 
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include fixation strategies which mix the wastes into cement, 
pozzolanic material, or polymers, and other stabilization 
techniques which seal the waste into a matrix, Encapsulation is 

this process, wastes are containerized in a seamless shell to 
minimize and delay contact of the waste with the environment. 

also performed, largely utilizing petroleum-based resins, In 

While encapsulation or retrievable storage may be the 
necessary management option for some wastes in the near term, in 
the longer term, Congress and environmental necessity dictate an 
increased reliance on pollution prevention and waste 
minimization, with a decreased reliance on landfilling. 

The new RCRA "hammertf dates for the introduction of strict 
landfilling provisions will strongly discourage the use of 
landfills and other land interment and storage facilities. 
Currently, surface impoundments are the second most prevalently 
used form of land containment strategy after landfilling. They 
received approximately 50 MMT of hazar-dous waste in 1983. The 
EPA estimated that 7 0  percent are unlined, and that 90 percent 
pose a threat t o  the local groundwater. 

There are other indications of the unsuitability of land 
burial and containment practices. A recent survey performed by 
the House Committee on Energy and Commerce staff found some 
indication of groundwater contamination at 559 of 1,246 RCRA- 
authorized facilities. The preamble to EPA's land disposal 
regulations published in the Federal Register, Volume 4 7 ,  Number 
143 ,  reads, "most land disposal units, however well designed, 
will eventually leak after closure to some extent." 

Clearly, Congress has been given adequate impetus to act to 
protect the public health from harm caused by inappropriate waste 
management strategies. Congress is continuing to seek ways of 
promoting waste reduction as the premiere method for managing 
hazardous wastes. There are indications that "waste-end" taxes 
are being considered as one approach to discourage waste 
generation. The CBO suggests that "waste-end" taxes would 
significantly encourage hazardous waste reduction, and support 
shifts to new technologies desirable under the RCRA amendments. 

Although waste reduction is the most desirable and 
advantageous waste mangement strategy, it is but a part of the 
entire range of options which combine to optimize a cost- 
effective mangement system. A simple and idealized system 
progresses from initial efforts to minimize waste generation, to 
recycling and recovery of materials, to application of treatment 
processes for detoxification and destruction of the waste, to 
long-term storage and immobilization of residuals. 



CHARACTERIZATION OF WASTES NOT PRODUCED, RECOVERED, O R  RECYCLED 
A S  A CONSEQUENCE OF S T R A T E G I E S  DOCUMENTED I N  THE CASE S T U D I E S  

Some wastes a r e  more r e a d i l y  n o t  p r o d u c e d ,  o r  a re  more 
e a s i l y  r e c o v e r e d ,  t h a n  o t h e r s .  However ,  v e r y  l i t t l e  d a t a  t h a t  
q u a n t i f y  t h e  d e g r e e  o f  r e d u c t i o n  t h a t  h a s  b e e n  a c h i e v e d  a re  
a v a i l a b l e .  I n f o r m a t i o n  i s  o r i e n t e d  t o w a r d  wastes g e n e r a t e d ,  a s  
o p p o s e d  t o  wastes n o t  p r o d u c e d .  

H a l o g e n a t e d  a n d  N o n - H a l o g e n a t e d  S o l v e n t s  

Our s t u d i e s  show t h a t  o r g a n i c  s o l v e n t s  a r e  b e i n g  r e p l a c e d ,  
i n  some i n d u s t r i e s ,  by water-based s o l v e n t s .  I n  o t h e r  i n s t a n c e s ,  
t h e  o r g a n i c  s o l v e n t s  a r e  b e i n g  e x t e n s i v e l y  r ecyc led  a n d  
r e u t i l i z e d .  Some f a c i l i t i e s  r ecyc le  60  t o  9 0  p e r c e n t  o f  t h e i r  
s o l v e n t s .  T y p i c a l  p a y b a c k  p e r i o d s  f o r  t h e  c a p i t a l  i n v e s t m e n t  i n  
r e c o v e r y  f a c i l i t i e s  a n d  e q u i p m e n t  a re  u s u a l l y  l e s s  t h a n  a y e a r .  

I n  some f a c i l i t i e s ,  t h e  v e r y  h e a v i l y  c o n t a m i n a t e d  s o l v e n t s  
a n d  s t i l l  b o t t o m s  a r e  b l e n d e d  w i t h  o t h e r  f u e l s ,  a n d  u s e d  i n  
b o i l e r s  as e n e r g y  s o u r c e s .  

The c o m b i n a t i o n  o f  t e c h n i c a l l y  f e a s i b l e  a n d  e c o n o m i c a l l y  
b e n e f i c i a l  s o l v e n t  management  a p p r o a c h e s  s h o u l d  r e s u l t  i n  80 
p e r c e n t  r e c o v e r y  o f  s o l v e n t s  t h r o u g h o u t  i n d u s t r y  w i t h i n  t h e  n e a r  
f u t u r e .  T h i s  r e p r e s e n t s  a s u b s t a n t i a l  s a v i n g s  t o  t h e  s o l v e n t  
u s e r  and  a dramatic r e d u c t i o n  i n  p o t e n t i a l  e n v i r o n m e n t a l  r i s k .  

Waste O i l s ,  M a c h i n i n g  O i l s  

R e r e f i n i n g  of  u s e d  o i l s  is  becoming  i n c r e a s i n g l y  f e a s i b l e .  
Some f i r m s  h a v e  s e t  up  f a c i l i t i e s  t o  r e p r o c e s s  t h e i r  u s e d  m o t o r  
o i l s ,  m a c h i n e  t o o l i n g  o i l s ,  a n d  o t h e r  i n d u s t r i a l  p r o c e s s  o i l s .  
T h o s e  c o m p a n i e s  g e n e r a l l y  r e p o r t  p a y b a c k  p e r i o d s  on t h e i r  o i l  
r e p r o c e s s i n g  i n v e s t m e n t s  of  two t o  f i v e  y e a r s .  

Some f i rms  a re  b l e n d i n g  t h e i r  u s e d  o i l  w i t h  f u e l  o i l  a n d  
i n c i n e r a t i n g  i t  f o r  i t s  e n e r g y  v a l u e .  

From o u r  d a t a ,  i t  a p p e a r s  t h a t  much p r o g r e s s  c a n  be made 
t h r o u g h  e x p a n d e d  r e r e f i n i n g  a n d  reuse o f  o i l s  a t  small i n - p l a n t  
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f a c i l i t i e s ,  o r  a t  l a r g e r  r e g i o n a l  r e p r o c e s s i n g  p l a n t s ,  
A d d i t i o n a l l y ,  waste o i l s ,  o i l y  s l u d g e s ,  a n d  r e l a t e d  h i g h  BTU- 
v a l u e  o r g a n i c  was tes ,  i f  i n c i n e r a t e d  i n  a p r o p e r  f a c i l i t y ,  c a n  
s e r v e  a s  v a l u a b l e  e n e r g y  s o u r c e s ,  S u c h  p r a c t i c e s  w i l l  u t i l i z e  
o u r  e n e r g y  resources  more e f f i c i e n t l y ,  and  m i n i m i z e  e n v i r o n m e n t a l  
r i s k s  from t h e  wastes. 

Depend ing  upon t h e  e l e m e n t ,  i t s  c o n c e n t r a t i o n ,  t o x i c i t y  
v a l u e ,  a n  a r r a y  o f  r e u s e  and  r e c o v e r y  a p p r o a c h e s  a r e  t e c h n i c a l l y  
a n d  e c o n o m i c a l l y  f e a s i b l e .  

Seve ra l  c o m p a n i e s ,  i l l u s t r a t e d  i n  o u r  case s t u d i e s ,  h a v e  
i n s t a l l e d  e l e c t r o l y t i c  p r o c e s s i n g  u n i t s  f o r  t h e  r ecove ry  o f  
s i l v e r ,  c o p p e r 9  a n d  o t h e r  metals.  O t h e r s  h a v e  i n c o r p o r a t e d  i o n  
e x c h a n g e  c o l u m n s  t o  p r e v e n t  t h e  w a s t e f u l  r e l e a s e  o f  copp  
n i c k l e ,  and  chromium.  y b a c k  times on t hese  p r o c e s s  
m o d i f i c a t i o n s  f r e q u e n t l y  r a n g e  from 6 t o  18 m o n t h s .  

An a r ray  o f  p r o c e s s e s ,  d e s i g n e d  t o  r e d u c e  Mater u s a g e ,  o r  t o  
c l o s e  t h e  l o o p  i n  p r o c e s s  water c i r c u l a t i o n ,  a r e  a l s o  mak ing  i t  
e c o n o m i c a l l y  f e a s i b l e  t o  m i n i m i z e  t h e  p r o d u c t i o n  of metal wastes,  
S a v i n g s  i n  water c o s t s ,  metal  c o s t s ,  e n e r g y  c o s t s 9  a n d  waste 
management  c o s t s  r e s u l t  i n  p a y b a c k  p e r i o d s  r a n g i n g  Prom 5 t o  2 0  
m o n t h s ,  

S e v e r a l  f i rms  h a v e  made p r o c e s s  m o d i f i c a t i o n s  t o  e n s u r e  t h a t  
t h e i r  m e ~ a l - c o n ~ ~ ~ n i ~  s l u d g e s  a re  r e a d i l y  r e u s a b l e -  Qne N o r t h  
C a r o l i n a  f i r m ,  f o r  e x a m p l e ,  m o d i f i e d  i t s  p r o c e s s  t o  decrease  
c o n t a m i n a t i o n ,  and  now F i n d s  i t  e c o n o m i c a l l y  p r o f i t a b l e  t o  s h i p  
i t s  4 0 - p e r c e n t  coppe r  s l u d g e  t o  Denmark f o r  c o p p e r  r e c o v e r y .  
P a y b a c k  on t h e s e  t y p e s  o f  c a p i t a l  i n v e s t m e n t s  r a n g e  from 3 t o  
a b o u t  14 m o n t h s .  

A t r e m e n d o u s  p o t e n t i a l  e x i s t s  f o r  waste m i n i m i z a t i o n  a n d  
r e s o u r c e  r e c o v e r y  i n  t h e  f i e l d s  o f  metal u s e .  N e w  t e c h n o l o g y  t o  
p r o m o t e  t h e  r e c o v e r y  o f  metal f r o m  s l u d g e  wastes i s  i n  t h e  l a t e  
s t a g e s  o f  d e v e l o p m e n t .  Many e l e c t r o p l a t e r s  a n d  m e t a l w o r k e r s  h a v e  
i n d i c a t e d  t h a t  t h e y  a r e  s t o r i n g  t h e i r  s l u d g e s  i n  t h e  h o p e  t h a t  
t h e i s  metal  c o n s t i t u e n t s  w i l l  s o o n  be e c o n o m i c a l l y  r e c o v e r a b l e .  
Me a n t i c i p a t e  t h a t  t h e  R C R A  r e a u t h o r i z a t i o n  amendmen t s  w h i c h  
e n c o u r a g e  waste m i n i m i z a t i o n  a n d  d i s c o u r a g e  l a n d f i l l i n g ,  a l o n g  
w i t h  t h e  t e c h n i c a l l y  s o u n d  a n d  e c o n o m i c a l l y  s u c c e s s f u l  
e x p e r i e n c e s  of  o t h e r s ,  w i l l  s t i m u l a t e  t h e  d e v e l o p m e n t  o f  s u c h  
t e c h n o l o g y ,  as  wel l  as e n c o u r a g e  o t h e r  m e t a l - u s i n g  f i rms  t o  
i m p l e m e n t  t h e s e  s t r a t e g i e s .  
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Pesticides 

By careful segregation of pesticide waste streams, one 
pesticide manufacturer in our study eliminated all waste produced 
in the process and increased its efficiency by returning the 
previously wasted substances to the appropriate process streams. 
Waste stream segregation is an important first step in developing 
reuse approaches in many industrial processes. 

WASTE REDUCTION PROJECTIONS 

The foregoing statements, based on information from our 
industrial associates, suggest that much waste reduction and 
resource recovery is technically and economically feasible at 
this time. While many firms are already utilizing waste 
minimization approaches, many other firms have not incorporated 
these concepts, procedures, and technologies into their 
operations. 

The authors hope the following case studies will foster many 
industrial process modifications, resulting in waste reduction 
and economic benefits for all. While progress can be made by 
firms in practically every industrial sector, there are waste 
streams that presently provide serious obstacles for 
minimization. These particularly difficult waste streams should 
be identified and researched for ways to prevent o r  reduce them. 
Additional research devoted to detoxification approaches is also 
urgently needed. 

Several university-industry research centers have been, o r  
are being established in the United States. They will be 
well-suited to devise new waste elimination and detoxification 
technologies. These centers will. certainly be in the vanguard, 
mov.ing our society toward ecologically and economically sound 
management of o u r  resources. 
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Case Studies Organized by Standard Industrial C 
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Abst rac t  

I n  1 9 8 2 ,  t h e  C h o p l i n  Farm s a v e d  $ 8 , 0 0 0  i n  f e r t i l i z e r  c o s t s  by 
s p r a y i n g  s w i n e  wastes on c r o p s ,  u s i n g  a s t a n d a r d  i r r i g a t i o n  g u n ,  
They a l s o  r e d u c e d  o r g a n i c  ma te r i a l  l o s s e s  by  1 , 6 7 0  p e r c e n t ,  t o t a l  
n i t r o g e n  l o s s e s  by 490  p e r c e n t ?  and  t o t a l  p h o s p h o r u s  l o s s e s  b y  525 
p e r c e n t ;  t h r o u g h  t h e  i n t e g r a t e d  u s e  o f  c o n s e r v a t i o n  t i l l a  
p a r a l l e l  t e r r a c i n g ,  g rassed  waterways, and  c o v e r  c r o p s .  T h e  
o f  t h e s e  a g r i c u l t u r a l  wastes,  a l o n g  w i t h  t h e  m a n a ~ e m e n t  i n i t i  
t o  i n c o r p o r a t e  c o n s e r v a t i o n  p r a c t i c e s  i n  t h e  farm o p e r a t i o n ,  
r e s u l t e d  i n  c o r n  c r o p  y i e l d s  t h a t  were 300 p e r c e n t  a b o v e  t h e  
c o u n t y  a v e r a g e .  

A N N U A L  COST SAVINGS: $ 1 0 7 , 0 0 0  

P A Y B A C K  PERIOD: 6 . 5  years  

T I M E  TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d ,  

T R A N S F E R A B I L I T Y :  A p p l i c a b l e  t o  a n i m a l - f a r m i n g  o p e r a t i o n s  
i n  c o n j u n c t i o n  w i t h  l a n d - f a r m i n g .  

E N V I R O N M E N ~ A L  A N D  
HEALTH B E N E F I T S :  C o n s e r v a t i o n  o f  n u t r i e n t s  a n d  water ;  

decrease i n  s o i l  e r o s i o n ;  r e d u c t i o n  i n  
n o n p o i n t  s o u r c e s  o f  p o l l u t i o n ;  decrease 
i n  r i s k  o f  d r i n k i n g - w a t e r  
c o n t a m i n a t i o n .  
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P r o j e c t  D e s c r i p t i o n  

T h e  C h o p l i n  Farm i s  a s w i n e - r a i s i n g  o p e r a t i o n .  T h r o u g h o u t  
t h e  y e a r 9  a n i m a l  wastes a r e  c o l l e c t e d  i n  a s l u r r y  p i t ;  i n  e a r l y  
s p r i n g ,  s o i l  s a m p l e s  a re  t a k e n  f o r  a n a l y s i s .  Based on t h e  
r e s u l t s ,  p a r t i c u l a r l y  t h e  n i t r o g e n  a n d  p h o s p h o r u s  c o n c e n t r a t i o n s  
i n  t h e  s l u r r y ,  t h e  wastes a re  d i l u t e d ,  w i t h  water from p o n d s  u s e d  
t o  s t o r e  r u n o f f ,  t o  t h e  d e s i r e d  c o n c e n t r a t i o n .  The d i l u t e d  s w i n e -  
waste is  pumped u n d e r g r o u n d ,  t o  s t a t i o n s  d i s t r i b u t e d  a r o u n d  t h e  
farm, a n d  is  a p p l i e d  p e r i o d i c a l l y  t o  t h e  c r o p s  by  a t r a v e l i n g  
h a r d - n o s e  s p r a y e r .  D u r i n g  1 9 8 2 ,  t h i s  p r a c t i c e  s a v e d  $ 8 , 0 0 0  i n  
f e r t i l i z e r  c o s t s ,  a n d  p r o v i d e d  e n v i r o n m e n t a l l y  s o u n d  management  of  
t h e  wastes. 

I n  c o n c e r t  w i t h  s w i n e - w a s t e  a p p l i c a t i o n ,  t h e  f o l l o w i n g  b e s t  
management  p r a c t i c e s  a re  b e i n g  u s e d  t o  decrease n o n p o i n t  s o u r c e  
p o l l u t i o n :  

1 )  S o i l  a n d  water c o n s e r v a t i o n  p r a c t i c e s ,  s u c h  a s  grassed  
waterways, p a r a l l e l  t e r r aces ,  f i e l d  b o r d e r s ,  w i n t e r  c o v e r  c r o p s ,  
a n d  c o n s e r v a t i o n  t i l l a g e ,  a re  employed  t o  r e d u c e  s e d i m e n t  r u n o f f .  

2 )  Three p o n d s  a r e  ava i l ab le  t o  s t o r e  s t o r m w a t e r  r u n o f f  f o r  
s e a s o n a l  i r r i g a t i o n  n e e d s .  

3 )  S o i l  is  t e s t e d  a n n u a l l y  t o  assess n u t r i e n t  a n d  lime 
r e q u i r e m e n t s .  

4 )  I r r i g a t i o n  i s  s c h e d u l e d  b a s e d  on  c r o p  a n d  s o i l  m o i s t u r e  
c o n d i t i o n s .  

A s  a r e s u l t  o f  t hese  p r a c t i c e s ,  t h e  farm o p e r a t i o n  r e p o r t s  
t h a t :  

1 )  S t o r m w a t e r  r u n o f f  h a s  b e e n  r e d u c e d  from 176,OO g a l l o n s  
p e r  acre  t o  93 ,000  g a l l o n s  p e r  acre .  

2 )  S e d i m e n t  l o s s e s  h a v e  b e e n  r e d u c e d  from 14.7  t o n s  p e r  
acre  t o  0 .05 t o n s  p e r  ac re .  

3 )  O r g a n i c  mater ia l  l o s t  f r o m  s o i l  h a s  b e e n  r e d u c e d  from 
1 , 3 7 0  p o u n d s  p e r  acre  t o  8 2  p o u n d s  p e r  ac re .  

4 )  T o t a l  n i t r o g e n  l o s t  from s o i l  h a s  b e e n  r e d u c e d  from 3 8 . 2  
p o u n d s  p e r  acre  t o  7 .8  p o u n d s  p e r  a c re ,  

. --- 
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5)  T o t a l  p h o s p h o r u s  l o s t  from s o i l  h a s  b e e n  r e d u c e d  from 
12.6  t o  2 .4  p o u n d s  p e r  a c r e ,  

T h e s e  modifications have  i m p r o v e d  c r o p  y i e l d s .  The C h o p l i n  
Farm p r o d u c e d  N o r t h  C a r o l i n a ' s  f o u r t h - l a r g e s t  c o r n  y i e l d  i n  7981 -- 214 b u s h e l s  p e r  ac re .  

i 
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WASTES GENERATED Reduced s e d i m e n t  o r  a n i c ,  a n d  n u t r i e n t  
l o a d i n g  t o  s u r f a c e w a t e r  

P R O D U C T I V I T Y  Improved  

P R O D U C T  Q U A L I T Y  Improved  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

EQUIPMENT $71,000 o n e - t i m e  c o s t  

RAW MATERIALS $ 8 , 0 0 0  s a v e d  p e r  y e a r  

WATER 8 3 , 4 0 0  g a l l o n  s a v e d  p e r  acre  

E N E R G Y  Increased s a v i n g s  

WASTE DISPOSAL Decrease i n  d i s p o s a l  p r o b l e m s  

P O L L U T I O N  C O N T R O L  Decrease i n  c o n t r o l  c o s t s  

~ERSONNEL/MAINTENANCE D e t a i l e d  i n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS I n c r e a s e d  y i e l d ,  r e d u c e d  c o s t s ,  
d e c r e a s e d  s o i l  e r o s i o n ,  and  s u r f a c e -  
water p o l l u t i o n  

3 1  



F o r  more information, refer to: 

Agricultural Nonpoint Source Control Case Studies In North 
Carolina, IX, Wake County Demonstration Farm, by J. B. Atkins, 

a 1  and Agricultural Engineering Department, North Carolina 
State University, Raleigh, North Carolina, May 1984,  119 pp. 

"Irrigation/Hog Waste Slices Fertilizer Bill 80 Percent , ' I  by F. 
Jeter, in Progressive Farmer, Febuary 1983,  p. G-14. 

"No-Till Makes the Grade," by D. L. Comis, in Soil and Water 
Conservation News, July 1983,  p.  6-7. 

"Pollution Control and Production Efficiency," by J. B. Atkins, 
in Extension Review, Spring 1983,  p .  47.  
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ear, oiybdenum Company ( L a u r e n  
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ODIFICATION a 

ATER ~ ~ E ~ T M E N T  PROCESS ITH M O L Y ~ D E N ~ M  RECOVER 0 
0 

ION E X C ~ A N G E  

Abs t rac t  

Cl imax Molybdenum Company m o d i f i e d  t h e  n a t u r a l  d r a i n a g e  
s y s t e m  s u r r o u n d i n g  t h e i r  t a i l i n g s  impoundment  t o  r e d u c e  t h e  
q u a n t i t y  o f  water r e q u i r i n g  t r e a t m e n t ,  a n d  t o  recover  s o l u b l e  
molybdenum from t h e  t a i l i n g s  r u n o f f .  I n t e r c e p t o r  c a n a l s  were 
b u i l t  u p s t r e a m  t o  d i v e r t  n a t u r a l  r u n o f f  waters a r o u n d  t h e  t a i l i n g s  
a n d  i n t o  n a t u r a l  streams. The s t o r m  water r u n o f f  f r o m  t h e  
t a i l i n g s  is now u n d i l u t e d  by  u p s t r e a m  r u n o f f ,  a n d  more  a m e n a b l e  t o  
r e c o v e r y  o f  d i s o l v e d  s u s p e n d e d  mater ia l .  I t  is  p a s s e d  t h r o u g h  a 
c o u n t e r c u r r e n t  i o n - e x c h a n g e  u n i t  i n  o r d e r  t o  remove t h e  
molybdenum, w h i c h  t h e  company t h e n  recovers  a n d  s e l l s .  O t h e r  
h e a v y  metals are separa ted  from p r o c e s s  water t h r o u g h  t h e  u s e  of 
t h e  S w i f t  Lectro-Clear p r o c e s s .  T h i s  p r o c e s s  r e m o v e s  o v e r  90  
p e r c e n t  o f  t h e  i r o n ,  m a n g a n e s e ,  z i n c ,  a n d  c o p p e r  f r o m  t h e  t a i l i n g s  
stream b y  a c o a g u l a t i v e ,  e l e c t r o l y t i c  p r o c e s s .  C y a n i d e ,  u s e d  as a 
copper  d e p r e s s a n t  i n  t h e  r e g r i n d  p l a n t ,  i s  96' - p e r c e n t  r emoved .  

A N N U A L  COST S A V I N G S :  I n f o r m a t i o n  n o t  p r o v i d e d .  

P A Y B A C K  P E R I O D :  I n f o r m a t i o n  n o t  p r o v i d e d .  

T I M E  T O  IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  A p p l i c a b l e  t o  m i n i n g  o p e r a t i o n s  a n d  
o t h e r  i n d u s t r i e s  u s i n g  water, which  

33 



becomes  c o n t a m i n a t e d  w i t h  metal  a n d  
c y a n i d e ,  as t h e i r  p r o c e s s  s o l v e n t .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS: Reduced t h r e a t  o f  g r o u n d -  a n d  

s u r f a c e w a t e r  c o n t a m i n a t i o n  f rom h e a v y  
metals ;  c o n s e r v a t i o n  of  water a n d  
molybdenum; decreased h e a l t h  r i s k s  d u e  
t o  h e a v y  metal a n d  c y a n i d e  p o l l u t i o n .  

P r o j e c t  D e s c r i p t i o n  

S i n c e  t h e  4930s, t h e  C l imax  Molybdenum Company h a s  o p e r a t e d  a 
water r e c y c l i n g  s y s t e m ;  a c t i v e  t a i l i n g  dams a n d  water s t o r a g e  
f a c i l i t i e s  are  u s e d  t o  c o l l e c t  mi l lwa te r ,  a n d  t h a t  water is  
r e t u r n e d  f o r  F e u s e  i n  t h e  p l a n t ,  The s y s t e m  p r o v i d e d  t o t a l  
c o n t a i n m e n t  a n d  c a p t u r e  o f  wastewater, e x c e p t  d u r i n g  t h e  a n n u a l  
s p r i n g  s n o w m e l t ,  I n  o r d e r  t o  k e e p  t h e  s y s t e m  i n  b a l a n c e ,  t a i l i n g  
water was b l e d  i n t o  t h e  n e a r b y  creek a t  a c o n t r o l l e d  a n d  m o n i t o r e d  
r a t e ;  i n  t h i s  w a y ,  t h e  q u a l i t y  of  t h e  stream was m a i n t a i n e d .  

I n  o r d e r  f o r  t h e  mine  t o  d i s c h a r g e  water c o n t i n u a l l y ,  
t h e  water h a d  t o  b e  t r e a t e d  t o  remove  molybdenum, c o p p e r ,  z i n c ,  
i r o n ,  m a n g a n e s e ,  and  c y a n i d e .  To i m p l e m e n t  t h e  t r e a t m e n t  s y s t e m  
e c o n o m i c a l l y ,  C l imax  Molybdenum Company, a i d e d  by  Amax E x t r a c t i v e  
Research a n d  D e v e l o p m e n t ,  s t u d i e d  t h e  d r a i n a g e  s y s t e m  s u r r o u n d i n g  
t h e  t a i l i n g  impoundment  area.  From t h e  d a t a  g a t h e r e d ,  t h e y  were 
a b l e  t o  r e d u c e  t h e  amoun t  o f  water t h a t  r e q u i r e d  t r e a t m e n t  by  
b u i l d i n g  a s e r i e s  o f  i n t e r c e p t o r  c a n a l s  t o  b y p a s s  r u n o f f  waters 
a r o u n d  t h e  t a i l i n g s  s y s t e m  and  i n t o  t h e  n a t u r a l  streams. I n  
b u i l d i n g  t h e  c a n a l s ,  t h e  company a l s o  d e t e r m i n e d  how much water 
h a d  t o  be  t r e a t e d  i n  o r d e r  t o  m a i n t a i n  t h e  sys tem's  i n t e g r i t y .  

The  water t o  be t r e a t e d  is  i n i t i a l l y  p a s s e d  t h r o u g h  a 
s t a n d a r d  c o u n t e r c u r r e n t  i o n - e x c h a n g e  s y s t e m ,  The  m o l y b d e n u m - f r e e  
e f f l u e n t  i s  t h e n  p a s s e d  t h r o u g h  t h e  S w i f t  Lectro-Clear h e a v y  metal  
r e m o v a l  a n d  c y a n i d e  d e s t r u c t i o n  system.,  L i m e  is a d d e d  t o  
p r e c i p i t a t e  t h e  h e a v y  metals,  a n d  s o d i u m  h y p o c h l o r i t e  is  a d d e d  t o  
o x i d i z e  t h e  c y a n i d e .  The s u s p e n s i o n  is  t h e n  p a s s e d  i n t o  a 
e l e c t r o c o a g u l a t i o n  c e l l  where  oxygen  a n d  h y d r o g e n  g a s  a re  
g e n e r a t e d  by e l e c t r o l y s i s .  A i d e d  by  a n  a d d e d  p o l y m e r  f l o c c u l e n t  
t h e  " m i c r o  b u b b l e s " ,  p r o d u c e d  by e l e c t r o l y s i s ,  c a u s e  t h e  
p r e c i p i t a t e d  metals t o  f l o a t  t o  t h e  s u r f a c e  o f  t h e  
e l e c t r o f l o a t a t i o n  c e l l ;  t h e  metals a re  t h e n  s k i m m e d  o f f  f o r  
d i s p o s a l .  A h i g h - f l o w - r a t e  s a n d  f i l t e r  was a d d e d  t o  e n s u r e  t h e  
q u a l i t y  o f  t h e  e f f l u e n t .  

Removal o f  t h e  metals a n d  c y a n i d e  was as f o l l o w s :  
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1) Copper, from 0.19 to 0.013 milligrams (mg) per liter, 
93.2-percent removal; 

2) Iron, from 4.3 to 0.10 mg per liter, 99.9-percent 
removal ; 

3) Manganese, from 6.4 to 0.10 mg per liter, 99.9-percent 
removal; 

4) Zinc, from .29 to 0.022 mg per liter, 93.4-percent 
removal ; 

5) Molybdenum, from 5.9 to 0.6 mg per liter, 90.3-percent 
removal; 

6) Cyanide, from .28 to 0.01  mg per liter, 96.4-percent 
removal. 
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WASTES GENERATED Quantity requiring treatment reduced 

PRODUCTIVITY No change 

PRODUCT QUALITY No change 

DOWN TIME No change 

FACILITIES Information not provided 

EQUIPMENT Investment required, details not given 

RAW MATERIALS Conservation of raw materials 

WATER Information not provided 

ENERGY Information not provided 

WASTE DISPOSAL Information not provided 

POLLUTION CONTROL Cost reduced 

PERSONNEL/MAINTENANCE Information not provided 
_ _ _ - - _ - - - - - -  

NET BENEFITS Enhanced conservation 

For more information, refer to llDevelopment of Waste Water 
Treatment at the Climax Mine," by R. D. Gott, in Mining Congress 
Journal, April 7 9 7 8 ,  pages 28-34. 
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TYPE OF I ~ ~ U S T R Y ~  

NAME OF FIRM: 

LOCATION: 

SIC: 

Food Canning 

California Canners and Growers (Pardee 
Engineering, consulting firm, James Dana 

San Jose, California 

415/845-4516)  

2033 

t 

t # 

a t 

9 MODIFICATION #+ 

t RECYCLING OF ASTE STEAM IN CANNING COOKERS #+ 

Abstract  

C a l i f o r n i a  C a n n e r s  a n d  Growers  ( C C G )  p r e v i o u s l y  o p e r a t e d  
t h e i r  a t m o s p h e r i c  c o o k e r s  o n e - h a l f  t o  t w o - t h i r d s  f u l l  o f  water. 
Any steam t h a t  d i d  n o t  c o n d e n s e  i n  t h e  water escaped t h r o u g h  t h e  
c a n  i n - f e e d  a n d  d i s c h a r g e  p o r t s  and  was was ted .  To u t i l i z e  t h i s  
wasted f o o d - p r o c e s s i n g  e n e r g y ,  C C G ,  a i d e d  b y  Pardee E n g i n e e r i n g ,  
d e v i s e d  t o  t h e  e x i s t i n g  e q u i p m e n t  d e s i g n  which  
a l l o w e d  r e t e n t i o n  o f  steam i n  t h e  c o o k e r .  They  a l s o  removed t h e  
water i n  t h e  c o o k e r  so  t h a t  t h e  steam c o n d e n s e s  d i r e c t l y  on t h e  
c a n s .  T h i s  h a s  r e s u l t e d  i n  c o n s i d e r a b l e  e n e r g y ,  water,  and  l a b o r  
s a v i n g s .  

A N N U A L  COST S A V I N G S :  $ 4 5 , 0 0 0  

P A Y B A C K  P E R I O D :  4 m o n t h s  

T I M E  T O  IMPLEMENT: 1 d a y  

T R A N S F E R A B I L I T Y :  A p p l i c a b l e  t o  food c a n n i n g  o p e r a t i o n s  
e q u i v a l e n t  t o  t h e  o n e  d e s c r i b e d  here.  

E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  C o n s e r v a t i o n  of  e n e r g y  a n d  water; 

i m p r o v e d  h e a l t h  a n d  s a f e t y  c o n d i t i o n s  
f o r  p l a n t  p e r s o n n e l .  
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F r o  jec  t D e s c r i p t i o n  

C a l i f o r n i a  C a n n e r s  a n d  Growers  p r e v i o u s l y  o p e r a t e d  t h e i r  
a t m o s p h e r i c  cooke r s  o n e - h a l f  t o  t w o - t h i r d s  f u l l  sf water. Steam, 
r i s i n g  from s p a r g e r s  i n  t h e  b o t t o m  o f  t h e  c o o k e r ,  c o n d e n s e d  i n  
t h e  water. Steam e s c a p e d  t h r o u g h  t h e  c a n  i n p u t  and  d i s c h a r g e  
p o r t s ,  r e s u l t i n g  i n  a s u b s t a n t i a l  waste o f  e n e r g y .  To a v o i d  
c o n d e n s a t i o n  f r o m  t h i s  waste, each p o r t  had  a steam e x h a u s t  s t a c k  
w h i c h  p r o j e c t e d  t h r o u g h  t h e  r o o f .  The steam e n e r g y ,  as i t  f lowed 
t o  t h e  r o o f ,  hea t ed  t h e  i n s i d e  o f  t h e  c a n n e r y  b u i l d i n g ,  much t o  
t h e  d i s c o m f o r t  of  t h e  w o r k e r s ;  i t  was a l s o  wasted t o  t h e  
a t m o s p h e r e .  

To s a v e  t h i s  e n e r g y ,  a steam-jet  vacuum c o m p r e s s o r  was 
a d d e d ;  i t  p u l l s  v a p o r s  f rom t h e  c a n  d i s c h a r g e  hood a n d  r e i n j e c t s  
t h e  compressed v a p o r s ,  t h r o u g h  s p a r g e r s ,  i n t o  t h e  c o o k e r .  Vapor 
e x h a u s t  h o o d s  c o n t a i n i n g  t u n n e l  s ea l s  were i n s t a l l e d  a t  b o t h  c a n  
p o r t s  t o  r e t a i n  steam i n  t h e  c o o k e r s  as t h e  c a n s  e n t e r  a n d  l e a v e  
t h e  c o o k e r .  

D u r i n g  t h e  t e s t i n g  o f  t h e s e  m o d i f i c a t i o n s ,  i t  was f o u n d  t h a t  
steam, b u b b l i n g  upward f r o m  t h e  spa rge r s  t h r o u g h  t h e  water ,  h a d  
l e s s  o p p o r t u n i t y  t o  c o l l e c t  a n d  c o n d e n s e  on c a n  s u r f a c e s  t h a n  i n  a 
p u r e  steam e n v i r o n m e n t .  Steam t h a t  d i d  n o t  c o n d e n s e  i n  t h e  water 
o r  on t h e  c a n s  was v e n t e d ,  a n d  l o s t  i t s  l a t e n t  hea t  o f  e v a p o r a t i o n  
t o  t h e  a tmosphe re  a n d  was wasted. C o n s e q u e n t l y ,  t h e  water was 
removed ,  a n d  t h e  c o o k e r  became a water less  cooke r .  T h i s  
m o d i f i c a t i o n  p r o v i d e s  e n e r g y  s a v i n g s  o f  $ 5 , 0 0 0  p e r  cooke r  p e r  
1 , 0 0 0 - h o u r  s e a s o n .  T h i r t y - s i x  h u n d r e d  g a l l o n s  of  water a re  s a v e d  
per c o o k e r ,  and  s t a r t - u p  t akes  o n l y  8 m i n u t e s  i n s t e a d  o f  70 
m i n u t e s .  

T r e a t m e n t  o f  t h e  c o o k i n g  water, t o  k e e p  s c a l e  a n d  s o l i d  
o r g a n i c s  o f f  t h e  c a n s ,  i s  no  l o n g e r  n e c e s s a r y ;  t h e  c a n s  now r e m a i n  
b r i g h t  a n d  s h i n y  i n  t h e  s t e a m y  e n v i r o n m e n t .  
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WASTES GENERATED 3 , 6 0 0  g a l l o n s  o f  water c o n s e r v e d  p e r  
c o o k e r  

P R O D U C T I V I T Y  Improved  

P R O D U C T  Q U A L I T Y  Improved  

DOWN TIME D e c r e a s e d  5 0  p e r c e n t  

FACILITIES $500 t o  $ 1 , 0 0 0  p e r  c o o k e r  

EQUIPMENT $800  t o  $ 1 , 5 0 0  p e r  c o o k e r  

R A W  MATERIALS I n f o r m a t i o n  n o t  p r o v i d e d  

WATER 3 3 , 4 0 0  g a l l o n s  s a v e d  p e r  y e a r  

E N E R G Y  $ 4 5 , 0 0 0  s a v e d  p e r  1 , 0 0 0 - h o u r  season 

WASTE DISPOSAL 

P O L L U T I O N  C O N T R O L  No c h a n g e  

PERSONNEL/MAINTE~ANCE R e d u c t i o n  i n  s t a r t - u p  time saves 
s u b s t a n t i a l  e m p l o y e e  time 

NET BENEFITS S u b s t a n t i a l  r e d u c t i o n  i n  o p e r a t i n g  
c o s t s ,  and  improvemen t  i n  worker  
comfor t  
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For  more information, refer to "Waterless Atmospheric 
Cookers Save $5,000 Per Year in Steam Costs" by Walter Doucett, 
Victor Merlino, James E. Philpot, and Kark Robe, in Food 
Processing, November 1982. 
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NAME O F  F X R ~ :  

L O C A T I O N  : 

S I C :  

Dunbar Foods 
il 9 ~ 9 / 8 9 2 - 3 1 ~ ~ )  

D u n n ,  N o r t h  Carolina 

2 0 3 3  

I 

* M O D I F I C ~ T I O N  

0 L A N D  A P P L I C A T I O N  O F  F O O D  P R O C E S S I N G  
* 
* 

Abst rac t  

Dunbar  F o o d s  p r o c e s s e s  and  c a n s  p e p p e r s  a n d  sweet p o t a t o e s .  
They  h a v e  d e v e l o p e d  a s p r a y - i r r i g a t i o n  l a n d  a p p l i c a t i o n  s y s t e m  f o r  
t h e i r  f o o d - p r o c e s s i n g  wastes. P r o c e s s  water c o n t a i n i n g  
v e g e t a b l e  wastes is r e u s e d  t o  i r r i g a t e  and  f e r t i l i z e  g r a s s l a n d  
owned by t h e  company.  

A N N U A L  COST SAVINGS: I n f o r m a t i o n  n o t  p r o v i d e d .  

P A Y B A C K  P E R I O D :  I n f o r m a t i o n  n o t  p r o v i d e d .  

T I M E  TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

TRANSFERABILITY: T h i s  m o d i f i c a t i o n  would b e  s u i t a b l e  
f o r  a n y  f i r m  p r o d u c i n g  l a r g e  q u a n t i t i e s  
o f  h i g h  b i o l o g i c a l  oxygen  demand ( B O D )  
n o n - t o x i c  wastewater. B e c a u s e  Dunbar 
Foods  was c o n s t r a i n e d  by t h e  c a p a c i t y  o f  
t h e i r  m u n i c i p a l  waste t r e a t m e n t  
f a c i l i t y ,  t h i s  i n n o v a t i v e  method was 
c o s t - e f f e c t i v e  because it  e n a b l e d  them 
t o  e x p a n d  t h e i r  o p e r a t i o n .  I n  a reas  
where  t h e  p u b l i c l y - o w n e d  t reatment  p l a n t  
c a n  h a n d l e  t h e  r e q u i r e d  l o a d i n g ,  firms 
m i g h t  f i n d  i t  more c o s t - e f f e c t i v e  t o  u s e  
t h e  m u n i c i p a l  wastewater t r e a t m e n t  
f a c i l i t y  a n d  pay  a sewer u s e - c h a r g e .  I n  
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ENVIRONMENTAL AND 
HEALTH BENEFITS: 

either case, additional activities might 
include a review of those processes 
which generate wastewater to find ways 
to reduce the waste in strength or in 
volume. 

Excessive organic loading to the 
municipal treatment plant is prevented; 
reduces risk of inefficient municipal 
treatment of wastewater and consequent 
pollution load to the receiving stream. 
Monitoring revealed no deleterious 
changes in nearby groundwater quality, 
in availability of oxygen to soil 
microbes, or in runoff water quality due 
to landspreading activities. 
Conservation of water, land, and 
material resources: less municipal 
wastewater sludge to manage, less 
fertilizer and potable water required 
for crop production. Maintenance of a 
monitoring program is required to ensure 
consistent system performance. 

Project Description 

Dunbar Foods processes diced peppers and sweet potatoes for 
sale to market, They became the first industry in North Carolina 
to employ spray irrigation f o r  the land application of treated 
wastewater. The system was originally developed in 1971, by the 
company's engineer to allow expansion of the firm's capacity 
without overtaxing the municipal wastewater treatment facility. 
Dunbar Foods expanded again in 9982; because of the spray 
irrigation system, they have not required the use of the municipal 
treatment plant. Process water flow from the firm's cleaning and 
canning operations currently totals about 7.5 million gallons per 
day. All of this flow is screened for solids removal and i s  band- 
applied to the 85 acres of grassland owned and maintained by 
Dunbar. Because Dunbar's operation is seasonal, the majority of 
their activity occurs from July through December. The fields are 
periodically mowed to maintain a maximum 9-inch growing height. 

Dunbar's innovative system for handling high-BOD industrial 
wastewater has been studied by the North Carolina Department of 
Natural Resources and Community Development. Over a three-year 
period of observation and testing, they found no evidence of 
groundwater contamination, odor, runoff, or of any other problems. 
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After t e n  y e a r s  o f  o p e r a t i o n ,  t h e r e  h a s  b e e n  no  i n d i c a t i o n  o f  
a n a e r o b i c  a c t i o n  i n  t h e  s o i l ,  and  no  c h a n g e  i n  t h e  q u a l i t y  of t h e  
g r o u n d w a t e r  i n  n u m e r o u s  o b s e r v a t i o n s  f rom t e s t  wel l s ,  b o t h  w i t h i n  
t h e  i r r i g a t e d  a rea ,  a n d  on i t s  per imeter ,  

Dunbar  a l s o  r ecyc le s  p r o c e s s  water u s e d  f o r  c l e a n i n g .  
Recycled water i s  s c r e e n e d  a n d  c h l o r i n a t e d  b e f o r e  r e u s e .  F i n a l  
r i n s e  water a n d  water f o r  c a n n i n g  a re  n o t  r e u s e d .  
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WASTES GENERATED E l i m i n a t e d  7 .5  m i l l i o n  g a l l o n s  
p e r  d a y  o f  l o a d i n g  t o  m u n i c i p a l  
s y s t e m  

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  
- 

DOWN TIME No c h a n g e  

FACILITIES I n f o r m a t i o n  n o t  p r o v i d e d  

EQUIPMENT I n f o r m a t i o n  n o t  p r o v i d e d  

RAW M A T E R I A L S  No c h a n g e  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  
- 

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL I n f o r m a t i o n  n o t  p r o v i d e d  

P O L L U T I O N  CONTROL I n f o r m a t i o n  n o t  p r o v i d e d  

PERSONNEL/MA INTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS P e r m i t t e d  p l a n t  e x p a n s i o n s  
o t h e r w i s e  p r e c l u d e d  by l i m i t e d  
c a p a c i t y  of  m u n i c i p a l  wastewater 
treatment f a c i l i t y  
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Case Study 5 
TYPE OF INDUSTRY: 

NAME OF FIRM: 

L O C A T I O N :  

SIC: 

Brewing 

Miller Brewing Company 
(Kenneth R .  Croft 919/627-2100)  

8 6 3  East Meadow Road 
P . O .  Box 3327 
Eden, North Carolina 27288 

2082 

Q * * M O D I F I C A T I O N  ff 

* SALE OF TREATED BREWERY WASTES FOR * 
t A G R I C U L T U R A L  L A N D  A P P L I C A T I O N  * 
* it 

* * 

Abstract 

Food-processing wastes generated during the brewing 
operation at Miller Brewing Company are treated and made 
available t o  farmers for land application. The by-product is used 
f o r  liming and as a nitrogen supplement. The reuse of this 
previously landf illed material has eliminated disposalcosts for 
Miller, provided an inexpensive substitute for standard 
agricultural liming material, and preserved valuable landfill 
capacity . 
ANNUAL COST SAVINGS: $88,000 

PAYBACK PERIOD: Not applicable. 

TIME TO IMPLEMENT: 1 year 

TRANSFERABILITY: The important features of the Miller 
Brewery wastes are that they are non- 
toxic, solid, and contain material 
suitable for agricultural purposes. 
These characteristics are common to 
many food-processing wastes; therefore, 
this modification may have wide 
application. The feasibility of this 
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E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  

m o d i f i c a t i o n  f o r  o t h e r  firms would  
d e p e n d  on t h e  c o m p o s i t i o n  of  t h e  waste 
a n d  t h e  a v a i l a b i l i t y  o f  u s e r s .  

One i m p o r t a n t  m a r k e t  o p t i o n  t h a t  s h o u l d  
n o t  be o v e r l o o k e d  is  t h e  u s e  o f  a waste 
e x c h a n g e  b roke rage  f o r  t r a n s f e r  o f  
wastes. A l t h o u g h  Miller 's  wastes a re  
i n  a s o l i d  f o r m ,  a s l u r r y  c o u l d  a l s o  b e  
u s e d  f o r  l a n d  a p p l i c a t i o n .  The  Mi l le r  
wastes h a v e  d i s t i n c t  v a l u e  f o r  s o i l  pH 
a d j u s t m e n t  and  as a s o u r c e  of  u s a b l e  
n i t r o g e n ;  h o w e v e r ,  e v e n  mater ia ls  t h a t  
a r e  l i m i t e d  t o  i m p r o v i n g  s o i l  t e x t u r e  
would be v a l u a b l e  f o r  a g r i c u l t u r a l  a n d  
h o r t i c u l t u r a l  p u r p o s e s .  

C o n s e r v a t i o n  o f  l a n d  r e s o u r c e s .  

P r o j e c t  D e s c r i p t i o n  

Miller B r e w i n g  Company's  Eden B r e w e r y  wastewater t r e a t m e n t  
f a c i l i t y  is  a 5 m i l l i o n  g a l l o n  p e r  d a y  a c t i v a t e d  s l u d g e  t r e a t m e n t  
p l a n t .  Wastewater is  r o u t e d  t o  t h e  t r e a t m e n t  p l a n t  from t h e  
b r e w i n g ,  p a c k a g i n g ,  a n d  u t i l i t i e s  a reas  o f  t h e  b r e w e r y  c o m p l e x .  
Domestic s e w a g e  f r o m  t h e  b r e w e r y  i s  t r e a t e d  t h r o u g h  t h e  C i t y  o f  
E d e n ' s  m u n i c i p a l  t r e a t m e n t  s y s t e m .  

D u r i n g  t h e  a c t i v a t e d  s l u d g e  p r o c e s s ,  d a i l y  a m o u n t s  o f  e x c e s s  
b i o m a s s  are removed as waste s l u d g e .  The  excess b i o m a s s  is  
dewatered t h r o u g h  h i g h - p r e s s u r e  p l a t e  a n d  frame f i l t e r s  a f t e r  
c o n d i t i o n i n g  w i t h  lime a n d  r e l a t e d  d e w a t e r i n g  compounds .  After  
t h e  f i l t r a t i o n  p r o c e s s  is  comple t ed ,  t h e  biomass h a s  t h e  
c o n s i s t e n c y  o f  moi s t  e a r t h  a n d  is l ime-r ich.  The  company 
g e n e r a t e s  a p p r o x i m a t e l y  13 ,500  t o n s  of  waste s l u d g e  each y e a r  (wet 
w e i g h t ) .  U n t i l  r e c e n t l y ,  t h i s  mater ia l  h a s  b e e n  b u r i e d  i n  t h e  
Rockingham l a n d f i l l ,  c o s t i n g  t h e  f i r m  $ 8 8 , 0 0 0  p e r  y e a r  i n  h a u l i n g  
a n d  l a n d f i l l  fees.  

Miller Brewing  Company had  t h e  biomass a n a l y z e d ,  a n d  
d e t e r m i n e d  t h a t  it c o u l d  b e  r e g i s t e r e d  as  a n  a g r i c u l t u r a l  p r o d u c t .  
They o f f e r e d  t h e  b i o m a s s  t o  l o c a l  a g r i c u l t u r a l  a n d  farm o p e r a t i o n s  
as  a " b y - p r o d u c t  l i m i n g  mater ia l  w i t h  n i t r o g e n "  f o r  l a n d  
a p p l i c a t i o n .  S e v e n  a n d  o n e - h a l f  t o n s  of  t h e  b y - p r o d u c t  material 
a r e  e q u i v a l e n t  t o  1 t o n  of  s t a n d a r d  a g r i c u l t u r a l  lime. 

Numerous farmers h a v e  a s k e d  t o  p u r c h a s e  t h i s  ma te r i a l  f o r  
a p p l i c a t i o n  t o  c r o p l a n d ;  Mi l le r  B r e w i n g  Company is p r o v i d i n g  t h i s  
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d e s  

f o r  
e X P  

c o s  
i r e  
t .  
a 

e n s  

d ma te r i a l  t o  l o c a l  farm a n d  a g r i c u l t u r a l  o p e r a t i o n s  a t  no  
T h i s  method of  p o l l u t i o n  c o n t r o l  c r e a t e s  a b e n e f i c i a l  u s e  

o n c e  w o r t h l e s s  ma te r i a l ,  r e d u c e s  h a u l i n g  a n d  l a n d f i l l  fee 
e s ,  a n d  preserves  l a n d f i l l  s p a c e  f o r  f u t u r e  u s e ,  

Miller B r e w i n g  Company a l s o  m a i n t a i n s  a n  i n c e n t i v e  a w a r d s  
p r o g r a m  f o r  e m p l o y e e  s u g g e s t i o n s  w h i c h  i m p r o v e  o p e r a t i o n s  a n d  
reduce c o s t s  e 
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WASTES GENERATED E l i m i n a t e d  13,000 t o n s  of waste 
s l u d g e  p e r  year  

PRODUCTIVITY No c h a n g e  

PRODUCT QUALITY No c h a n g e  

DOWN TIME No c h a n g e  

F A C I L I T I E S  No c h a n g e  

EQUIPMENT No c h a n g e  

RAW MATERIALS No c h a n g e  

WATER No c h a n g e  

ENERGY No c h a n g e  

WASTE DISPOSAL $88 ,000 s a v e d  p e r  y e a r  

POLLUTION CONTROL No c h a n g e  

PERSONNEL/MAINTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET B E N E F I T S  Annua l  c o s t  s a v i n g s ,  p r o v i d e s  
s o i l s  amendment mater ia l  
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PE 0 USTRY: Wosi 

A b s t r a c t  

H a m p s h i r e  H o s i e r y  m a n u f a c t u r e s  women's p a n t y h o s e .  They h a v e  
made s e v e r a l  m o d i f i c a t i o n s  t o  r e d u c e  t h e i r  e n e r g y  c o s t s  a n d  
i m p r o v e  t h e  q u a l i t y  o f  e f f l u e n t  d i s c h a r g e d  t o  t h e  m u n i c i p a l  sewer 
s y s t e m .  A heat  r e c o v e r y  s y s t e m  was i n s t a l l e d  t o  c a p t u r e  heat 
from s p e n t  d y e  s o l u t i o n s  and  t o  p rehea t  s u b s e q u e n t  d y e  o p e r a t i o n s ,  
I n  a d d i t i o n  t o  e n e r g y  s a v i n g s ,  t h e  e x c h a n g e r  s y s t e m  l o w e r s  t h e  
t e m p e r a t u r e  o f  e f f l u e n t  e n t e r i n g  t h e  m u n i c i p a l  sewer s y s t e m  f r o m  
130 t o  7 0  degrees  F .  A c h a n g e  i n  f u r n a c e  e q u i p m e n t  now p e r m i t s  
t h e  r e c y c l i n g  o f  l o c a l l y  g e n e r a t e d  s a w d u s t  a s o u r c e .  The  
p l a n t ' s  o i l - f i r e d  steam b o i l e r  was rep laced  w i t h  a wood-f i red  
s y s t e m  c a p a b l e  of  u s i n g  s a w d u s t  f r o m  n e a r b y  l u m b e r m i l l s  as f u e l .  
T h e  new b o i l e r  o p e r a t i o n  s a v e s  t h e  f i rm $ 2 0 0 , 0 0 0  p e r  y e a r  i n  f u e l  
c o s t s ,  

A N N U A L  COST SAVINGS: $ 2 2 5 , 0 0 0  

PAYBACK P E R I O D :  2 y e a r s  ( h e a t  e x c h a n g e r )  
4 y e a r s  ( w o o d - f i r e d  b o i l e r )  

T I M E  TO IMPLEMENT:  3 y e a r s  
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T R A N S F E R A B I L I T Y :  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  

U s i n g  a h e a t  e x c h a n g e r  t o  c a p t u r e  waste 
hea t  is c o s t - e f f e c t i v e  i f  t h e  f low a n d  
t e m p e r a t u r e  o f  t h e  a v a i l a b l e  water a re  
h i g h  e n o u g h  t o  j u s t i f y  t h e  c a p i t a l  
e q u i p m e n t  c o s t s .  E q u i p m e n t  
m a n u f a c t u r e r s  would be a good s o u r c e  f o r  
making t h i s  d e t e r m i n a t i o n .  Use of  a 
wood-f i red  f u r n a c e  may be  l i m i t e d  by t h e  
a v a i l a -  b i l i t y  a n d  . cos t  o f  f u e l ,  a n d  by  
t h e  a g e  and  p e r f o r m a n c e  o f  e x i s t i n g  
e q u i p m e n t .  

Reduced thermal p o l l u t i o n ;  r e d u c e d  a i r  
p o l l u t i o n ;  c o n s e r v a t i o n  o f  e n e r g y  a n d  
mater ia l  r e s o u r c e s .  

P ro j ec t  D e s c r i p t i o n  

E l l e n  K n i t t i n g  Mills, a d i v i s i o n  o f  H a m p s h i r e  H o s i e r y ,  was 
d i s c h a r g i n g  s p e n t  d y e - b a t h  water t o  t h e  m u n i c i p a l  sewer s y s t e m .  
T h e  t e m p e r a t u r e  o f  t h e  d i s c h a r g e  water was 130  degrees  F ,  w h i c h  
c a u s e d  breakage o f  t h e  t e r r a  c o t t a  sewer p i p i n g .  I n  1 9 8 1 ,  t h e  
company i n v e s t e d  $ 1 0 0 , 0 0 0  i n  a hea t  e x c h a n g e  s y s t e m  t h a t  lowered 
t h e  e f f l u e n t  water t e m p e r a t u r e  t o  70  d e g r e e s  F .  S p e n t  d y e  water 
i s  d i s c h a r g e d  i n t o  a h o l d i n g  v a t ;  f r o m  t h e r e  i t  e n t e r s  t h e  
s t a i n l e s s  s t e e l  hea t  e x c h a n g e r .  The e x c h a n g e r  is  composed of f i v e  
p i p e s  wh ich  a re  30 f e e t  l o n g ,  and  8 i n c h e s  i n  diameter .  I n s i d e  
each p i p e  is  a b u n d l e  o f  smaller t u b e s  which  a l l o w  t h e  hea t  
t r a n s f e r .  

Heat removed f rom t h e  water is  u s e d  t o  p rehea t  i n c o m i n g  feed 
water f o r  t h e  d y e  t u b s  from 5 5  deg rees  F t o  a b o u t  1 0 5  d e g r e e s  F a  

T h e  p r e h e a t i n g  o p e r a t i o n  s a v e s  a b o u t  5 2 , 0 0 0  g a l l o n s  o f  f u e l  
o i l  p e r  yea r ;  t h e  h e a t  e x c h a n g e  s y s t e m  h a d  a p a y b a c k  p e r i o d  o f  
o n l y  two y e a r s .  

T h e  company made a s e c o n d ,  m a j o r  m o d i f i c a t i o n  which  h a s  a l s o  
r e s u l t e d  i n  s i g n i f i c a n t  e n e r g y  s a v i n g s  a n d  i n  t h e  r e u s e  o f  waste 
ma te r i a l s .  I n  1 9 8 2 ,  E l l e n  Mills p u r c h a s e d  a n d  i n s t a l l e d  a s a w d u s t  
f i r e d  steam g e n e r a t i n g  p l a n t  f o r  a p p r o x i m a t e l y  $ 8 0 0 , 0 0 0 .  The u n i t  
c o n s i s t s  o f  a 1 2 - t o n  r e c e i v i n g  h o p p e r ,  a c o n v e y o r  t r a n s p o r t  
s y s t e m ,  a h o g g e r ,  a 2 0 0 - t o n  s t o r a g e  silo, a D u t c h  o v e n  c o m b u s t i o n  
chamber, a n  a u x i l i a r y  o i l  b u r n e r ,  and  a 4 0 0 - h o r s e p o w e r  b o i l e r .  

I n  t h e  v i c i n i t y  of  S p r u c e  P i n e ,  N o r t h  C a r o l i n a ,  t h e r e  are  
seve ra l  sawmills w i t h  a r e a d y  s u p p l y  o f  waste s a w d u s t ,  The  
s a w d u s t  is  t r u c k e d  t o  E l l e n  M i l l s ,  where it  is  dumped i n t o  t h e  
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r e c e i v i n g  h o p p e r ;  pas sed  b y  c o n v e y o r  b e l t ,  u n d e r  a m a g n e t  t o  
remove  metals;  a n d  l o a d e d  o n t o  a hogger ,  where i t  is  g r o u n d  t o  a 
u n i f o r m  s i z e .  The  s a w d u s t  i s  t h e n  l i f t e d ,  b y  a b u c k e t  e l e v a t o r ,  
$0 t h e  t o p  of  t h e  s t o r a g e  s i l o  wh ich  h o l d s  a n  e i g h t - d a y  s u p p l y  o f  
f u e l .  

S a w d u s t  e x i t s  t h e  s i l o  from t h e  b o t t o m  and  is c o l l e c t e d  i n  a 
m e t e r i n g  b i n ,  w h i c h  d i s p e n s e s  i t  t o  a screw c o n v e y o r  l e a d i n g  t o  
t h e  b o i l e r .  The m e t e r i n g  b i n  has s e n s i n g  devices  t o  m o n i t o r  t h e  
steam pres su re  i n  t h e  b o i l e r ;  i t  re leases  s a w d u s t ,  a s  n e e d e d ,  t o  
m a i n t a i n  a c o n s t a n t  p r e s s u r e .  The  m e a s u r e d  c h a r g e  o f  s a w d u s t  is  
blown i n t o  t h e  D u t c h  o v e n  where c o m b u s t i o n  t akes  p l ace .  The  heat  
p r o d u c e d  by t h i s  c o m b u s t i o n  i s  i n t r o d u c e d  i n t o  t h e  b o i l e r  where 
t h e  steam i s  g e n e r a t e d .  

T h e  e x h a u s t  gases  p a s s  t h r o u g h  a s e r i e s  o f  c y c l o n e  
s e p a r a t o r s  t o  remove  a n y  p a r t i c l e s ,  a n d  t h e n  i n t o  a smokes tack .  
A t  t h i s  p o i n t ,  a hea t  e x c h a n g e r  t r a n s f e r s  h e a t  from t h e  e x h a u s t  
a n d  r e i n j e c t s  i t  u n d e r  t h e  g r a t e  i n  t h e  c o m b u s t i o n  chamber. S i n c e  
E l l e n  Mills h a s  a m p l e  c a p a c i t y  i n  t h e i r  d y e - h o u s e  hea t  e x c h a n g e r ,  
t h e y  are u s i n g  t h e  p r e h e a t e d  water as t h e i r  b o i l e r  makeup water. 
T h i s  r e s u l t s  i n  g r e a t e r  e n e r g y  e f f i c i e n c y  f o r  t h e  s y s t e m .  

T h e  new b o i l e r  s y s t e m  has s a v e d  3 0 0 , 0 0 0  g a l l o n s  o f  f u e l  o i l  
p e r  year .  The s a w d u s t  f u e l  c o s t s  a p p r o x i m a t e l y  $ 1 2 . 0 0  p e r  t o n ;  
t h e  company r e p o r t s  a 6 6 - p e r c e n t  s a v i n g s  i n  f u e l  c o s t s .  They  
es t imate  a p a y b a c k  p e r i o d  o f  o n l y  f o u r  y e a r s  f o r  t h e  new s y s t e m .  
The new b o i l e r  is a l s o  a much c l e a n e r  s y s t e m ,  s i n c e  i t  is e q u i p p e d  
w i t h  s t a t e - o f - t h e - a r t  p o l l u t i o n  c o n t r o l  d e v i c e s .  C y c l o n e  
s e p a r a t o r s  s c r u b  t h e  v a p o r s  a n d  p r e v e n t  t h e  p a r t i c u l a t e  t v f a l l o u t t '  
t h a t  was p r e s e n t  w i t h  t h e  o i l - f i r e d  steam g e n e r a t o r .  
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t I N C I N E R A T I O N  OF FURNITURE MANUFACTURING WASTES 
3 FOR E N E R G Y  A N D  HEAT RECOVERY 
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Abst rac t  

Two m a j o r  waste streams, g e n e r a t e d  d u r i n g  U n i t e d  G lobe ' s  
f u r n i t u r e  m a n u f a c t u r e ,  a r e  i n c i n e r a t e d  t o  p roduce  steam a n d  hea t .  
S o l i d s ,  i n  t h e  process  water wastes f r o m  t h e  ragwash a n d  
s p r a y b o o t h  a r e  t h i c k e n e d  u s i n g  d i s s o l v e d  a i r  f l o t a t i o n .  The  
r e s u l t i n g  s l u d g e  is mixed  w i t h  w o o d c h i p s ,  d r i e d ,  a n d  f e d ,  w i t h  
s e m i - s o l i d  a n d  l i q u i d  f i n i s h i n g  wastes, t o  t h e  p r i m a r y  c o m b u s t i o n  
chamber of  a two-stage i n c i n e r a t i o n  s y s t e m .  High  BTU s o l v e n t  
wastes a r e  f e d  t o  t h e  s e c o n d a r y  c o m b u s t i o n  chamber. The steam 
p r o d u c e d  is u s e d  f o r  space h e a t i n g ,  r a g w a s h i n g / d r y i n g  o p e r a t i o n s ,  
a n d  t h e  s l u d g e  d r y e r .  Use o f  t h e  i n c i n e r a t o r  has r e d u c e d  U n i t e d  
Globe ' s  waste volume by 9 5  p e r c e n t ,  a n d  t h e  a s h  p r o d u c e d  is n o t  
h a z a r d o u s .  D i s c h a r g e  l o a d i n g  t o  t h e  m u n i c i p a l  sewer s y s t e m  h a s  
decreased d rama t i ca l ly ,  as h a v e  h a z a r d o u s  waste t r a n s p o r t  a n d  
d i s p o s a l  c o s t s .  

A N N U A L  COST S A V I N G S :  $ 9 0 5  000 

P A Y B A C K  P E R I O D :  Less t h a n  3 years  

T I M E  TO IMPLEMENT: 1 y e a r  

T R A N S F E R A B I L I T Y :  The m o d i f i c a t i o n s  made by U n i t e d  
Globe r e q u i r e  a waste f u e l  s o u r c e  of  
s u f f i c i e n t  vo lume  a n d  BTU-content  t o  
o f f s e t  t h e  c a p i t a l  c o s t  o f  t h e  i n c i n e r -  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

a t o r  u n i t .  The  wastes m u s t  a l s o  be 
f r e e  o f  h a l o g e n s .  F i r m s ,  smaller t h a n  
U n i t e d  Globe,  t h a t  c a n n o t  j u s t i f y  t h e  
c o s t  of  a n  i n - h o u s e  u n i t ,  c a n  m i n i m i z e  
t h e i r  d i s p o s a l  c o s t s  by  s e l l i n g  t h e i r  
wastes f o r  o f f - s i t e  i n c i n e r a t i o n .  A 
c o o p e r a t i v e  a r r a n g e m e n t  among s e v e r a l  
small f irms m i g h t  a l s o  a l low t h e  
p u r c h a s e  o f  a n  i n c i n e r a t o r  f o r  t h e  
g r o u p .  

C o n s e r v a t i o n  o f  e n e r g y  and  mater ia l  
r e s o u r c e s ;  r e d u c e d  t h r e a t  of s u r f a c e -  o r  
g r o u n d w a t e r  c o n t a m i n a t i o n  by l a n d f i l l  
l e acha te ;  r e d u c e d  t h r e a t  o f  s u r f a c e -  
water c o n t a m i n a t i o n  t h r o u g h  i n a d e q u a t e  
m u n i c i p a l  t r e a t m e n t  of f u r n i t u r e  
m a n u f a c t u r i n g  wastes;  r e d u c e d  t h r e a t  o f  
a c c i d e n t  d u r i n g  h a z a r d o u s  waste 
t r a n s p o r t .  

P r o j e c t  D e s c r i p t i o n  

I n  October  1 9 8 4 ,  B u r l i n g t o n  I n d u s t r i e s  s o l d  t h e i r  f u r n i t u r e  
d i v i s i o n  t o  a p r i v a t e  o w n e r ;  t h e  d i v i s i o n  was renamed U n i t e d  Globe 
C o r p o r a t i o n .  U n i t e d  Globe  r e p o r t s  h e r e i n  on a s i g n i f i c a n t  waste 
r e d u c t i o n  m o d i f i c a t i o n  w h i c h  was i m p l e m e n t e d  b e f o r e  t h e y  a s sumed  
o w n e r s h i p ,  b u t  which  c o n t i n u e s  t o  p r o v i d e  b e n e f i t s  t o  t h e  o n - g o i n g  
o p e r a t i o n .  

U n i t e d  Globe  C o r p o r a t i o n  had  two major s o u r c e s  o f  waste: 
r a g w a s h  a n d  s p r a y b o o t h  wastewater, a n d  s e m i - s o l i d  a n d  l i q u i d  
f i n i s h i n g  wastes. The  former were d i s c h a r g e d  t o  t h e  C i t y  o f  
L e x i n g t o n ' s  wastewater t r e a t m e n t  p l a n t ;  t h e  l a t t e r  were drummed 
a n d  s e n t  t o  a l a n d f i l l  i n  S o u t h  C a r o l i n a .  Some o f  t h e  high-BTU 
l i q u i d  wastes were s e n t  o f f - s i t e  f o r  i n c i n e r a t i o n  a n d  e n e r g y  
r e c o v e r y .  

T h e  r a g w a s h  a n d  s p r a y b o o t h  wastes a re  g e n e r a t e d  a t  t h r e e  o f  
t h e  c o m p a n y ' s  f u r n i t u r e  p l a n t s .  They  c o n t a i n  o i l s ,  f i n i s h  
r e s i d u e s ,  a n d  s o l i d s ,  The C i t y  of  L e x i n g t o n  r e q u e s t e d  t h a t  these  
wastes be p r e t r e a t e d  be fo re  r e l ease  i n t o  t h e  c i t y ' s  sewer s y s t e m ,  
T h e  s e m i - s o l i d  a n d  l i q u i d  wastes a re  g e n e r a t e d  a t  s i x  of  
B u r l i n g t o n ' s  f u r n i t u r e  f i n i s h i n g  o p e r a t i o n s ;  t h e y  i n c l u d e  up t o  
4,080 g a l l o n s  p e r  year of  waste s o l v e n t .  Much o f  t h e  s o l v e n t  
comes from f u r n i t u r e  s t r i p p i n g .  It i s  a m i x t u r e  o f  t o l u e n e ,  
x y l e n e ,  a c e t o n e ,  e t h a n o l ,  b u t a n o l ,  i s o p r o p y l  a l c o h o l ,  n a p h t h a ,  
m e t h y l  e t h y l  k e t o n e ,  a n d  es te rs .  T h e s e  wastes a re  u s u a l l y  
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c o n t a m i n a t e d  w i t h  s t a i n s ,  f i l l e r s ,  g l a z e s ,  a n d  n i t r o c e l l u l o s e .  A 
small amount  o f  waste s o l v e n t  comes f rom e q u i p m e n t  c l e a n - o u t  a n d  
from c o n t a m i n a t e d  batches of  f i n i s h i n g  mater ia l .  

I n  o r d e r  t o  a v o i d  t h e  h i g h  c o s t s  o f  h a z a r d o u s  waste s t o r a g e ,  
t r a n s p o r t ,  a n d  d i s p o s a l ,  t h e  company s o u g h t  a n  a l t e r n a t i v e  method 
o f  waste management .  P l a n t  a n d  c o r p o r a t e  p e r s o n n e l  w o r k e d  on  a 
g e n e r a l  s o l u t i o n ,  t h e n  c o n s u l t e d  w i t h  e q u i p m e n t  v e n d o r s  b e f o r e  
s e l e c t i n g  p a r t i c u l a r  p i e c e s  o f  e q u i p m e n t .  A c e n t r a l  f a c i l i t y  was 
c o n s t r u c t e d  t o  h o u s e  a n  i n c i n e r a t o r  a n d  d e w a t e r i n g  e q u i p m e n t .  
T o t a l  c o s t  f o r  t h e  b u i l d i n g  a n d  e q u i p m e n t  was $ 1 . 5  m i l l i o n .  

The  company s e l e c t e d  a small i n c i n e r a t o r  b o i l e r  p a c k a g e ,  
m a n u f a c t u r e d  b y  Consumat ,  w h i c h  c o u l d  b u r n  b o t h  s o l i d  a n d  l i q u i d  
waste t o  p r o d u c e  steam f o r  u s e  as  h e a t ,  a n d  f o r  ragwash 
o p e r a t i o n s .  The i n c i n e r a t o r  o p e r a t i o n  c a l l e d  f o r  p l a n t  wastes t o  
be s e g r e g a t e d  i n t o  f o u r  g r o u p s :  s o l i d s ,  h e a v y  l i q u i d s ,  s l u d g e s ,  
a n d  s o l v e n t s .  A c e n t r a l  t r e a t m e n t  s y s t e m  was a l s o  d e v e l o p e d  t o  
s epa ra t e  t h e  s o l i d  ma te r i a l s  from t h e  c o m p a n y ' s  ragwash a n d  
s p r a y b o o t h  wastewater. 

As t h e  s y s t e m  c u r r e n t l y  o p e r a t e s ,  s p r a y b o o t h  a n d  ragwash 
wastewater passes  t h r o u g h  a n  o i l / w a t e r  s e p a r a t o r ,  a n d  t h e n  i n t o  a 
m i x i n g  t a n k ,  where i t  i s  d o s e d  w i t h  ac id  a n d  polymer  t o  promote 
f o r m a t i o n  o f  p r e c i p i t a t e .  The p r e c i p i t a t e  is  t h e n  removed i n  a 
B a k e r  d i s s o l v e d  a i r  f l o t a t i o n  u n i t .  The r e s u l t i n g  s l u d g e  is mixed  
w i t h  w o o d c h i p s  and  o t h e r  h i g h - m o i s t u r e  s l u d g e ,  a n d  i s  f u r t h e r  
dewatered i n  a H o l o f l i t e  s l u d g e  d r y e r .  The  d r i e d  s l u d g e s  are t h e n  
b u r n e d  i n  t h e  lower chamber o f  t h e  i n c i n e r a t o r .  Drums o f  low- 
m o i s t u r e - c o n t e n t  s l u d g e s  a n d  v a r i o u s  p l a n t  wastes a re  l o a d e d ,  by  a 
s k i p  l o a d e r ,  t o  a ram feeder  f o r  t h e  lower chamber. 

Waste s o l v e n t s  a re  b u r n e d  i n  t h e  u p p e r  chamber, which u s e s  
No. 2 f u e l  o i l  as i t s  p r i m a r y  f u e l .  The  u p p e r  chamber r u n s  a t  a 
t e m p e r a t u r e  o f  1 , 8 0 0  degrees  F. The hea t  from t h e  i n c i n e r a t o r  
f i r e s  a b o i l e r  t h a t  makes steam u s e d  t o  wash a n d  d r y  r a g s .  I n  
w i n t e r ,  e x c e s s  hea t  i s  u s e d  t o  s u p p l e m e n t  t h e  p l a n t ' s  space hea t .  
T h e  i n c i n e r a t o r ' s  n o n - h a z a r d o u s  a s h  is  s e n t  t o  t h e  c o u n t y  
l a n d f i l l .  S i n c e  i n c i n e r a t o r  e x h a u s t s  a re  wel l  w i t h i n  Nor th  
C a r o l i n a  e m i s s i o n  s t a n d a r d s ,  no  s c r u b b e r  is  n e e d e d .  

Two w e l l - t r a i n e d  p e o p l e  o p e r a t e  t h e  i n c i n e r a t o r ,  m o n i t o r  i t s  
o p e r a t i o n ,  a n d  p e r f o r m  r o u t i n e  p r e v e n t a t i v e  m a i n t e n a n c e .  
S p r a y b o o t h  wastewater a n d  drummed s o l v e n t  wastes are p i c k e d  up  a t  
t h e  v a r i o u s  U n i t e d  Globe p l a n t s  a n d  t r a n s p o r t e d  t o  a c e n t r a l  
f a c i l i t y  f o r  d e w a t e r i n g  a n d  i n c i n e r a t i o n .  

The  i n c i n e r a t o r  b e g a n  f u l l  o p e r a t i o n  i n  1 9 8 2 ,  a n d  b u r n s  
a p p r o x i m a t e l y  1 .5  m i l l i o n  p o u n d s  of  waste each y e a r .  The company 
has decreased i t s  h a z a r d o u s  waste d i s p o s a l  r e q u i r e m e n t s  b y  95 
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p e r c e n t  a n d ,  based  on 1981 d a t a ,  a v o i d e d  d i s p o s a l  c o s t s  o f  
a p p r o x i m a t e l y  $ 9 0 5 , 0 0 0  p e r  year .  T h e  f i r m  a l s o  r e c e i v e s  s p e n t  
s o l v e n t  wastes f rom smaller f u r n i t u r e  c o m p a n i e s  f o r  i n c i n e r a t i o n  
a t  a charge o f  $ 2 9 . 0 0  p e s  d rum,  t h u s  g e n e r a t i n g  additional 
r e v e n u e .  The p a y b a c k  p e r i o d  f o r  t h e  i n c i n e r a t o r  i s  e x p e c t e d  t o  b e  
a p p r o x i m a t e l y  t h r e e  y e a r s ,  d e p e n d i n g  on market c o n d i t i o n s .  

The i n c i n e r a t o r  s y s t e m  h a s  a l s o  p r o v i d e d  m u l t i p l e  
e n v i r o n m e n t a l  b e n e f i t s :  t h e  C i t y  o f  L e x i n g t o n ' s  wastewater 
t r e a t m e n t  f a c i l i t i e s  h a v e  b e e n  r e l i e v e d  o f  a h e a v y  p o l l u t i o n  l o a d ,  
n o  h a z a r d o u s  waste i s  t r a n s p o r t e d  o r  b u r i e d  i n  a l a n d f i l l ,  a n d  
e n e r g y  r e s o u r c e s  a re  c o n s e r v e d .  
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WASTES ~ E ~ E ~ A T E D  9 5 - p e r c e n t  vo lume  r e d u c t i o n  of 
B u r l i n g t o n  wastes t o  l e 5  m i l l i o n  
pounds  p e r  y e a r ;  h a z a r d o u s  wast 
(Buslington's p l u s  s t h e r s ' )  
e l i m i n a t e d  

~ ~ O ~ U ~ T I ~ X T Y  No c h a n g e  

PRODUCT QUALITY No c h a n g e  

DOWN TIME No c h a n g e  
____c - 

F A C P L E T E E S  I n c l u d e d  w i t h  e q u i p m e n t  c o s t s  

QUZPMENT $1.5 m i l l i o n  o n e - t i m e  c o s t  

R A W  ~ A T E R X A L ~  No c h a n g e  

ATER I n f o r m a t i o n  n o t  p r o v i d e d  

ENERGY $36 ,000  f u e l  c o s t  p e r  y e a r  

ASTE D I S P O S A L  $ 9 0 5 , 0 0 0  s a v e d  p e r  y e a r  

Q L L U T I O N  CONTROL I n f o r m a t i o n  n o t  p r o v i d e d  

PERSONNEL/MAENTENANCE $ 6 0 , 0 0 0  c o s t  p e r  y e a r  
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nd F i n i s h i n  

NAME OF FIR st Point Pepperell 
(Ken McDOwel.1 919/739-2811) 

orth Carolin 

SIC: 266 

* 
* MODIFICATION 

ESTABLISHMENT OF A 
OXIC CHE~ICALS REVIEW COMMITTEE 

Abstract  

West P a i n t  P e p p e r e l l  is a t e x t i l e  d y e i n g  and  f i n i s h i n g  p l a n t .  
I n  1975,  t h e  company e s t a b l i s h e d  a T o x i c  Chemicals Committee t o  
review p r o d u c t s  i n  u s e  o r  u n d e r  c o n s i d e r a t i o n ,  a n d  t o  e v a l u a t e  
them a c c o r d i n g  t o  a w i d e  r a n g e  o f  h e a l t h  and  e n v i r o n m e n t a l  i m p a c t  
c r i t e r i a .  The  Commi t t ee  h a s  p r o v e n  t o  b e  a n  e f f e c t i v e  management  
i n i t i a t i v e  w h i c h  h a s  m i n i m i z e d  h a z a r d o u s  waste p r o d u c t i o n  a n d  i t s  
a c c o m p a n y i n g  c o s t s  and  e n v i r o n m e n t a l  impacts .  

A N N U A L  COST S A V I N G S  2 Not a p p l i c a b l e .  

P A Y B A C K  P E R I O D :  Not a p p l i c a b l e .  

T I M E  T O  IMPLEMENT: 1 year 

T R A N S F E R A B I L I T Y :  T h i s  management  program i s  a p r e v e n -  
t i v e  m e a s u r e ,  t r a n s f e r a b l e  t o  a n y  f i rm 
making  s i g n i f i c a n t  u s e  o f  a number  o f  
d i f f e r e n t  chemicals. T i m e  and  money 
a re  i n v e s t e d  i n  p r e v e n t i n g  p o l l u t i o n  
ra ther  t h a n  i n  c l e a n i n g  i t  up.  
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ENVIRONMENTAL AND 
HEALTH BENEFITS: Reduced risk to the environment; 

improved health and safety conditions 
for plant personnel. 

Project Description 

West Point Pepperell is the third-largest publicly held 
textile manufacturer in the nation. They have 22,000 employees 
at 40 manufacturing facilities located in Georgia, Alabama, North 
and South Carolina, Florida, Maine, Texas, and Virginia. The 
establishment of a Toxic Chemicals Committee to evaluate and 
screen chemicals used in the company's operations, was first 
proposed by the director of the medical department. It was 
suggested that an interdisciplinary team be appointed to ensure 
that chemical safety be a priority in the firm. 

In 1975 ,  a committee was assembled which included a medical 
doctor, an industrial hygienist, three research chemists, a 
professional engineer, a corporate attorney, a corporate safety 
officer, a representative from chemical production, and a 
corporate information specialist. In 1976, the committee began 
its evaluations. It reviewed both chemicals in use and new 
products being considered for use. 

A number of criteria, in addition to the original 
considerations of personnel safety and fire hazard potential, were 
used for evaluation. These included: 

o hazardous waste characteristics 

o I'priority pollutant" status 
o availability of safer alternatives 
o biodegradability 
o heavy metal content 
o potential for accumulation in the facility 
o potential for release to the environment 
o hazard potential when mixed with other chemicals 
o proposed manner of use 
o ultimate fate of the chemical 
o hazard potential to the consumer 

(ignitability, toxicity, corrosivity, reactivity) 

Products such as hydrazine and hydrofluoric acid were 
eliminated from use due to limited ventilation. 

New products considered and rejected by the Committee 
included dichlorobenzidine dyes, because of their benzidine base, 
and a chloride catalyst for resins, because of its association 
with bis-(chloromethyl) ether. Another committee recommendation 
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i n v o l v e d  t h e  s u b s t i t u t i o n  of  SAF-T-Kleen, a water-based c l e a n e r ,  
f o r  o r g a n i c  s o l v e n t  c l e a n e r s .  

When i t  was f i r s t  o r g a n i z e d ,  t h e  Committee s c h e d u l e d  r e g u l a r  
q u a r t e r l y  m e e t i n g s ,  P a r t  of  i t s  f u n c t i o n  was t o  e s t a b l i s h  a se t  
o f  w o r k a b l e  p r o c e d u r e s  t o  b e  f o l l o w e d  b y  each p l a n t  p r i o r  t o  a n y  
chemical p u r c h a s e s ,  Once t hese  p r o c e d u r e s  were I n  p l a c e ,  much of  
t h e  Committee9s w o r k  c o u l d  b e  h a n d l e d  i n - p l a n t .  C u r r e n t l y ,  all 
new chemical p u r c h a s e  r e q u e s t s  mus t  b e  a p p r o v e d  b y  t h e  C o r p o r a t e  
Research C e n t e r ' s  chemist, who f o l l o w s  g u i d e l i n e s  s e t  f o r t h  by  t h e  
Committee, 

West P o i n t  P e p p e r e l l  is v e r y  s a t i s f i e d  w i t h  i t s  chemical 
s a f e t y  r e v i e w  p r o g r a m ,  T h e y  a t t r i b u t e  t h e i r  e x t r e m e l y  low l e v e l s  
o f  h a z a r d o u s  waste p r o d u c t i o n  t o  t h e  work o f  t h e  T o x i c  Chemicals 
Committee. They  b e l i e v e  t h a t  c o n t r o l l i n g  chemicals  a t  t h e i r  p o i n t  
o f  use ,  a n d  t h u s  a v o i d i n g  waste m ~ n a g e m e n t  c o s t s ,  h a s  h e l p e d  
r e d u c e  t o t a l  c o s t s .  They  c u r r e n t l y  e n e r a t e  o n l y  a smal l  amount  
o f  s p e n t  s o l v e n t  i n  a d r y  c l e a n i n g  o p e r a t i o n .  T h e  s o l v e n t  is  
reclaimed o u t - o f - h o u s e  b y  a r e f i n i n g  company.  

60  



WASTES GENERATED Min imized  u s e  of  t o x i c  and 
h a z a r d o u s  chemicals 

PRODUCTIVITY No c h a n g e  

PRODUCT QUALITY No c h a n g e  

DOWN TIME No c h a n g e  

F A C I L I T I E S  No c h a n g e  

EQUIPMENT No c h a n g e  

RAW MATERIALS Sa fe r ,  ea s i e r  t o  h a n d l e  

WATER No c h a n g e  

ENERGY No c h a n g e  
- _ ~ ~  ~ _ _ _ _  _~ 

WASTE DISPOSAL Min imized  

POLLUTION CONTROL Min imized  

PERSONNEL/MAINTENANCE Reduced e x p o s u r e  t o  h a z a r d s  
- -- 

NET B E N E F I T S  Reduced h a z a r d o u s  waste 
g e n e r a t i o n ,  e n h a n c e d  w o r k p l a c e  
s a f e t y  
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ase S 
TYPE OF INDUSTRY: Manufacture  a n d  P r i n t i n g  of Spec ia l i zed  

P r o d u c t  L a b e l s  

NAME OF FIRM: Rexham C o r p o r a t i o n  

L OCA T I  ON : Greensboro, North C a r o l i n a  

( W i l l i a m  J ,  K l e i n ,  Jr .  919/292-9911)  

S I C :  275 

* * 
* M O D I  F I CAT I O N S  * 
* 1)  SUBSTITUTION OF WATER-BORNE I N K S  FOR SOLVENT- * * BASED I N K S  * 
0 2 )  RECLAMATION OF WASTE I N K  SOLVENTS BY IN-HOUSE * * D I S T I L L A T I O N  * 
* 3 )  USE OF A CLOSED-LOOP WASTEWATER SYSTEM FOR * * HEAT RECOVERY 

* 4 )  SEGREGATION OF SPENT CLEANING SOLVENTS FOR REUSE * 
1 5 )  RECOVERY A N D  SALE OF VAPORS COLLECTED FROM * * OIL-BASED SOLVENTS * 

* * 

* 

* * 

* * 
* 

* 

Abstract 

The Rexham Corporation facility in Greensboro, North 
Carolina, is involved in the manufacture and printing of 
specialized product labels. They have made several modifications 
in their printing operations at various North Carolina 
facilities, to reduce hazardous waste production. A material 
substitution, replacing some of their alcohol/acetate inks with a 
water-borne ink, in some applications, reduced the volume of 
spent solvent requiring disposal and lowered air emission levels. 
The company also installed a distillation unit to reclaim 
n-propyl alcohol from their waste inks. The unit reduced their 
hazardous waste disposal costs by 74 percent and decreased their 
raw material costs by 1 6  percent. 
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A N N U A L  COST S A V I N G S :  

P A Y B A C K  P E R I O D :  

T I M E  T O  IMPLEMENT: 

T R A N S F E R A B I L I T Y :  

$ 1 5 , 0 0 0  ( d i s t i l l a t i o n  s y s t e m )  

Less t h a n  1 y e a r  ( d i s t i l l a t i o n  
s y s t e m )  

3 m o n t h s  ( d i s t i l l a t i o n  s y s t e m )  

The s u i t a b i l i t y  of w a t e r - b o r n e  i n k s  
would depend  on t h e  mater ia l  r e c e i v i n g  
p r i n t ,  and  on t h e  g l o s s  a n d  q u a l i t y  re- 
q u i r e d .  Also, some p r i n t i n g  s p e e d  m u s t  
be  s a c r i f i c e d .  Water-based i n k  s u p -  
p l i e r s  may p r o v i d e  a s s i s t a n c e  i n  
d e t e r m i n i n g  opt imum c o n d i t i o n s  f o r  
v a r i o u s  a p p l i c a t i o n s .  

I n - h o u s e  s o l v e n t  r e c o v e r y  by 
d i s t i l l a t i o n  i s  a n  e x c e l l e n t  i n v e s t -  
ment  f o r  many f i r m s  u s i n g  v o l u m e s  of 
s o l v e n t  s u f f i c i e n t  t o  j u s t i f y  t h e  
e q u i p m e n t  c o s t s .  When t r a n s p o r t a t i o n ,  
i n s u r a n c e ,  and  s e r v i c e  fees  are  i n c l u d -  
e d ,  i n - h o u s e  s y s t e m s  a r e  o f t e n  q u i t e  
c o m p e t i t i v e  w i t h  o f f - s i t e  r e c y c l i n g  
a r r a n g e m e n t s .  I n - h o u s e  r e c o v e r y  a l s o  
e l i m i n a t e s  t h e  r i s k  of  s p i l l s  a n d  
a c c i d e n t s  i n  t r a n s i t .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  Reduced t h r e a t  t o  a i r  a n d  g r o u n d w a t e r  

q u a l i t y ;  c o n s e r v a t i o n  of  r e s o u r c e s ;  
i m p r o v e d  h e a l t h  and  s a f e t y  c o n d i t i o n s  
f o r  p l a n t  p e r s o n n e l .  

P r o j e c t  D e s c r i p t i o n  

Rexham C o r p o r a t i o n  i n  G r e e n s b o r o ,  Nor th  C a r o l i n a  
m a n u f a c t u r e s  a n d  p r i n t s  p r o d u c t  l a b e l s .  S e v e r a l  o f  t h e  waste 
streams from t h e i r  p r o c e s s e s  are  h a z a r d o u s  a n d  i n c l u d e  s p e n t  
s o l v e n t s .  B e c a u s e  t h e  c o m p a n y ' s  management  f e l t  a s t r o n g  
commitment  t o  comply  w i t h  b o t h  t h e  s p i r i t  a n d  t h e  t e c h n i c a l  
r e q u i r e m e n t s  o f  t h e  R C R A ,  t h e  f i rm b e g a n  t o  l o o k ,  i n  a 
c o m p r e h e n s i v e  way,  f o r  o p p o r t u n i t i e s  t o  l i m i t  t h e  amount  o f  waste 
t h e y  p r o d u c e d ,  The G r e e n s b o r o  p l a n t  made two m a j o r  m o d i f i c a t i o n s  
t o  a c h i e v e  t h e s e  g o a l s .  

Rexham i n v e s t i g a t e d  t h e  s u b s t i t u t i o n  of  water-based i n k s  f o r  
t h e  t r a d i t i o n a l  a lcohol /ace ta te -based  i n k s  u s e d  i n  t h e i r  
f l e x o g r a p h i c  p r i n t i n g  p r o c e s s .  They  f o u n d  ' there were s e v e r a l  
t e c h n i c a l  p r o b l e m s  w i t h  t h e  s u b s t i t u t i o n ,  b u t ,  f o r  many 
a p p l i c a t i o n s ,  o p e r a t o r  r e t r a i n i n g  was s u f f i c i e n t  t o  a c h i e v e  
e x c e l l e n t  p r o d u c t  q u a l i t y .  The  water-based i n k  o p e r a t i o n  r e d u c e d  

6 3  



b o t h  s p e n t  s o l v e n t  v o l u m e  a n d  a i r  e m i s s i o n s  of s o l v e n t s .  The 
s u b s t i t u t i o n  d i d  r e s u l t  i n  decreased p r i n t i n g  s p e e d ,  a n d  c a n n o t  
b e  u s e d  i f  g l o s s  is  r e q u i r e d  i n  t h e  f i n a l  p r o d u c t .  However ,  
Rexham is o p t i m i s t i c  t h a t  t h e  i n k  c o m p a n i e s  w i l l .  overcome some of  
these  p r o b l e m s  i n  t h e  n e a r  f u t u r e .  

To reduce t h e  v o l u m e  of  waste s o l v e n t  g e n e r a t e d  from p r e s s  
a n d  r o l l e r  c l e a n u p ,  Rexham i n s t a l l e d  a C a r d i n a l  d i s t i l l a t i o n  
u n i t .  The  u n i t  r e c e i v e s  a s o l v e n t  b l e n d  c o n s i s t i n g  m a i n l y  of 
n o r m a l  p r o p y l  a l c o h o l  a n d  a small p e r c e n t a g e  o f  n o r m a l  p r o p y l  
a c e t a t e .  The u n i t  was p l a c e d  i n  a c o r n e r  of  a mater ia l s  s t o r a g e  
room w i t h  a s p e c i a l  b l o c k  wall  b u i l t  a r o u n d  i t  t o  e n s u r e  t h a t  a l l  
ma te r i a l s  b e i n g  r e d i s t i l l e d  were p r o p e r l y  c o n t a i n e d .  T h e  u n i t  
b o i l s  t h e  s o l v e n t  o u t  of  a 5 5 - g a l l o n  drum of  p r e s s  washup and  
r e c o n d e n s e s  t h e  c l e a n  s o l v e n t  vapor  i n t o  a n o t h e r  drum f o r  r e u s e .  
T o t a l  s o l v e n t  r e c l a m a t i o n  is  n o t  p o s s i b l e  b e c a u s e  t h e  5 5 - g a l l o n  
drum o f  p re s s  washup i s  h e a t e d  by  a band  h e a t e r  wrapped  a r o u n d  
t h e  b o t t o m  o f  t h e  d rum.  Even hea t  d i s t r i b u t i o n  i n s i d e  t h e  drum 
c a n n o t  be  a c h i e v e d .  T h e  p r e s s  washup a t  t h e  o u t s i d e  edge  of  t h e  
drum i s  h o t t e r  t h a n  t h a t  a t  t h e  c e n t e r .  The  r e s i d u e  f r o m  t h i s  
u n i t  i s  a flammable h a z a r d o u s  waste. 

T o t a l  c o s t  o f  t h e  d i s t i l l a t i o n  u n i t  a n d  t h e  s t r u c t u r a l  
m o d i f i c a t i o n s  was a p p r o x i m a t e l y  $ 1 6 , 0 0 0 .  The  d i s t i l l a t i o n  u n i t  
r e c o v e r s  8 5  p e r c e n t  o f  t h e  s o l v e n t  i n  t h e  waste stream, r e s u l t i n g  
i n  a s a v i n g s  o f  $ 1 5 , 0 0 0  p e r  y e a r  i n  v i r g i n  s o l v e n t  c o s t s ,  a n d  i n  
a $ 2 2 , 8 0 0  s a v i n g s  i n  h a z a r d o u s  waste d i s p o s a l  c o s t s .  After 
i m p l e m e n t a t i o n  o f  t h e  s o l v e n t  r e c o v e r y  p r o c e s s ,  Rexham s e n d s  72  
drums of  waste p e r  y e a r  t o  t h e  h a z a r l o u s  waste l a n d f i l l  as 
o p p o s e d  t o  t h e  p r e v i o u s  300 t o  350 d rums  p s r  y e a r .  The reclaimed 
a l c o h o l / a c e t a t e  m i x t u r e  is  r e b l e n d e d  w i t h  v i r g i n  mater ia ls  t o  
p r o v i d e  t h e  r e q u i r e d  c o m p o s i t i o n  f o r  new i n k  ba tches  a n d  f o r  
c l e a n u p .  The  s t i l l  b o t t o m s  a re  t r a n s p o r t e d  o f f - s i t e  f o r  
i n c i n e r a t i o n ,  a t  a c o s t  of  a p p r o x i m a t e l y  $ 9 8 . 5 0  p e r  drum. 

Rexham p l a n s  t o  a d d  a n o t h e r  d i s t i l l a t i o n  u n i t  t o  recover t h e  
r e m a i n i n g  1 5  p e r c e n t  o f  t h e  s o l v e n t s  i n  t h e  s l u d g e  wastes. They 
a r e  i n v e s t i g a t i n g  t h e  p u r c h a s e  of  a " s e c o n d  g e n e r a t i o n "  s o l v e n t  
r e c l a m a t i o n  u n i t  d i s t r i b u t e d  b y  A c t i v a t i o n ,  I n c . ,  of  C h a r l o t t e ,  
Nor th  C a r o l i n a .  T h i s  u n i t  is v e r y  s imilar  t o  t h e  C a r d i n a l  u n i t  
e x c e p t  t h a t  i n s t e a d  o f  e v a p o r a t i n g  t h e  s o l v e n t  o u t  of  a 5 5 - g a l l o n  
drum,  a s p e c i a l  h o l d i n g  t a n k  is u s e d .  The  s p e c i a l  h o l d i n g  t a n k  
i s  s h a l l o w  a n d  i s  p a r t  o f  t h e  d i s t i l l a t i o n  u n i t .  Heat c o i l s  r u n  
t h r o u g h  t h e  s i d e s  a n d  t h e  b o t t o m  o f  t h e  t a n k .  T h i s  g r e a t l y  
i n c r e a s e s  t h e  h e a t e d  s u r f a c e  area a n d  a l l o w s  a n  a lmost  t o t a l  
r e c o v e r y  of  s o l v e n t  from t h e  p r e s s  washup.  The  r e s i d u e  r e s u l t i n g  
f r o m  t h i s  s e c o n d  d i s t i l l a t i o n  u n i t  s h o u l d  be  n o n - h a z a r d o u s  waste 
t h a t  c a n  be  s e n t  t o  a s a n i t a r y  l a n d f i l l .  The new u n i t  is  
e s p e c i a l l y  a p p e a l i n g  b e c a u s e  i t  w i l l  a l l o w  t h e  G r e e n s b o r o  p l a n t  
t o  become d e c l a s s i f i e d  as a h a z a r d o u s  waste g e n e r a t o r .  The 
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company b e l i e v e s  r e l i e f  f rom t h e  t r a i n i n g ,  v e r i f i c a t i o n ,  
r e p o r t i n g ,  and  i n s p e c t i o n  c o s t s  of  h a z a r d o u s  waste ~ a n a ~ e m e n t  i s ,  
i n  i t s e l f ,  a g r e a t  s a v i n g s .  Once t h e  A c t i v a t i o n  u n i t  is  
i n s t a l l e d ,  Rexham w i l l  u s e  a two %%a e m e t h o d  o f  s o l v e n t  
r e c l a m a t i o n .  T h e y  w i l l  u t i l i z e  t h e  C a r d i n a l  u n i t  as  t h e  f i r s t  
r e c l a i m i n g  s tage .  T h i s  a r r a n g e m e n t  w i l l  a l l o w  t h e  p u r c h a s e  o f  a 
smaller A c i t i v a t i o n  u n i t ,  a n d  w i l l  c u t  t h e  c a p i t a l  i n ~ e s t m e n t  
r e q u i r e d  by t w c - t h i r d s .  

T h e  G r e e n s b o r o  p l a n t  a l s o  e m p l o y s  a c l o s e d - l o o p  wastewater 
s y s t e m .  Heat i s  e x t r a c t e d  from a n  e q u i p m e n t  c o o l i n g  p rocess  a n d  
is u s e d  t o  hea t  t h e  firm's w a r e h o u s e .  
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WASTES GENERATED Reduced volume of spent solvent 
by 13,000 gallons per year due 
to distillation unit 

P RO DU CT I V IT Y Slight l o s s  of printing speed 
with water-based ink 

PRODUCT QUALITY Sacrifice of some quality with 
water-based ink 

DOWN TIME Information not provided 

FACILITIES $4,000 one-time cost for 
distillation equipment 

EQUIPMENT $12,000 one-time cost for 
distillation operation 

RAW MATE R PALS $15,000 saved per year from 
distillation operation 

WATER Information not provided 

ENERGY Information not provided 

WASTE DISPOSAL $22 ,800  saved per year from 
distillation operation 

POLLUTION CONTROL Information not provided 

PERSONNEL / MA I NTE NAN CE Slight increase in cost due to 
distillation operation 
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T Y P E  OF X ~ ~ U S T R ~ :  

S I C :  

t 
O D ~ F X C A T I Q N S  

~ D X T X O ~  OF F L O A  ~ ~ T ~ O N  V E N T S  TO 
~ ~ A X N  ~ O L V E N T S  

O F  H I  0 G R  

Abstract 

Exxon C h e m i c a l  i n s t a l l e d  f l o a t i n g  r o o f s  o v e r  i t s  t a n k s  of  
v o l a t i l e  s o l v e n t s .  T h i s  h a s  p r e v e n t e d  t h e  l o s s  of  more t h a n  $1 .5  
m i l l i o n  s o l v e n t s .  C o n c u r r e n t l y ,  t h e y  i n s t a l l e d  
c o n  se rva t on t h e  p l a n t ' s  l a rge  s o l v e n t  t a n k s ;  t h e  v e n t s  
r e d u c e d  o r g a n i c  a i r  e m i s s i o n s  f rom t h e  t a n k s  by 30 p e r c e n t  t o  7 5  
p e r c e n t  e T h e s e  two e q u i p m e n t  d e s i g n  m o d i f i c a t i o n s  h a v e ,  i n  
a d d i t i o n  t o  r e d u c i n g  a i r  p o l l u t i o n ,  c o n s e r v e d  a s i g n i f i c a n t  
amount  o f  s o l v e n t  r e s o u r c e .  A c rea ted  a 
s t e w a r d s h i p  p r o g r a m  t o  r e d u c e  l e v e l  o f  
o r g a n i c  c o n t a m i n a n t s  i n  t h e  c o m p a n y ' s  wastewater. Samp 1 i n g  
s t a t i o n s  were e s t a b l i s h e d  t o  m o n i t o r  c o n c e n t r a t i o n s  o f  o r g a n i c  
c h e m i c a l s .  A s  a r e s u l t ,  o p e r a t o r s  c a n  t r ace  a n y  f l u c t u a t i o n s  t o  
t h e i r  o r i g i n  a n d  q u i c k l y  remedy t h e  p r o b l e m .  The  i n f o r m a t i o n  
g a i n e d  f r o m  t h e  m o n i t o r i n g  is  a l s o  u s e d  t o  cha rge  each p r o c e s s  
w i t h  a p o r t i o n  o f  t h e  c o s t s  o f  t h e  wastewater t r e a t m e n t  s y s t e m ,  
a n d  t o  s e t  t a r g e t s  f o r  waste r e d u c t i o n  f o r  each p rocess .  T h i s  
p r o g r a m  r e s u l t e d  i n  a 7 5 - p e r c e n t  r e d u c t i o n  i n  t h e  q u a n t i t y  o f  
o r g a n i c  wastes e n t e r i n g  t h e  wastewater t r e a t m e n t  p l a n t .  

A N N U A L  COST S A V I N G S :  $ 1 5 0 , 0 0 0  
( f r o m  f l o a t i n g  r o o f s ,  a v e r a g e  a n n u a l  
s a v i n g s  b a s e d  on 1 9 8 3  s o l v e n t  p r i c e s )  
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P A Y B A C K  P E R I O D :  

T K ~ N S ~ E ~ A B ~ ~ ~ T ~ ~  

E N V ~ ~ O N ~ E N ~ ~ L  AND 
HEALTH B E N E F I T S :  

Less t h a n  I year 

I n f o r m a t i o n  n o t  p r o v i d e d ,  

A p p l i c a b l e  t o  i n d u s t r i e s  h o l d i n g  l a r g  
a m o u n t s  of  s o l v e n t s  and  t o  a n y  f i r m  
t h a t  h a s  n o t  i m p l e m e n t e d  a waste 
m o n i t o r i n g /  a u d i t i n g  s y s t e m .  

C o n s e r v a t i o n  of  s o l v e n t s ;  r e d u c t i o n  i n  
a i r  p o l l u t i o n  by s o l v e n t s  and  a n y  
a s s o c i a t e d  r i sks .  

P r o j e c t  D e s c r i p t i o n  

I n  1 9 7 6 ,  N e w  Y e r s e y P s  a i r  p o l l u t i o n  c o n t r o l  r e g u l a t i o n s  made 
f l o a t i n g  r o o f s  and  c o n s e r v a t i o n  v e n t s  m a n d a t o r y  f o r  t h e  s t o r a g e  
o f  many t y p e s  o f  o r g a n i c  chemicals.  I n  1 9 7 5 ,  Exxon ,  a n t i c i p a t i n g  
t hese  s t a t e  r e g u l a t i o n s ,  i n s t a l l e d  e l e v e n  f l o a t i n g  r o o f s  on t a n k s  
h o l d i n g  o r g a n i c s .  Upon r e a l i z i n g  t h e  raw mater ia l  s a v i n g s ,  t h e y  
a d d e d  f i v e  more f l o a t i n g  r o o f s .  The  f l o a t i n g  r o o f  is  a c o v e r  
t h a t  res t s  on t h e  s u r f a c e  o f  t h e  f l u i d ,  p r e v e n t i n g  i t  f r o m  
v a p o r i z i n g ;  i t  c o s t s  b e t w e e n  $500 a n d  $ 1 , 0 0 0  p e r  t a n k .  The 
c o n s e r v a t i o n  v e n t s  r e l ease  v a p o r s  l e s s  f r e e l y  t h a n  do  t h e  
s t a n d a r d  v e n t s .  

Exxon Chemical i n s t i t u t e d  a s t e w a r d s h i p ,  o r  waste a u d i t  
p r o g r a m  which  e s t a b l i s h e d  a s e r i e s  of wastewater s a m p l i n g  
s t a t i o n s  t o  m o n i t o r  c o n c e n t r a t i o n s  o f  o r g a n i c  chemicals. A s  a 
r e s u l t ,  i n  t h e  e v e n t  o f  a n  u p s e t ,  t h e  p l a n t  o p e r a t o r s  are  a l e r t e d  
t o  t h e  p r o b l e m ,  a n d  c a n  q u i c k l y  t r ace  a n d  dea l  w i t h  i t  a t  i t s  
source.  The  i n f o r m a t i o n  g a t h e r e d  by  t h e  s a m p l i n g  s t a t i o n s  i s  
a l s o  u s e d  t o  charge each p r o c e s s  w i t h  t h e  c o s t  of  o p e r a t i n g  t h e  
wastewater t r e a t m e n t  s y s t e m  t h a t  is p r o p o r t i o n a l  t o  t h e  amoun t  o f  
waste g e n e r a t e d  by  t h a t  p rocess .  W i t h  t h i s  i n f o r m a t i o n ,  
management  c a n  s e t  waste r e d u c t i o n  g o a l s  f o r  p a r t i c u l a r  
p r o d u c t  i o n  areas .  
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WASTES G E N E R A T E D  T o t a l  r e d u c t i o n  of  1 .5  m i l l i o n  p o u n d s  
p e r  y e a r  

P R O D U C T I V I T Y  S t o r a g e  u t i l i t y  e n h a n c e d  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN TIME Not a p p l i c a b l e  

FACILITIES No new f a c i l i t i e s  r e q u i r e d  

E Q U I P M E N T  $ 5 , 0 0 0  t o  $ 1 3 , 0 0 0  c o s t  p e r  t a n k  

RAW MATERIALS C o n s e r v e d  

WATER Not a p p l i c a b l e  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL Not a p p l i c a b l e  

P O L L U T I O N  C O N T R O L  E c o n o m i c a l l y  c o s t - e f f e c t i v e  
- 

PERSONNEL/MA I N T E N A N C E  I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS C o n s e r v a t i o n  s a v i n g s ,  c o n f o r m a n c e  w i t h  
a i r  q u a l i t y  r e g u l a t i o n s  
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The i n f o r m a t i o n  f o r  t h i s  case s t u d y  was p r o v i d e d  by Mr. 
David  S a r o k i n  a n d  D r .  Warren  M u i r  o f  I n f o r m ,  I n c . ,  381 P a r k  
Avenue S o u t h ,  N e w  York ,  N Y  10014.  I t  was c o m p i l e d  as p a r t  of  
their research f o r  a s t u d y  e n t i t l e d  "Wazardous  Waste R e d u c t i o n  in 
t h e  O r g a n i c  Chemical I n d u s t r y . "  



Y 
T Y P E  O F  I N D U S T R Y :  N u c l e a r  F u e l / C h e m i c a l  Manu~acturing 

NAME O F  F I R M :  A l l i e d  C h e m i c a l  ( E d w a r d  S h i e l d s  2011'455-5630) 

L O C A T I O N  : Metropolis, I l l i n o i s  

S I C :  2819 

M O D I F I C A T I O N  

R E C Y C L I N G  O F  F L O U R I D E  BY-PRODUCT 

Abstract  

A $4 .5  m i l l i o n  i n v e s t m e n t  i n  r e c y c l i n g  e q u i p m e n t  is  
p a y i n g  o f f  a t  a r a t e  o f  $ 1  m i l l i o n  a y e a r  f o r  A l l i e d  C o r p o r a t i o n .  
A l l i e d ' s  M e t r o p o l i s ,  I l l i n o i s ,  p l a n t  recovers 8 ,000  t o n s  of  t h e i r  
c a l c i u m  f l u o r i d e  a n n u a l l y .  The  i n o r g a n i c  chemical i s  t h e n  u s e d  
a s  a raw mate r i a l  i n  a n h y d r o u s  h y d r o f l u o r i c  ac id  p r o d u c t i o n  a t  
a n o t h e r  f a c i l i t y .  S i n c e  1 9 8 2 ,  o v e r  1 , 0 0 0  c u b i c  y a r d s  of h a z a r d o u s  
c a l c i u m  f l u o r i d e  wastes have b e e n  r e c y c l e d  m o n t h l y ,  s a v i n g  a b o u t  
$ 3 0 0 , 0 0 0  a year i n  d i s p o s a l  and  s t o r a g e  c o s t s  a l o n e .  The  p r o c e s s  
a l s o  r e c o v e r s  a b o u t  1 , 0 0 0  t o n s  o f  lime a n n u a l l y .  

A N N U A L  COST S A V I N G S :  $ 1 , 0 0 0 , 0 0 0  

P A Y B A C K  P E R I O D :  4 .5  y e a r s  

T I M E  TO IMPLEMENT: 4 y e a r s  

T R A N S F E R A B I L I T Y :  A p p l i c a b l e  t o  many i n d u s t r i e s  wh ich  
p r e c i p i t a t e  wastes from wastewater 
u n m i n d f u l  of  o p p o r t u n i t i e s  f o r  t h e  
r e u s e  of  t h e  s u b s t a n c e s  i n  o t h e r  
p r o c e s s e s .  R e q u i r e s  waste e x c h a n g e  
h a n d l i n g  of  r e s i d u e s ,  u n l e s s  a known 
f a c i l i t y  i s  a v a i l a b l e  t o  r ece ive  t h e  
mater ia l  as a r e s o u r c e .  
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ENVIRONMENTAL AND 
HEALTH BENEFITS : Reduced threat to surface- and 

groundwater quality; conservation of 
resources; improved health and safety 
conditions for development downstream 
from the plant. 

Project Description 

Allied Chemical, in the process of manufacturing uranium 
hexafluoride and sulfur hexafluoride, generates a number of waste 
streams containing soluble fluoride ions. The waste streams are 
treated with lime to precipitate the fluorides as insoluble 
calcium fluoride. The mixture was stored in large surface 
impoundments to give the insoluble calcium fluoride time to 
settle and form a sludge. The resultant supernatant and 
precipitate were found to be hazardous wastes under the RCRA 
because of their high pH. 

Due to the large volume of waste being generated and the 
limited availability of land suitable for the construction of 
more impoundments, Allied was pushed to seek alternative 
strategies for handling their wastes; they have since devised a 
novel method of recycling their residues. The sludge from the 
lime-treated fluoride waste streams and impoundments was 
determined to be primarily calcium fluoride, containing 10- to 
15-percent unreacted calcium hydroxide, and 10-percent other 
compounds, primarily sulfates and fluorides. These solids are 
now processed through a wastewater treatment plant, where they 
are reacted with a dilute hydrofluoric acid waste stream which 
neutralizes the sludge and converts the remaining free lime to 
calcium fluoride. This material has been found to closely 
resemble fluorspar, the naturally occuring calcium fluoride. The 
now clean, aqueous waste stream is neutralized and discharged 
into the river. The calcium fluoride precipitate is collected as 
a wet solid, and j s  used at another Allied manufacturing site as 
a resource for Panufacturing anhydrous hydrofluoric acid. The 
process turns 8,000 tons of waste fluorides a year into a 
valuable raw material, saving $ 1  million a year, and eliminating 
the need for storage o r  disposal of large quantities of hazardous 
waste. The initial investment cost for the process modification 
was $4.3 million. 



DOWN T I M E  No c h a n g e  

FACILITIES No i n v e s t m e n t  r e q u i r e d  

EQUIPMENT $ 4 , 3 0 0 , 0 0 0  

RAW MATERIALS $ 5 0 , 0 0 0  s a v e d  p e r  y e a r  

WATER No c h a n g e  

E N E R G Y  $ 9 0 , 0 0 0  c o s t  p e r  y e a r  

WASTE DISPOSAL $300,000 s a v e d  p e r  y e a r  
~~ ~ ~ _ _ _ _  

P O L L U T I O N  C O N T R O L  

_ 

$ 1 , 0 0 0 , 0 0 0  s a v e d  p e r  y e a r  
~ _ _ _ _ _ _  ~ ~ ~ _ _ _ _  

P E RS 0 N N E L / MA I N T E N A N CE $ 4 1 0 , 0 0 0  c o s t  p e r  y e a r  

S a v i n g s  t h r o u g h  resource c o n s e r v a t i o n  
a n d  waste r e d u c t i o n  

F o r  more i n f o r m a t i o n ,  see Chemecology,  December 1 9 8 3 / J a n u a r y  
1 9 8 4 ,  p .  5. 
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TYPE OF X ~ ~ U S T R Y :  

B o r d e n  C h e m i c  ny ( 4 1 5 / 6 ~ 7 - 4 5 0 0 )  

SIC: 2869 

t 
~ O D X F I C A T I O N §  # 

* 
1 )  F I L T E R  R I N S E  A N D  S §EQUENT REUSE OF P ~ E N O L  R E S I N  

P R ~ C T X  CES 

Abs t r ac t  

Borden  C h e m i c a l  Company r e d u c e d  t h e  amount  o f  o r g a n i c  p h e n o l  
r e s i n s  d i s c h a r g e d  f rom t h e i r  f a c i l i t y  b y  93 p e r c e n t ,  m a i n l y  
t h r o u g h  t h r e e  p r o c e s s  m o d i f i c a t i o n s :  

I )  P h e n o l i c  r e s i n s  a re  p a s s e d  t h r o u g h  a f i l t r a t i o n  p r o c e s s  
t h a t  r e m o v e s  t h e  l a r g e  r e s i n o u s  p a r t i c l e s .  P r e v i o u s l y ,  t h e  
f i l t e r e d  ma te r i a l s  were d i s p o s e d  o f  b y  r i n s i n g  t h e m  i n t o  t h e  
wastewater t r e a t m e n t  s y s t e m .  They  a re  now r i n s e d  i n t o  l a r g e  
t a n k s  and  r e c y c l e d  i n t o  t h e  p r o c e s s  as raw ma te r i a l .  

2 )  R e a c t o r  vessels were f i l l e d  w i t h  water t o  c l e a n  them.  
T h i s  r e s u l t e d  i n  a l a rge  amount  o f  p h e n o l i c  r e s i n  waste t h a t  had  
t o  b e  p r o c e s s e d  t h r o u g h  t h e  wastewater t r e a t m e n t  s y s t e m .  N e w  
e q u i p m e n t  o p e r a t i o n  p r o c e d u r e  has r e d u c e d  t h e  i n i t i a l  r i n s e  t o  
o n l y  5 p e r c e n t  o f  t h e  p r e v i o u s  v o l u m e ,  r e s u l t i n g  i n  a more 
c o n c e n t r a t e d  s o l u t i o n  o f  p h e n o l  r e s i n s ,  T h i s  s o l u t i o n  i s  s t o r e d  
a n d  r e c y c l e d  i n t o  t h e  p rocess  l i n e  as a raw mater ia l .  T h e  
r eac to r  v e s s e l s  a re  t h e n  r i n s e d  a s e c o n d  time. The waste stream 
from t h i s  r i n s e  c o n t a i n s  a low c o n c e n t r a t i o n  of  p h e n o l i c  r e s i n s .  

3 )  The Borden  Company h a s  made e m p l o y e e s  aware t h a t  small  
a m o u n t s  o f  chemical waste c a n  s t r o n g l y  a f f e c t  o v e r a l l  waste 
g e n e r a t i o n ,  A s  a r e s u l t ?  management  and  workers  h a v e  i d e n t i f i e d  
ways o f  r e d u c i n g  wastes. 
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ANNUAL COST SAVINGS: 

PAYBACK PERIOD: 

TIME TO IMPLEMENT: 

TRANSFERABILITY: 

ENVIRONMENTAL AND 
HEALTH BENEFITS: 

Information not provided. 

Information not provided. 

Information not provided. 

Applicable to industries using 
batch reactions and one-stage rinses, 
and to industries that have not 
implemented a waste monitoring/audit 
system. 

Conservation of phenolic resins; 
reduced risks of leakage from waste 
storage pond. 

Project Description 

Borden Chemical Company was using an evaporation pond that 
removed phenols and other contaminants from their phenolic resin 
manufacturing line by concentrating them as a sludge for disposal 
by a waste-handling firm. The evaporation pond had several 
limitations as a waste management option: 

1 )  The pond filled up faster than expected; 

2) The cost of enlarging the pond to accommodate the large 
amounts of water and sludge was prohibitive; 

3) Continued operation of the pond would change Borden's 
classification to a hazardous waste storage, treatment, and 
disposal facility. The RCRA requirements for this classification 
are complex and highly expensive to meet; 

4) Reliance on the pond presented the small, but ever- 
present possibility of a leak which could contaminate groundwater 
and expose Borden to high remedial costs and long-term 
liabilities; 

5) Borden did not want to continue paying the rapidly 
rising costs of disposing of the hazardous sludge. 

Faced with all these factors, Borden's management looked at 
ways to decrease the amount of phenols that entered the 
wastewater system by using two procedures: 

1) Plant personnel analyzed the ways in which phenol wastes 
from the resin operations entered the wastewater treatment 
system. They monitored wastewater for organic loading in order 
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t o  s p o t  u n e x p e c t e d  s u r g e s ,  a n d  r e v i e w e d  s t a f f  a c t i v i t i e s  a n d  
p l a n t  o p e r a t i o n s  t o  i d e n t i f y  t h e  s o u r c e  o f  t h e  o r g a n i c s ;  

2 )  Plant p e r s o n n e l  " w a l k e d  t h r o u g h "  t h e  p l a n t  s o p e r a t  i o n s  -- from a r r i v a l ,  t h r o u g h  each s t e p  i n  t h e  movement o f  mater ia ls ,  
t o  t h e  f i n a l  o f f - s i t e  s h i p m e n t  -- i d e n t i f y i n g  a l l  p o t e n t i a l  o r  
a c t u a l  s o u r c e s  of  waste g e n e r a t i o n .  

From t h e  i n f o r m a t i o n  g a t h e r e d ,  t h e y  m o d i f i e d  s e v e r a l  
p rocesses :  

1 )  D u r i n g  t h e  m a n u f a c t u r e  o f  p h e n o l i c  r e s i n s ,  l a rge  
pa r t i c l e s  a re  removed by  f i l t r a t i o n .  P r e v i o u s l y ,  t h e  ma te r i a l s  
were washed f r o m  t h e  f i l t e r s  i n t o  t h e  wastewater t r e a t m e n t  s y s t e m ,  
N O W ,  t h e y  a r e  c o l l e c t e d  and  s t o r e d  i n  h o l d i n g  t a n k s  b e f o r e  b e i n g  
r ecyc led  t h r o u g h  t h e  p r o c e s s  l i n e  as n e e d e d .  

2 )  B a t c h  r e a c t o r  v e s s e l s  were r i n s e d  b e t w e e n  b a t c h e s  b y  
f i l l i n g  them w i t h  e n o u g h  water ( 2 0 , 0 0 0  g a l l o n s )  t o  reach t h e  
a g i t a t o r  b l a d e s  a t  t h e  t o p  of t h e  t a n k .  T h i s  p r o d u c e d  a l a r g e  
amoun t  of  wastewater c o n t a m i n a t e d  w i t h  t h e  p h e n o l i c  r e s i n .  The 
p r o c e s s  was m o d i f i e d  t o  a t w o - r i n s e  s y s t e m .  I n i t i a l l y ,  t h e  
r e a c t o r  is  r i n s e d  w i t h  a small vo lume  o f  water (500  t o  1 , 0 0 0  
g a l l o n s ) ,  p r o d u c i n g  a wastewater w i t h  a h i g h  c o n c e n t r a t i o n  o f  
p h e n o l i c  r e s i n s .  T h i s  i s  s t o r e d  f o r  r e u s e .  The t a n k  is  t h e n  
g i v e n  a f u l l  vo lume r i n s e ,  p r o d u c i n g  a wastewater t h a t  has a v e r y  
d i l u t e  c o n c e n t r a t i o n  of  p h e n o l s .  

3 )  The e m p l o y e e s  were e d u c a t e d  a b o u t  t h e  i n f l u e n c e  o f  small 
a m o u n t s  o f  chemical wastes on t h e  o v e r a l l  amoun t  o f  waste 
p r o d u c e d .  Management a n d  workers  a l i k e  i d e n t i f i e d  ways t o  r e d u c e  
t h e  p r o d u c t i o n  o f  wastes. For e x a m p l e ,  t h e  t r u c k  t h a t  d e l i v e r s  
p h e n o l  t o  t h e  p l a n t  was g e n e r a t i n g  waste by  l e t t i n g  t h e  p h e n o l ,  
s t i l l  i n  t h e  h o s e  a f t e r  f i l l i n g  t h e  s t o r a g e  t a n k s ,  d r i p  i n t o  t h e  
wastewater t r e a t m e n t  s y s t e m .  The hose  is now f l u s h e d  w i t h  water, 
a n d  t h e  w a t e r / p h e n o l  m i x t u r e  p a s s e s  i n t o  t h e  s t o r a g e  t a n k s  
p e n d i n g  u s e .  The r e s u l t  o f  t h i s  a n d  o t h e r  m o d i f i c a t i o n s  was a 
9 3 - p e r c e n t  r e d u c t i o n  of  o r g a n i c s  e n t e r i n g  t h e  wastewater 
t r e a t m e n t  s y s t e m .  
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PRODUCT QUALITY No c h a n g e  

DOWN T I M E  I n f o r m a t i o n  n o t  p r o v i d e d  

FACILITIES No i n v e s t m e n t  r e q u i r e d  

EQUIPMENT R e c o v e r y  t a n k  r e q u i r e d  

RAW MATE R I A L S  Reduced demand f o r  v i r g i n  r e s o u r c e  
~~~ 

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL C o s t  s i g n i f i c a n t l y  r e d u c e d  

P O L L U T I O N  C O N T R O L  No c h a n g e  

PERSONNEL/MAINTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS C o n s e r v a t i o n  of  raw mater ia ls ,  
r e d u c e d  waste d i s p o s a l  c o s t s ,  a n d  
r e d u c e d  l i k e l i h o o d  o f  e n v i r o n m e n t a l  
p o l l u t i o n  
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The i n f o r m a t i o n  f o r  t h i s  case s t u d y  was p r o v i d e d  by  M r .  
David  S a r o k i n  a n d  D r .  Warren  Mui r  o f  I n f o r m ,  Inc., 381 P a r k  
Avenue S o u t h ,  N e w  York ,  N . Y .  1 0 0 1 4 .  I t  was c o m p i l e d  a s  p a r t  of  
t h e i r  research f o r  a s t u d y  e n t i t l e d  " H a z a r d o u s  Waste R e d u c t i o n  in 
t h e  O r g a n i c  Chemical I n d u s t r y ? ? .  
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TYPE OF I N D U S T R Y :  Nylon Yarn P r o d u c t i o n  a n d  R e s e a r c h  

NAME OF FIRM: American E n k a  Company ( J o h n  Ray 704/667-7351) 

LOCATION:  Enka ,  N o r t h  C a r o l i n a  

SIC:  2824 

M O D I  F I CAT I ON 

SOLVENT R E C Y C L I N G  

A b s t r a c t  

Amer ican  Enka Company is  a n y l o n  y a r n  p r o d u c t i o n  a n d  
r e s e a r c h  f a c i l i t y .  They  r e q u i r e  i s o p r o p y l  a l c o h o l  s o l v e n t  t o  
p r o d u c e  a p o l y m e r  f i l m  p r o d u c t .  T h e y  h a v e  f o u n d  i t  e c o n o m i c a l l y  
p r o f i t a b l e  a n d  e n v i r o n m e n t a l l y  s o u n d  t o  r ecyc le  t h e i r  waste 
i s o p r o p y l  a l c o h o l  s o l v e n t  i n - h o u s e  r a t h e r  t h a n  h a v i n g  i t  r e c y c l e d  
b y  an  o u t s i d e  f i r m .  They p u r c h a s e d  a u s e d  d i s t i l l a t i o n  u n i t  a n d ,  
w i t h  a p p r o p r i a t e  m o d i f i c a t i o n s ,  Amer ican  Enka  i s  now s a v i n g  
$ 9 0 , 0 0 0  p e r  year .  They h a v e  a l s o  b e e n  a b l e  t o  r e u s e  t h e  s t i l l  
bo t tom r e s i d u e s  as a n  a s p h a l t  e m u l s i f i e r  i n  another p r o d u c t  
l i n e .  

A N N U A L  COST S A V I N G S :  $ 9 0 , 0 0 0  

PAYBACK P E R I O D :  1 month  

T I M E  TO IMPLEMENT:  3 m o n t h s  

T R A N S F E R A B I L I T Y :  I n - h o u s e  s o l v e n t  r e c o v e r y  b y  
d i s t i l l a t i o n  c a n  be c o s t - c o m p e t i t i v e  
w i t h  t h e  u s e  of  o f f - s i t e  v e n d o r s .  
I m p o r t a n t  v a r i a b l e s  i n  d e t e r m i n i n g  t h e  
s u i t a b i l i t y  o f  t h i s  t e c h n o l o g y  i n c l u d e  
volume o f  s o l v e n t  ( t o  j u s t i f y  
e q u i p m e n t  c o s t s ) ,  c o n t a m i n a n t s ,  
b o i l i n g  p o i n t s ,  a n d  o t h e r  chemical 
cha rac t e r i s t i c s .  When t r a n s -  
p o r t a t i o n ,  l i a b i l i t y  i n s u r a n c e ,  a n d  
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E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  

s e rv i ce  fees  a re  f i g u r e d  i n t o  t h e  c o s t  
of  o f f - s i t e  r e c y c l i n g ,  o n - s i t e  
r e c o v e r y  becomes a v a i a b l e  e c o n o m i c  
a l t e r n a t i v e .  

Reduced t h r e a t  t o  a i r  a n d  g r o u n d w a t e r  
q u a l i t y  from p r i o r  waste d i s p o s a l ;  
c o n s e r v a t i o n  of  r e s o u r c e s ;  r e d u c e d  
r i s k s  of  t r a n s p o r t a t i o n  r e l a t e d  
a c c i d e n t s  a n d  e n v i r o n m e n t a l  
c o n t a m i n a t i o n .  

P r o j e c t  D e s c r i p t i o n  

Amer ican  Enka Company i s  a n y l o n  y a r n  p r o d u c t i o n  a n d  
research f a c i l i t y .  One of  t h e i r  p r o c e s s e s  u s e s  i s o p r o p y l  a l c o h o l  
a s  a s o l v e n t  f o r  a f a t t y  a m i n e .  The end  p r o d u c t  is  a p o r o u s  f i l m  
o f  p o l y m e r .  They p r e v i o u s l y  employed  a n  o u t s i d e  f i r m  t o  d i s t i l l  
t h e i r  waste i s o p r o p y l  a l c o h o l .  They t h e n  b o u g h t  i t  back  f o r  
reuse i n  t h e i r  p r o d u c t i o n  l i n e .  A v e r a g e  d i s t i l l a t i o n  losses  
were 15 p e r c e n t ,  b u t  l o s s e s  as h i g h  a s  4 0  p e r c e n t  had  o c c u r r e d .  
Also ,  d u e  t o  imprope r  c l e a n i n g  of t h e  d i s t i l l a t i o n  co lumn b e t w e e n  
r u n s ,  t h e  r e t u r n e d  i s o p r o p y l  a l c o h o l  was o f t e n  u n u s a b l e ,  d u e  t o  
c o n t a m i n a t i o n  w i t h  Dowtherm, b e n z e n e ,  e t h y l  b e n z e n e ,  m e t h y l  
b e n z e n e ,  v a r i o u s  c h l o r i n a t e d  h y d r o c a r b o n s ,  a n d  o t h e r  o r g a n i c  
c o n s t i t u e n t s .  Each  b a t c h  of  recyc led  i s o p r o p y l  a l c o h o l  had t o  b e  
a n a l y z e d  f o r  c o n t a m i n a t i o n ,  a n d ,  i f  f o u n d  u n s u i t a b l e ,  r e q u i r e d  
d i s p o s a l  a r r a n g e m e n t s  a n d  fees.. 

To s o l v e  t h i s  p r o b l e m ,  Amer ican  Enka p u r c h a s e d  a u s e d  
d i s t i l l a t i o n  u n i t  f o r  $ 7 , 5 0 0 ,  and  m o d i f i e d  i t  t o  r e d i s t i l l  t h e  
i s o p r o p y l  a l c o h o l  i n - h o u s e .  T h i s  r e s u l t e d  i n  a s a v i n g s  o f  
$ 9 0 , 0 0 0  p e r  yea r ,  s i n c e  i t  is  less  e x p e n s i v e  t o  d i s t i l l  t h e  
a l c o h o l  o n - s i t e  t h a n  t o  c o n t r a c t  t hese  s e r v i c e s  t o  a n  o u t s i d e  
f i r m .  I n  a d d i t i o n ,  t h e  i n - h o u s e  d i s t i l l a t i o n  is more e f f i c i e n t ,  
r e c o v e r i n g  90  p e r c e n t  o f  t h e  i s o p r o p y l  a l c o h o l ,  as o p p o s e d  t o  t h e  
o u t s i d e  firm's e f f i c i e n c y  of  85 p e r c e n t .  A m e r i c a n  Enka  n o t  o n l y  
r e u s e s  t h e  p u r e  i s o p r o p y l  a l c o h o l  p r o d u c e d  by  t h e  d i s t i l l a t i o n  
u n i t ,  b u t  t h e y  a l s o  u s e  t h e  s t i l l  b o t t o m s  a s  a n  a s p h a l t  
e m u l s i f i e r  i n  a n o t h e r  p r o d u c t  l i n e .  The  p a y b a c k  p e r i o d  f o r  t h i s  
p r o j e c t  was a p p r o x i m a t e l y  o n e  month .  
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TYPE OF INDUSTRY: 

NAME OF FIRM: 

LOCATION: 

SIC: 

Pharmaceutical 

Riker Laboratories [Minnesota 
Manufacturin (3M)I (Mike K o e n ~ ~ g ~ b e r g e r  
612/778-4523f 

Northridge, California 

2834 

* U 

0 MODIFICATION i# 

b SUBSTITUTION OF WATER-BASED SOLVENT FOR O R ~ A N I C - B ~ S E D  * * SOLVENT USED IN COATING TABLETS t 

t t 

I t 

Abst rac t  

R i k e r  L a b o r a t o r i e s  was c o a t i n g  m e d i c i n e  t a b l e t s ,  u s i n g  
s e v e r a l  o r g a n i c  s o l v e n t s .  C o n s e q u e n t l y ,  t h e y  had  t h e  p o t e n t i a l  
f o r  e x c e e d i n g  t h e  a i r  p o l l u t i o n  l i m i t s  s e t  b y  a new C a l i f o r n i a  
e n v i r o n m e n t a l  r e g u l a t i o n .  A water based  s o l v e n t  was d e v e l o p e d  t o  
r ep lace  t h e  o r g a n i c  s o l v e n t ,  a n d  d i f f e r e n t  s p r a y  e q u i p m e n t  was 
i n s t a l l e d  i n  o r d e r  t o  h a n d l e  t h e  new s o l v e n t .  T h i s  c o m b i n a t i o n  of  
a r e s o u r c e  s u b s t i t u t i o n  ( o f  t h e  water-based s o l v e n t  f o r  t h e  
o r g a n i c  s o l v e n t )  a n d  a n  e q u i p m e n t  d e s i g n  m o d i f i c a t i o n  s a v e s  
$ 1 5 , 0 0 0  pe r  year i n  s o l v e n t  c o s t s ,  and  p r e v e n t s  t h e  p r o d u c t i o n  of  
24 t o n s  o f  a i r  p o l l u t i o n  p e r  year .  S u b s e q u e n t l y ,  t h e  company 
d e t e r m i n e d  t h a t  $180 ,000  i n  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 ,  f o r  
o r g a n i c  s o l v e n t  v a p o r s ,  was no  l o n g e r  r e q u i r e d .  

A N N U A L  COST S A V I N G S :  $ 1 5 , 0 0 0  

PAYBACK P E R I O D :  Less t h a n  1 y e a r  

TIME TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  A p p l i c a b l e ,  i n  many i n s t a n c e s ,  t o  
c a r r i e r s  i n  c o a t i n g  p r o c e s s e s .  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  E l i m i n a t i o n  of  a i r  c o n t a m i n a t i o n  b y  

s o l v e n t s ;  e l i m i n a t i o n  of  r i s k s  o f  
s o l v e n t  i n h a l a t i o n  by workers and  
n o n - w o r k e r s .  

P r o j e c t  D e s c r i p t i o n  

R i k e r  L a b o r a t o r i e s ,  o n e  o f  3Mts p h a r m a c e u t i c a l  p l a n t s ,  was 
c o a t i n g  m e d i c i n e  t a b l e t s  w i t h  o r g a n i c - s o l v e n t - b a s e d  s o l u t i o n s .  
T h i s  m e t h o d  h a d  t h e  p o t e n t i a l  t o  e x c e e d  a i r  p o l l u t i o n  l i m i t s  se t  
b y  a new C a l i f o r n i a  e n v i r o n m e n t a l  r e g u l a t i o n .  3M c o u l d  h a v e  
i n s t a l l e d  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 ,  t o  c a p t u r e  t h e  s o l v e n t  
v a p o r s ,  a t  a c o s t  o f  $ 1 8 0 , 0 0 0 .  I n s t e a d ,  t h e y  rep laced  t h e  
o r g a n i c  s o l v e n t  c o a t i n g  w i t h  a water-based o n e .  D i f f e r e n t  s p r a y  
e q u i p m e n t  was i n s t a l l e d  i n  t h e  c o a t i n g  m a c h i n e  t o  accommoda te  t h e  
new s o l v e n t .  The  pumping mechan i sm,  t u b i n g  and  c o n t r o l  s y s t e m s  
were a l s o  m o d i f i e d .  Because t h e  s w i t c h  was from o r g a n i c  s o l v e n t s  
w i t h  a h i g h e r  v o l a t i l i t y  t h a n  water, t h e  h e a t i n g  c a p a c i t y  o f  t h e  
d r y e r  h a d  t o  be i n c r e a s e d  so  t h a t  t h e  t a b l e t s  would d r y  p r o p e r l y .  
S p e c i a l  t e s t s  p r o v e d  t h e  s t a b i l i t y  of  t h e  p r o d u c t ,  t h e  U.S. Food 
a n d  Drug A d m i n i s t r a t i o n  a p p r o v e d  i t  i n  t ime t o  meet t h e  e f f e c t i v e  
d a t e  o f  t h e  new C a l i f o r i a  e n v i r o n m e n t a l  r e g u l a t i o n ,  a n d  t h u s  
p r o d u c t i v i t y  was m a i n t a i n e d .  
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WASTES G ~ N E R A T ~ D  E l i m i n a t e d  24  t o n s  p e r  year 

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FA C I L  I T I  ES No c h a n g e  

EQUIPMENT I n v e s t m e n t  r e q u i r e d ,  d e t a i l s  unknown 

RAW MATERIALS $15,000 s a v e d  p e r  year 

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL $ 1 8 0 , 0 0 0  c o s t  a v e r t e d  

P O L L U T I O N  C O N T R O L  No c h a n g e  

PERSONNEL/MAINTENANCE No c h a n g e  

NET BENEFITS Reduced c o s t s  and  e n v i r o n m e n t a l  
h a z a r d s  

0 4  



LOCATION: 

S I C :  

n e ,  T o i l e t  Water, and  

The C o t y  D i v i s i o n  of P f i z e r ,  Xnc, 
(R.R, C l a r k e  919/774-8800) 

P,Oe B o x  1026 
S a n f o r d ,  North C a r o l i n a  21330 

2844 

* 
* 

Q 

b 
s MODI F I CAT I ON * 
t HEAT RECOVERY FROM WASTE IGNITABLES * 
* * 

Abst rac t  

The  Co ty  D i v i s i o n  o f  P f i z e r ,  I n c . ,  h a s  d e v e l o p e d  a method of  
f rom waste o r g a n i c  chemicals .  The 

wastes a re  m i x e d  w i t h  f u e l  o i l  a n d  
b u r n e d  t o  p r o d u c e  steam a n d  h o t  water. The company s a v e s  o v e r  
1 , 0 0 0  g a l l o n s  o f  f u e l  o i l  a year ,  a n d  a n  u n s p e c i f i e d  amoun t  o f  
n a t u r a l  gas. The c o s t  o f  h a z a r d o u s  waste d i s p o s a l  h a s  b e e n  
e l i m i n a t e d ,  

A N N U A L  COST S A V I N G S :  $ 2 , 8 0 0  

P A Y B A C K  P E R I O D :  2 years  a n d  7 m o n t h s  

T I M E  T O  IMPLEMENT:  I n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  A l t h o u g h  t h e  r e q u i r e d  b o i l e r  
m o d i f i c a t i o n s  were s p e c i f i c  t o  t h i s  
r a t h e r  u n i q u e  f u e l  s o u r c e ,  t h e  
f u n d a m e n t a l  c o n c e p t  o f  hea t  r e c o v e r y ,  
u s i n g  waste mater ia l s  w i t h  f u e l  
p o t e n t i a l ,  has  n u m e r o u s  a p p l i c a t i o n s .  
If f u e l  s o u r c e  and  heat r e q u i r e m e n t s  
c a n n o t  be matched i n t e r n a l l y ,  a waste 
e x c h a n g e  c o n t r a c t  m i g h t  make  s a v i n g s  
p o s s i b l e  f o r  two c o m p a t i b l e  f i rms .  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  E l i m i n a t i o n  o f  t h r e a t  t o  g r o u n d w a t e r  

q u a l i t y ;  c o n s e r v a t i o n  of  l a n d  and  f u e l  
r e s o u r c e s ;  e l i m i n a t i o n  of  f i r e  h a z a r d  
d u r i n g  t r a n s p o r t  and  a t  t h e  l a n d f i l l  
s i t e .  

P r o j e c t  D e s c r i p t i o n  

The Co ty  p l a n t  h a s  h i s t o r i c a l l y  h a d  a small p e r c e n t a g e  of  
h y d r o - a l c o h o l i c  p r o d u c t s  t h a t  become damaged o r  o u t d a t e d ,  a n d  
t h a t  m u s t  e v e n t u a l l y  b e  d e s t r o y e d .  P r i o r  t o  t h e  R e s o u r c e  
C o n s e r v a t i o n  a n d  R e c o v e r y  Act o f  1 9 7 6 ,  b o t t l e s  o f  c o l o g n e s ,  
p e r f u m e s ,  a n d  t o i l e t  waters were c r u s h e d ,  a n d  t h e  r e s i d u a l  
l i q u i d s ,  as wel l  a s  t h e  c r u s h e d  c o n t a i n e r s ,  were t r u c k e d  t o  a 
l a n d f i l l  f o r  d i s p o s a l .  However ,  because h y d r o - a l c o h o l i c  p r o d u c t s  
a r e  i g n i t a b l e  a n d  c o n s t i t u t e  a h a z a r d o u s  waste a c c o r d i n g  t o  t h e  
R C R A ,  a n  a l t e r n a t i v e  t o  l a n d f i l l  d i s p o s a l  was s o u g h t .  

S e v e r a l  management  s t r a t e g i e s  have  h e l p e d  t o  r e d u c e  t h e  
q u a n t i t y  o f  h y d r o - a l c o h o l i c  waste. S u b s t a n t i a l  r e d u c t i o n s  h a v e  
b e e n  a c c o m p l i s h e d  t h r o u g h  s t r o n g  m a r k e t i n g  c a m p a i g n s ,  
r e f u r b i s h i n g  o f  p r o d u c t s  r e t u r n e d  from c u s t o m e r s ,  a n d  sa les  
t h r o u g h  e m p l o y e e  a n d  o u t l e t  s t o r e s .  F o r  t h e  small p e r c e n t a g e  o f  
waste h y d r o - a l c o h o l i c  p r o d u c t s  r e m a i n i n g ,  t h e  company d e c i d e d  t o  
u s e  t h e i r  hea t  v a l u e ,  wh ich  is a p p r o x i m a t e l y  t w o - t h i r d s  t h a t  o f  
f u e l  o i l .  

A u n i q u e  s y s t e m  f o r  c o l l e c t i n g ,  d i s t r i b u t i n g ,  a n d  b u r n i n g  
t h e  h y d r o - a l c o h o l i c s  was d e s i g n e d  b y  Co ty  p e r s o n n e l .  W i t h  m i n o r  
m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  s y s t e m  a n d  h o t  water b o i l e r s ,  
c o n s t r u c t i o n  o f  a c o l l e c t i o n  a p p a r a t u s ,  a n d  i n s t a l l a t i o n  o f  a 
s p e c i a l  feed s y s t e m ,  t h e  h y d r o - a l c o h o l i c s  a re  b u r n e d  i n  a 20- 
p e r c e n t  m i x t u r e  w i t h  f u e l  o i l .  T h i s  f u e l  m i x t u r e  b u r n s  we l l ;  f o r  
e v e r y  g a l l o n  o f  h y d r o - a l c o h o l i c s  consumed ,  t w o - t h i r d s  o f  a g a l l o n  
o f  f u e l  o i l  is c o n s e r v e d .  

Co ty  h a s  b e e n  u s i n g  t h e  s y s t e m  s i n c e  November 1 9 8 0 ,  a n d  
r e p o r t s  s a v i n g s  o f  o v e r  1 , 0 0 0  g a l l o n s  o f  f u e l  o i l .  a n d  a n  
u n s p e c i f i e d  amount  o f  n a t u r a l  gas per  y e a r .  The  i n i t i a l  c o s t  o f  
t h e  p r o j e c t  was $ 7 , 5 0 0 ,  w i t h  a p a y b a c k  p e r i o d  o f  a b o u t  2 .7  years .  
There are  some minimum o p e r a t i n g  e x p e n s e s ,  b u t  t h e  company is 
s a v i n g  a b o u t  $ 2 , 8 0 0 ,  a n n u a l l y  s i n c e  i t  h a s  e l i m i n a t e d  a l l  o t h e r  
waste t r e a t m e n t  o r  d i s p o s a l  c o s t s .  The re  a re  n o  h a z a r d o u s  a i r  
p o l l u t a n t s  released from t h e  b o i l e r ,  a n d  t h e  s y s t e m  h a s  a l s o  
e l i m i n a t e d  t h e  e n v i r o n m e n t a l  a n d  h e a l t h  r i s k s  a s soc ia t ed  w i t h  
l a n d f i l l i n g  i g n i t a b l e  wastes. 
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WASTES G E N E R A T E D  H y d r o - a l c h o h o l i c  wastes 
e l i m i n a t e d  

P R O D U C T I V I T Y  No c h a n g e  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

EQUIPMENT $ 7 , 5 0 0  o n e - t i m e  c o s t  

R A W  M A T E R I A L S  No c h a n g e  

WATER No c h a n g e  
T 

E N E R G Y  $ 2 , 8 0 0  s a v e d  p e r  y e a r  

WASTE DISPOSAL $ 2 , 8 0 0  s a v e d  p e r  year 

P O L L U T I O N  C O N T R O L  I n f o r m a t i o n  n o t  p r o v i d e d  
~~ ~ _ _  ~ 

PERSONNEL/MAINTENANCE 

~~ - -~ ~ 

Minor  c o s t  i n c r e a s e  

NET BENEFITS R e l i e f  f rom R C R A  r e g u l a t i o n s ;  
d i s p o s a l  c o s t  s a v i n g s  



c :  

Abstract  

USS Chemicals has r e d u c e d  t h e  o r g a n i c  chemical e m i s s i o n s  
f r o m  t h e i r  p h e n o l  m a n u f a c t u r i n g  p r o c e s s e s  t h r o u g h  a s e r i e s  o f  
e q u i p m e n t  d e s i g n  m o d i f i c a t i o n s :  

1 )  Adding  a r e s i n  a d s o r p t i o n  s y s t e m .  T h i s  r e d u c e d  
e m i s s i o n s  80 p e r c e n t  and  s a v e s  715 ,000  p o u n d s  o f  cumene p e r  y e a r .  
The cumene s a v i n g s  is  w o r t h  $ 1 7 5 , 0 0 0  p e r  year.  

2 )  Adding  a s u r p l u s  c o n d e n s e r  t h a t  r e t u r n s  t h e  e m i s s i o n s  
t o  t h e  p r o c e s s .  T h i s  s a v e d  4 0 0 , 0 0 0  p o u n d s  o f  cumene ,  w o r t h  
$ 1 0 0 , 0 0 0 ,  i n  i t s  f i r s t  y e a r  o f  o p e r a t i o n .  

3 )  Adding  f l o a t i n g  r o o f s  t o  a c e t o n e  s t o r a g e  t a n k s ,  a n d  a 
s t r i p p e r  u n i t  f o r  a c e t o n e  r e c o v e r y .  

M o d i f i c a t i o n  #2 a r o s e  t h r o u g h  e m p l o y e e  ideas  s u b m i t t e d  t o  
USS Chemicals '  " S u g g e s t i o n s  f o r  Cost  R e d u c t i o n "  ( S C O R E )  e SCORE 
i s  a management  i n i t i a t i v e  which  p r o v i d e s  a d i r e c t  f i n a n c i a l  
i n c e n t i v e  f o r  e m p l o y e e s  t o  i d e n t i f y  c o s t - c u t t i n g  o p p o r t u n i t i e s ,  
E m p l o y e e s  a re  rewarded a p e r c e n t a g e  o f  t h e  money t h a t  t h e i r  
m e a s u r e  saves t h e  company.  
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ANNUAL COST S A V I N G S :  

PAYBACK P E R I O D :  

TIME T O  IMPLEMENT: 

T R A N S F ~ ~ A ~ I L I T Y ~  

ENVIRONMENTAL A N D  
HEALTH B E N E F I T S :  

$ 1 7 5 1 0 0 0  f o r  m o d i f i c a t i o n  # l ;  
$ 1 0 0 , 0 0 0  f o r  m o d i f i c a t i o n  # 2 *  

30 d a y s  f o r  m o d i f i c a t i o n  # I ;  
1 8  d a y s  f o r  m o d i f i c a t i o n  1 2 ;  
no economic  d a t a  p r o v i d e d  f o r  
m o d i f i c a t i o n  #3* 

I n f o r m a t i o n  n o t  p r o v i d e d .  

A p p l i c a b l e  t o  i n d u s t r i e s  u s i n g  l a rge  
a m o u n t s  of  v o l a t i l e  c o m p o n e n t ;  and  t o  
i n d u s t r i e s  t h a t  h a v e  n o t  i m p l e m e n t e d  
a n  awards p r o g r a m  f o r  e m p l o y e e  
s u g g e s t i o n s .  

Reduced t h r e a t  t o  a i r  q u a l i t y ;  
c o n s e r v a t i o n  of  cumene and  a c e t o n e ;  
decrease i n  h e a l t h  r i s k s  caused b y  
e x p o s u r e  t o  p h e n o l  and  a c e t o n e  
v a p o r s .  

P r o j e c t  D e s c r i p t i o n  

USS Chemicals m a n u f a c t u r e s  p h e n o l  f r o m  cumene ,  and  t h e n  u s e s  
t h e  p h e n o l  t o  m a n u f a c t u r e  o t h e r  chemica ls  s u c h  as a c e t o n e ,  a l p h a  
m e t h y l  s t y r e n e ,  b i s p h e n o l  A ,  a n d  a n i l i n e .  B e c a u s e  t h e s e  
c h e m i c a l s  a r e  v o l a t i l e ,  USS Chemicals h a s  d o n e  p o l l u t i o n  
p r e v e n t i o n  work t o  c o n t r o l  v a p o r  e m i s s i o n s .  T h e y  i n s t a l l e d  r e s i n  
a d s o r p t i o n  s y s t e m s  t o  c o n t r o l  cumene e m i s s i o n s  from p h e n o l  
m a n u f a c t u r i n g ,  The m o d i f i c a t i o n s  r e d u c e d  a i r  e m i s s i o n s  by 80 
p e r c e n t ,  s a v i n g  7 1 5 , 0 0 0  p o u n d s  o f  cumene w o r t h  $ 1 7 5 , 0 0 0 .  A t  t h e  
s u g g e s t i o n  o f  o n e  o f  t h e  p l a n t  o p e r a t o r s ,  t h e y  i n s t a l l e d  a $ 5 , 0 0 0  
s u r p l u s  c o n d e n s e r  on o n e  o f  t h e  o p e n  cumene v e n t s .  The c o n d e n s e r  
r e t u r n s  t h e  cumene d i r e c t l y  i n t o  t h e  p r o c e s s  l i n e .  The 
m o d i f i c a t i o n  r e c o v e r e d  4 0 0 , 0 0 0  p o u n d s  o f  cumene ,  w o r t h  $ 1 0 0 , 0 0 0 ,  
i n  i t s  f i r s t  year  o f  o p e r a t i o n .  

The o p e r a t o r ' s  i d e a  was s u b m i t t e d ,  e v a l u a t e d ,  a n d  
i m p l e m e n t e d  t h r o u g h  USS Chemicals '  " S u g g e s t i o n s  f o r  C o s t  
R e d u c t i o n "  p r o g r a m  ( S C O R E ) .  S C O R E  p r o v i d e s  a d i r e c t  f i n a n c i a l  
i n c e n t i v e  t o  p l a n t  e m p l o y e e s  by  r e w a r d i n g  them w i t h  a p e r c e n t a g e  
o f  t h e  money s a v e d  d u e  t o  t h e i r  ideas .  S u g g e s t i o n s  a re  n o t  
r e s t r i c t e d  t o  waste r e d u c t i o n .  P l a n t  s a v i n g s  c a n  r e s u l t  from 
e n e r g y  c o n s e r v a t i o n ,  r e d u c e d  l abor  c o s t s ,  p r o c e s s  i m p r o v e m e n t s ,  
a n d  o t h e r  m e a s u r e s .  

To r e d u c e  a i r  e m i s s i o n s  a n d  r e c o v e r  a c e t o n e ,  USS Chemica l s  
uses f l o a t i n g  r o o f s  on t h e i r  s t o r a g e  t a n k s  as wel l  as a s t r i p p e r  
u n i t .  The  company d i d  n o t  r e p o r t  t h e  e f f i c i e n c y  of  these  waste 
r e d u c t i o n  p r a c t i c e s ,  b u t  t h e y  were pleased t h a t  t h e  p rac t ices  
r e d u c e d  waste e c o n o m i c a l l y .  
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WASTES GENERATED Air emissions reduced by 8 0  percent 

P RODUCTIVITY No change 

PRODUCT QUALITY No change 

DOWN TIME No change 

FACILITIES No investment required 

EQUIPMENT Investment required, no details given 

RAW MATERIALS Saved 1,115,000 pounds of cumene 
($275,000) per year 

WATER Information not provided 

ENERGY Information not provided 

WASTE DISPOSAL No change 

POLL UT I ON CONTROL $5,000 for condenserp o t h e r  cost 
details not provided 

PERSONNEL/M~INTE~ANCE Information not provided 

NET BENEFITS Enhanced conservation profitablity 

The information for this case study was provided by Plr. 
David Sarokin and D r ,  Warren Muir of Inform, Inc., 3 8 1  Park 
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Avenue S o u t h ,  N e w  York ,  N Y  10014 .  I t  was c o m p i l e d  as p a r t  o f  
t h e i r  research f o r  a s t u d y  e n t i t l e d  " H a z a r d o u s  Waste R e d u c t i o n  i n  
t h e  O r g a n i c  Chemical I n d u s t r y . "  



SIC: 287 

* 
t 
t 

OD1 F I CAT I ON 

S U ~ S T I T U T IO~ OF I ~ ~ U S T R I ~ L  
ODliCTS FOR VIRGIN RA 

Abst rac t  

I n d u s t r i a l  a n d  A g r i c u l t u r a l  C h e m i c a l s ,  I n c , ,  ( I A C )  u s e s  a 
mater ia l s  s u b s t i t u t i o n  t o  r e d u c e  t h e i r  raw ma te r i a l  c o s t s  i n  t h e  
m a n u f a c t u r e  o f  t r a c e - e l e m e n t  f e r t i l i z e r  f o r m u l a t i o n s .  S u i t a b l e  
i n o r g a n i c  chemical wastes a re  r e c e i v e d  f r o m  firms t h a t  would  

them. T h i s  a r r a n g e m e n t  c o n s t i t u t e s  a 
r e u s e  o f  b y - p r o d u c t s  w h i c h  would c o n v e n t i o n a l l y  be  t r e a t e d  as 
m s .  T h r e e  e x a m p l e s  a re  c i t e d  d e s c r i b i n g  t h e  u t i l i t y  of t h i s  
a r r a n g e m e n t  t o  b o t h  I A C  and  t o  t h e  d o n o r  o f  t h e  waste ma te r i a l .  

A N N U A L  COST SAVINGS: I n f o r m a t i o n  n o t  p r o v i d e d .  

PAYBACK P E R I O D :  Not a p p l i c a b l e ,  

T I M E  TO IMPLEMENT: Not a p p l i c a b l e .  

TRANSFERABILITY: T h i s  case s t u d y  d e m o n s t r a t e s  t h e  
u t i l i t y  of t h e  waste e x c h a n g e  c o n c e p t .  
I n  a l l  t h r e e  e x a m p l e s  c i t e d ,  wastes t o  
be l a n d f i l l e d  by one f i r m  were s a l v a g e d  
f o r  r e c o v e r a b l e  mater ia l  b y  a n o t h e r  
f i r m .  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

P r o . i e c t  DescriDt i o n  

P r e v e n t i o n  o f  g r o u n d w a t e r  c o n t a m i n a t i o n  
r i s k s  d u e  t o  l a n d f i l l i n g ;  c o n s e r v a t i o n  
o f  l a n d  a n d  ma te r i a l  r e s o u r c e s  

I n d u s t r i a l  a n d  A g r i c u l t u r a l  Chemicals ,  I n c ,  ( I A C )  p r o d u c e s  
t r a c e - e l e m e n t  f o r m u l a t i o n s  f o r  sa le  t o  t h e  f e r t i l i z e r  i n d u s t r y ,  
The e l e m e n t s  t h e y  market i n c l u d e  c o p p e r ,  b o r o n ,  m a n g a n e s e ,  z i n c ,  
a n d  magnes ium.  I n  s e v e r a l  i n s t a n c e s ,  t h e y  h a v e  b e e n  a b l e  t o  
r e d u c e  t h e i r  p r o d u c t i o n  c o s t s  by s u b s t i t u t i n g  waste ma te r i a l s  f rom 
o t h e r  f irms for v i r g i n  raw mate r i a l s  i n  t h e i r  own m a n u f a c t u r i n g  
p r o c e s s e s .  T h e s e  s u b s t i t u t i o n s  i n c l u d e  b o t h  o n - g o i n g  r e c e i p t  o f  
mater ia l ,  s u c h  as c o p p e r  s u l f a t e  a n d  magnes ium o x i d e  wastes, a n d  
t h e  s i n g l e - e v e n t  a c c e p t a n c e  o f  a b a t c h  o f  magnes ium c h l o r i d e  w h i c h  
h a d  become c o n t a m i n a t e d  w i t h  c o p p e r  c h l o r i d e ,  I n  each case ,  t h e  
waste m a t e r i a l s  were o t h e r w i s e  d e s t i n e d .  f o r  l a n d f i l l  d i s p o s a l ,  
I A C ,  t h e r e f o r e ,  o b t a i n s  raw ma te r i a l s  a t  no  c o s t ,  and  t h e  f i r m s  
d o n a t i n g  t h e  mater ia l  e l i m i n a t e  t h e i r  d i s p o s a l  c o s t s ,  which  are  
o f t e n  s u b s t a n t i a l .  F u r t h e r m o r e ,  u s a b l e  c h e m i c a l s  a r e  n o t  
d i s c a r d e d ,  w h i c h  saves l a n d  a n d  ma te r i a l  r e s o u r c e s ,  and  r e d u c e s  
h e a l t h  a n d  e n v i r o n m e n t a l  r i s k s .  

With t h e  a d v . e n t  o f  t h e  P i e d m o n t  E x c h a n g e  ( a  waste e x c h a n g e ) ,  
I A C ' s  o p p o r t u n i t i e s  t o  accept  f r e e  i n d u s t r i a l  wastes have  
i n c r e a s e d  s i g n i f i c a n t l y .  I A C  r e p r e s e n t a t i v e s  claim t h a t  waste 
e x c h a n g e s  have  i m p r o v e d  t h e i r  f i r m ' s  p r o f i t a b i l i t y  by  o f f e r i n g  
them more o p p o r t u n i t i e s  t o  reduce t h e i r  raw ma te r i a l  c o s t s ,  

A waste e x c h a n g e  u s u a l l y  f u n c t i o n s  as a n  i n f o r m a t i o n  
c l e a r i n g h o u s e .  The  e x c h a n g e  l i s t s  ma te r i a l s  which  are  no  l o n g e r  
d e s i r e d  by a d o n o r ,  b u t  may b e  u s e f u l  t o  o t h e r  p a r t i e s ;  o r  
mater ia l s  d e s i r e d  by a m a n u f a c t u r e r  w h i c h  may be o b t a i n e d  c h e a p l y  
i f  g e n e r a t e d  i n  a n o t h e r  p r o c e s s  as a waste. 
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WASTES G E N E R A T E D  V a r i a b l e ,  no  c h a n g e  

P R O D U C T I V I T Y  Imp r o v e d  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN TIME Not a p p l i c a b l e  

FACILITIES No c h a n g e  

EQUIPMENT No c h a n g e  

RAW MATERIALS Reduced 

WATER No c h a n g e  

E N E R G Y  No c h a n g e  

WASTE DISPOSAL Reduced d i s p o s a l  r e q u i r e m e n t s  
for d o n o r s  

P O L L U T I O N  C O N T R O L  No c h a n g e  

PERSONNEL/MAINTENANCE No c h a n g e  

NET BENEFITS C o s t  s a v i n g s ,  r e s o u r c e  
c o n s e r v a t i o n  
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TYPE OF INDUSTRY: 

NAME OF  FIR^: 

LOCATION: 

SIC: 

search and D e v e l o ~ m ~ n t  

IC1 Americas, Inc. 
(Paul Ekoniak 919/731-5200) 

Goldsboro, North Carolina 

2879 

* * * MODIFICATIONS * 
* * * 1 )  ESTABLISHMENT OF A N  ENVIRONMENTAL COMPLIANCE COMMITTEE * * * 
* 2) IMPROVED HOUSEKEEPING * * * 

3) SOLVENT RECOVERY * * a 

Abstract 

ICI, Goldsboro, as a research and development facility, does 
not produce a large amount of waste. However, to manage the 
waste it does generate, a management initiative- was undertaken; 
in 1 9 8 1 ,  IC1 formed an Environmental Compliance Committee to 
review issues and activities that affect the environment. The 
Committee's primary emphasis is early planning to minimize waste 
production, and second, attempting to recycle o r  treat the waste, 
whenever possible, s o  that there is zero discharge. Measures 
recommended by the Committee, and then implemented, include 
housekeeping improvements and the initiation of waste solvent 
recovery by distillation. The Committee's recommendations saved 
t h e  company an estimated $37,000 in waste disposal costs in 
1 9 8 4 .  

ANNUAL COST SAVINGS: Estimated $37,000 in 1984,  compared 
with conditions in 1981.  

PAYBACK PERIOD: Immediate. 

TIME TO IMPLEMENT: On-going process. 
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E N ~ ~ R O N M E N T ~ L  A N D  
HEALTH BENEFITS: 

P r o j e c t  D e s c r i D t i o n  

T h i s  a p p r o a c h  t o  c o n t r o l l i n g  t h e  
g e n e r a t i o n  o f  waste is  b r o a d l y  
a p p l i c a b l e  t o  many waste g e n e r a t o r s .  
A waste a u d i t ,  good h o u s e k e e p i n  
s t r i n g e n t  s e g r e g a t i o n  of  waste streams 
w i l l  u s u a l l y  y i e l d  a n e t  r e d u c t i o n  o f  
wastes r e q u i r i n g  t r e a t m e n t ,  T h e s e  
e f f o r t s  a r e  v a l u a b l e  f i r s t  s t e p s  i n  
waste r e c y c l i n g  a n d  m i n i m i z a t i o n ,  
e s p e c i a l l y  f o r  t h e  many smaller 
g e n e r a t o r s  of h a z a r d o u s  waste who h a v e  
r e c e n t l y  b e e n  b r o u g h t  u n d e r  t h e  R C R A  
r e g u l a t o r y  framework. S u c h  g e n e r a t o r s  
a re  c h a r a c t e r i s t i c a l l y  l e s s  a b l e  t o  
make l a rge  c a p i t a l  i n v e s t m e n t s  f o r  
p r o c e s s  m o d i f i c a t i o n s  o r  r e c y c l i n g  
e q u i p m e n t .  

Reduced t h r e a t  t o  a i r  a n d  g r o u n d w a t e r  
q u a l i t y ;  c o n s e r v a t i o n  of  r e s o u r c e s ;  
improved  h e a l t h  and  s a f e t y  c o n d i t i o n s  
f o r  p l a n t  p e r s o n n e l .  

I C I ,  G o l d s b o r o ,  i s  i n v o l v e d  i n  research and  d e v e l o p m e n t  o f  
a g r i c u l t u r a l  chemicals .  They g e n e r a t c  a v a r i e t y  o f  waste 
streams, b u t  t h e  t o t a l  amount  o f  waste p r o d u c e d  is  n o t  v e r y  
g rea t  e The c o m p a n y ' s  wastes a re  flammable, n o n - h a l o g e n a t e d  
s o l v e n t s  a n d  n o n - f l a m m a b l e ,  h a l o g e n a t e d  s o l v e n t s ,  w i t h  t h e  R C R A  
c l a s s i f i c a t i o n s :  F002, F003 ,  F005 ,  D001, and  U057. 

Waste management  a c t i v i t i e s  a t  I C 1  h a v e  f o c u s e d  on  t h e  
e v a l u a t i o n  a n d  p l a n n i n g  o f  a n y  n e w l y  p r o p o s e d  p r o j e c t s ,  i n  o r d e r  
t o  m i n i m i z e  o r  p r e v e n t  waste g e n e r a t i o n .  An E n v i r o n m e n t a l  
C o m p l i a n c e  Commi t t ee  was fo rmed  t o  o v e r s e e  t hese  a c t i v i t i e s ,  a n d  
t o  d e v e l o p  a n d  i m p l e m e n t  p r o c e d u r e s  t o  m i n i m i z e  p r o d u c t i o n  o f  
wastes r e q u i r i n g  l a n d f i l l i n g .  The Commi t t ee  c o n s i s t s  of n i n e  
p e r s o n s  w i t h  v a r i o u s  t y p e s  o f  e x p e r t i s e ,  a n d ,  as a r e s u l t  o f  
t h e i r  e f f o r t s ,  I C 1  r e p o r t s  a s i g n i f i c a n t  r e d u c t i o n  i n  h a z a r d o u s  
wastes s e n t  o f f - s i t e  f o r  b u r i a l .  

A l t h o u g h  t h e r e  was no  p r e v i o u s l y  e x i s t i n g  p r o c e s s  w i t h  which  
t o  m a k e  c o s t  s a v i n g s  c o m p a r i s o n s ,  i n d i c a t i o n s  a re  t h a t  a 
s i g n i f i c a n t  r e d u c t i o n ,  i n  h a z a r d o u s  wastes s e n t  o f f - s i t e  f o r  
management ,  h a s  occur red .  I n  t h e  l a s t  t h r e e  t o  f o u r  y e a r s ,  t h e  
I C 1  g r o u p  h a s  more  t h a n  d o u b l e d  i t s  research w o r k .  I n  t h e  same 
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p e r i o d ,  IC1 h a s  e s s e n t i a l l y  r e d u c e d  t h e  amount  o f  h a z a r d o u s  waste 
g e n e r a t e d  b y  7 0  p e r c e n t .  

I n  7981 ,  t h e r e  was no  c o n c e r t e d  e f f o r t  t o  r e d u c e  t h e  
g e n e r a t i o n  of  waste; o n e - h u n d r e d  5 5 - g a l l o n  d rums  were s e n t  
o f f - s i t e  f o r  t r e a t m e n t ,  r e c y c l i n g ,  o r  b u r i a l  ( a t  a n  a v e r a g e  c o s t  
o f  $130  p e r  d r u m ) .  I n  1 9 8 4 ,  o n l y  60  d r u m s  were s e n t  o f f - s i t e  ( a t  
a n  average c o s t  o f  $ 2 6 6  p e r  d r u m ) ,  T a k i n g  i n t o  a c c o u n t  t h e  
d o u b l e d  o u t p u t  a t  t h e  l a b s ,  a n d  a r o u g h l y  1 0 0 - p e r c e n t  i n c r e a s e  i n  
t r e a t m e n t  a n d  d i s p o s a l  c o s t s  p e r  drum o f  h a z a r d o u s  wastes o v e r  
t h e  pas t  t h r e e  t o  f o u r  y e a r s ,  ICI's waste p r e v e n t i o n  s t r a t e g y  
s a v e d  a n  e s t ima ted  $37 ,000  h a z a r d o u s  waste management  c o s t s  i n  
1 9 8 4 .  

The f o l l o w i n g  a r e  examples o f  new p r a c t i c e s  t h a t  h a v e  b e e n  
i m p l e m e n t e d  t o  h e l p  r e d u c e  t h e  p r o d u c t i o n  of  waste: 

1 )  S p e n t  c h l o r i n a t e d  a n d  n o n - c h l o r i n a t e d  s o l v e n t s  a re  now 
s e g r e g a t e d  t o  a l l o w  o f f - s i t e  d i s t i l l a t i o n  a n d  recovery .  S i n c e  
IC1 u s e s  a p p r o x i m a t e l y  55 g a l l o n s  o f  s o l v e n t  p e r  w e e k ,  t h i s  h a s  
r e s u l t e d  i n  a c o s t  s a v i n g s  f o r  t h e  f i rm.  

2 )  I n  l a rge  s c a l e  l a b o r a t o r i e s ,  s epa ra t e  waste c o n t a i n e r s  
a r e  d e s i g n a t e d  f o r  n o n - h a z a r d o u s  a n d  h a z a r d o u s  waste. T h i s  
r e s u l t s  i n  l e s s  h a z a r d o u s  waste by  r e d u c i n g  c r o s s - c o n t a m i n a t i o n  
o f  t h e  n o n - h a z a r d o u s  waste by  h a z a r d o u s  waste. 

3 )  Unused p o r t i o n s  o f  chemicals  f rom t h e  a g r i c u l t u r a l  
research  f i e l d s  a r e  r e t u r n e d  t o  t h e  c e n t e r  f o r  r e u s e  o r  
r e f o r m u l a t i o n .  
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WASTES G E N E R A T E D  Reduced b y  70 p e r c e n t  ( 1 4 0  x 55 
g a l l o n s  p e r  y e a r )  

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN TIME No c h a n g e  

FACILITIES No c h a n g e  
~~~ _ _ ~ _  ~~ 

EQUIPMENT Min ima l  

RAW MATERIALS No c h a n g e  

WATER No c h a n g e  
.~ 

E N E R G Y  No c h a n g e  
- 

WASTE DISPOSAL E s t i m a t e d  s a v i n g s  o f  $ 3 7 , 0 0 0  i n  1984 

P O L L U T I O N  C O N T R O L  No c h a n g e  

PERSONNEL/MAINTENANCE No c h a n g e  

NET BENEFITS Reduced waste d i s p o s a l  c o s t s  
a n d  c o n s e r v a t i o n  of  r e s o u r c e s  
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Case Study I 
TYPE OF INDUSTRY: Pest ic ide Production 

NAME OF FIRM: Daly-Herring Company 
( D .  W .  Craig 919/527-8001)  

LOCATION : P .  0. Box 4 2 8 ,  Neuse Road 
Kins ton ,  North Carolina 

SIC: 2879 

t 
* * * MODIF I CAT1 ON 

t SEPARATION OF WASTE DUST STREAMS t 

* TO PERMIT REUSE OF DUST 

t 

* * * 

Abstract  

D a l y - H e r r i n g  Company a l t e r e d  t h e i r  d u s t  c o l l e c t i o n  e q u i p m e n t  
o p e r a t i o n  s o  t h a t  waste streams, c o n t a i n i n g  o r g a n i c  c h e m i c a l s  
f r o m  v a r i o u s  p r o d u c t i o n  areas ,  a re  now c o l l e c t e d  sepa ra t e ly  
r a the r  t h a n  mixed  i n  a s i n g l e  b a g h o u s e .  The  c o l l e c t e d  materials 
a r e  no  l o n g e r  c o n t a m i n a t e d  b y  a l t e r n a t e  waste streams, a n d  each 
i s  recyc led  b a c k  t o  t h e  p r o c e s s  where it  was g e n e r a t e d .  The firm 
h a s  e l i m i n a t e d  o v e r  $ 9 , 0 0 0  i n  a n n u a l  d i s p o s a l  c o s t s ,  a n d  
e s t ima tes  t h a t  t h e  r e c o v e r e d  mater ia l  is w o r t h  more  t h a n  $ 2 , 0 0 0  
p e r  yea r .  

A N N U A L  COST S A V I N G S :  

P A Y B A C K  P E R I O D :  

TIME TO IMPLEMENT: 

T R A N S F E R A B I L I T Y  : 

$11,638 

10  m o n t h s  

I n f o r m a t i o n  n o t  p r o v i d e d .  

T h i s  p r o j e c t  d e m o n s t r a t e s  how waste 
stream s e p a r a t i o n  c a n  r e d u c e  waste 
p r o d u c t i o n  a n d  d i s p o s a l  c o s t s .  T h e  
s e p a r a t i o n  c o n c e p t  c a n  be a p p l i e d  
ac ross  i n d u s t r i e s ,  p r o c e s s e s ,  a n d  
mater ia ls .  Whenever  s e v e r a l  waste 
streams are  m i x e d ,  s e p a r a t i o n  may 
r e d u c e  t h e  t o t a l  amount  o f  h a z a r d o u s  
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material requirin disposal or 
as in this case, he separated waste 
stream components can be recycled to 

s s  that g ~ n e ~ ~ t ~ ~  them. 

Reduced threat to soil and ground water^ 
conservation of materials; reduced 
risk to employees required to handle, 
store, and transport waste materials. 

Daly-Herring Company manufactures pesticides and generates 
appro~imately 45,000 pounds of pesticide dust per year from two 
major production systems in the plant. Until recently, the dust 
was collected in a single baghouse and was unsuitable for reuse 
because it contained a mixture of several pesticides. 
Approximately 112 drums of waste dust were landfilled per year, 
at a cost of $28 per drum. Transportation, disposal, and labor 
costs totalled over 9,000 a year. 

In April 1983 ,  the firm replaced the single baghouse 
collection system with two separate vacuum-air-baghouse systems 
specific to the two production lines. Dust from the respective 
production areas is now collected separately in independent 
baghouses. The filtered dust is automatically shaken down into a 
hopper which augers the dust back to the production area where it 
was generated. The returned dust is classified as inert filler 
in the final product because the quantitative analytical testing, 
which would be required to characterize it as an active 
ingredient, is costly. The recycling reduces costs for raw 
production material and eliminates waste dust disposal costs. 
The payback period for the $9,600 investment in new equipment and 
renovations was less than one year. 
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WASTES G E N ~ R ~ T E D  4 5 , 0 0 0  p o u n d s  o f  waste d u s t  
e l i m i n a t e d  p e r  y e a r  

P R O D U C T I V I T Y  S l i g h t  increase  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

EQUIPMENT $ 9 , 6 0 0  o n e - t i m e  c o s t  

RAW MATERIALS $ 2 , 0 0 0  s a v e d  p e r  y e a r  

WATER No c h a n g e  

E N E R G Y  No c h a n g e  

ASTE DISPOSAL $ 9 , 0 0 0  s a v e d  p e r  y e a r  

P O L L U T I O N  C O N T R O L  I n f o r m a t i o n  n o t  p r o v i d e d  

PERSONNEL/MAINTENANCE No c h a n g e  

NET B E N E F I T S  Annual. c o s t  s a v i n g s  and  
r e d u c e d  l i a b i l i t y  r i s k s  
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as 
TYPE OF I N D U ~ T ~ Y :  Def l u o r i n a t e d  P h o s p h a t e  Manu 

~ A M E  OF FIRM: T e x a s g u l f  

LOCATION : S a l t v i l l e ,  V i r g i n i a  

SIC: 2879 

* # * MODIFICATION 0 * * 
* A CLOSED-LOOP, PROCESS WATER RECYCL1N.G SYSTEM WAS * * INSTALLED,  REPLACING THE SINGLE-PASS SYSTEM * 
4 * 

Abstract  

T e x a s g u l f  m a n u f a c t u r e s  p h o s p h a t e  p r o d u c t s .  I n  d e s i g n i n g  
t h e i r  new d e f l u o r i n a t e d  p h o s p h a t e  p l a n t  t o  meet EPA r e g u l a t i o n s  
p e r t a i n i n g  t o  t h e  re lease  o f  f l u o r i d e s  i n t o  t h e  a i r  a n d  water, 
t h e y  d e c i d e d  t o  i m p l e m e n t  a c l o s e d - l o o p ,  p r o c e s s  water s y s t e m  t o  
remove  i n o r g a n i c  f l u o r i d e s  f r o m  t h e  d i s c h a r g e  stream. O t h e r  
a l t e r n a t i v e s  c o n s i d e r e d  i n c l u d e d  r e l e a s i n g  t h e  p a r t i a l l y  t r e a t e d  
wastewater t o  S a l t v i l l e ' s  m u n i c i p a l  sewage s y s t e m  o r  d i s c h a r g i n g  
i t  i n t o  t h e  n e a r b y  H o l t o n  r i v e r .  B e n e f i t s  o f  t h e i r  d e c i s i o n  t o  
i m p l e m e n t  a c l o s e d - l o o p  s y s t e m  t o  r e c y c l e  p rocess  water, i n  
c o n t r a s t  t o  a s i n g l e - p a s s  s y s t e m ,  i n c l u d e :  

1)  A s a v i n g s  o f  a p p r o x i m a t e l y  2 8 0 , 0 0 0  g a l l o n s  o f  water p e r  
d a y ;  

2 )  A c o m b i n e d  a n n u a l  s a v i n g s  of  $ 9 3 0 , 0 0 0  i n  water p u r c h a s e s  
a n d  t r e a t m e n t ;  

3 )  C o m p l i a n c e  w i t h  a l l  e f f l u e n t  g u i d e l i n e s  w i t h o u t  a NPDES 
p e r m i t ,  s i n c e  t h e r e  is  no i n d u s t r i a l  d i s c h a r g e .  

A N N U A L  COST S A V I N G S :  $ 2 , 0 0 0 , 0 0 0  

PAYBACK PERIOD:  1 y e a r  

TIME TO IMPLEMENT: 18 m o n t h s  
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T R A N S F E R A B I L I T Y :  

E N V I R O N M E N T A L  
HEALTH B E N E F I T S :  

A p p l i c a b l e  t o  i n d u s t r i e s  u s i n g  water 
as t h e i r  p r o c e s s  s o l v e n t ,  and  t o  t h o s e  
w h i c h  h a v e  f l u o r i d e s  as a n  u n w a n t e d  
b y - p r o d u c t s  

Reduced t h r e a t  of  g r o u n d w a t e r ,  r i v e r  
water, and  a i r  c o n t a m i n a t i o n  from 
f l u o r i d e s ;  c o n s e r v a t i o n  o f  100  m i l l o n  
g a l l o n s  of  water p e r  y e a r ;  decreased 
h e a l t h  r i s k s  f rom f l u o r i d e  p o l l u t i o n .  

P r o . i e c  t Descr i r ,  t i o n  

To make p h o s p h a t e  a n i m a l - f e e d  s u p p l e m e n t ,  T e x a s g u l f  c o m b i n e s  
p h o s p h a t e  o r e  w i t h  s o d a  a s h  a n d  p h o s p h o r i c  a c i d .  They t h e n  
p r o c e s s  i t  t h r o u g h  a k i l n  m i x e r  f o r  t h e '  i n i t i a l  r e a c t i o n  a n d  
p a r t i a l  r e m o v a l  o f  t h e  f l u o r i d e s  a n d  o f  some s u l p h u r  compounds  
p r e s e n t  i n  t h e  p h o s p h a t e  r o c k .  The f l u o r i d e s  e x i t  f rom t h e  mix 
t a n k  as gases ,  a n d  a r e  c o n v e y e d  t o  t h e  mix p l a n t ' s  v e n t u r i  
s c r u b b e r  f o r  r e m o v a l  p r i o r  t o  a t m o s p h e r i c  d i s c h a r g e .  The  reac ted  
r o c k  is t h e n  f e d  t o  r o t a r y  k i l n s  f o r  f i n a l  d r y i n g  a n d  
d e f l u o r i n a t i o n .  I t  is t h e n  c o o l e d ,  bagged ,  a n d  s h i p p e d  o u t  f o r  
s a l e .  T h e  k i l n ' s  e x i t  g a s  ( c o n s i s t i n g  o f  1 5 . 3 2 - p e r c e n t  c a r b o n  
d i o x i d e ,  1 2 . 3 6 - p e r c e n t  water, 1 . 9 5 - p e r c e n t  h y d r o g e n  f l u o r i d e ,  
0 . 2 7 - p e r c e n t  s u l f u r  d i o x i d e ,  a n d  6 7 . 2 7 - p e r c e n t  of  v a r i o u s  o x i d e s  
o f  n i t r o g e n ,  a n d  w i t h  a mass f l o w  r a t e  o f  1 , 3 0 0  t o n s  p e r  d a y )  i s  
c o n v e y e d  t h r o u g h  a separa te  d u a l - s t a g e  q u e n c h e r / s c r u b b e r  f o r  
p o l l u t a n t  r e m o v a l  p r i o r  t o  a t m o s p h e r i c  d i s c h a r g e .  The  k i I n  
s c r u b b e r ' s  sump-wa te r  e f f l u e n t  h a s  a f l o w  r a t e  o f  1 , 7 2 5  g a l l o n s  
p e r  m i n u t e  a t  108  degrees  F. The two l i q u i d  waste streams f r o m  
t h e  s c r u b b e r s  a re  pumped t o  a s i n g l e  lime t r e a t i n g  t a n k ,  a n d  two 
t o n s  o f  lime p e r  h o u r  a re  a d d e d  t o  t h e  wastewater. The f l u o r i d e s  
p r e c i p i t a t e  as c a l c i u m  f l u o r i d e ,  w h i c h  is  separated from t h e  
p r o c e s s  water, p a s s e d  t h r o u g h  two g r a v i t y  t h i c k e n e r s ,  a f i l t e r  
p r e s s ,  a n d  i s  f i n a l l y  b u r i e d  i n  t h e  c o u n t y  l a n d f i l l  as a s o l i d .  
The c l e a n  process  water is r e c y c l e d  b a c k  t o  t h e  v e n t u r i  s c r u b b e r s  
f o r  r e u s e ,  t h e r e b y  c l o s i n g  t h e  water l o o p .  

1 0 3  



WASTES GENERATED Reduced by 2 8 0 , 0 0 0  g a l l o n s  p e r  d a y  

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

EQUIPMENT No i n f o r m a t i o n  p r o v i d e d  

RAW MATERIALS No c h a n g e  

WATER $ 8 7 0 , 0 0 0  s a v e d  p e r  y e a r  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL $930 000 s a v e d  p e r  y e a r  

P O L L U T I O N  C O N T R O L  L i m e  c o s t ,  d e t a i l s  n o t  p r o v i d e d  

PERSONNEL / M A  I NTEN A N CE No c h a n g e  

NET BENEFITS C o n s e r v a t i o n  o f  water r e s o u r c e s ,  c o s t  
s a v i n g s ,  c o m p l i a n c e  w i t h  C l e a n  Water 
Act 
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YPE DU 

a 
MODI F I. CAT I ON 

STI 

Abst rac t  

A s t u d y  was p e r f o r m e d  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  
r e c y c l i n g  u s e d  t i r e s  as a s e c o n d a r y  r e s o u r c e  f o r  r o a d p a v i n g  a n d  
o t h e r  p r o d u c t s  w h i c h  c o u l d  u t i l i z e  r u b b e r .  The p i l o t - s c a l e  
p r o j e c t  u s e d  b u f f i n g s  f rom t i r e  r e t r eade r s  as r e p r e s e n t a t i v e  o f  
c rumb r u b b e r  d e r i v e d  f r o m  t h e  c r y o g e n i c  p r o c e s s i n g  o f  u s e d  t i r e s .  
I n  t h e  s t u d y ,  a s e c t i o n  of  road was l a i d  u s i n g  t h e  c rumb r u b b e r  
i n  a t w o - p e r c e n t  m i x t u r e  w i t h  t h e  c o n v e n t i o n a l  a s p h a l t  s u r f a c i n g  
ma te r i a l .  Road l i f e  was d o c u m e n t e d  t o  b e  d o u b l e  t h a t  o f  
c o n v e n t i o n a l  a s p h a l t ,  a n d  e c o n o m i c  s t u d i e s  i n d i c a t e d  t h a t  t h e  
t e s t  ma te r i a l  was c o s t - c o m p e t i t i v e  w i t h  c o n c r e t e .  

A N N U A L  COST SAVINGS: Not a p p l i c a b l e .  

P A Y B A C K  P E R I O D :  Not a p p l i c a b l e .  

TIME TO IMPLEMENT:  I n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  B r o a d l y  a p p l i c a b l e  t h r o u g h o u t  t h e  U.S., 
a n d  i n  a n y  l o c a t i o n ,  w i t h  a s u r p l u s  o f  
u s e d  t i res ,  w h i c h  b u i l d s  o r  m a i n t a i n s  
r o a d w a y s .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS: Could e l i m i n a t e  t h e  problem o f  u s e d  

t i r e  d i s p o s a l ,  t h u s  c o n s e r v i n g  a 
c o n s i d e r a b l e  p e r c e n t a g e  of  l a n d f i l l  
v o l u m e ;  would r e d u c e  t h e  i n c i d e n c e  o f  
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a i r  p o l l u t i o n  f rom t h e  b u r n i n g  o f  
t i r e s ;  would r e d u c e  t h e  number o f  
t i r e s  a v a i l a b l e  as b r e e d i n g  g r o u n d s  
f o r  i n s e c t s .  

P r o j e c t  D e s c r i p t i o n  

T h e  Nebraska Smal l  Farms A c t i o n  Group a n d  t h e  I n s t i t u t e  f o r  
Loca l  S e l f - R e l i a n c e  r e c e i v e d  a g r a n t  from t h e  Nebraska's 
E n v i r o n m e n t a l  C o n t r o l  D e p a r t m e n t  t o  comple te  f e a s i b i l i t y  s t u d i e s  
a n d  t e s t i n g  o f  c rumb r u b b e r  as a n  a g g r e g a t e  a d d i t i v e  t o  a s p h a l t  
p a v i n g ,  a n d  as a f i l l e r / s e a l e r  f o r  c racks  i n  s t a t e  r o a d s .  
I n i t i a l  i n d i c a t i o n s  were t h a t  t h e  m o s t  p r o m i s i n g  u s e  of  t h e  c rumb 
r u b b e r  was as a n  a d d i t i v e  i n  a s p h a l t  r o a d p a v i n g .  

T h e  p i l o t - s c a l e  o p e r a t i o n  u s e d  b u f f i n g s  f r o m  r e t r e a d e r s ,  
t o  r e p r e s e n t  a c t u a l  c rumb r u b b e r  t a k e n  f r o m  c r y o g e n i c a l l y  
p r o c e s s e d  u s e d  t i res .  The q u a n t i t y  o f  a v a i l a b l e  b u f f i n g s  would 
n o t  s u p p o r t  a la rge-sca le  p r o j e c t .  I n v e s t m e n t  c a p i t a l  of  
$ 8 0 0 , 0 0 0  i s  b e i n g  s o u g h t  t o  b u i l d  a p r o c e s s i n g  p l a n t  t o  p r o d u c e  
crumb r u b b e r  from d i s c a r d e d  t i r e s .  

T h e  c o s t  o f  r o a d  c o n s t r u c t i o n  u s i n g  t h e  r u b b e r  a d d i t i v e  
i n c r e a s e d  by  a n  es t imated  10  t o  15 p e r c e n t ,  b u t  t h e  r o a d  l i f e  is  
d o u b l e d  d u e  t o  t h e  g r e a t e r  t e n s i l e  s t r e n g t h  i m p a r t e d  by  t h e  
r u b b e r .  T h i s  made t h e  t e s t  a s p h a l t  f a v o r a b l y  c o s t - c o m p e t i t i v e  
w i t h  c o n c r e t e .  

T h e  r e p o r t  c o n c l u d e d  t h a t  a t w o - p e r c e n t  m i x  o f  r u b b e r  i n  a l l  
t h e  road  a s p h a l t  p r o j e c t s  i n  Nebraska would u s e  a l l  of  t h e  c rumb 
r u b b e r  w h i c h  c o u l d  b e  p r o d u c e d  f r o m  t h e  s t a t e ' s  d i s c a r d e d  t i res .  
I t  was f u r t h e r  d e d u c e d  t h a t  t h i s  r a t i o  would  a l s o  h o l d  t r u e  on a 
n a t i o n a l  l e v e l .  The  New J e r s e y  Off ice  o f  R e c y c l i n g  r e p o r t s  t h a t  
New J e r s e y  g e n e r a t e s  a p p r o x i m a t e l y  7 m i l l i o n  waste t i r e s  p e r  
y e a r ,  o f  w h i c h  90  p e r c e n t  a re  e i t h e r  b u r i e d  i n  l a n d f i l l s  o r  
i l l e g a l l y  dumped. 

I n  Nebraska, l e g i s l a t i o n  h a s  b e e n  p r o p o s e d  t o  r e v i s e  s t a t e  
p r o c u r e m e n t  s p e c i f i c a t i o n s  i n  o r d e r  t o  e n s u r e  d e v e l o p m e n t  o f  t h i s  
market f o r  c rumb r u b b e r .  The  U.S. D e p a r t m e n t  o f  T r a n s p o r t a t i o n  
g u i d e l i n e s  f o r  f i n a n c i n g  s t a t e  r o a d w a y s  a l r e a d y  a l l o w  a n  
a d d i t i o n a l  5 - p e r c e n t  r e v e n u e - s h a r i n g  b e n e f i t  t o  s t a t e s  t h a t  
i n c o r p o r a t e  recycled mater ia ls  i n  t h e i r  h i g h w a y  p r o j e c t s .  
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WASTES GENERATED Information not provided 

PRODUCTIVITY No change 

PRODUCT QUALITY Improved 

DOWN TIME Not applicable 

FACILITIES Investment, details not provided 

EQU I PMENT Investment, details not provided 

RAW MATERIALS Free discarded tires 

WATER Not applicable 

ENERGY Reduced energy required f o r  paving 

WASTE DISPOSAL Common and associated costs 
eliminated 

POLLUTION CONTROL Eliminates cost of landfilling tires 

PERSONNEL/MAINTENANCE Information not provided 

NET BENEFITS Improved product quality, improved 
waste management economics 

Excerpted from The City of Newark's Waste Utilization Study, 
prepared by Self-Reliance, I n c , ,  for the Department of  



Engineering, Newark, New Jersey, written by Jon H u l s ,  Neil 
Seldman, Maurice Sampson, Anne Scheinburg, and Trish Ferrand, 
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TYPE OF IN~USTRY: 

~ O C A T ~ O ~ :  

SIC: 

S t ee l  S m e l ~ i n g  

S t e e l  C o r p o r a ~ i o n  
C ~ a r l o t ~ e  S t e e l  M i l l  D i v i s i o n  
(Denn i s  E .  Tebby 704/596-0?61)  

C h a r l o t t e ,  North Carol ina 

3312 

0 

O D 1  F I CAT I ON 

ASTE DUST FOR Z I N C  R E ~ O ~ E R Y  

0 
0 
f 
* 

Abstract 

Florida Steel Corporation sells metal dust, collected from 
furnace fumes, to a zinc smelter. This practice has reduced 
their disposal costs by almost half and allows reuse of the 
metal, rather than disposal. 

ANNUAL COST SAVINGS: $129 600 

PAYBACK PERIOD: Immediate. 

TIME TO IMPLEMENT: Not applicable. 

TRANSFERABILITY: Any firm producing significant 
quantities of metallic dust could 
pursue opportunities for selling or 
donating the dust in order to reduce 
disposal costs and risks. Information 
pertinent to such an investigation 
would include composition analysis of 
the waste, possible alternative uses, 
and availability of markets. One 
important market option that should not 
be overlooked is the use of a waste 
exchange brokerage. 



E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  C o n s e r v a t i o n  of  l a n d  a n d  ma te r i a l  

r e s o u r c e s ;  r e d u c e d  t h r e a t  of h e a v y  
metal. contamination o f  s u r f a c e -  a n d  
g r o u n d w a t e r  from l a n d f i l l  l eacha te .  

P r o j e c t  D e s c r i p t i o n  

F l o r i d a  S t e e l  C o r p o r a t i o n  p r o d u c e s  s t e e l  i n  two e l e c t r i c  
a r c - f u r n a c e s .  Scrap s t e e l  i s  t h e  p r e d o m i n a n t  raw mater ia l  a n d  
i n c l u d e s  s u c h  items as s h r e d d e d  a u t o m o b i l e s ,  m a c h i n e  s h o p  
t u r n i n g s ,  a n d  h e a v y  p l a t e .  The  fumes  e m i t t e d  from t h e  f u r n a c e s  
a r e  d u c t e d  t o  b a g h o u s e s ,  where  t h e  gas is  f i l t e r e d .  
A p p r o x i m a t e l y  2 , 7 0 0  t o n s  o f  waste d u s t  a re  c o l l e c t e d  f r o m  t h e  
f u r n a c e  each year .  B e c a u s e  e l e c t r i c  f u r n a c e  d u s t  h a s  b e e n  
c a t e g o r i z e d  as a h a z a r d o u s  waste by t h e  E P A ,  t h e  company h a s  b e e n  
u n a b l e  t o  l a n d f i l l  t h e  waste d u s t  o n - s i t e ,  as h a d  b e e n  d o n e  i n  
t h e  p a s t .  The waste ma te r i a l  was d e p o s i t e d  i n  a h a z a r d o u s  waste 
l a n d f i l l  i n  S o u t h  C a r o l i n a ,  a t  a c o s t  o f  $109 per  t o n ,  w h i c h  
i n c l u d e d  t r a n s p o r t a t i o n ,  d i s p o s a l  f e e s ,  a n d  c h a r g e s  i m p o s e d  b y  
S o u t h  C a r o l i n a .  

C h e m i c a l  a n a l y s e s  o f  t h e  waste d u s t  r e v e a l e d  h i g h  
c o n c e n t r a t i o n s  o f  z i n c .  The f i r m  h a s  r e c e n t l y  a r r a n g e d  t o  s h i p  
t h e  f u r n a c e  d u s t  t o  a z i n c  smelter f o r  metal r e c o v e r y ,  a t  a c o s t  
o f  $ 6 1  p e r  t o n .  T h i s  h a s  r e s u l t e d  i n  s i g n i f i c a n t  c o s t  s a v i n g s  t o  
F l o r i d a  S t e e l ,  e l i m i n a t i o n  o f  t h e  p o l l u t i o n  r i sks  a s s o c i a t e d  w i t h  
t h e  l a n d f i l l i n g  o f  z i n c ,  a n d  r e c o v e r y  o f  a u s e a b l e  mater ia l  -- 
z i n c  o x i d e .  

110 



WASTES GENERATED Reduced 

PRODUCTIVITY No c h a n g e  
___ _ _ _ _  ~ _ _ ~  

PRODUCT QUALITY No c h a n g e  

DOWN T I M E  No c h a n g e  
-____ ~ _ _ 

F A C I L I T I E S  No c h a n g e  

EQUIPMENT do c h a n g e  

RAW MATERIALS No c h a n g e  

WATER No c h a n g e  
- 

ENERGY No c h a n g e  

WASTE DISPOSAL $ 1 2 9 , 6 0 0  s a v e d  p e r  y e a r  

POLLUTION CONTROL No c h a n g e  
~. _ _ _  

PERSONNEL/MAINTENANCE No c h a n g e  

NET B E N E F I T S  R e l i e f  from t h e  h i g h  c o s t s  of  
h a z a r d o u s  waste management  
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TYPE OF X ~ ~ ~ ~ T R ~ ~  Grey a n d  Co 

ca F o u n d r y  ( n c y  X ~ ~ e r ~  
c o ~ s u l ~ i n ~  firm, cLay 4921452- 

LOCATION: 

SIC: 32 1 

O D X F I ~ A T X O ~  

CLOSED-LOOP ATER SYSTE 

A b s t r a c t  

Due t o  p l a n n e d  p l a n t  e x p a n s i o n  and  new g o v e r n m e n t a l  
r e g u l a t i o n s ,  Waupaca F o u n d r y  m o d i f i e d  t h e  e q u i p m e n t  d e s i g n  o f  
t h e i r  t r e a t m e n t  s y s t e m  from a s 
two i n  c l o s e d - l o o p s .  Through  s e l  
t h e  wastewater streams, Lancy  I n t e r n a t i o n a l ,  t h e  c o n  
was a b l e  t o  d e s i g n  t h e  c l o s e d - l o o p  p r o c e s s  s o  t h a t  o n l y  25 
p e r c e n t  o f  t h e  p l a n t ' s  t o t a l  p r o c e s s  water h a d  t o  b e  t r e a t e d .  
T h i s  a p p r o a c h  m i n i m i z e s  chemical u s a g e  i n  t h e  wastewater 
t r e a t m e n t ,  k e e p s  pumping c o s t s  down, and r e d u c e s  water u s a g e .  

A N N U A L  COST SAVINGS: $ 2 0 , 9 9 5  

P A Y B A C K  P E R I O D :  3.5 y e a r s  ( a f t e r  e x p a n s i o n )  

TIME TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  A p p l i c a b l e  t o  i n d u s t r i e s  u s i n g  water 
as t h e i r  p r o c e s s  s o l v e n t .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS: Reduced  t h r e a t  o f  g r o u n d -  a n d  s u r f a c e -  

water p o l l u t i o n ;  c o n s e r v a t i o n  o f  water 
and  wastewater t r e a t m e n t  chemica ls ;  
decreased h e a l t h  r i s k s  from e x p o s u r e  
t r e a t m e n t  chemicals.  
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P r o j e c t  D e s c r i p t i o n  

Waupaca o r i g i n a l l y  p a s s e d  t h e  wastewater from two process  
streams a n d  t h e  blowdown water f r o m  t h e i r  No. 1 c a s t i n g  p l a n t  
t h r o u g h  a h o l d i n g  pond f o r  c o o l i n g .  The wastewater t h e n  p a s s e d  
t h r o u g h  a d r a g  t a n k ,  t o  remove  s u s p e n d e d  s o l i d s ,  b e f o r e  i t  was 
a l l o w e d  t o  f low i n t o  t h e  r i v e r .  T h e r e  were v a r i o u s  p r o b l e m s  
a s s o c i a t e d  w i t h  t h i s  s y s t e m :  

1 )  The  pond t e n d e d  t o  f i l l  up r a p i d l y  a n d  a l l o w e d  a 
p o p c o r n - l i k e  r e s i d u e  t o  f low o v e r  t h e  weir and  i n t o  t h e  r i v e r .  

2 )  Heavy r a i n  c h u r n e d  up t h e  c o n t e n t s  o f  t h e  pond a n d  
i n c r e a s e d  t h e  amount  o f  s u s p e n d e d  s o l i d s  i n  t h e  o u t f a l l .  

3 )  The  pond r e q u i r e d  f r e q u e n t  c l e a n i n g  -- a t a s k  which had.  
t o  b e  d o n e  on premium weekend t ime w h i l e  t h e  f o u n d r y  was n o t  i n  
o p e r a t i o n .  

Two a d d i t i o n a l  f a c t o r s  i n f l u e n c e d  t h e i r  d e c i s i o n :  

1 )  The g o v e r n m e n t  i s s u e d  new p o l l u t i o n  c o n t r o l  r e g u l a t i o n s  
which would  r e q u i r e  z e r o  d i s c h a r g e  i n t o  n a v i g a t i o n a l  waters.  

2 )  Waupaca w a n t e d  t o  e x p a n d  i t s  6 0 - i n c h - d i a m e t e r  c u p o l a  
f rom a c a p a c i t y  o f  1 5  t o n s  t o  18 t o n s  p e r  h o u r  a n d ,  a t  a l a t e r  
d a t e ,  t o  30 t o n s  p e r  h o u r .  

C o n s e q u e n t l y ,  Waupaca d e c i d e d  t o  u p g r a d e  t h e i r  wastewater 
t r e a t e m e n t  s y s t e m .  They e n g a g e d  Lancy  I n t e r n a t i o n a l  t o  a n a l y z e ,  
e n g i n e e r ,  and  s u p p l y  t h e  e q u i p m e n t  n e e d e d  t o  u p g r a d e  t h e  s y s t e m .  

A s t u d y  b y  Lancy  d e t e r m i n e d  t h a t  t h e  most  e c o n o m i c a l  a n d  
e n v i r o n m e n t a l l y  s o u n d  a p p r o a c h  would  b e  a c l o s e d - l o o p  s y s t e m  
t h a t  c o u l d  r e c y c l e  t h e  p r o c e s s  water. Lancy  a l s o  f o u n d  t h a t ,  
t h r o u g h  t h e  s e g r e g a t i o n  of  v a r i o u s  streams, o n l y  a b o u t  2 5  p e r c e n t  
o f  t h e  p l a n t ' s  t o t a l  p r o c e s s  water h a d  t o  b e  t r e a t e d .  
C o n s e q u e n t l y ,  c a p i t a l  c o s t s  f o r  t h e  p r e t r e a t m e n t  f a c i l i t y  c o u l d  
b e  r e d u c e d  by 5 0  t o  7 5  p e r c e n t .  A s  a r e s u l t  o f  t h e  s t u d y ,  t h e  
c l o s e d - l o o p  s y s t e m  was i n s t a l l e d .  I t  h a n d l e s  t h e  e f f l u e n t  f low 
f rom P l a n t  No. 1 ' s  c u p o l a  o p e r a t i o n .  The s y s t e m  p r o v i d e s  
c l a r i f i e d  water t h a t  is  r e u s e d  i n  t h e  v e n t u r i  s c r u b b e r .  Water 
f rom t h e  q u e n c h e r  f l o w s  i n t o  t h e  d r a g  t a n k  where t h e  l a rge  
p a r t i c l e s  s e t t l e  o u t .  

P a r t i c l e - l a d e n  s c r u b b e r  water f l o w s  i n t o  t h e  s e p a r a t o r  sump. 
The ove r f low f r o m  t h e  sump is  pumped t o  t h e  d r a g  t a n k .  The 
u n d e r f l o w  f rom t h e  sump f l o w s  i n t o  t h e  n e u t r a l i z a t i o n /  
f l o c c u l a t i o n  t a n k ,  E f f l u e n t  streams, f r o m  t h e  d r a g  t a n k  a n d  



thickener overflow, are also conducted into the neutralization/ 
flocculation tank, where caustic soda and polymer are added to 
precipitate and hasten settling of the metals from the waste 
stream. The mixture then flows into a standard lamella-type 
Lancy clarifier where solids are removed as sludge. The water 

from the clarifier flows to the wet well and is recycled through 
the venturi. The sludge is pressed, and the water obtained is 
recycled back to the neutralization/flocculation tank. The 
sludge is taken to the foundry's approved landfill. 

Strategies that Waupaca's management found beneficial in 
planning these modifications include: 

1) Using the foundry's exact process water chemistry as a 
basis for designing the least costly equipment system. 

2) Following a "start small" strategy to minimize 
investment in capital equipment, reduce operating costs, and gain 
operating experience. 

3) Providing flexibility in the system design in order to 
minimize changes in existing production facilities and 
operations, to allow for production growth, and to accommodate 
future pollution control regulations. 
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WASTES GENERATED No c h a n g e  

P R O D U C T I V I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

EQUIPMENT $ 4 0 0 , 0 0 0  s a v i n g s  

RAW MATERIALS No c h a n g e  

WATER $ 1 3 , 0 0 0  s a v e d  p e r  year  

ENERGY $ 7 4 4  c o s t  p e r  y e a r  

WASTE DISPOSAL I n f o r m a t i o n  n o t  p r o v i d e d  

POLLUTION C O N T R O L  $ 2 1 , 0 0 0  s a v e d  p e r  y e a r ;  a p p r o x i m a t e l y  
$ 0 . 2 5  per  t o n  o f  p r o d u c t i o n ,  i n c l u d i n g  
water and  e n e r g y  

PERSONNEL/MAINTENANCE $ 1 8 , 0 0 0  c o s t  p e r  y e a r  

NET BENEFITS C o n s e r v a t i o n ,  m i n i m i z a t i o n  o f  waste 
management  c o s t s  
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For more i n f o r m a t i o n ,  r e f e r  t o  " P l a n n i n g  a n d  I n s t a l l i n g  a 
Waste Water T r e a t m e n t  S y s t e m "  by F.M. D e g n e r ,  i n  F o u n d r y  
Management a n d  T e c h n o l o g y ,  J u n e  1983.  
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Abst rac t  

T h e  S t a n a d y n e  Company u n d e r t o o k  a c o m p r e h e n s i v e  a n d  
sys t ema t i c  r e v i e w  o f  t h e i r  e l e c t r o p l a t i n g  processes  i n  o r d e r  t o  
r e d u c e  o r  e l i m i n a t e  waste g e n e r a t i o n .  T h e i r  e f f o r t s  h a v e  
r e s u l t e d  i n  a b r o a d  s p e c t r u m  o f  a c t i v i t i e s  w h i c h  h a v e  s a v e d  t h e  
firm money a n d  m i n i m i z e d  p o l l u t i o n .  A s u l f u r i c / p e r o x i d e  
mater ia ls  s u b s t i t u t i o n  f o r  chromic a c i d  r e d u c e s  s l u d g e  p r o d u c t i o n  
Trom t h e i r  p a r t s  c l e a n i n g  o p e r a t i o n .  The  company a l s o  f o u n d  t h e y  
c o u l d  o p e r a t e  t h e i r  c y a n i d e  c o p p e r -  a n d  c h r o m e - p l a t i n g  b a t h s  a t  
lower c o n c e n t r a t i o n s ,  s a v i n g  b o t h  raw mater ia l  a n d  s l u d g e -  
h a n d l i n g  c o s t s .  O t h e r  e q u i p m e n t  d e s i g n  a n d  o p e r a t i o n  c h a n g e s ,  
which r e d u c e d  d r a g o u t  v o l u m e s  a n d  rack r e c o a t i n g  c o s t s ,  a l s o  
i m p r o v e d  p l a t i n g  e f f i c i e n c y .  T a n k s  were i n s t a l l e d ,  b e f o r e  t h e  
r i n s i n g  o p e r a t i o n ,  to r e c y c l e  v a l u a b l e  metals back t o  t h e  p l a t i n g  
b a t h s .  A c h a n g e  i n  t h e  o p e r a t i o n  o i n g - b a t h  f i l t r a t i o n  
e q u i p m e n t  o p e r a t i o n  d r a s t i c a l l y  r e d u c e d  s o l u t i o n  l o s s e s ,  and  
r e s u l t e d  i n  a 9 3 - p e r c e n t  c o s t  r e d u c t i o n , f o r  f i l t e r  m e d i a .  A 
f i l t e r  p r e s s  o p e r a t i o n ,  f o r  s l u d g e  d e w a t e r i n g ,  m i n i m i z e d  t h e  c o s t  
o f  s l u d g e  t r a n s p o r t  a n d  d i s p o s a l .  A new wastewater a n d  s a n d  
f i l t r a t i o n  s y s t e m  h a s  i m p r o v e d  t h e  t r e a t e d  wastewater q u a l i t y .  
H o u s e k e e p i n g  i m p r o v e m e n t s  l e d  t o  l eak  e l i m i n a t i o n  a n d  t o  a 
p r e i n s p e c t i o n  p r o g r a m  w h i c h  p r e v e n t s  p l a t i n g  o f  d e f e c t i v e  p a r t s .  
S t a n a d y n e  a l s o  i n c o r p o r a t e d  p o l l u t i o n  p r e v e n t i o n  g o a l s  i n  t h e i r  
r e c e n t  p l a n t  e x p a n s i o n ;  t h e  new degreaser  t h e y  s e l e c t e d  has  
s i g n i f i c a n t l y  lowered s o l v e n t  c o s t s .  F i n a l l y ,  t h e  company h a s  
u n d e r t a k e n  n u m e r o u s  management  i n i t i a t i v e s  t o  p r o m o t e  p o l l u t i o n  
p r e v e n t i o n  w i t h i n  t h e i r  f i r m ,  among o t h e r  e l e c t r o p l a t e r s ,  a n d  
among t h e  s t a t e ' s  c i t i z e n s  a t  l a rge .  

A N N U A L  COST S A V I N G S :  I n f o r m a t i o n  n o t  p r o v i d e d .  

PAYBACK P E R I O D :  Not a p p l i c a b l e .  

TIME T O  IMPLEMENT: O n g o i n g ,  1982  t o  p r e s e n t .  

T R A N S F E R A B I L I T Y :  The most i m p o r t a n t  f e a t u r e s  of  t h e  
S t a n a d y n e  m o d i f i c a t i o n s  a re  t h e  commi t -  
ment  t h e  f i rm h a s  made t o  waste 
r e d u c t i o n ,  and  t h e  o n - g o i n g ,  s y s t e m a t i c  
a p p r o a c h  t h e y  h a v e  u s e d  t o  achieve t h i s  
g o a l .  Once t h e y  i d e n t i f i e d  t h e  two ma- 
j o r  s o u r c e s  of  p o l l u t i o n  -- d r a g o u t  a n d  
s p e n t  p r o c e s s  s o l u t i o n s  -- t h e y  f o c u s e d  
t h e i r  e f f o r t s  on t h e s e  f e a t u r e s  o f  
t h e i r  o p e r a t i o n .  

Wi th  r e spec t  t o  s p e c i f i c  m o d i f i c a t i o n s  
d e s c r i b e d ,  t h e  f o l l o w i n g  comments  a r e  
o f f e r e d :  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

o The s u c c e s s  of  c h a n g e s  i n  s o l u t i o n  
makeup w i l l  d e p e n d  on w h a t  mater ia ls  
compose  t h e  p l a t i n g  b a t h ,  and  on t h e  
t h i c k n e s s  and  d e p o s i t  q u a l i t y  of t h e  
c o a t i n g  r e q u i r e d .  

o D r a g o u t  r e c o v e r y  was a l o w - c o s t  
m o d i f i c a t i o n  f o r  S t a n a d y n e .  Some 
k i n d  of  d r a g o u t  r e c o v e r y  s y s t e m  c a n  
u s u a l l y  b e  u s e d  a f t e r  most h e a t e d  
p l a t i n g  b a t h s .  However ,  some 
a p p l i c a t i o n s  may b e  l i m i t e d  b y  a 
b u i l d - u p  of  d e g r a d e d  o r g a n i c  
a d d i t i v e s  and  meta l l ic  c o n t a m i n a n t s ,  
o r  by  t h e  hea t  s e n s i t i v i t y  o f  some 
of  t h e  c o m p o n e n t s .  Some s y s t e m s  
m i g h t  r e q u i r e  p r o h i b i t i v e  c a p i t a l  o r  
e n e r g y  c o s t s .  Use o f  t h i s  
m o d i f i c a t i o n  may a l s o  r e q u i r e  
a d d i t i o n a l  f l o o r s p a c e  t o  accommoda te  
e x t r a  t a n k s .  

o The h o u s e k e e p i n g  a c t i v i t i e s  and  
f i l t e r  m e d i a  c h a n g e s  d e m o n s t r a t e  t h e  
s a v i n g s  t h a t  c a n  be  a c h i e v e d  by 
c o n s i s t e n t  m o n i t o r i n g  of  e q u i p m e n t  
u s e ,  and  by k e e p i n g  ab reas t  o f  new 
p r o d u c t  d e v e l o p m e n t .  The  most 
i m p o r t a n t  f e a t u r e s  o f  t h e  S t a n a d y n e  
program a re  t h e  c o m p a n y ' s  commitment  
t o  p o l l u t i o n  r e d u c t i o n ,  a n d  t h e  
w i l l i n g n e s s  o f  management  t o  d e v o t e  
p e r s o n n e l  time t o  b o t h  i n - h o u s e  and  
p u b l i c  a c t i v i t i e s  a imed a t  a c h i e v i n g  
t h i s  g o a l .  

C o n s e r v a t i o n  o f  ma te r i a l  r e s o u r c e s ;  
r e d u c e d  t h r e a t  o f  g r o u n d -  and  s u r f a c e -  
water c o n t a m i n a t i o n ;  r e d u c e d  p e r s o n n e l  
e x p o s u r e  t o  c y a n i d e .  

P r o j e c t  D e s c r i p t i o n  

The  S t a n a d y n e  p l a n t  i n  S a n f o r d ,  Nor th  C a r o l i n a ,  m a n u f a c t u r e s  
p l u m b i n g  p r o d u c t s ,  p r i n c i p a l l y  t h e  Moen f a u c e t .  Some o f  t h e  
o p e r a t i o n s  t h a t  a re  e s s e n t i a l  t o  t h e  p r o d u c t i o n  o f  a marketable ,  
q u a l i t y  f a u c e t  a l s o  r e s u l t  i n  t h e  p r o d u c t i o n  of waste mater ia l .  
These o p e r a t i o n s  i n c l u d e :  p l a t i n g ,  b r i g h t  d i p p i n g ,  s t r i p p i n g ,  
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and d e g r e a s i n g .  The  company h a s  a d o p t e d  a c o m p r e h e n s i v e  a n d  
s y s t e m a t i c  a p p r o a c h  t o  r e d u c i n g  waste g e n e r a t i o n .  They  b e g a n  
w i t h  t h e  q u e s t i o n :  "How c a n  p o l l u t i o n  b e  p r e v e n t e d  w i t h o u t  
a d v e r s e l y  a f f e c t i n g  t h e  e l e c t r o p l a t i n g  p r o c e s s ? " ;  t h e y  p r o c e e d e d  
t o  c a r e f u l l y  r e v i e w  t h e i r  o p e r a t i o n  w i t h  t h i s  q u e s t i o n  i n  mind.  

The  p l u m b i n g  p r o d u c t s  t h a t  S t a n a d y n e  m a n u f a c t u r e s  are p l a t e d  
w i t h  c o p p e r ,  n i c k e l ,  a n d  ch rome .  These f i n i s h e s  a r e  a p p l i e d  t o  
z i n c  o r  b ra s s  p a r t s  t o  r e s i s t  c o r r o s i o n ;  i t  was i m p o r t a n t  t h a t  
t h e  f i n i s h  q u a l i t y  n o t  b e  compromised .  The company a l s o  w a n t e d  
t o  a v o i d  a n y  i n c r e a s e  i n  p l a t i n g  d e f e c t s  o r  c o n t a m i n a t i o n  o f  
p l a t i n g  b a t h s  w h i c h  c o u l d  u l t i m a t e l y  lead t o  m o r e ,  r a t h e r  t h a n  
l e s s ,  waste p r o d u c t i o n .  

T h e  m o d i f i c a t i o n s  r e p o r t e d  h e r e i n  come f r o m  a l l  p h a s e s  o f  
t h e i r  o p e r a t i o n  i n c l u d i n g :  p a r t s  s u r f a c e  c l e a n i n g ,  p l a t i n g ,  
r i n s i n g ,  s t r i p p i n g ,  and  waste t r e a t m e n t .  T h e i r  p o l l u t i o n  
p r e v e n t i o n  p r o g r a m  a l s o  i n c o r p o r a t e s :  c o n s i d e r a t i o n  o f  waste 
r e d u c t i o n  p o t e n t i a l  when d e s i g n i n g  new e q u i p m e n t  and  f a c i l i t i e s ,  
a c t i v e  p a r t i c i p a t i o n  o f  e m p l o y e e s  i n  c a r r y i n g  o u t  t h e  p r o g r a m s  s 
g o a l s ,  and  s t r o n g  l e a d e r s h i p  by  S t a n a d y n e  p e r s o n n e l  i n  p r o m o t i n g  
t hese  a c t i v i t i e s  among o t h e r  i n d u s t r i e s .  

Par t s  S u r f a c e  C l e a n i n g  

The  c l e a n i n g  o f  brass  a n d  c o p p e r  p a r t s  w h i c h  h a v e  b e e n  
b r a z e d  t o g e t h e r  is  a c c o m p l i s h e d  i n  a b r i g h t  d i p p i n g  o p e r a t i o n .  
T h i s  o p e r a t i o n  -- c l e a n i n g  metal s u r f a c e s  w i t h  a c i d s  a n d  
o x i d i z e r s  -- i s  a m a j o r  waste p r o d u c e r .  A s u l f u r i c / p e r o x i d e  
b r i g h t  d i p  is u s e d  t o  a v o i d  t h e  h i g h  s l u d g e  p r o d u c t i o n  a s s o c i a t e d  
w i t h  chromic a c i d  b r i g h t  d i p ,  A s i d e  t a n k ,  wh ich  w i l l  b e  u s e d  as 
a n  e l e c t r o l y t i c  c e l l ,  h a s  b e e n  o r d e r e d  f o r  p l a t i n g  o u t  t h e  coppe r  
which  b u i l d s  u p  i n  t h e  b a t h .  R e d e s i g n  o f  t h e  r acks  w h i c h  c a r r y  
t h e  p a r t s  w i l l  a l s o  b e  c o n s i d e r e d  i n  1985.  

P l a t i n g  O p e r a t i o n  

P l a t i n g  is  a c c o m p l i s h e d  on two r e t u r n - t y p e  m a c h i n e s  ( U d y l i t e  
C y c l e m a s t e r s ) .  A s  p a r t s  a re  l i f t e d  o u t  of t h e  p l a t i n g  b a t h ,  t h e  
s o l u t i o n  t h a t  c l i n g s  t o  t h e  p a r t  is c a l l e d  d r a g o u t ,  w h i c h  becomes 
p o l l u t i o n  i n  t h e  r i n s i n g  process .  M i n i m i z a t i o n  o f  d r a g o u t  s h o u l d  
b e  i n v o l v e d  i n  t h e  i n v e s t i g a t i o n  of  f o u r  areas:  s o l u t i o n  makeup,  
m a c h i n e  m o t i o n ,  p a r t  and  rack d e s i g n ,  and  s o l u t i o n  m a i n t e n a n c e .  

S o l u t i o n  Makeup 

D i f f e r e n t l y  s h a p e d  p a r t s  r e q u i r e  p l a t i n g  b a t h s  o f  d i f f e r e n t  
chemical  makeups  t o  achieve r e q u i r e d  t h i c k n e s s  a n d  d e p o s i t  
q u a l i t i e s .  I n  f o r m u l a t i n g  t h e i r  c y a n i d e  coppe r -  a n d  chrome- 
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p l a t i n g  b a t h s ,  S t a n a d y n e  d e t e r m i n e d  t h a t  l o w e r  c o n c e n t r a t i o n s  of  
c h e m i c a l s  c o u l d  b e  u s e d .  By r u n n i n g  t h e  p o t a s s i u m  c y a n i d e  
c o n c e n t r a t i o n  a t  2 . 5  o u n c e s  p e r  g a l l o n ,  i n s t e a d  o f  3 .5  o u n c e s  
p e r  g a l l o n ,  t h e  c y a n i d e  d r a g o u t  c o n c e n t r a t i o n  has b e e n  r e d u c e d  by  
2 8  p e r c e n t ,  w i t h o u t  a n y  a d v e r s e  a f f e c t  on p l a t i n g  q u a l i t y .  
S a v i n g s  a c c r u e  f r o m  u s i n g  l e s s  c y a n i d e  a n d  l e s s  b l e a c h  f o r  
c y a n i d e  d e s t r u c t i o n .  I n  t h e  ch rome  b a t h s ,  t h e  c h r o m i c  a c i d  
l e v e l s  are  m a i n t a i n e d  a t  a b o u t  29 o u n c e s  p e r  g a l l o n  i n s t e a d  o f  32 
o u n c e s  p e r  g a l l o n ,  T h i s  9 - p e r c e n t  r e d u c t i o n  r e s u l t s  i n  s a v i n g s  
d u e  t o  r e d u c e d  raw ma te r i a l  r e q u i r e m e n t s .  T h e s e  m a t e r i a l s  
i n c l u d e  chromic a c i d ,  s o d i u m  b i s u l f i  ( u s e d  t o  r e d u c e  h e x a v a l e n t  
ch rome  t o  t r i v a l e n t  c h r o m e ) ,  a n d  odium h y d r o x i d e  ( u s e d  t o  
p r e c i p i t a t e  metals)  e S l u d g e  h a l a d l i n  c o s t s  a re  a l s o  r e d u c e d .  

a c h i n e  Mot ion  

T h e  m o t i o n  o f  t h e  U d y l i t e  Cyclemaster p l a t i n g  m a c h i n e  is  
r e p e t i t i o u s  a n d  a u t o m a t i c ,  o r k  is moved t h r o u g h  a t a n k ,  l i f t e d  
o u t ,  i n d e x e d  o v e r g  a n d  l o w e r e d  i n t o  t h e  n e x t  t a n k .  BY 
i n t r o d u c i n g  a p a u s e  b e f o r e  i n d e x i n g  i n  t h e  up p o s i t i o n ,  a 
s i g n i f i c a n t  p o r t i o n  o f  t h e  d r  g o u t  i s  a b l e  t o  d r i p  b a c k  i n t o  t h e  
p r o c e s s  t a n k s  S p e c i f i c  s a v i n  s d u e  t o  t h i s  c h a n g e  h a v e  n o t  b e e n  
c a l c u l a t e d .  Tn m a k i n g  t h i s  h a n g e ,  c a re  was t a k e n  t o  a v o i d  a n  
e x c e s s i v e  i n c r e a s e  i n  99hang time". D e p e n d i n g  on t h e  base metal  

nd  on t h e  p r o c e s s 9  d r y - o n s  o r  p a s s i v a t i o n  o f  n i c k e l  c o u l d  
r e s u l t  I 

Par t  a n d  Rack D e s i g n  

S t a n a d y n e  a d o p t e d  a p r o g r a m  o f  rack r e d e s i g n  f o r  
m i n i m i z a t i o n  o f  d r a g o u t ,  a f t e r  a t t e n d i n g  t h e  " P o l l u t i o n  
P r e v e n t i o n  P a y s  i n  t h e  E l e c t r o p l a t i n g  I n d u s t r y "  w o r k s h o p  i n  1 9 8 3  
( s p o n s o r e d  b y  t h e  s t a t e  o f  N o r t h  C a r o l i n a ) .  A l t h o u g h  s a v i n g s  a re  
d i f f i c u l t  t o  c a l c u l a t e ,  s i g n i f i c a n t  s a v i n g s  i n  p r o c e s s  chemica ls ,  
p o l l u t i o n  c o n t r o l  c h e m i c a l s ,  d r o p p e d  p a r t s ,  a n d  i n  f u t u r e  
r a c k - c o a t i n g  c o s t s  have b e e n  a c h i e v e d .  T h e  f i r s t  c o n s i d e r a t i o n  
f o r  rack r e d e s i g n  was a c h a n g e  f r o m  h o r i z o n t a l  t o  v e r t i c a l  
o r i e n t a t  i o n .  I n s t e a d  o f  r u n n i n g  t i p s  o f f  t h e  h o r i z o n t a l  
c r o s s - m e m b e r s ,  t i p s  were c o n n e c t e d  d i r e c t l y  t o  v e r t i c a l  s p l i n e s ,  
S e v e r a l  a d v a n t a g e s  were g a i n e d  by  t h i s  c h a n g e :  

1 )  d r a g o u t  was r e d u c e d  b e c a u s e  t h e  s o l u t i o n  s l i d e s  o f f  t h e  
rack,  i n s t e a d  o f  c l i n g i n g  t o  h o r i z o n t a l  c r o s s  members; 

2 )  rack area was r e d u c e d ,  p r o v i d i n g  l ess  s u r f a c e  area f o r  
d r a g o u t  t o  c l i n g  t o ;  

3 )  fewer e l e c t r i c a l  r e s i s t a n c e  p o i n t s ,  s i n c e  s p l i n e s  a re  
d i r e c l y  c o n n e c t e d  t o  rack h o o k s ;  
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4 )  r e d u c e d  s h a d i n g  o f  low c u r r e n t  d e n s i t y  areas  b y  each 
rack s p l i n e ;  

5 )  r e d u c e d  p l a t i n g  on t h e  backs  o f  p a r t s  w h i c h  a re  n o t  
e x p o s e d  s u r f a c e s ,  t h e r e f o r e  r e q u i r i n g  l e s s  p r o t e c t i o n  f o r  t hese  
p a r t s ;  

6 )  rack r e c o a t i n g  c o s t s  were r e d u c e d  b e c a u s e  t h e r e  was l e s s  

The  c h a n g e s  i n  rack d e s i g n  were u n d e r t a k e n  d u r i n g  t h e  
r e g u l a r  r a c k - r e c o a t i n g  p r o c e s s .  I n i t i a l  c o s t  was somewhat  h i g h e r  
t h a n  a s i m p l e  r e c o a t ,  b u t  t h e  c h a n g e  w i l l  q u i c k l y  p a y  f o r  
i t s e l f .  

rack area.  

Wide s h e l f  a r eas ,  c u p s ,  a n d  b l i n d  h o l e s  were e l i m i n a t e d  
w h e r e v e r  p o s s i b l e .  The  o r i e n t a t i o n  of  each p a r t  on t h e  rack was 
reviewed. By a n g l i n g  p a r t s  t o  o n e  s i d e ,  t r ~ ~ p s t t  were e l i m i n a t e d ,  
a n d  d r a g o u t  was r e d u c e d .  The l o n g e s t  l i n e s  o f  each p a r t  a re  
r acked  v e r t i c a l l y ,  w h e n e v e r  p o s s i b l e ,  t o  a l l o w  d r a g o u t  t o  s l i d e  
o f f  more e a s i l y .  

S o l u t i o n  M a i n t e n a n c e  

S t a n a d y n e  r e v i e w e d  t h e  p l a t i n g  s o l u t i o n  f i l t r a t i o n  p r o c e s s  
f o r  waste r e d u c t i o n  o p p o r t u n i t i e s .  P l a t i n g  s o l u t i o n s  m u s t  be  
f i l t e r e d  t o  p r o d u c e  h i g h - q u a l i t y  f i n i s h e s  which  are  f r ee  from 
r o u g h n e s s .  F i l t e r  m e d i a  mus t  b e  c h a n g e d  w h e n e v e r  p r e s s u r e  b u i l d s  
u p  and  r e t a rds  t h e  r a t e  o f  f i l t r a t i o n .  D u r i n g  f i l t e r  c h a n g e s ,  
s p i l l a g e  o r  o u t r i g h t  dumping  c a n  become a s i g n i f i c a n t  s o u r c e  o f  
p o l l u t i o n  a n d / o r  p r o c e s s  water t r e a t m e n t  p r o b l e m s .  I n  l a t e  1 9 8 2  
a n d  e a r l y  1983 ,  a l l  s l e e v e - t y p e  f i l t e r s  were replaced w i t h  
h o r i z o n t a l  p l a t e  f i l t e r s ,  wh ich  use p a p e r  d i s k s  as f i l t e r  m e d i a .  
The new Mefiag f i l t e r s  a re  m a n u f a c t u r e d  b y  Baker B r o t h e r s .  T h e  
p a y b a c k  p e r i o d  f o r  t h e  new f i l t e r s  was l e s s  t h a n  two years .  The 
most s t a r t l i n g  s a v i n g s  o c c u r r e d  i n  t h e  c o s t  o f  m e d i a  f o r  f i l t e r  
c h a n g e s .  The r e d u c t i o n  i n  t h e  c o s t  o f  m e d i a  p e r  f i l t e r  c h a n g e  
r e s u l t e d  i n  a 9 3  p e r c e n t  d i r e c t  c o s t  s a v i n g s .  S o l u t i o n  l o s s e s ,  
a s  wel l  as  t h e  l a b o r  time n e e d e d  t o  c h a n g e  t h e  f i l t e r s ,  were a l s o  
r e d u c e d .  

A method f o r  r e d u c i n g  s o l u t i o n  l o s ses  d u r i n g  f i l t e r  c h a n g e s  
was recommended by Dave G i b s o n  o f  B a k e r  B r o t h e r s ;  it was 
i n s t i t u t e d  a t  S t a n a d y n e  i n  1984 .  An a i r  h o s e  f r o m  t h e  low- 
p r e s s u r e  a i r  b lower  is c o n n e c t e d  t o  t h e  f i l t e r ' s  b l e e d - o f f  h o s e .  
A i r  is i n t r o d u c e d  i n t o  t h e  f i l t e r ,  a n d  t h e  s o l u t i o n  c a n  be b lown  
i n t o  a s l u r r y  or s t o r a g e  t a n k .  The l o n g e r  t h e  f i l t e r  is b lown  
down, t h e  d r i e r  i t  becomes. U s i n g  t h i s  method,  s o l u t i o n  losses  
were n e a r l y  e l i m i n a t e d ,  and  f i l t e r  c h a n g e s  a re  easier  a n d  sa fer .  
T h i s  is e s p e c i a l l y  h e l p f u l  when h a n d l i n g  c y a n i d e  s o l u t i o n .  
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S t a n a d y n e  h a s  o b s e r v e d  a 2 0 - p e r c e n t  r e d u c t i o n  i n  chemical 
c o s t s  p e r  h o u r  a s  a r e s u l t  o f  t h e  z i n c  d i e -cas t  p l a t i n g  
m o d i f i c a t i o n s .  T h i s  t r a n s l a t e s  i n t o  o v e r  $ 1 0 , 0 0 0  i n  c o s t  
s a v i n g s  p e r  year ,  

D r a g o u t  R e c o v e r y  a n d  R i n s i n g  

By c a p t u r i n g  d r a g o u t  i n  s t i l l  t a n k s  b e f o r e  r i n s i n g  a n d  
r e c y c l i n g  i t  t o  t h e  p l a t i n g  t a n k s ,  v a l u a b l e  chemicals  c a n  b e  
s a v e d ,  a n d  t r e a t m e n t  a n d  d i s p o s a l  c o s t s  e l i m i n a t e d .  D r a g o u t  
r e c o v e r y  r e q u i r e s  s t r i c t  c o n t r o l  o f  t h e  c o n t a m i n a n t s  i n  t h e  
p l a t i n g  s o l u t i o n  t o  p r e v e n t  c o n c e n t r a t i n g  t h e m ,  which  would  
r e s u l t  i n  p l a t i n g  d e f e c t s .  

A s i m p l e  d r a g o u t  r e c o v e r y  s y s t e m  was i n s t a l l e d  on t h e  n i c k e l  
p l a t i n g  m a c h i n e  f o r  z i n c  d i e - c a s t i n g s .  Less t h a n  $ 1 , 0 0 0  was 
i n v e s t e d  f o r  a s t o r a g e  t a n k .  The  d r a g o u t  i s  r e c y c l e d  o n c e  a 
w e e k .  The  n i c k e l  is  r e c o v e r e d  a t  a c o n c e n t r a t i o n  o f  3.2 o u n c e s  
p e r  g a l l o n ,  which  r e s u l t s  i n  a 30-pound-per -week s a v i n g s  i n  raw 
mater ia l s .  A t  t h e  c u r r e n t  market p r i c e  of  $2 .80  p e r  p o u n d ,  t h i s  
s y s t e m  s a v e s  t h e  f i r m  $ 4 , 2 0 0  w o r t h  o f  n i c k e l  p e r  y e a r .  T h e  
r e c o v e r y  o p e r a t i o n  a l s o  r e d u c e s  t h e  g e n e r a t i o n  o f  n i c k e l  s l u d g e  
b y  9 , 5 0 0  p o u n d s  p e r  year .  

P l a n s  a r e  now underway  t o  r e c y c l e  ch rome  d r a g o u t .  T h e  
s y s t e m  w i l l  n o t  r e c o v e r  100  p e r c e n t  o f  t h e  l o s t  c h r o m e ,  b u t  w i l l  
a t t e m p t  t o  reach a n  8 0 -  t o  9 0 - p e r c e n t  r e c o v e r y  r a t e .  S i n c e  t h e  
e v a p o r a t i o n  from t h e  chrome t a n k  is  t o o  low t o  a l l o w  t h e  d i r e c t  
r e t u r n  o f  ch rome  d r a g o u t ,  a n  e v a p o r a t o r  t a n k  w i l l  b e  u s e d  t o  
reduce t h e  d r a g o u t  vo lume b e f o r e  pumping i t  d i r e c t l y  b a c k  t o  t h e  
ch rome  t a n k .  S u l f a t e  a n d  c a t i o n  c o n c e n t r a t i o n s  w i l l  b e  m o n i t o r e d  
f o r  p o s s i b l e  p r o b l e m a t i c  b u i l d u p s .  

C o u n t e r f l o w  r i n s i n g  a n d  f l o w  c o n t r o l s  t o  r i n s e  t a n k s  a re  
s t a n d a r d  p r a c t i c e s  a t  S t a n a d y n e .  Water r e u s e ,  b o t h  b e f o r e  a n d  
a f t e r  t r e a t m e n t  o f  t h e  t a n k s ,  is b e i n g  c o n s i d e r e d ,  b u t  h a s  n o t  
y e t  b e e n  i n s t i t u t e d .  

Waste T r e a t m e n t  

The r e d u c t i o n  o f  s l u d g e  volume is achieved by r e d u c i n g  t h e  
water c o n t e n t  o f  t h e  s l u d g e .  S l u d g e  r e s u l t s  f r o m  t h e  r e m o v a l  o f  
metals from r i n s e  waters;  t h e  s l u d g e  i s  i n  t h e  form o f  metal  
h y d r o x i d e ,  a h a z a r d o u s  waste. A t  S t a n a d y n e ,  s l u d g e  vo lume  
r e d u c t i o n  is  a c h i e v e d  t h r o u g h  t h e  u s e  o f  a f i l t e r  p re s s .  
D e w a t e r i n g  w i t h  t h e  p r e s s  r e s u l t s  i n  a 2 5 -  t o  3 0 - p e r c e n t - s o l i d  
s l u d g e .  The r e d u c e d  s l u d g e  vo lume  decreases  s h i p p i n g  a n d  
d i s p o s a l  c o s t s .  
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A f u r t h e r  r e d u c t i o n  is  c u r r e n t l y  b e i n g  p u r s u e d  t h r o u g h  t h e  
p u r c h a s e  of  a JWI (J-Mate) s l u d g e  d r y e r .  T h i s  p i ece  o f  
e q u i p m e n t ,  w h i c h  is c u r r e n t l y  on o r d e r ,  r e p r e s e n t s  new t e c h n o l o g y  
i n t r o d u c e d  i n  J u l y  1 9 8 4 .  The d r y e r  w i l l  d r i v e  t h e  r e m a i n i n g  65- 
t o  3 0 - p e r c e n t  o f  water o f  h y d r a t i o n  f r o m  t h e  s l u d g e .  The 
r e s i d u a l  s o l i d s  w i l l  h a v e  a s i g n i f i c a n t  metal c o n t e n t ,  30 t o  4 0  
p e r c e n t ,  which may b e  r e c o v e r a b l e ,  i f  n o t  now, t h e n  i n  t h e  
f u t u r e ,  

astewater T r e a t m e n t  ~ m p r o v e m e n t s  

Add ing  a s a n d  f i l t e r  t o  t h e i r  wastewater t r e a t m e n t  s y s t e m  
h a s  h e l p e d  S t a n a d y n e  p r o d u c e  a h i g h e r  q u a l i t y  wastewater. The 
DynaSand f i l t e r ,  which  c o s t  a b o u t  $ 4 0 , 0 0 0 ,  i n c o r p o r a t e s  t h e  new 
i d e a  o f  a mov ing ,  c o n t i n u o u s l y  c l e a n e d  s a n d  f i l t r a t i o n  b e d ,  w h i c h  
s i g n i f i c a n t l y  reduces t h e  volume o f  water r e q u i r e d  f o r  
b a c k w a s h i n g .  O t h e r  small c h a n g e s  were made  i n  t h e  s y s t e m  t o  
i m p r o v e  water q u a l i t y :  a n  i m p r o v e d  p o l y e l e c t r o l y t e  pumping  
s y s t e m ,  a c h a n g e d  p r o c e d u r e  f o r  h a n d l i n g  s p e n t  c l e a n e r ,  a n d  
i n s t a l l a t i o n  o f  m e t e r i n g  pumps on c o l l e c t i o n  p i t s  t o  e l i m i n a t e  
s y s t e m  o v e r l o a d s .  

I n  1983-84 ,  S t a n a d y n e  i n c r e a s e d  i t s  p l a t i n g  on z i n c  by  15 
p e r c e n t ,  i t s  p l a t i n g  on b r a s s  by  56 p e r c e n t ,  and  i t s  b r i g h t  
d i p p i n g  b y  3 5  p e r c e n t .  I n  t h e  face  o f  t h e s e  i n c r e a s e s ,  t h e  
c o m p a n y ' s  p o l l u t i o n  p r e v e n t i o n  m o d i f i c a t i o n s  s t i l l  managed t o  
r e d u c e  wastewater t r e a t m e n t  chemical c o s t s  b y  2 0  p e r c e n t ,  a n d  
a l l o w e d  o n l y  a 2 - p e r c e n t  i n c r e a s e  i n  s l u d g e  g e n e r a t i o n .  The 
chemical  c o s t  r e d u c t i o n s  r e s u l t e d  i n  a n e t  s a v i n g s  o f  $ 5 , 0 0 0  p e r  
y e a r .  

S t r i p p i n g  

S t r i p p i n g  n i c k e l  a n d  chrome o f f  b rass  p a r t s  is a rework 
o p e r a t i o n  d e s i g n e d  t o  s a v e  t h e  e x p e n s i v e  b rass  base metal .  U n t i l  
r e c e n t l y ,  i m m e r s i o n  s t r i p p i n g  was u s e d  t o  r emove  n i c k e l  a n d  
chrome. An i m m e r s i o n  s t r i p p e r  l o s e s  e f f i c i e n c y  a s  i t  is u s e d .  
T h e  b a t h  s lows  down as metal l o a d i n g  i n c r e a s e s ,  a n d  i t  u l t i m a t e l y  
m u s t  be "dumped" a n d  remade. 

A new e l e c t r o l y t i c  n i c k e l  s t r i p p e r  ( U d y s t r i p  8000 by  
U d y l i t e )  h a s  b e e n  i n s t a l l e d  w h i c h  d e p l a t e s  n i c k e l  f r o m  t h e  brass 
pa r t s .  N icke l  s l u d g e  b u i l d s  up on t h e  e l e c t r o d e s  a n d  on t h e  t a n k  
b o t t o m ;  i t  c a n  be  removed by  p u l l i n g  t h e  e l e c t r o d e s ,  o r  b y  
d e c a n t i n g  t h e  b a t h ,  r e m o v i n g  t h e  s l u d g e ,  and  pumping  t h e  b a t h  
b a c k  t o  t h e  t a n k .  A vo lume  o f  l i q u i d ,  e q u a l  t o  t h e  vo lume  of  
s l u d g e  r e m o v e d ,  i s  t h e n  a d d e d  t o  t h e  b a t h .  T h i s  b a t h  d o e s  n o t  
h a v e  t o  b e  dumped,  and  r i n s e  waters a re  was te- t rea tab le .  The new 
s t r i p p e r  r e s u l t e d  i n  a n  8 1 - p e r c e n t  r e d u c t i o n  i n  chemical c o s t s  
per  h o u r ,  w h i c h  t r a n s l a t e d  i n t o  a s a v i n g s  o f  a p p r o x i m a t e l y  $5 ,000  
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p e r  y e a r .  H a v i n g  less  waste t o  t r e a t  a n d  d i s p o s e  o f ,  and  h a v i n g  
a more s c i e n t i f i c  a n d  p r e d i c t a b l e  o p e r a t i o n  a l s o  l e d  t o  c o s t  
s a v i n g s ,  I n i t i a l  c a p i t a l  c o s t s  were h i g h e r ,  s i n c e  a r e c t i f i e r  
h a d  t o  b e  p u r c h a s e d ,  b u t  l o n g - t e r m  c o s t s  weye s i g n i f i c a n t l y  
r e d u c e d ,  w i t h  s a v i n g s  g r e a t e r  t h a n  50 p e r c e n t ,  

Chrome i s  s t r i p p e d  i n  a 7 5 - p e r c e n t  m u r i a t i c  ac id  d i p ,  
i m m e r s i o n  s t r i p p e r .  

H o u s e k e e p i n g  

R e c o g n i z i n g  t h a t  p l a t i n g  a d e f e c t i v e  p a r t  c r e a t e s  t h e  same 
amount  o f  waste as p l a t i n g  a good o n e ,  S t a n a d y n e  b e g a n  
p r e i n s p e c t i n g  work t o  be p l a t e d .  Pa r t s  t h a t  would o b v i o u s l y  be 
sc rapped  a re  e l i m i n a t e d  f rom t h e  p l a t i n g  o p e r a t i o n ,  r e s u l t i n g  i n  
d i r e c t  waste r e d u c t i o n .  E l i m i n a t i o n  o f  l eaks  a l s o  r e s u l t e d  i n  
waste r e d u c t i o n .  

P l a n t  E x P a n s i o n  

D u r i n g  1983,  S t a n a d y n e  e x p a n d e d  i t s  p l a n t ,  i n c r e a s i n g  i t s  
c a p a c i t y  by  25 p e r c e n t .  A d d i t i o n a l  p l a t i n g  a n d  d e g r e a s i n g  
c a p a c i t y  was i n c l u d e d  i n  t h e  e x p a n s i o n .  Each o f  t hese  o p e r a t i o n s  
i s  a s o u r c e  o f  h a z a r d o u s  waste g e n e r a t i o n ;  e x t e n s i v e  p l a n n i n g  o f  
e q u i p m e n t  l a y o u t ,  o p e r a t i o n ,  a n d  d e s i g n  was u n d e r t a k e n  t o  
m a x i m i z e  p o l l u t i o n  p r e v e n t i o n .  

P l a t i n g  Mach ine  

I n  p l a n n i n g  t h e  l a y o u t  f o r  a new p l a t i n g  m a c h i n e ,  a n  e f f o r t  
was made t o  m i n i m i z e  p o l l u t i o n  s o u r c e s  a n d  r i n s e  water f low,  a n d  
t o  i n c l u d e  f e a t u r e s  t h a t  would ease f u t u r e  r e c o v e r y  
o p p o r t u n i t i e s .  The  p l a t i n g  m a c h i n e  was d e s i g n e d  w i t h  d o u b l e  
c o u n t e r f l o w  r i n s e s  a n d ,  where p o s s i b l e ,  t r i p l e  c o u n t e r f l o w  
r i n s e s .  I n  a d d i t i o n ,  t h e  p l a t i n g  t a n k s  ( n i c k e l  a n d  c h r o m e )  a re  
f o l l o w e d  b y  d r a g o u t  t a n k s  t o  a l l o w  some d i r e c t  r e c y c l i n g  o f  
s o l u t i o n s  w h i c h  would  o t h e r w i s e  b e  wasted. The  d e s i g n  o f  t h e  
f l o o r  l a y o u t  i n c l u d e d  a d d i t i o n a l  space i n  a chrome r e d u c t i o n  u n i t  
p i t ;  t h i s  w i l l  p e r m i t  t h e  i n s t a l l a t i o n  a n d  c o s t - e f f e c t i v e  
o p e r a t i o n  o f  a s i m p l e  ch rome  r e c o v e r y  s y s t e m  c u r r e n t l y  u n d e r  
d e s i g n ,  

D e g r e a s e r  

A p l a n n i n g  a p p r o a c h  s imilar  t o  t h e  o n e  u s e d  f o r  t h e  new 
p l a t i n g  m a c h i n e  was u s e d  d u r i n g  t h e  p u r c h a s e  of  a new 
t o t a l l y - e n c l o s e d ,  a u t o m a t i c  degreaser .  Af te r  a n a l y z i n g  t h e  
d i f f e r e n t  m a c h i n e s  t h a t  were a v a i l a b l e ,  a u n i t  m a n u f a c t u r e d  by 
F i n i s h i n g  E q u i p m e n t ,  I n c . ,  o f  St. P a u l ,  M i n n e s o t a ,  was se l ec t ed .  
P o l l u t i o n  p r e v e n t  i o n  a n d  e n e r g y  e f f i c i e n c y  were major f a c t o r s  i n  
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t h e  d e c i s i o n  t o  p u r c h a s e  t h i s  p a r t i c u l a r  u n i t .  S t a n a d y n e  
s e l e c t e d  t h e  u n i t  b a s e d  on t h e  f o l l o w i n g  f e a t u r e s :  

1 )  The c h i l l e r  s y s t e m  i s  r u n  c o n t i n u o u s l y  t o  k e e p  t h e  
s o l v e n t  i n  t h e  m a c h i n e ,  where  i t  b e l o n g s .  Major s o l v e n t  losses  
u s u a l l y  o c c u r  when a degreaser  is  n o t  i n  o p e r a t i o n .  By r u n n i n g  
t h e  c h i l l e r  s y s t e m  c o n t i n u o u s l y ,  t h e s e  l o s s e s  a re  e l i m i n a t e d .  

2 )  No water is  u s e d  i n  t h e  sys tem f o r  c o o l i n g  o r  r i n s i n g .  
T h i s  r e d u c e s  water c o s t s ,  and  u l t i m a t e l y  h e l p s  t h e  communi ty ,  by  
l i m i t i n g  t h e  n e e d  f o r  e x p a n s i o n  o f  t h e  m u n i c i p a l  wastewater 
t r e a t m e n t  p l a n t .  

3 )  Waste h e a t  f r o m  t h e  c h i l l e r  i s  u s e d  t o  hea t  t h e  
degreaser  u n i t ,  r e s u l t i n g  i n  e n e r g y  s a v i n g s  a n d  c o n s e r v a t i o n  o f  
r e s o u r c e s .  

4 )  The  m a c h i n e  d e s i g n  o f f e r s  two major p o l l u t i o n  p r e v e n t i o n  
f e a t u r e s :  ( a )  t h e  p a r t s  are  c o n t i n u o u s l y  r o t a t e d ,  w h i c h  
f a c i l i t a t e s  d r a i n a g e  a n d  p r e v e n t s  s o l v e n t  d r a g o u t ;  ( b )  t h e  c h i p  
r e m o v a l  s y s t e m  e l i m i n a t e s  s o l v e n t  l o s s  d u r i n g  c h i p  r e m o v a l ,  a n d  
e l i m i n a t e s  a m a j o r  s a f e t y  h a z a r d  f o r  e m p l o y e e s .  

5 )  U s i n g  m e t h y l e n e  c h l o r i d e  i n  t h e  degreaser  s y s t e m  r e d u c e s  
s o l v e n t  waste b e c a u s e  t h e  chemical s t a b i l i t y  a l l o w s  i t  t o  be  
d i s t i l l e d  many t imes b e f o r e  i t  d e g r a d e s .  I t  a l s o  h a s  a low 
b o i l i n g  p o i n t ,  w h i c h  s a v e s  e n e r g y .  

6 )  The s y s t e m  is  d e s i g n e d  w i t h  a l a r g e  d i s t i l l a t i o n  
c a p a c i t y .  T h i s  a l l o w s  t h e  s t i l l  b o t t o m s  t o  be r e d u c e d  t o  a 6-  t o  
1 0 - p e r c e n t  s o l v e n t  c o n t e n t .  

T h e  f e a t u r e s  w h i c h  l e d  t o  t h e  p u r c h a s e  o f  t h i s  u n i t  a re  
p a y i n g  d i v i d e n d s .  S o l v e n t  u s a g e  h a s  d r o p p e d  from a n  a v e r a g e  of  7 
d r u m s  p e r  month t o  o n l y  1 . 5  d r u m s  p e r  month .  Air e m i s s i o n s  and  
h a z a r d o u s  waste g e n e r a t i o n  h a v e  b e e n  r e d u c e d  s u b s t a n t i a l l y .  

Management I n i t i a t i v e s  

S t a n a d y n e  b e l i e v e s  t h a t  o n e  of  t h e  major s t r e n g t h s  o f  t h e i r  
p o l l u t i o n  p r e v e n t i o n  p r o g r a m  i s  t h e  i n v o l v e m e n t  o f  a l l  t h e  
e m p l o y e e s  who w o r k  i n  p l a t i n g  a n d  p o l l u t i o n  c o n t r o l  o p e r a t i o n s .  
The s t a f f  is  t r a i n e d  t o  a p p r e c i a t e  t h e  c o n t r i b u t i o n  t h a t  each j o b  
makes t o  t h e  o v e r a l l  s u c c e s s  o f  t h e  p r o g r a m .  

The  e n t h u s i a s t i c  b a c k i n g  of p o l l u t i o n  p r e v e n t i o n  p r o j e c t s  by  
t h e  f i r m ' s  c o r p o r a t e  management  has l e d  t o  company p a r t i c i p a t i o n  
i n  n u m e r o u s  e n v i r o n m e n t a l  p r o g r a m s ,  b o a r d s ,  a n d  committees t o  
e x p l a i n  a n d  p r o m o t e  S t a n a d y n e ' s  a c t i v i t i e s .  S t a n a d y n e  was 
i n s t r u m e n t a l  i n  o r g a n i z i n g  w o r k s h o p s  t h r o u g h o u t  Nor th  C a r o l i n a  on 
"Making P o l l u t i o n  P r e v e n t i o n  Pay  i n  t h e  E l e c t r o p l a t i n g  a n d  Metal 
F i n  i s h i ng  I n d u  s t r i e s . T h e y  h a v e  a l s o  o p e n e d  t h e i r  p l a t i n g  
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o p e r a t i o n  t o  p r o f e s s i o n a l  a s s o c i a t i o n s  f o r  p l a n t  t o u r s .  I n  1 9 8 3 ,  
a f i l m  crew, from t h e  U n i v e r s i t y  o f  N o r t h  C a r o l i n a  t e l e v i s i o n  
s t a t i o n  , v i s i t e d  S t a n a d y n e  t o  f i l m  a r e p o r t  on h a z a r d o u s  waste 
management  i n  Nor th  C a r o l i n a ,  P l a n t  m a n a g e r  J o h n  C a r n e y  l e d  a 
t o u r  of  t h e  p l a n t  and  a n s w e r e d  q u e s t i o n s  f o r  t h e  p r o g r a m ,  

I n  September o f  1 9 8 2 ,  George McRae, p l a t i n g  m a n a g e r  a t  
S t a n a d y n e ,  p r o p o s e d  t h e  f o r m a t i o n  o f  a Lee Coun ty  I n d u s t r i a l  
Waste Committee, now c a l l e d  t h e  Lee Coun ty  Waste M a n a g e r s  
A s s o c i a t i o n .  The p u r p o s e  o f  t h e  a s s o c i a t i o n  is  t o  t r ade  ideas  
a n d  i n f o r m a t i o n ,  c o o r d i n a t e  waste s h i p m e n t s ,  a n d  t o  o f f e r  a n  
p p o r t u n i t y  f o r  d i s c u s s i o n  o f  i s s u e s  r e l a t e d  t o  t h e  Lee C o u n t y  
Waste B o a r d .  I n i t i a l l y ,  t h e  A s s o c i a t i o n  met m o n t h l y  t o  g i v e  t h e  
waste m a n a g e r s  a c h a n c e  t o  become a c q u a i n t e d ,  a n d  t o  d i s c u s s  
ideas  a n d  p r o b l e m s .  A t a n g i b l e  b e n e f i t  r e s u l t i n g  f r o m  t h e  
A s s o c i a t i o n  was t h e  i n i t i a t i o n  o f  shared waste s h i p m e n t s .  D u r i n g  
t h e  p a s t  yea r ,  S t a n a d y n e  h a s  s h a r e d  waste l o a d s  w i t h  a n o t h e r  Lee 
Coun ty  company on f o u r  o c c a s i o n s ,  T h i s  a r r a n g e m e n t  h a s  a l l o w e d  
b o t h  c o m p a n i e s  t o  move t h e i r  waste i n  a c o s t -  e f f e c t i v e  m a n n e r ,  
i n  less  t h a n  9 0  d a y s .  S t a n a d y n e  and  t h e  company w i t h  which  it 
shares  l o a d s  h a v e  b o t h  b e e n  d e l i s t e d  a s  s t o r e r s  u d d e r  t h e  R C R A  
g u i d e l i n e s .  S a v i n g s  occur  b e c a u s e  t r a n s p o r t a t i o n  o f  waste is 
computed  on a p e r - m i l e - h a u l e d  bas i s .  T h i s  means  t h a t  t h e  c h a r g e  
f o r  t r a n s p o r t a t i o n  is  t h e  same w h e t h e r  t h e  t r u c k  c a r r i e s  20 d r u m s  
o r  80 d r u m s .  A t  $3.20 p e r  l o a d e d  mi l e ,  i t  d e f i n i t e l y  p a y s  t o  
s e n d  a f u l l  t r u c k l o a d .  George McRae c u r r e n t l y  s e r v e s  a s  
a s s o c i a t i o n  c h a i r m a n .  
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WASTES GENERATED Reduced by 4 6  p e r c e n t  ( p l a t i n g  
b a t h  c o m p o s i t i o n s ,  f i l t e r  m e d i a  
c h a n g e ,  d r a g o u t  r e c o v e r y  
s y s t e m ,  s l u d g e  f i l t e r  p r e s s ,  
s t r i p p i n g  o p e r a t i o n ,  c l e a n i n g )  

P R O D U C T I V I T Y  Improved  ( r ack  d e s i g n )  

P R O D U C T  Q U A L I T Y  Improved  ( r ack  d e s i g n )  

DOWN T I M E  Reduced ( f i l t e r  m e d i a  c h a n g e ,  
s t r i p p i n g  o p e r a t i o n )  

FACILITIES E x p a n d e d ,  c o s t  i n f o r m a t i o n  
n o t  p r o v i d e d  

EQUIPMENT N e w  p l a t i n g  s o l u t i o n  f i l t e r s ,  
s l u d g e  f i l t e r  p r e s s ,  n i c k e l  
s t r i p p i n g  s y s t e m ,  d r a g o u t  
r e c o v e r y  t a n k ,  p r o c e s s  water 
f i l t r a t i o n  s y s t e m .  C o s t  
i n f o r m a t i o n  n o t  p r o v i d e d .  

R A W  MATERIALS $ 1 5 , 0 0 0  saved p e r  y e a r  
( c y a n i d e ,  b l e a c h ,  chromic a c i d ,  
s o d i u m  b i s u l f i t e ,  s o d i u m  
h y d r o x i d e ,  o t h e r  p l a t i n g  
s o l u t i o n  chemicals,  s t r i p p i n g  
chemicals) 

WATER C o s t s  m i n i m i z e d  (new 
d e g r e a s e r ) ;  
c o m p l e t e  i n f o r m a t i o n  n o t  
p r o v i d e d .  

E N E R G Y  I n f o r m a t i o n  not p r o v i d e d  
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WASTE DISPOSAL Reduced t r a n s p o r t  and  d i s p o s a l  
c o s t s  

POLLUTION CONTROL $5 ,000  s a v e d  p e r  year 

P E  RS ONNEL / MA I NTE N A N CE Reduced rack c o a t i n g  c o s t s ,  
r e d u c e d  f i l t e r  m e d i a  
r e p l a c e m e n t  c o s t s ,  i n i t i a l  rack 
c o a t i n g  c o s t s  i n c r e a s e d  d u r i n g  
r e d e s i g n  

Annua l  c o s t  s a v i n g s ,  i m p r o v e d  
p r o d u c t  q u a l i t y ,  r e d u c e d  
r e g u l a t o r y  p r e s s u r e  
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TYPE OF I N D U S T R Y :  F a b r i c a t i o n  of P i p e  F i t t i n  

NAME OF FIRM: E l k h a r t  P r o d u c t s  D i v i s i o n ,  I n c .  
( L a n c y  I n t e r n a t i o n a l ,  c o n s u l t i n g  f i rm ,  W i l l i a m  
McLay 412 /452-9360)  

L O C A T I O N :  E l k h a r t ,  I n d i a n a  

SIC:  347 1 

* * 
* 
* 

* MODIFICATIONS 
(f * 
t 1 )  REDESIGN OF B R I T E  P I C K L I N G  PROCESS TO REDUCE WASTES * * 
@ 2 )  ELECTROLYTIC R E C O V E R Y  OF COPPER * * 

A b s t r a c t  

E l k h a r t  P r o d u c t s ,  I n c . ,  m a n u f a c t u r e s  p i p e  f i t t i n g s .  Under  
t h e  g u i d a n c e  o f  Lancy  I n t e r n a t i o n a l ,  t h e y  h a v e  m o d i f i e d  t h e i r  
b r i g h t - d i p p i n g  a n d  p a s s i v a t i n g - l i n e  wastewater treatment s y s t e m .  
I t  was r e p l a c e d  w i t h  a n e w l y  d e v e l o p e d  p i c k l i n g  p r o c e s s  t h a t  
u t i l i z e s  s u l f u r i c  a c i d  a n d  a p r o p r i e t a r y ,  s t a b i l i z e d  h y d r o g e n  
p e r o x i d e .  By m o d i f y i n g  t h e  e q u i p m e n t  o p e r a t i o n ,  E l k h a r t  was a b l e  
t o  remove  a c y a n i d e  d i p  a n d  c h r o m i c  a c i d  d i p  f r o m  t h e  p r o c e s s  
l i n e .  They a l s o  r e c o v e r  metal ,  u s i n g  a n  e l e c t r o l y t i c  r e c o v e r y  
c e l l ,  c u r r e n t l y  r e c o v e r i n g  c o p p e r  a t  t h e  r a t e  o f  1 , 0 0 0  t o  1 , 5 0 0  
p o u n d s  p e r  mon th .  

A N N U A L  COST SAVINGS: $ 1 2 0 , 0 0 0  

P A Y B A C K  P E R I O D :  0 .5  y e a r s  

TIME TO IMPLEMENT: 6 m o n t h s  

TRANSFERABILITY: Wide ly  a p p l i c a b l e  i n  t h e  m e t a l w o r k i n g  
i n d u s t r y ;  h o w e v e r ,  p r o p r i e t a r y  
e l e m e n t s  o f  t h e  p r o c e s s  may l i m i t  i t s  
r e p r o d u c t i o n .  The p r o c e s s  e f f i c i e n c y  
o f  e l e c t r o l y t i c  r e c o v e r y  w i t h  o t h e r  
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metals and  wastewater c o m p o s i t i o n s  is 
v a r i a b l e  and  must  be c o n s i d e r e d .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  E l i m i n a t e d  r i s k s  o f  s u r f a c e -  and  

g r o u n d w a t e r  c o n t a m i n a t i o n  by h a z a r d o u s  
wastes; c o n s e r v a t i o n  of  water a n d  
metal  r e s o u r c e s ;  r e d u c e d  c h a n c e s  o f  
w o r k e r  o r  non-worke r  c o n t a c t  w i t h  
h a z a r d o u s  waste. 

P r o j e c t  D e s c r i p t i o n  

E l k h a r t  P r o d u c t s ,  I n c . ,  f a b r i c a t e s  p i p e  f i t t i n g s .  Lancy  
I n t e r n a t i o n a l  was c o n t r a c t e d  t o  d e s i g n  a n d  i n s t a l l  a t r e a t m e n t  
s y s t e m  t h a t  would meet a number o f  c r i t e r i a .  E l k h a r t  r e q u i r e d  a 
s y s t e m  t h a t  would  c o m p l y  w i t h  b o t h  p r e s e n t  r e g u l a t i o n s  and  more 
s t r i n g e n t  f u t u r e  r e g u l a t i o n s ;  t h a t  would n o t  l o w e r  p r o d u c t  
q u a l i t y ;  t h a t  would  h a v e  t h e  l o w e s t  t o t a l  waste t r e a t m e n t  c o s t s ;  
a n d  t h a t  would r e c o v e r  t h e  l a r g e  a m o u n t s  o f  c o p p e r  t h a t  were 
b e i n g  d i s c h a r g e d  down t h e  d r a i n .  E l k h a r t ' s  o r i g i n a l  s y s t e m  
c o n s i s t e d  o f  a c o n v e n t i o n a l  a l k a l i n e  c l e a n e r  and  r i n s e ,  f o l l o w e d  
b y  a c y a n i d e  d i p  t o  remove some o f  t h e  o x i d e s ,  a water r i n s e ,  a 
chromic a c i d  b r i g h t  d i p / p a s s i v a t i o n  l i n e ,  t h r e e  c o l d  water 
r i n s e s ,  and  a h o t  water r i n s e .  

Lancy  r e s p o n d e d  w i t h  a t o t a l  r e d e s i g n  o f  t h e  e n t i r e  p r o c e s s  
s y s t e m ;  t h e  new d e s i g n  e m p h a s i z e d  t h e  r e d u c t i o n  o f  wastes 
r e q u i r i n g  t r e a t m e n t .  Lancy  r e p l a c e d  t h e  e x i s t i n g  c l e a n i n g  
s e q u e n c e  w i t h  a t o t a l l y  d i f f e r e n t  p r o c e s s  t h a t  u t i l i z e s  s u l f u r i c  
a c i d  a n d  a p r o p r i e t a r y  s t a b i l i z e d  h y d r o g e n  p e r o x i d e .  The  l i n e  
was c o n v e r t e d  t o  i n c l u d e  a n  a l k a l i n e  c l e a n e r ,  two water r i n s e s ,  
t h e  new s u l f u r i c  a c i d  h y d r o g e n  p e r o x i d e  b r i g h t  p i c k l e  d i p ,  a n d  a 
c o u n t e r c u r r e n t  r i n s e .  The  f i n a l  r i n s e  water is r e g e n e r a t e d  and  
r e u s e d  by  p r e c i p i t a t i n g  t h e  c o p p e r  as c u p r o u s  o x i d e  a n d / o r  c o p p e r  
h y d r o x i d e .  T h e  b r i g h t  p i c k l e  d i p  is  a l s o  r e g e n e r a t e d  by  
t r a n s f e r r i n g  t h e  n e a r l y  s a t u r a t e d  c o n t e n t s  o f  t h e  p i c k l e  t a n k  t o  
a l a r g e r  r e s e r v o i r ,  where t h e  copper  s u l f a t e  i s  p r e c i p i t a t e d  a n d  
removed b y  a c y c l o n i c  s e p a r a t o r .  The p i c k l e  d i p  e f f i c i e n c y  is  
c o n t i n u a l l y  m a i n t a i n e d  b y  t h e  a d d i t i o n  of  s u l f u r i c  ac id  a n d  t h e  
p r o p r i e t a r y  s t a b i l i z e r s .  The  c o p p e r  s u l f a t e  c r y s t a l s ,  t h e  
c u p r o u s  o x i d e ,  a n d  t h e  c o p p e r  h y d r o x i d e  llwastesll a r e  i n t r o d u c e d  
i n t o  a n  e l e c t r o l y t i c  c e l l ,  r e d i s s o l v e d ,  a n d  p l a t e d  o u t  a s  No. 1 
c o p p e r  sc rap .  

By i m p l e m e n t i n g  these  m o d i f i c a t i o n s ,  E l k h a r t  was a b l e  t o  
remove t h e  c y a n i d e  a n d  t h e  chromic a c i d  b r i g h t  p i c k l e  d i p s  f rom 
t h e  process  l i n e .  They  were a l s o  a b l e  t o  r e g e n e r a t e  t h e i r  new 
b r i g h t  p i c k l e  d i p ,  a n d  t o  remove a n d  r e c o v e r  t h e  c o p p e r  a t  a r a t e  
o f  1 , 0 0 0  t o  1 , 5 0 0  p o u n d s  p e r  month .  

1 3 1  



P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES $ 3 0 , 0 0 0  o n e - t i m e  c o s t  

EQUIPMENT $ 3 0 , 0 0 0  o n e - t i m e  c o s t  

R A W  MATERIALS $ 1 , 7 7 0  s a v e d  p e r  y e a r  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL $ 1 8 , 2 0 0  s a v e d  p e r  year 

POLLUTION CONTROL Reduced 

PERSONNEL/MAINTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS R e s o u r c e  c o n s e r v a t i o n ,  c o s t  r e d u c t i o n  

F o r  more i n f o r m a t i o n  see IICompany A p p r o a c h e s  Zero P o l l u t i o n  
D i s c h a r g e , "  by  B. Mottweiler a n d  P .L .  Ve i t ,  i n  P l a t i n g  a n d  
S u r f a c e  F i n i s h i n g ,  December 1979. 
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YPE OF I ~ D U S T R Y :  

~ A M E  OF FIRM: 

~ O C A T I O ~ :  

SIC: 

E l e c t r o p l a ~ i n g  Job Shop 

P i o n e e r  Metal F i n i s h i n  
( H a r r y  DeSoi 6 0 9 / 6 9 4 - ~ 4 0 0 )  

F r a n k l i n v i P l e ,  N e w  J e r s e y  

347 1 

0 * * 
ii 

M O D I  F I CAT1 ON 

* ~ E ~ L A C E ~ E ~ T  OF A SINGLE-PASS,  CONTINUOUS WASTE T R E A T M E ~ T  8 
ct SYSTEM WITH A CLOSED-LOOP, BATCH TREATMENT SYSTEM 1) 
ct * 

A b s t r a c t  

P i o n e e r  was u s i n g  a s i n g l e - p a s s  s y s t e m  t o  t r e a t  t h e i r  
p l a t i n g  wastewaters. B e c a u s e  t h e  s y s t e m  h a d  no  l a rge  end  t a n k  t o  
c o r r e c t  m i n o r  u p s e t s  i n  t h e  s y s t e m ,  c o n c e n t r a t i o n s  o f  metals a n d  
o t h e r  i n o r g a n i c  chemicals i n  t h e  e f f l u e n t  r e g u l a r l y  e x c e e d e d  
water q u a l i t y  r e g u l a t i o n s .  The  e f f l u e n t s  were k i l l i n g  many 
s p e c i e s  o f  p l a n t s  a n d  a n i m a l s  i n  t h e  r e c e i v i n g  m a r s h .  P i o n e e r  
s o l v e d  t h i s  p r o b l e m  by r e p l a c i n g  t h e  o l d  s i n g l e - p a s s ,  p r o c e s s  
water t r e a t m e n t  s y s t e m  w i t h  a c l o s e d - l o o p ,  b a t c h  p r o c e s s  s y s t e m  
m a n u f a c t u r e d  b y  Z e r p o l .  A s  a r e s u l t  o f  t h e  new e q u i p m e n t  d e s i g n ,  
t h e  company now uses o n l y  500 g a l l o n s  o f  water p e r  d a y  (makeup  
d u e  t o  e v a p o r a t i o n ) ,  i n  c o n t r a s t  w i t h  t h e  p r e v i o u s  1 2 , 0 0 0  g a l l o n s  
p e r  d a y ,  a n d  has e x p e r i e n c e d  a 2 0 - p e r c e n t  r e d u c t i o n  i n  t h e  amoun t  
o f  s l u d g e  p r o d u c e d .  P l a n s  a re  b e i n g  made t o  s e l l  t h e  s l u d g e  t o  a 
company f o r  u s e  as a f i l l e r  i n  t h e  m a n u f a c t u r e  o f  c o n c r e t e  
p r o d u c t s  . 
A N N U A L  COST SAVINGS: 

P A Y B A C K  P E R I O D :  

T I M E  TO IMPLEMENT: 

TRANSFERABILITY: 

$52,460 

3 y e a r s  

1 y e a r  

Wide ly  a p p l i c a b l e  t o  m e t a l p l a t i n g  
o p e r a t i o n s  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  Reduced t h r e a t  t o  marsh e c o s y s t e m  and  

t o  a d j a c e n t  s u r f a c e  and  g r o u n d w a t e r ;  
c o n s e r v a t i o n  of  metal r e s o u r c e s ;  
improved  h e a l t h  and  s a f e t y  c o n d i t i o n s  
f o r  p l a n t  p e r s o n n e l .  

P r o  .i e c t De s c r i D t i on 

P i o n e e r  Metal F i n i s h i n g ,  I n c . ,  i s  a n  e l e c t r o p l a t i n g  
o p e r a t i o n .  R i n s e  waters c o n t a m i n a t e d  w i t h  metals a n d  c y a n i d e  
p a s s  i n t o  t a n k s  f i t t e d  w i t h  a c o n t i n u o u s  m o n i t o r i n g  a n d  t r e a t m e n t  
s y s t e m .  The  t h e o r y  was t h a t  chemicals  would b e  a d d e d  i n  r e s p o n s e  
t o  s i g n a l s  f rom v a r i o u s  p r o b e s  and  s e n s o r s ,  i n  o r d e r  t o  o x i d i z e ,  
r educe  c h r o m a t e s ,  a n d  p r e c i p i t a t e  metals .  After c e n t r i f u g a t i o n  
t o  remove  t h e  s o l i d s ,  t h e  c l e a n  water was re leased i n t o  a n e a r b y  
marsh.  U n f o r t u n a t e l y ,  t h e r e  were o c c a s i o n a l  m i n o r  u p s e t s  i n  t h e  
s y s t e m ;  w h i l e  t h e  o p e r a t o r  was d e t e r m i n i n g  what h a d  h a p p e n e d ,  t h e  
c o n c e n t r a t i o n s  o f  c e r t a i n  p o l l u t a n t s ,  i n  t h e  e f f l u e n t  l e a v i n g  t h e  
p l a n t ,  would r i s e  t o o  h i g h ,  v i o l a t i n g  s t a t e  water q u a l i t y  
r e g u l a t i o n s .  

I n  o r d e r  t o  meet s t r i n g e n t  new r e g u l a t i o n s ,  P i o n e e r  
i n s t a l l e d  a c l o s e d - l o o p ,  b a t c h  t r e a t m e n t  s y s t e m  f o r  t h e i r  
r i n s e w a t e r .  The  wastewater is  now c a p t u r e d  i n  l a rge  t r e a t m e n t  
t a n k s ,  a l l o w i n g  more t ime f o r  t h e  r e a c t i o n s  t o  p r o c e e d  t o  
c o m p l e t i o n .  T h i s  h a s  r e s u l t e d  i n  less  chemical u s e  a n d  l e s s  
s l u d g e  p r o d u c t i o n .  After  t h e  s o l i d s  a re  r e m o v e d ,  t h e  water is  
r e u s e d .  T h e r e  h a v e  b e e n  no  p r o b l e m s  w i t h  e x c e s s i v e  s a l t  b u i l d -  
u p .  R e c y c l e d  water is  n o t  u s e d  f o r  r i n s e s  t h a t  precede p l a t i n g  
w i t h  n i c k e l ,  t r i v a l e n t  chromium,  n o r  is it u s e d  i n  t h e  h o t  water 
r i n s e  a f t e r  t h e  chromium d i p .  These  o p e r a t i o n s  r e q u i r e  h i g h -  
q u a l i t y  d i s t i l l e d  water. 

C h e m i c a l s  a n d  water were a l s o  saved by :  

1 )  E d u c a t i n g  e m p l o y e e s  a b o u t  o p p o r t u n i t i e s  t o  r e d u c e  
waste; 

2 )  E d u c a t i n g  c u s t o m e r s  t o  l o c a t e  t h e  d r a i n  h o l e ,  on t h e i r  
p r o d u c t s  t o  b e  p l a t e d ,  so t h a t  d r a g o u t  is m i n i m i z e d ;  

3 )  P r o p e r l y  d e s i g n i n g  t h e  p l a t i n g  rack t o  l i m i t  d r a g o u t .  

T h e  s a v i n g s  i n v o l v e d  i n  t hese  p rocess  m o d i f i c a t i o n s  a r e  
i m p r e s s i v e :  

o C h e m i c a l  t r e a t m e n t  c o s t s  were r e d u c e d  by  50 t o  75 

o S l u d g e  p r o d u c t i o n  decreased by  50 p e r c e n t  
o Water b i l l s  were r e d u c e d  by 9 0  p e r c e n t  

p e r c e n t  
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WASTES GENERATED Reduced by 4 0 , 0 0 0  g a l l o n s  o f  s l u d g e  
p e r  y e a r  

PRODUCTIVITY No c h a n g e  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN TIME Reduced 

FACILITIES $ 6 0 , 0 0 0  o n e - t i m e  c o s t  

EQUIPMENT $ 1 5 0 , 0 0 0  o n e - t i m e  c o s t  

R A W  MATERIALS No c h a n g e  

WATER 

~ ~- ~ 

1 1 , 5 0 0  g a l l o n s  s a v e d  p e r  d a y  

E N E R G Y  $100  s a v e d  p e r  y e a r  

WASTE DISPOSAL $ 5 8 , 4 6 0  s a v e d  p e r  y e a r  

POLLUTION C O N T R O L  $ 2 9 , 4 0 0  s a v e d  p e r  y e a r  

PERSONNEL/~A~NTENANCE $ 1 0 , 2 0 0  s a v e d  p e r  y e a r  

N E T  B E N E F I T S  M i n i m i z a t i o n  of  waste management  c o s t  
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TYPE OF INDUSTRY: 

NAME OF FIRM: 

L O C A T I O N :  

SIC 

Farm a n d  C o n s t r u c t i o n  E q u i p m e n t  M a n u ~ a c t u r e  

Deere a n d  Company 
( M i k e  McCuire  309/752-5435) 

Moline,  I l l i n o i s  

3520 L 3530 

* * 
* * 

t t 

* 1)  DEVELOPMENT OF A HAZARDOUS WASTE TASK FORCE * * 
* 2) COMPREHENSIVE WASTE TREATMENT FACILITY TO R E C L A I M  A N D  * * DETOXIFY SELECT HAZARDOUS WASTES 

M O D I  F I CAT IONS 

t * * 

Abstract 

Deere a n d  Company r e d u c e d  i t s  h a z a r d o u s  waste by 8 0  p e r c e n t  
i n  volume a n d  b y  o v e r  99 p e r c e n t  i n  l e v e l  o f  r i s k  t h r o u g h  two k e y  
a c t i o n s :  

1 )  Corpora t e  i m p l e m e n t a t i o n  of  a c o m p r e h e n s i v e  h a z a r d o u s  
waste management  i n i t i a t i v e  a t  each m a n u f a c t u r i n g  u n i t ;  

2 )  C o n s t r u c t i o n  o f  a n  o n - s i t e  f a c i l i t y  t o  t r e a t  h a z a r d o u s  
l i q u i d  waste; t h e  f a c i l i t y  is  a b l e  t o  reclaim waste o r g a n i c  o i l  
compounds  and  -_II metals  f rom process  water,  and  p r o d u c e s  a 
n o n - h a z a r d o u s  s l i i d g e .  The reclaimed o i l  is  s o l d  t o  a n  o i l  
r e c y c l i n g  f i r m  OK’ i s  r e u s e d  f o r  m a c h i n i n g  p r o c e s s e s .  

A N N U A L  COST S A V I N G S :  $ 1 5 5 , 7 5 0  

PAYBACK P E R I O D :  2.5 y e a r s  

T I M E  TO IMPLEMENT: 1 . 5  y e a r s  

TRANSFERABILITY: A p p l i c a b l e  t o  a n y  f i r m  t h a t  m u s t  
manage la rge  v o l u m e s  o f  wastewater 
c o n t a i n i n g  o i l s  o r  metals. 
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  Reduced t h r e a t  t o  a i r  and  g r o u n d w a t e r  

q u a l i t y ;  c o n s e r v a t i o n  of metal ,  
e n e r g y ,  and  water r e s o u r c e s ;  i m p r o v e d  
h e a l t h  a n d  s a f e t y  c o n d i t i o n s  f o r  p l a n t  
p e r s o n n e l .  

P r o j e c t  D e s c r i p t i o n  

Deere a n d  Company m a n u f a c t u r e s  farm a n d  c o n s t r u c t i o n  
e q u i p m e n t .  I n  1 9 8 0 ,  t h e  company formed a H a z a r d o u s  Waste T a s k  
F o r c e  c o m p r i s e d  o f  employees  f rom a l l  l e v e l s ,  and  c h a r g e d  i t  w i t h  
f o u r  g o a l s :  ( B e c a u s e  o f  p r o p r i e t a r y  r i g h t s  on t h e  t e c h n o l o g y ,  
o n l y  a g e n e r a l  d e s c r i p t i o n  f o l l o w s . )  

1)  To d e v e l o p  o p t i o n s  f o r  e s t a b l i s h i n g  a c o m p r e h e n s i v e  
s t r a t e g y  f o r  h a n d l i n g  h a z a r d o u s  waste mater ia l s  a t  each 
m a n u f a c t u r i n g  u n i t ;  

2 )  To d e f i n e  t h e  degree o f  h a z a r d o u s  waste t r e a t m e n t  t h a t  
s h o u l d  be c o n d u c t e d  a n d  w h i c h  u n i t s  s h o u l d  be i n v o l v e d ;  

3 )  To d e f i n e  programs t h a t  w i l l  a s s u r e  r e g u l a t o r y  
c o m p l i a n c e  ; 

4 )  To e l i m i n a t e  t h e  n e e d  f o r  h a z a r d o u s  waste d i s p o s a l  
w h e n e v e r  p o s s i b l e .  

After e x t e n s i v e  s t u d y ,  t h e  H a z a r d o u s  Waste T a s k  F o r c e  
c o n c l u d e d ,  a n d  t o p  management  c o n c u r r e d ,  t h a t  most h a z a r d o u s  
waste d i s p o s a l  a c t i v i t i e s  c o u l d  be e l i m i n a t e d  t h r o u g h  t h e  
f o l l o w i n g  a c t i v i t i e s :  

1 )  R e v i s i o n  of  m a n u f a c t u r i n g  p r o c e d u r e s  t o  m i n i m i z e  
h a z a r d o u s  waste g e n e r a t i o n ;  

2 )  Research a n d  d e v e l o p m e n t  o f  m e t h o d s  t o  d e t o x i f y  
h a z a r d o u s  waste; 

3 )  C o n s t r u c t i o n  a n d  i n t e r f a c i l i t y  u s e  o f  a s i n g l e ,  h i g h -  
t e c h n o l o g y  f a c i l i t y  f o r  l i q u i d  waste t r e a t m e n t ,  t h a t  wou ld  
p r o d u c e  a n o n h a z a r d o u s  s l u d g e  a n d  meet e f f l u e n t  s t a n d a r d s ;  

4 )  Use of  v e n d o r s  f o r  s o l v e n t  r e c l a m a t i o n  a c t i v i t i e s ;  

5 )  C o n t i n u e d  a u d i t  o f  each u n i t ' s  h a z a r d o u s  waste 
management  a c t i v i t i e s  t o  a s s u r e  e f f i c i e n t  p r o g r e s s  i n  r e d u c i n g  
a n d  e l i m i n a t i n g  t o x i c  materials.  
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S i n c e  1 9 8 0 ,  Deere h a s  r e d u c e d  i t s  h a z a r d o u s  waste d i s p o s a l  
b y  80 p e r c e n t ;  t h e y  a n t i c i p a t e  a 9 8 - p e r c e n t  r e d u c t i o n  i n  
h a z a r d o u s  wastes i n  1 9 8 5 .  The  company c o n t i n u e s  t o  c l o s e l y  
m o n i t o r  a l l  o f  t h e  s y s t e m s  t o  e n s u r e  t h a t  t h e y  a r e  m a k i n g  t i m e l y  
p r o g r e s s  toward t h e i r  g o a l  o f  maximum r e d u c t i o n  o f  h a z a r d o u s  
waste. 

The c e n t r a l  aspec t  o f  Deere 's  c o m p r e h e n s i v e  s t r a t e g y  was t h e  
d e v e l o p m e n t  o f  t h e  l i q u i d  waste t r e a t m e n t  f a c i l i t y .  I t  h a s  t h e  
f o l l o w i n g  c a p a b i l i t i e s :  

1)  O i l  r e c l a m a t i o n  f r o m  15-  t o  6 0 - p e r c e n t  o i l / w a t e r  
m i x t u r e s  ; 

2 )  T r e a t m e n t  of  c o n c e n t r a t e d  h e a v y  metal wastes; 

3 )  P r o d u c t i o n  of  s l u d g e  t h a t  d o e s  n o t  t e s t  t o x i c  u n d e r  t h e  
R C R A  e x t r a c t i o n  p r o c e d u r e .  

The  f a c i l i t y  c a n  t r e a t  o v e r  2 m i l l i o n  g a l l o n s  p e r  year o f  
t h e  f o l l o w i n g  t y p e s  o f  h a z a r d o u s  wastes: e l e c t r o p l a t i n g  s l u d g e s ,  
s p e n t  e l e c t r o p l a t i n g  b a t h s ,  p a i n t i n g  wastes, c a u s t i c  p a i n t -  
s t r i p p i n g  wastes,  k o l e n e  s l u d g e  f r o m  c a s t i n g  c l e a n i n g ,  a n d  
m i s c e l l a n e o u s  a c i d  a n d  a l k a l i n e  wastes. Also ,  1 , 3 8 0 , 0 0 0  g a l l o n s  
p e r  y e a r  o f  waste o i l s  a n d  o i l / w a t e r  m i x t u r e s  c a n  be t r e a t e d  s u c h  
t h a t  o i l  is  reclaimed f o r  s a l e  t o  a n  o i l  r e c y c l i n g  f i r m ,  o r  is 
r e u s e d  f o r  m a c h i n i n g  p r o c e s s e s .  Deere a n d  Company c u r r e n t l y  h a s  
a p a t e n t  p e n d i n g  on t h e  process  and  is w i l l i n g  t o  l i c e n s e  i t s  u s e  
t o  o t h e r  i n d u s t r i e s .  
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WASTES G E N E R A T E D  Reduced h a z a r d o u s  wastes b y  330 ,000  
g a l l o n s  p e r  year 

P R O D U C T I V I T Y  No c h a n g e  r e p o r t e d  

PRODUCT QUALITY No c h a n g e  r e p o r t e d  

DOWN T I M E  No c h a n g e  r e p o r t e d  

F A C I L I T I E S  $ 1 , 9 0 0 , 0 0 0  o n e - t i m e  c o s t  

EQUIPMENT I n  c 1 ud e d  u n d e r  f ac i 1 i t i e s parameter 

R A W  MATERIALS S a v i n g s  d u e  t o  r e u s e  o f  o i l ,  d o l l a r  
f i g u r e  n o t  p r o v i d e d  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE D I S P O S A L  $230,000 s a v e d  p e r  year 

P O L L U T I O N  C O N T R O L  $ 7 4 , 2 5 0  c o s t  p e r  year 

PERSONNEL/MAINTENANCE No c h a n g e  

NET BENEFITS M i n i m i z a t i o n  o f  waste management  c o s t  

For  more d e t a i l e d  i n f o r m a t i o n ,  re fe r  t o  llCorporate S t r a t e g y  
a n d  A c t i o n s  f o r  R e d u c i n g  H a z a r d o u s  Waste D i s p o s a l  R e q u i r e m e n t s , "  
b y  R . D .  G r s t e l u e s c h e n ,  Manager  o f  E n v i r o n m e n t a l  C o n t r o l ,  Deere 
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and Company. Published in Pollution to Profit: Reducing 
Industrial Wastes in Illinois, proceedings from The Illinois 
Conference on Industrial Waste Reduction, Document No, HW84/02, 
J u n e  1 9 8 4 ,  ppe 8-18. 
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ase Study 
TYPE OF I N D U S T R Y :  

NAME OF FIRM: 

L O C A T I O N  

SIC: 

M a n u f a c t u r e  a n d  Metal F i n i s h i n g  of S t a t i o n a r y  
Power Tools 

Emerson  E lec t r ic  Company 
S p e c i a l  P r o d u c t s  D i v i s i o n  
( L a y t o n  S c h u h  704/837-5101) 

Murphy,  N o r t h  Carolina 28209 

359 36 

* * 
MODIFICATIONS f 

REPLACEMENT OF CONVENTIONAL,  ORGANIC-SOLVENT-BASED * 
ELECTROSTATIC PAINT SYSTEM W I T H  A WATERBORNE * 
ELECTROSTATIC PAINT SYSTEM * 
I N S T A L L A T I O N  OF A COMPUTERIZED R O B O T I C  ELECTRO- * 
PLATING SYSTEM * 
I N S T A L L A T I O N  OF A N  ULTRAFILTRATION SYSTEM FOR * 
O I L  AND PROCESS CHEMICAL RECOVERY * 
I N S T A L L A T I O N  OF A COMPUTERIZED E N E R G Y  MANAGEMENT 
SYSTEM * 
DEVELOPMENT OF A COMPREHENSIVE PROGRAM FOR CHEMICAL * 
WASTE MANAGEMENT * 
I N T R O D U C T I O N  OF A N  I N C E N T I V E  PROGRAM FOR NEW COST- 
REDUCTION OR PRODUCT IDEAS 8 

* 

* 

* 

* 

* 

* 

A b s t r a c t  

Emerson E l e c t r i c  Company h a s  made a s e r i e s  of  m o d i f i c a t i o n s  
w h i c h  h a v e  s i g n i f i c a n t l y  d e c r e a s e d  o p e r a t i n g  c o s t s ;  i n c r e a s e d  
p r o d u c t i v i t y ;  r e d u c e d  s o l v e n t ,  p a i n t  s o l i d s ,  a n d  p l a t i n g  c h e m i c a l  
c o s t s ;  c o n s e r v e d  e n e r g y ;  i m p r o v e d  p r o d u c t  q u a l i t y ;  p r o v i d e d  a 
s a f e r  w o r k i n g  e n v i r o n m e n t ;  a n d  c o n s e r v e d  raw mater ia ls .  S e v e r a l  
o f  t h e  i m p r o v e m e n t s  i n v o l v e d  t h e  p u r c h a s e  o f  new e q u i p m e n t  w h i c h  
a l lowed t h e  a u t o m a t i o n  of  t h e i r  e l e c t r o p l a t i n g  p r o c e s s  a n d  t h e i r  
e n e r g y  management  s y s t e m .  C o n v e r s i o n  from a n  o r g a n i c - s o l v e n t -  
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b a s e d  p a i n t  s y s t e m  t o  a water-based s y s t e m  r e d u c e d  p a i n t  s o l v e n t  
a n d  p a i n t  s l u d g e  l o s s e s  by  40  p e r c e n t .  The a d d i t i o n  o f  a n  
u l t r a f i l t r a t i o n  s y s t e m  f o r  t h e i r  wastewater stream h a s  a l lowed  
€he r e c o v e r y  oT o i l  a n d  p rocess  chemicals .  A s  a r e s u l t ,  t h e  l o a d  
t o  t h e  wastewater t r e a t m e n t  s y s t e m  h a s  b e e n  r e d u c e d ,  a n d  $ 1 1 , 0 0 0  
i n  raw mater ia ls  a re  r e t u r n e d  t o  t h e  p r o d u c t i o n  processes .  A 
management  i n i t i a t i v e  t o  d e v e l o p  a p r o g r a m  t o  o v e r s e e  a l l  waste 
management  a c t i v i t i e s  h a s  a l s o  b e e n  i n s t i t u t e d .  S e v e r a l  h o u s e -  
k e e p i n g  i m p r o v e m e n t s  h a v e  r e s u l t e d  from t h i s  p r o g r a m ;  t h e y  h a v e  

s i g n i f i c a n t  c o s t  a n d  e n v i r o n m e n t a l  b e n e f i t s .  

A N N U A L  COST S A V I N G S :  $ 1 . 8  m i l l i o n  

PAYBACK P E R I O D :  M o d i f i c a t i o n  # l :  1 . 1  years  
M o d i f i c a i t o n  # Z :  1 .1  y e a r s  
M o d i f i c a t i o n  #3: 2 y e a r s  
M o d i f i c a t i o n  # 4 :  5 yea r s  

T I M E  TO IMPLEMENT: 1 y e a r  

T R A N S F E R A B I L I T Y :  The  mos t  i m p o r t a n t  f e a t u r e s  o f  t h e s e  
m o d i f i c a t i o n s  a re  t h e  c o m p r e h e n s i v e  
n a t u r e  of  E m e r s o n ? s  p o l l u t i o n  
p r e v e n t i o n  a c t i v i t i e s ,  a n d  t h e  
s i g n i f i c a n t  s a v i n g s  t h e y  were a b l e  t o  
r e a l i z e  as a r e s u l t  of t h e i r  e f f o r t s .  
Changes  made i n  s e v e r a l  f i n i s h i n g  
processes  r e d u c e d  t h e  amount  o f  wastes 
r e q u i r i n g  t r e a t m e n t  i n  t h e  c o m p a n y ' s  
o n - s i t e  s y s t e m .  S e v e r a l  of t h e  m o d i f i -  
c a t i o n s  r e q u i r e d  s i g n i f i c a n t  c a p i t a l  
e x p e n d i t u r e s ;  t hese  m i g h t  n o t  be c o s t -  
e f f e c t i v e  a t  smaller f a c i l i t i e s .  The 
h o u s e k e e p i n g  a c t i v i t i e s  d e m o n s t r a t e  t h e  
s a v i n g s  t h a t  c a n  be a c h i e v e d  by c o n s i s -  
t e n t l y  m o n i t o r i n g  a l l  p h a s e s  of  a manu- 
f a c t u r i n g  o p e r a t i o n ,  a n d  by  k e e p i n g  
abreas t  o f  new p r o d u c t  d e v e l o p m e n t .  

E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  C o n s e r v a t i o n  o f  mater ia l  r e s o u r c e s ;  

c o n s e r v a t i o n  of e n e r g y ;  e l i m i n a t i o n  o f  
o i l  s p i l l  r i s k s ;  r e d u c t i o n  of  o i l  a n d  
chemical l o a d i n g  t o  t h e  e f f l u e n t  
stream; r e d u c e d  e m p l o y e e  e x p o s u r e  t o  
o r g a n i c  s o l v e n t s ,  a c i d s ,  a n d  c a u s t i c s .  
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P r o j e c t  D e s c r i p t i o n  

Emerson  E l e c t r i c  Company m a n u f a c t u r e s  s t a t i o n a r y  power  
t o o l s ;  t hese  r e q u i r e  b o t h  metal f i n i s h i n g  a n d  p a i n t i n g  
o p e r a t i o n s .  C h e m i c a l  p r o c e s s e s  i n  o p e r a t i o n  i n c l u d e :  

1 )  An e l e c t r o s t a t i c  p a i n t  s y s t e m ,  w i t h  a s e v e n - s t a g e - m e t a l  
p r e t r e a t m e n t  l i n e ,  t h a t  f i n i s h e s  75 ,000  s q u a r e  f e e t  of p a r t s  p e r  
d a y ;  

2 )  A b l a c k  p e n e t r a t e  a n d  z i n c  e l e c t r o p l a t i n g  l i n e  t h a t  
f i n i s h e s  1 0 , 0 0 0  p o u n d s  o f  small p a r t s  p e r  d a y ;  

3 )  An a l u m i n i u m  d i e - c a s t i n g  f a c i l i t y  t h a t  p r o d u c e s  30 ,000  
p o u n d s  o f  p a r t s  per d a y ;  

4 )  A p a i n t  s t r i p p i n g  l i n e  t h a t  s t r i p s  p a i n t  from 1 , 0 0 0  

5 )  A t w o - s t a g e ,  s m a l l - p a r t s  washer th’at c l e a n s  3 , 0 0 0  p o u n d s  

square f e e t  of  p a r t s  p e r  d a y ;  

o f  ware per  d a y ;  

6 )  A v i b r a t o r y  f i n i s h i n g  l i n e  t h a t  p rocesses  4 , 0 0 0  p o u n d s  
o f  pa r t s  p e r  d a y ;  

7 )  A m a c h i n i n g  c e n t e r  t h a t  c o n t a i n s  2 , 0 0 0  g a l l o n s  o f  
m a c h i n e  c o o l a n t ,  a n d  g e n e r a t e s  1 0 , 0 0 0  p o u n d s  o f  m i s c e l l a n e o u s  
s l u d g e  a n d  75 g a l l o n s  o f  s p e n t  c h e m i c a l s  p e r  d a y .  

When Emerson  i n s t a l l e d  a n  a u t o m a t e d ,  metal e l e c t r o p l a t i n g  
s y s t e m  t o  r e p l a c e  t h e i r  m a n u a l  s y s t e m ,  a n n u a l  p r o d u c t i v i t y  
i n c r e a s e d  by $ 2 0 0 , 0 0 0 ,  a n d  s y s t e m  down- t ime d e c r e a s e d  f rom 8 t o  4 
p e r c e n t .  Chemical c o n s u m p t i o n  h a s  d e c r e a s e d  by 2 5  p e r c e n t ,  
r e s u l t i n g  i n  a n  a n n u a l  r e d u c t i o n  o f  $8 ,000  i n  raw ma te r i a l  c o s t s .  
Water c o s t s  h a v e  b e e n  r e d u c e d  by  $ 1 , 1 0 0  p e r  y e a r ,  a n d  p l a t i n g  
wastes, i n c l u d i n g  a c i d s ,  c a u s t i c s ,  a n d  o i l s ,  h a v e  decreased f r o m  
450  t o  360  p o u n d s  p e r  d a y .  T r e a t m e n t  c o s t s  f o r  t h e  p r o c e s s  water 
water u s e d  i n  t h e  p l a t i n g  o p e r a t i o n  h a v e  b e e n  r e d u c e d  b y  2 5  
p e r c e n t .  A n n u a l  s a v i n g s  o f  $ 3 5 , 0 0 0  i n  p e r s o n n e l  and  m a i n t e n a n c e  
c o s t s  a re  a t t r i b u t a b l e  t o  t h e  new s y s t e m .  The a u t o m a t e d  s y s t e m  
h a s  a l s o  e l i m i n a t e d  w o r k e r  e x p o s u r e  t o  a c i d s  a n d  c a u s t i c s ;  
e x p o s u r e  was p r e v i o u s l y  u n a v o i d a b l e  w i t h  t h e  m a n u a l  o p e r a t i o n .  

A s e c o n d  major r e v i s i o n  t o  t h e  m e t a l - f i n i s h i n g  o p e r a t i o n  was 
t h e  s u b s t i t u t i o n  o f  a n  a n o d i c  e l e c t r o s t a t i c  i m m e r s i o n  p a i n t  
s y s t e m  t h a t  is  water-based f o r  a n  e x i s t i n g  o r g a n i c - s o l v e n t - b a s e d  
p a i n t  s y s t e m .  A s  a r e s u l t ,  t h e  q u a l i t y  o f  t h e  p a i n t  a p p l i c a t i o n  
h a s  b e e n  g r e a t l y  i m p r o v e d ,  a n d  a n n u a l  p r o d u c t i v i t y  h a s  i n c r e a s e d  
b y  $ 1 , 0 0 0 , 0 0 0 .  Down time f o r  t h e  new s y s t e m  h a s  d e c r e a s e d  from 3 
t o  1 p e r c e n t .  The water-based s y s t e m  a l lows  9 9 . 5 - p e r c e n t  
r e c o v e r y  a n d  r e u s e  o f  p a i n t ,  C o n s e q u e n t l y ,  raw mater ia l  c o s t s  
f o r  p a i n t  h a v e  decreased by  $ 6 0 0 , 0 0 0  p e r  y e a r .  I n s t e a d  o f  
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g e n e r a t i n g  3 , 0 0 0  p o u n d s  p e r  d a y  o f  a r o m a t i c ,  c h l o r i n a t e d  waste 
s o l v e n t  a n d  70  p o u n d s  p e r  d a y  o f  p a i n t  s o l i d s ,  t h e  company now 
g e n e r a t e s  o n l y  150 p o u n d s  o f  n o n - r e a c t i v e  s o l v e n t  p e r  d a y ,  a n d  
o n l y  two p o u n d s  o f  p a i n t  s o l i d s  p e r  d a y ,  A s  a r e s u l t  o f  t hese  
c h a n g e s ,  h a z a r d o u s  waste d i s p o s a l  c o s t s  h a v e  b e e n  r e d u c e d  f r o m  
$ 1 0 , 0 0 0  p e r  year t o  o n l y  $ 3 0 0  p e r  y e a r .  W i t h  t h e  new p a i n t  
s y s t e m ,  p e r s o n n e l  and  m a i n t e n a n c e  c o s t s  h a v e  b e e n  decreased b y  4 0  
p e r c e n t ,  a n d  w o r k e r  e x p o s u r e  t o  o r g a n i c  p a i n t  s o l v e n t s  h a s  b e e n  
e l i m i n a t e d .  

T h e  wastewater f rom t h e  m a n u f a c t u r i n g  p r o c e s s ,  which  
c o n t a i n s  o i l  a n d  p r o c e s s  chemica ls ,  is  t r e a t e d  o n - s i t e  i n  a 
55 ,000  g a l l o n s  p e r  d a y ,  NPDES p e r m i t t e d  wastewater t r e a t m e n t  
p l a n t .  The p l a n t s  p r o c e s s e s  i n c l u d e  n e u t r a l i z a t i o n ,  
p o l y m e r i z a t i o n ,  d i s s o l v e d  a i r  f l o t a t i o n ,  s a n d  f i l t r a t i o n ,  a n d  
c a r b o n  a d s o r p t i o n .  The  e f f l u e n t  i s  d i s c h a r g e d  t o  a Class II 
stream. The a d d i t i o n  o f  a $ 6 5 , 0 0 0  o i l  s k i m m e r  a n d  
u l t r a f i l t r a t i o n  s y s t e m  h a s  a l l o w e d  t h e  r e c o v e r y  o f  o i l  w o r t h  
$ 8 , 0 0 0  p e r  year .  T w e n t y - f i v e  h u n d r e d  g a l l o n s  o f  r e u s a b l e  
a l k a l i n e  c l e a n i n g  s o l u t i o n  a r e  a l s o  r ecove red  each month ,  s a v i n g  
a p p r o x i m a t e l y  $ 3 , 0 0 0  p e r  year.  About  370 p o u n d s  o f  BOD a re  
removed each month  b y  t h e  u l t r a f i l t r a t i o n  u n i t .  The  r e d u c e d  
o r g a n i c  l o a d i n g  t o  t h e  t r e a t m e n t  s y s t e m  has  c u t  water t r e a t m e n t  
c o s t s  by  $ 1 0 , 0 0 0  p e r  year ,  The  new f i l t r a t i o n  p r o c e s s  h a s  a l s o  
s a v e d  t h e  f i rm f r o m  h a v i n g  t o  e x p a n d  t h e i r  water t r e a t m e n t  
c a p a c i t y  e 

I n  a d d i t i o n  t o  t h e s e  s p e c i f i c  p r o c e s s  m o d i f i c a t i o n s ,  Emerson  
h a s  d e v e l o p e d  a b r o a d - b a s e d  p r o g r a m  f o r  chemical waste 
management .  The  p r o g r a m  was i n i t i a t e d  t h r o u g h o u t  t h e  S p e c i a l  
P r o d u c t s  D i v i s i o n  of  Emerson  E l e c t r i c ,  w i t h  t h e  p r e s i d e n t  a n d  
v i c e  p r e s i d e n t  o f  o p e r a t i o n s  t a k i n g  p e r s o n a l  a c t i o n .  The p r o g r a m  
was i n i t i a t e d  b e c a u s e  t h e  company had  a number o f  s p e c i f i c  waste 
management  p r o b l e m s ,  i n c l u d i n g :  

1 )  C o n t i n u a l  o i l  s p i l l s  a t  t h e  sc rap  l o a d i n g  s i t e .  The o i l  
c o n t a m i n a t e d  t h e  s u r r o u n d i n g  s u r f a c e w a t e r ;  t h i s  water u l t i m a t e l y  
d r a i n e d  i n t o  t h e  a d j a c e n t  creek.  A p p r o x i m a t e l y  20 g a l l o n s  o f  
w a t e r - s o l u b l e ,  p e t r o l e u m - b a s e d  o i l  were released t o  t h e  
e n v i r o n m e n t  each week. 

2 )  C o n t i n u a l  o i l  s p - i l l s  f r o m  t h e  a luminum d i e - c a s t i n g  
f a c i l i t y  c o n t a m i n a t e d  a n  a d j a c e n t  w a t e r w a y .  A p p r o x i m a t e l y  45 
g a l l o n s  of  w a t e r - s o l u b l e  a n d  w a t e r - i n s o l u b l e  p e t r o l e u m - b a s e d  o i l s  
a n d  s y n t h e t i c  o i l s  were released t o  t h e  e n v i r o n m e n t  each w e e k .  

3 )  Weekly e p i s o d e s  o f  u n a u t h o r i z e d  dumping  o f  p r o c e s s  
chemicals i n t o  t h e  water t r e a t m e n t  s y s t e m .  T h i s  p r a c t i c e  
o v e r l o a d e d  t h e  t r e a t m e n t  s y s t e m ' s  o r g a n i c  r e m o v a l  c a p a c i t y ,  a n d  
s u b s e q u e n t l y  r e s u l t e d  i n  i n e f f i c i e n t  metal r e m o v a l .  
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4 )  M o n t h l y  o v e r l o a d s  of  t h e  wastewater t r e a t m e n t  s y s t e m  
c a u s e d  by t h e  dumping  o f  a c o n c e n t r a t e d  s o l u t i o n  o f  s p e n t  
a l k a l i n e  c l e a n e r .  A s  a r e s u l t  of  t h i s  p r a c t i c e ,  t h e  e f f l u e n t  
e x c e e d e d  t h e  a l lowab le  l i m i t s  f o r  o r g a n i c s  and  metals. 

5 )  Imprope r  l a b e l i n g  a n d  s t o r a g e  o f  h a z a r d o u s  a n d  n o n -  
h a z a r d o u s  chemical wastes; i f  s p i l l e d  t h e s e  wastes c o u l d  e n t e r  a n  
a d j a c e n t  waterway. A t  o n e  time 2 0 , 0 0 0  p o u n d s  o f  u n i d e n t i f i e d  
chemica l  wastes were b e i n g  s t o r e d  o u t s i d e .  

6 )  E x c e s s i v e  u s e  of  c h l o r i n a t e d  s o l v e n t s  i n  d e g r e a s i n g  
o p e r a t i o n s ;  t h e s e  s o l v e n t s  a f f e c t e d  t h e  wastewater t r e a t m e n t  
s y s t e m .  A p p r o x i m a t e l y  1 , 8 0 0  p o u n d s  o f  s o l v e n t  were u s e d  p e r  
m o n t h ;  h a l f  o f  t h i s  was i n t r o d u c e d  t o  t h e  wastewater t r e a t m e n t  
p b a n t  

7 )  I m p r o p e r  u s e  o f  z i n c  c h r o m a t e s  as a n  a l g a c i d e  i n  t h e  
e v a p o r a t i v e  c o o l i n g  water s y s t e m s .  Each  m i n u t e  a p p r o x i m a t e l y  
f o u r  g a l l o n s  o f  c o n t i n u a l  blowdown,  c o n t a i n i n g  z i n c  c h r o m a t e s ,  
were d i s c h a r g e d  t o  t h e  s t o r m  d r a i n .  

Af t e r  b e g i n n i n g  t h e i r  waste management  p r o g r a m ,  t h e  Company 

1 )  T h e y  i n v e s t e d  $25,000 i n  a d i e - c a s t  sump a n d  pumping  
f a c i l i t y  a n d  i n  a s c r a p - l o a d i n g  f a c i l i t y .  P r e v i o u s l y  a11 o i l s  
f r o m  d i e - c a s t i n g  a n d  a t  t h e  s c r a p - l o a d i n g  s i t e  were l o s t ;  
a p p r o x i m a t e l y  65 g a l l o n s  p e r  week a re  now r e c o v e r e d .  T h e  
i m p r o v e m e n t s  save a p p r o x i m a t e l y  $8 ,000  p e r  year .  

r e p o r t s  t h a t :  

2 )  They  d i s c o n t i n u e d  a l l  u n a u t h o r i z e d  dumping  o f  waste 
chemicals  t o  t h e  wastewater t r e a t m e n t  p l a n t .  O p e r a t i o n  o f  t h e  
t r e a t m e n t  f a c i l i t y  h a s  i m p r o v e d ,  a n d  e f f l u e n t  g u i d e l i n e s  a re  
b e i n g  p r o t e c t e d .  

3 )  They i n v e s t e d  $ 3 , 0 0 0  i n  drum s t o r a g e  a n d  h a n d l i n g .  A l l  
h a z a r d o u s  chemical wastes are p r o p e r l y  l a b e l e d ,  s t o r e d ,  
m a n i f e s t e d ,  a n d  managed b y  a n  EPA-approved v e n d o r .  No h a z a r d o u s  
wastes a re  s t o r e d  o u t s i d e ;  t h e y  a r e  p r o p e r l y  s t o r e d ,  a n d  a r e  
s p e c i a l l y  t r e a t e d  o r  p i c k e d  up b y  a p p r o p r i a t e  v e n d o r s .  

4 )  They r e d u c e d  d e g r e a s i n g  w i t h  c h l o r i n a t e d  s o l v e n t s  b y  8 0  
p e r c e n t  e A steam c l e a n e r  was p u r c h a s e d  f o r  $ 5 , 0 0 0 ,  a n d  
d e g r e a s i n g  is a c c o m p l i s h e d  b y  u s i n g  a n  a l k a l i n e  d e t e r g e n t  a n d  
steam. T h i s  h a s  r e d u c e d  t h e  t o x i c  o r g a n i c  l o a d i n g  t o  t h e  
wastewater t r e a t m e n t  p l a n t ,  a n d  t h e  t r e a t e d  e f f l u e n t  is  m e e t i n g  
t h e  c u r r e n t l y  p r o p o s e d  g u i d e l i n e s .  



5)  They r e f o r m u l a t e d  t h e  a l g a c i d e s  i n  t h e  c o o l i n g  water 
s y s t e m s  a n d  removed t h e  z i n c  chromates .  C h l o r i n a t o r s  f o r  t h e  
c o o l i n g  towers were p u r c h a s e d  f o r  $ 1 , 0 0 0 .  

The management  p r o g r a m  i s  o n g o i n g  a n d  i s  m o n i t o r e d  by  t h e  
i n - p l a n t  p r o c e s s  e n g i n e e r .  The c o n t i n u i n g  g o a l s  of  t h e  p r o g r a m  
a re :  

7 )  To i m p r o v e  t h e  d a i l y  o p e r a t i o n s  a n d  e f f l u e n t  o f  t h e  
wastewater t r e a t m e n t  p l a n t  by e l i m i n a t i n g  u n a u t h o r i z e d  dumping  of  
s p e n t  chemica ls ;  

2 )  To s e c u r e  t h e  s a f e t y  o f  e m p l o y e e s  b y  e d u c a t i n g  them 
a b o u t  t h e  p r o p e r  d i s p o s i t i o n  o f  a l l  waste p r o c e s s  chemicals;  

3 )  To p r e v e n t  chemical  s p i l l s  on t h e  p l a n t ' s  g r o u n d s ;  

4 )  To comply  w i t h  t h e  p e r t i n e n t  R C R A  r e g u l a t i o n s ,  a n d  w i t h  
o t h e r  r e l e v a n t  e n v i r o n m e n t a l  laws. 

Process t e c h n i c i a n s  m a i n t a i n  d a i l y  l o g  s h e e t s .  All p l a n t  
p e r s o n n e l  w i t h  d e s i g n a t e d  r e s p o n s i b i l i t i e s  i n  t h e  p rogram,  a re  
p r o p e r l y  i n f o r m e d ,  a n d  h a v e  access  t o  t h e  management  b o o k l e t .  
Any v i o l a t i o n s  of  t h e  s t a t e d  p r o c e d u r e s  a re  r e p o r t e d  t o  t h e  p l a n t  
manage r .  

Emerson  a l s o  m a i n t a i n s  a n  i n c e n t i v e  awards p r o g r a m  t o  
e n c o u r a g e  new ideas  f o r  c o s t  s a v i n g s  o r  f o r  d e v e l o p m e n t  o f  new 
p r o d u c t s .  Items s u c h  as c o l o r  t e l e v i s i o n s ,  r a d i o s ,  a n d  s t e r e o s ,  
a re  a w a r d e d  t o  a c k n o w l e d g e  e m p l o y e e  c o n t r i b u t i o n s .  

A f i n a l  m o d i f i c a t i o n  r e p o r t e d  by Emerson  was t h e  
i n s t a l l a t i o n  o f  a $ 1 0 0 , 0 0 0  c o m p u t e r i z e d  e n e r g y  management  s y s t e m ;  
t h i s  s a v e s  t h e  f i r m  $ 1 4 5 , 0 0 0  i n  e l e c t r i c a l  c o s t s  p e r  y e a r ,  a n d  
h a s  r e d u c e d  p e r s o n n e l  a n d  m a i n t e n a n c e  c o s t s  b y  a n  a d d i t i o n a l  
$ 2 , 0 0 0  p e r  y e a r .  
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WASTES GENERATED 1) E l i m i n a t e d  3 ,000  p o u n d s  of  
aromatic  c h l o r i n a t e d  s o l v e n t  
waste p e r  d a y  ( p a i n t  s y s t e m )  

2 )  Reduced waste p a i n t  s o l i d s ,  
f r o m  70  t o  2 p o u n d s  p e r  d a y  
( p a i n t  s y s t e m )  

3)  Reduced  p l a t i n g  a c i d ,  
c a u s t i c ,  a n d  o i l  f r o m  450  t o  
360 p o u n d s  pe r  d a y  ( p l a t i n g  
s y s t e m )  

4 )  E l i m i n a t e d  6 5  g a l l o n s  of  
waste o i l  p e r  d a y  
( u l t r a f i l t r a t i o n )  

5 )  Reduced  c h l o r i n a t e d  waste 
s o l v e n t s  f rom 9 0 0  t o  180  p o u n d s  
p e r  month  ( d e g r e a s i n g )  

6 )  E l i m i n a t e d  z i n c  c h r o m a t e  
d i s c h a r g e  t o  s t o r m  d r a i n s  
( c o o l i n g  water)  

P RODU C T I  VITY 1)  I n c r e a s e d  $ 1 , 0 0 0 , 0 0 0  p e r  
y e a r  ( p a i n t  s y s t e m )  
2 )  I n c r e a s e d  $ 2 0 0 , 0 0 0  p e r  y e a r  
( p l a t i n g  s y s t e m )  

PRODUCT QUALITY Improved  p a i n t  c o v e r a g e ,  
u n i f o r m i t y  of c o a t i n g  
t h i c k n e s s  

DOWN T I M E  1 )  Reduced  from 3 t o  1 p e r c e n t  
by new p a i n t  s y s t e m  
2 )  Reduced  f r o m  8 t o  4 p e r c e n t  
by new p l a t i n g  s y s t e m  
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FACILITIES $ 2 0 0 , 0 0 0  o n e - t i m e  c o s t  

EQUIPMENT $ 6 7 4 , 0 0 0  o n e - t i m e  c o s t  

RAW MATERIALS $ 6 4 2 , 0 0 0  s a v e d  p e r  y e a r  

WATER $ 2 , 2 0 0  s a v e d  p e r  y e a s  

E N E R G Y  $ 1 4 5 , 0 0 0  s a v e d  p e r  y e a r  

WASTE DISPOSAL $ 5 2 , 7 0 0  s a v e d  p e r  y e a r  

P O L L U T I O N  C O N T R O L  $380,000 d o s t  p e r  y e a r  

PERSONNEL/MAINTENAN~E $ 1 5 7 , 0 0 0  s a v e d  p e r  year 

NET BENEFITS Annua l  c o s t  s a v i n g s ,  i m p r o v e d  
o n - s i t e  waste t reatment  
e f f i c i e n c y ,  r e d u c e d  r e g u l a t o r y  
p r e s s u r e s ,  d e c r e a s e d  w o r k e r  
e x p o s u r e  t o  o r g a n i c  s o l v e n t s  
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SIC: 36 

Abs t rac  t 

The  H a m i l t o n  Beach D i v i s i o n  o f  S c o v i l l ,  I n c . ,  m a n u f a c t u r e s  
small e l e c t r i c  a p p l i a n c e s .  T h e i r  o p e r a t i o n  r e q u i r e s  7 1,1- 
t r i c h l o r o e t h a n e  s o l v e n t  t o  d e g r e a s e  metal s t a m p i n g s .  S o l v e n t  
wastes a r e  c o l l e c t e d  i n  5 5 - g a l l o n  d r u m s ;  t h e  d r u m s  a r e  h o u s e d  i n  
a s t o r a g e  b u i l d i n g  d e s i g n e d  t o  c o n t a i n  p o s s i b l e  s p i l l s .  The  
d rums  a re  p i c k e d  up by a company t h a t  d i s t i l l s  1,1,1-  
t r i c h l o r o e t h a n e  f r o m  t h e  wastes. T h i s  company r e t u r n s  t h e  
s o l v e n t  t o  S c o v i l l  f o r  r e u s e .  The  r e c y c l e d  s o l v e n t  c o s t s  a b o u t  
h a l f  as much a s  t h e  v i r g i n  m a t e r i a l .  S c o v i l l  h a s  a l s o  
e x p e r i m e n t e d  w i t h  w a t e r - s o l u b l e  s y n t h e t i c  c l e a n e r s  as  a mater ia l  
s u b s t i t u t i o n  f o r  o r g a n i c - s o l v e n t - b a s e d  c l e a n e r s .  C o n s e q u e n t l y ,  
t h e y  h a v e  r e d u c e d  t h e i r  u s e  of o r g a n i c  s o l v e n t s  b y  30 p e r c e n t .  A 
management  i n i t i a t i v e ,  w h i c h  rewards e m p l o y e e s  f o r  ideas 
c o n c e r n i n g  waste r e d u c t i o n  a n d  c o s t  s a v i n g s  p r o j e c t s ,  is a l s o  
p a r t  o f  H a m i l t o n  Beach's p r o g r a m  f o r  p o l l u t i o n  p r e v e n t i o n .  

A N N U A L  COST S A V I N G S :  $ 2 0 , 2 6 0  

P A Y B A C K  P E R I O D :  5 m o n t h s  

T I M E  TO IMPLEMENT: 3 m o n t h s  
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T R A N S F E R A B I L I T Y :  

E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

U s i n g  d i s t i l l a t i o n  t o  r e c o v e r  s p e n t  
s o l v e n t  is a f e a s i b l e  a l t e r n a t i v e  f o r  
mos t  d e g r e a s i n g  s o l v e n t s  b e c a u s e  of 
t h e i r  low b o i l i n g  p o i n t s .  The q u a l i t y  
of t h e  wastes g e n e r a t e d  may d e t e r m i n e  
w h e t h e r  r e c y c l i n g  c a n  be d o n e  i n - h o u s e  
o r  o f f - s i t e .  An o f f - s i t e  r e c o v e r y  
a r r a n g e m e n t ,  l i k e  t h e  o n e  u s e d  b y  
S c o v i l l ,  e l i m i n a t e s  t h e  c a p i t a l  
e x p e n d i t u r e s  n e e d e d  f o r  d i s t i l l a t i o n  
e q u i p m e n t ,  and  t h e  m a i n t e n a n c e  a n d  
o p e r -  a t i n g  c o s t s  a s s o c i a t e d  w i t h  s u c h  
e q u i p m e n t .  The d r a w b a c k  t o  s u c h  a n  
a r r a n g e m e n t  is  t h e  l i a b i l i t y  t h e  g e n -  
e ra tor  mus t  a s s u m e ,  b o t h  f o r  t h e  mater- 
i a l  d u r i n g  t r a n s p o r t ,  and  f o r  t h e  
b u r i a l  of  s t i l l  b o t t o m  r e s i d u e s .  B e -  
c a u s e  o f f - s i t e  r e c y c l i n g  c a n  s o m e t i m e s  
r e s u l t  i n  c o n t a m i n a t i o n  o f  r e c o v e r e d  
s o l v e n t  w i t h  a s u b s t a n c e  f rom a n o t h e r  
u s e r ' s  p r o c e s s ,  i t  is t o  t h e  g e n e r a -  
t o r ' s  a d v a n t a g e  t o  a r r a n g e  t o  h a v e  
t h e i r  s o l v e n t  s e g r e g a t e d  d u r i n g  
d is t i 1 l a t  i on.  

The  s u b s t i t u t i o n  of  o t h e r  c l e a n i n g  
a g e n t s  f o r  o r g a n i c  s o l v e n t s  is becom- 
i n g  more commonplace ,  s i n c e  t h e  l a t t e r  
a re  e x p e n s i v e ,  a n d  p r e s e n t  s e r i o u s  
h e a l t h  r i s k s  t o  workers .  

Employee  i n c e n t i v e  p r o g r a m s  a r e  
a l s o  becoming  p o p u l a r ,  s i n c e  many 
waste r e d u c t i o n  p r o j e c t s  i n v o l v e  
c h a n g e s  i n  h o u s e k e e p i n g  p r a c t i c e s ,  o r  
i n  e q u i p m e n t  o p e r a t i o n  a n d  m a i n t e n a n c e ;  
o p p o r t u n i t i e s  f o r  t h e s e  m o d i f i c a t i o n s  
a re  mos t  r e a d i l y  n o t i c e d  by p r o d u c t i o n  
p e r s o n n e l ,  ra ther  t h a n  by  management .  

Reduced t h r e a t  t o  a i r  and  g r o u n d w a t e r  
q u a l i t y ;  c o n s e r v a t i o n  o f  resources ;  
improved  h e a l t h  a n d  s a f e t y  c o n d i t i o n s  
f o r  p l a n t  p e r s o n n e l .  
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Pro- i ec t  D e s c r i D t i o n  

S c o v i l l  u s e s  l , l , l - t r i c h l o r o e t h a n e  s o l v e n t  t o  degrease t h e  
metal s t a m p i n g s  p r o d u c e d  i n  t h e i r  m a n u f a c t u r i n g  p rocess ,  U n t i l  
i m p l e m e n t a t i o n  o f  t h e i r  r e c y c l i n g  p r o g r a m ,  t h e  company h a d  b e e n  
a c c u m u l a t i n g  waste s o l v e n t  i n  5 5 - g a l l o n  d rums .  I n  o rde r  t o  a v o i d  
t h e  r e s p o n s i b i l i t y  a n d  e x p e n s e  of l a n d f i l l i n g  t h e  wastes, S c o v i l l  
c o l l a b o r a t e d  w i t h  t h e  F a y e t t e v i l l e  O f f i c e  of  t h e  N o r t h  C a r o l i n a  
S o l i d  a n d  H a z a r d o u s  Waste Management B r a n c h  t o  d e v e l o p  a p l a n  f o r  
r e c y c l i n g  t h e  waste s o l v e n t .  A s h l a n d  C h e m i c a l  Company was 
c o n t r a c t e d  t o  r e c y c l e  27 d r u m s  of  a l r e a d y  a c c u m u l a t e d  waste, as 
well as a l l  f u t u r e  waste, w h i c h  S c o v i l l  e x p e c t s  t o  g e n e r a t e  a t  a 
r a t e  of a b o u t  38 ,000  p o u n d s  p e r  year .  

A $ 3 , 0 0 0  s t o r a g e  b u i l d i n g  was c o n s t r u c t e d  t o  h o u s e  t h e  
wastes, a n d  a c e n t r a l ,  recessed f l o o r  s e c t i o n  was i n s t a l l e d  t o  
m i n i m i z e  t h e  p o l l u t i o n  i m p a c t  o f  a n  a c c i d e n t a l  s p i l l .  The  
s t r u c t u r e  c a n  c o n t a i n  up t o  220 g a l l o n s  o f  s p i l l a g e .  O t h e r  
m i s c e l l a n e o u s  e q u i p m e n t  f o r  t h e  s t o r a g e  b u i l d i n g  i n c l u d e s  s a n d ,  
o i l - d r y ,  s h o v e l s ,  a n d  f i r e  e x t i n g u i s h e r s ,  a t  a t o t a l  c o s t  o f  
a b o u t  $250. P e r s o n n e l  a n d  m a i n t e n a n c e  c o s t s  f o r  t h e  s y s t e m  r u n  
a b o u t  $100 p e r  year.  

The company r e p o r t s  t h a t  s u b s t i t u t i o n  o f  t h e  r e c y c l e d  
s o l v e n t  f o r  t h e  v i r g i n  p r o d u c t  h a s  r e d u c e d  t h e i r  o v e r a l l  raw 
mater ia l  c o s t s  f r o m  $ 0 . 4 1  p e r  pound t o  $0 .27  p e r  pound ,  y i e l d i n g  
a n  a n n u a l  s a v i n g s  of  $ 5 , 3 2 0  p e r  y e a r .  S c o v i l l  a l s o  e l i m i n a t e d  
a l l  of  t h e i r  p r e v i o u s  waste d i s p o s a l  c o s t s ,  es t imated t o  be a b o u t  
$0 .08  pe r  p o u n d ,  o r  $ 3 , 0 4 0  p e r  year.  The r e s u l t  was an a n n u a l  
c o s t  s a v i n g s  o f  $ 8 , 2 6 0 ,  a n d  a p a y b a c k  p e r i o d  o f  u n d e r  6 m o n t h s .  
I n  a d d i t i o n  t o  f i n a n c i a l  s a v i n g s ,  t h e  new s t o r a g e  b u i l d i n g  a n d  
t h e  e l i m i n a t i o n  of l a n d f i l l  r e q u i r e m e n t s  have  r e d u c e d  t h e  
p o t e n t i a l  f o r  h e a l t h  and  e n v i r o n m e n t a l  r i s k s .  A l t h o u g h  t h e  firm 
is  s u b j e c t  t o  R C R A  c r a d l e - t o - g r a v e  a c c o u n t a b i l i t y  f o r  t h e i r  
wastes, t h e i r  r e d u c t i o n  of  waste volume h a s  s i g n i f i c a n t l y  r e d u c e d  
t h e i r  l i a b i l i t y  r i s k s .  

S c o v i l l  a l s o  t e s t e d  a water -so luble  s y n t h e t i c  c l e a n e r  as a 
p o s s i b l e  s u b s t i t u t e  f o r  t h e  l , l , l - t r i c h l o r o e t h a n e  o r g a n i c  s o l v e n t  
degreaser .  The c l e a n e r  is  m a n u f a c t u r e d  by  C i n c i n n a t i  M i l a c r o n  
Company o f  C i n c i n n a t i ,  O h i o .  After  some e x p e r i m e n t a t i o n ,  t h e y  
f o u n d  t h e  c l e a n e r  s u i t a b l e  f o r  some of  t h e i r  a p p l i c a t i o n s ,  a n d  
h a v e  b e e n  a b l e  t o  r e d u c e  t h e i r  l , l , l - t r i c h l o r o e t h a n e  u s e  by  30 
p e r c e n t .  The w a t e r - s o l u b l e  c l e a n e r  is n o t  s u i t a b l e  f o r  a l l  
a p p l i c a t i o n s  b e c a u s e  i t  c a n  c o r r o d e  g a l v a n i z e d  p a r t s .  S c o v i l l  
r e p o r t s  a $ 1 2 , 0 0 0  p e r  y e a r  s a v i n g s  f r o m  t h i s  s u b s t i t u t i o n .  

S c o v i l l  h a s  a l s o  i n s t i t u t e d  a n  e m p l o y e e  i n c e n t i v e  c o s t  
s a v i n g s  p r o g r a m  w h i c h  t h e y  h o p e  w i l l  lead t o  o t h e r  p o l l u t i o n  
p r e v e n t i o n  p r o j e c t s .  S ix-member  teams a re  r a n d o m l y  s e l e c t e d ,  a n d  
t h e  teams' m e m b e r s h i p  i s  c h a n g e d  each y e a r .  The  team r e s p o n s i b l e  
f o r  t h e  g rea t e s t  a n n u a l  c o s t  s a v i n g s  t o  t h e  company r e c e i v e s  
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b o n u s  c h e c k s .  No waste management  p r o j e c t s  h a v e  r e s u l t e d  f rom 
t h i s  p r o g r a m  y e t ,  b u t  S c o v i l l  is c o n s i d e r i n g  a n  i n - h o u s e  
r e c y c l i n g  p r o g r a m ,  w h i c h  would  b e  a p r o j e c t  e l i g i b l e  f o r  t h e  
b o n u s  award. 

152 



WASTES ~ENERATED Reduced by 3 8 , 0 0 0  p o u n d s  p e r  
year ( l e s s  s u b s t i t u t i o n s )  

PRODUCT I V  I T Y  No c h a n g e  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN TIME No c h a n g e  

F A C I L I T I E S  $ 3 , 0 0 0  o n e - t i m e  c o s t  

$250 o n e - t i m e  c o s t  

RAW M A T E R I A L S  $ 1 7 , 3 2 0  s a v e d  p e r  y e a r  
- 

No c h a n g e  

ENERGY No c h a n g e  

WASTE D I S P O S A L  $ 3 , 0 4 0  s a v e d  p e r  y e a r  

P O L L U T I O N  CONTROL No c h a n g e  

P E R S O N N E L / M A I N T E N A N C E  $100 c o s t  p e r  year 
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Case Study 30 
TYPE OF I N D U S T R Y :  

NAME OF FIRM: 

L O C A T I O N :  

SIC: 

Manufac ture  of E l e c t r o n i c  T e l e p h o n e  S w i t c h i n g  
Equipment  

GTE S y l v a n i a  
(Lancy  I n t e r n a t i o n a l ,  c o n s u l t i n g  f i rm ,  William 
McLay 412/452-9360)  

C h i c a g o ,  I l l i n o i s  

366 1 

* 
* * 
* * 
* * 

* MODIF I CAT I O N S  * 
* 1 )  WASTEWATER TREATMENT SYSTEM CONVERTED TO CLOSED-LOOP 

2 )  I N C O R P O R A T I O N  OF ELECTROLYTIC COPPER R E C O V E R Y  SYSTEM # 

Abst rac t  

W i t h  s t r i c t e r  r e g u l a t i o n s  c o n c e r n i n g  c o p p e r  e f f l u e n t s  s o o n  
t o  be  e n f o r c e d ,  GTE,  a i d e d  b y  Lancy  I n t e r n a t i o n a l ,  d e c i d e d  t o  
m o d i f y  t h e  p r o c e s s  water t r e a t m e n t  o f  t h e i r  c o p p e r - e t c h i n g  r i n s e  
stream by i n s t a l l i n g  a n  e l e c t r o l y t i c  metal r e c o v e r y  c e l l .  The 
e l e c t r o l y t i c  c e l l  i s  p a r t  o f  a c l o s e d - l o o p  s y s t e m  t h a t  f o l l o w s  
t h e  e t c h i n g  o p e r a t i o n s  on t h e  E l e c t r o l e s s  c o p p e r  p l a t i n g  l i n e .  
The c e l l  was i n s t a l l e d  d o w n s t r e a m  f r o m  t h e  r i n s e  t a n k ,  w h e r e  i t  
r e c o v e r s  c o p p e r  t h a t  would h a v e  e n d e d  up as a l a n d f i l l e d  s l u d g e .  
A f t e r  t h e  c o p p e r  i o n s  a r e  r e m o v e d ,  t h e  r i n s e  water is  
r e c i r c u l a t e d  t o  t h e  r i n s e  t a n k .  The  c o p p e r  is  p e r i o d i c a l l y  
removed from t h e  c e l l ' s  c a t h o d e  a n d  s o l d  as No. 1 c o p p e r  s c r a p .  
I n  i t s  f i r s t  year  o f  o p e r a t i o n  t h i s  s y s t e m  s a v e d  $ 2 , 0 0 0 ,  f r o m  t h e  
r e c y c l e d  c o p p e r  s c r a p ,  and  $ 4 , 0 0 0  f r o m  a v o i d e d  waste management  
c o s t s .  

A N N U A L  COST S A V I N G S :  $ 6 , 0 0 0  

P A Y B A C K  P E R I O D :  I n f o r m a t i o n  n o t  p r o v i d e d .  

TIME T O  IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  
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TRANSFERABILITY: 

E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

A p p l i c a b l e  t o  i n d u s t r i e s  p r o d u c i n g  
waste streams c o n t a i n i n g  metal i o n s ,  
e s p e c i a l l y  c o p p e r .  

E l i m i n a t e d  r i s k s  o f  s u r f a c e -  a n d  
g r o u n d w a t e r  c o n t a m i n a t i o n  by h a z a r d o u s  
wastes; c o n s e r v a t i o n  o f  water a n d  
metal r e s o u r c e s ;  r e d u c e d  c h a n c e s  o f  
worker o r  non-worke r  c o n t a c t  w i t h  
h a z a r d o u s  waste by  r e d u c i n g  t h e  
f o r m a t i o n  o f  h a z a r d o u s  waste. 

P r o  .i ec t De sc  r i D t  i o n  

I n  o r d e r  t o  meet s t r i c t e r  c o p p e r - e f f l u e n t  r e g u l a t i o n s  from 
t h e  C h i c a g o  M e t r o p o l i t a n  S a n i t a r y  D i s t r i c t ,  GTE i n v e s t i g a t e d  
o p p o r t u n i t i e s  t o  recover  coppe r  f r o m  t h e i r  c o p p e r - e t c h  
wastewater.  They a l s o  l o o k e d  f o r  w a y s  t o  r e d u c e  t h e  p l a n t ' s  
water u s e a g e  b y  r e c y c l i n g  t h e  r i n s e  water f rom p l a t i n g  
o p e r a t i o n s .  Through  t h e s e  m o d i f i c a t i o n s ,  GTE c a n  meet t h e  new 
r e g u l a t i o n s ,  s a v e  on water c o s t s ,  a n d  recover  v a l u a b l e  No. 1 
c o p p e r  s c r a p .  

GTE recovers  t h e  coppe r  t h r o u g h  a n  e l e c t r o l y t i c  metal 
r e c o v e r y  c e l l  d e s i g n e d  by Lancy  L a b s .  The c e l l  is p a r t  o f  a 
c l o s e d - l o o p  s y s t e m  t h a t  f o l l o w s  t h e  e t c h i n g  o p e r a t i o n s  on t h e  
E l e c t r o l e s s  c o p p e r - p l a t i n g  l i n e .  The c e l l  is i n s t a l l e d  down- 
stream from t h e  r i n s e  t a n k ,  where  i t  r e c o v e r s  c o p p e r  t h a t  would  
have  e n d e d  up a s  a l a n d f i l l e d  s l u d g e .  The  now c o p p e r l e s s  r i n s e  
water i s  r e c i r c u l a t e d  t o  t h e  r i n s e  t a n k .  The  c o p p e r  is  
p e r i o d i c a l l y  removed f rom t h e  c e l l ' s  c a t h o d e  a n d  s o l d  as No. 1 
c o p p e r  s c r a p .  GTE s a v e s  $ 2 , 0 0 0  d o l l a r s  t h r o u g h  t h e  s a l e  o f  t h e  
recovered  c o p p e r ,  and  saves $ 4 , 0 0 0  i n  a v o i d e d  waste management  
c o s t s  s i n c e  t h e  c o p p e r  is  now s o l d  as a r e s o u r c e ,  i n s t e a d  o f  
b e i n g  s e n t  t o  a l a n d f i l l  a s  a waste. 

The s e c o n d  o f  t h r e e  waste streams, c o n s i s t i n g  o f  c o m p l e x e d  
c o p p e r  e f f l u e n t  f r o m  t h e  E l e c t r o l e s s  p l a t i n g  o p e r a t i o n ,  f l o w s  
i n t o  a t a n k ,  where s u l f u r i c  a c i d  is  a d d e d  t o  d e s t a b i l i z e  t h e  
c o p p e r  c o m p l e x e s .  The  s o l u t i o n  f l o w s  i n t o  t h e  s e c o n d  t a n k ,  where 
lime a n d  s o d i u m  h y d r o s u l f i t e  a r e  a d d e d  t o  p r e c i p i t a t e  t h e  c o p p e r .  
T h e  m i x t u r e  i s  t h e n  f i l t e r e d ,  and  t h e  pH a d j u s t e d ,  b e f o r e  f i n a l  
r e l ease  o f  t h e  e f f l u e n t  t o  t h e  sewer, The coppe r  p r e c i p i t a t e  is 
b u r i e d  b e c a u s e ,  p r e s e n t l y ,  t h e  coppe r  is  n o t  e c o n o m i c a l l y  
r e c o v e r a b l e .  

The t h i r d  waste s t ream, c o n t a i n i n g  non-complexed  c o p p e r -  
b e a r i n g  r i n s e  waters a n d  c l e a n e r s ,  f l o w s  i n t o  a n  e q u a l i z a t i o n  
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t a n k  t o  a c c o m o d a t e  s u r g e s  i n  t h e  s y s t e m ,  a n d  t h e n  i n t o  a 
n e u t r a l i z a t i o n  t a n k .  I n  t h e  n e u t r a l i z a t i o n  t a n k ,  t h e  c o p p e r  is 
p r e c i p i t a t e d  as coppe r  h y d r o x i d e ,  w h i c h  is  p a s s e d  i n t o  a t h i r d  
t a n k ,  where a p o l y m e r  i s  a d d e d  t o  a c c e l e r a t e  t h e  s e t t l i n g  o f  t h e  
c o p p e r  h y d r o x i d e .  The pH is a d j u s t e d  b e f o r e  t h e  c o p p e r - f r e e  
e f f l u e n t  i s  f i n a l l y  r e l eased  i n t o  t h e  sewer. The  s l u d g e  i s  s e n t  
t o  a f i l t e r  p re s s  f o r  f i n a l  d e w a t e r i n g ,  

Flow r e s t s i c t o r s  a re  o n e  way of r e d u c i n g  t h e  q u a n t i t y  of  
r i n s e s ;  t h e y  have  c u t  GTE's water u s e  by 50 p e r c e n t .  The 
o p e r a t i n g  c o s t s  f o r  t h e  t h i s  s y s t e m ,  i n c l u d i n g  e l e c t r i c i t y ,  
l a b o r ,  and  chemicals ,  a r e  l e s s  t h a n  was o r i g i n a l l y  a n t i c i p a t e d .  
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WASTES G E N E R A T E D  Reduced CuOH s l u d g e  by 55 g a l l o n s  p e r  
w e e k  

PRODUCTIVITY No c h a n g e  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES None 

EQUIPMENT 

~ ~- ~ _ _ _  _ _  ~ 

I n v e s t m e n t ,  i n f o r m a t i o n  n o t  p r o v i d e d  

RAW MATERIALS 75 p o u n d s  c o n s e r v e d  p e r  w e e k  

WATER Reduced  by 50 p e r c e n t  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL I n f o r m a t i o n  n o t  p r o v i d e d  

P OLLUT I ON C O N T R O L  C o s t - e f f e c t i v e  

PERSONNEL/MAINTENANCE One f u l l - t i m e  o p e r a t o r  

NET BENEFITS C o n s e r v a t i o n  a n d  waste management  
e f f i c i e n c y  m a x i m i z e d  

For more i n f o r m a t i o n ,  see "Case H i s t o r y :  Waste Water 
T r e a t m e n t " ,  i n  PC FAB, 1984.  
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Case Study 31 
TYPE OF I N D U S T R Y :  Manufac ture  of P r i n t e d  C i r c u i t  B o a r d s  

NAME OF FIRM: Data General C o r p o r a t i o n  
( S t a n  T a y l o r  919/553-5076)  
C l a y t o n ,  N o r t h  C a r o l i n a  

SIC: 3573, 3679 

* M O D I  F I CAT I O N S  * * * 
* 1 )  IDENTIFICATION OF MARKETS UNTREATED WASTES * * * * 2 )  PROCESS CHANGES TO OBTAIN SLUDGES MARKETABLE FOR * * COPPER RECOVERY * 
t 
* 3) L A N D  A P P L I C A T I O N  OF PRETREATED METAL-PLATING * * WASTES * 
* # 

Abstract  

Data G e n e r a l  C o r p o r a t i o n  g e n e r a t e s  s e v e r a l  h a z a r d o u s  waste 
streams d u r i n g  t h e  m a n u f a c t u r e  o f  p r i n t e d  c i r c u i t  b o a r d s .  Most 
of' t hese  wastes a re  c h a r a c t e r i z e d  by  h i g h  c o n c e n t r a t i o n s  of  h e a v y  
metals. I n  1 9 8 1 ,  t h e  company l a u n c h e d  a v i g o r o u s  p r o g r a m  t o  
r e d u c e  t h e i r  r e l i a n c e  on h a z a r d o u s  waste l a n d f i l l s .  A management  
i n i t i a t i v e ,  t o  d e v e l o p  markets f o r  t h e i r  wastes, r e s u l t e d  i n  
d i s p o s a l  c o s t  s a v i n g s  of  $9,000 p e r  year ,  a n d  i n  r e v e n u e  from t h e  
s a l e  of  u n t r e a t e d  wastes. O t h e r  wastes were t r e a t e d  w i t h  new 
p r o c e s s  c h e m i s t r y ,  and  c h a n g e s  were made i n  e q u i p m e n t  d e s i g n  o r  
o p e r a t i o n ;  these  a c t i o n s  r e n d e r e d  a d d i t l o n a l  mater ia l  s u i t a b l e  
f o r  sale f o r  metal  r e c o v e r y .  A f i l t r a t i o n  s y s t e m  f o r  process  
water y i e l d s  a n  e f f l u e n t  c l e a n  e n o u g h  f o r  l a n d  a p p l i c a t i o n  on 
company-owned f o r e s t l a n d .  Data G e n e r a l ' s  p r o g r a m  t o  p r o d u c e  
s a l eab le  wastes, a n d  t o  market t h o s e  w a s t e s ,  h a s  r e d u c e d  t h e  
h a z a r d o u s  mater ia l  they l a n d f i l l  by o v e r  400  t o n s  p e r  yea r ,  a n d  
h a s  y i e l d e d  a c o s t  s a v i n g s  of  $180 ,000  p e r  y e a r .  

A N N U A L  COST S A V I N G S :  $ 1 8 0 , 0 0 0  

PAYBACK P E R I O D :  1 .5  m o n t h s  
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TIME TO IMPLEMENT: 

T R A N S F E R A B I L I T Y :  

3 years  

T h e  s t r a t e g y  of f o c u s i n g  on t h e  sa le  of  
wastes, a t  t h e i r  c u r r e n t  l e v e l  of g e n s r -  
a t i o n ,  r a the r  t h a n  on r e d u c t i o n  of waste 
v o l u m e s ,  is  f eas ib l e  i f  t h e  wastes c o n -  
t a i n  materials which  a re  v a l u a b l e ,  a n d  
f o r  wh ich  t h e  r e c o v e r y  t e c h n o l o g y  
e x i s t s .  Use of a waste e x c h a n g e  m i g h t  
h e l p  a g e n e r a t o r  t o  e v a l u a t e  p o t e n t i a l  
markets, a n d  t o  d e t e r m i n e  what  
t r e a t m e n t s  m i g h t  be n e c e s s a r y  t o  make 
wastes saleable .  The u s e  of a 
c o n s u l t a n t  o r  a s s i s t a n c e  from a t rade  
a s s o c i a t i o n  m i g h t  a l s o  be h e l p f u l  i n  
making  these d e t e r m i n a t i o n s .  Some of 
t h e  t r e a t m e n t  methods  d e v e l o p e d  by  Data 
G e n e r a l  r e s u l t e d  i n  s i g n i f i c a n t  
r e d u c t i o n  of waste v o l u m e s ,  e v e n  t h o u g h  
t h i s  was n o t  t h e i r  p r i m a r y  o b j e c t i v e .  

Land a p p l i c a t i o n  of t r e a t e d  p l a t i n g  
wastewater is n o t  w i d e l y  u s e d ;  t h e  
f e a s i b i l i t y  of  s u c h  a s y s t e m  would  
r e q u i r e  s i g n i f i c a n t  e n g i n e e r i n g  
e v a l u a t i o n ,  l a n d  a v a i l a b i l i t y ,  a n d  w i l l -  
i n g n e s s  t o  m a i n t a i n  a c a r e f u l  m o n i t o r i n g  
p r o g r a m .  Data G e n e r a l  has s h a r e d  data  
from t h e i r  o p e r a t i o n  w i t h  t h e  Nor th  
C a r o l i n a  A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e ,  
w h i c h  m i g h t  a l s o  s e r v e  as a r e s o u r c e  f o r  
o t h e r  f irms c o n s i d e r i n g  t h i s  modi- 
f i c a t i o n .  The system's a d v a n t a g e s  a re  
t h a t  i t  r e d u c e s  t h e  p o l l u t i o n  load on 
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 i e s ,  a n d  
a l l o w s  t h e  wastewater t o  s e r v e  as a 
s u p p l e m e n t a r y  s o u r c e  of i r r i g a t i o n .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  Reduced r i s k  of s o i l  a n d  g r o u n d w a t e r  

p o l l u t i o n  by h e a v y  metals ;  c o n s e r v a t i o n  
of  l a n d  a n d  mater ia l  r e s o u r c e s .  B e c a u s e  
of  t h e  p o t e n t i a l  f o r  a c c u m u l a t i o n  of 
metals i n  t h e  s o i l ,  f r e q u e n t  m o n i t o r i n g  
of  t r e a t e d  e f f l u e n t ,  s o i l ,  p l a n t s ,  a n d  
g r o u n d w a t e r  is r e q u i r e d  t o  e n s u r e  t h a t  a 
l a n d  a p p l i c a t i o n  s y s t e m  is f u n c t i o n i n g  
p r o p e r l y .  
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P r o j e c t  D e s c r i p t i o n  

Data G e n e r a l  C o r p o r a t i o n ,  i n  C l a y t o n ,  N o r t h  C a r o l i n a ,  
m a n u f a c t u r e s  p r i n t e d  c i r c u i t  b o a r d s  f o r  c o m p u t e r s .  The wastes 
f r o m  t h e  f a b r i c a t i o n ,  a s s e m b l y ,  a n d  t e s t i n g  o f  t h e  c i r c u i t  b o a r d s  
i n c l u d e  s p e n t  e t c h a n t  a n d  p l a t i n g  b a t h s ;  s t i l l  b o t t o m  wastes f r o m  
s o l v e n t  c l e a n e r  r e c l a m a t i o n ;  a n d  p r o c e s s  water c o n t a m i n a t e d  w i t h  
metals s u c h  as c o p p e r ,  n i c k e l ,  a n d  lead .  Many o f  t hese  wastes 
a r e  h a z a r d o u s  a n d  a re  g e n e r a t e d  i n  s i g n i f i c a n t  vo lume .  I n  1 9 8 1 ,  
t h e  f i r m  s e t  a g o a l  -- l a n d f i l l  d i s p o s a l  s h o u l d  be u s e d  o n l y  as a 
method o f  l a s t  r e s o r t .  They  s e t  o u t  a n  a m b i t i o u s  p l a n  o f  a c t i o n ,  
a s  f o l l o w s :  

1 )  A l l  waste streams t h a t  h a v e  a m o n e t a r y  v a l u e ,  a n d  t h a t  
c a n  b e  e c o n o m i c a l l y  r e c o v e r e d ,  s h o u l d  be r o u t e d  t o  some r e c o v e r y  
p r o c e s s ,  on o r  o f f - s i t e ;  

2 )  R e m a i n i n g  waste streams Bhould  be m o d i f i e d ,  by 
m a n u f a c t u r i n g  o r  waste t r e a t m e n t  p r o c e s s  c h a n g e s ,  s o  t h a t  t h e y  
a r e  marke tab le ,  o r  a r e  no  l o n g e r  h a z a r d o u s ,  b y  d e f i n i t i o n ,  a n d  
c a n  be  d i s p o s e d  o f  i n  t h e  l o c a l  l a n d f i l l ;  

3 )  Wastes which c a n n o t  meet t h e  a b o v e  g o a l s  s h o u l d  b e  
r e n d e r e d  s u i t a b l e  f o r  d i s p o s a l  i n  a p r o p e r l y  d e s i g n e d  a n d  
l i c e n s e d  i n c i n e r a t o r ;  

4 )  I f  a l l  e l s e  f a i l s ,  t h e  r e m a i n i n g  vo lume  of  waste s h o u l d  
b e  r e d u c e d  t o  a minimum a n d  b u r i e d  i n  a n  a p p r o v e d  h a z a r d o u s  waste 
l a n d f i l l .  

T h i s  p r o g r a m  r e q u i r e d  t h e  e v a l u a t i o n  o f  a l l  p h a s e s  o f  t h e  
Data G e n e r a l  o p e r a t i o n .  The  company p o i n t s  o u t  t h a t  t h e i r  
s t r a t e g y  p l aces  p r i m a r y  e m p h a s i s  on s e l l i n g  t h e  s p e n t  
chemicals  and  s l u d g e s ,  n o t  on r e d u c i n g  o r  e l i m i n a t i n g  t h e  
p r o d u c t i o n  o f  t h e s e  wastes. They b e l i e v e  t h a t  t h i s  s t r a t e g y  
a v o i d s  t h e  r i s k  o f  s a c r i f i c i n g  p r o d u c t  q u a l i t y  o r  q u a n t i t y  f o r  
i m p r o v e d  p o l l u t i o n  c o n t r o l .  They have m o d i f i e d  c e r t a i n  
m a n u f a c t u r i n g  p r o c e s s e s  t o  serve t h e  waste t r e a t m e n t  p r o g r a m ,  b u t  
o n l y  w i t h  t h e  f u l l  s u p p o r t  o f  t h e  p r o c e s s  e n g i n e e r .  Data G e n e r a l  
r e p o r t s  t h a t ,  o v e r  t h e  l a s t  two years ,  a p p r o x i m a t e l y  1 5  p e r c e n t  
o f  t h e  t o t a l  e n g i n e e r i n g  e f f o r t  i n  t h e  p r i n t e d  c i r c u i t  boa rd  
f a b r i c a t i n g  p r o c e s s  h a s  b e e n  d e v o t e d  t o  t h e  waste management  
p r o g r a m .  T h i s  e f f o r t  h a s  i n c l u d e d  m a r k e t i n g  a c i t i v i t i e s  t o  f i n d  
b u y e r s  f o r  t h e i r  wastes, o p e r a t i o n a l  r e v i s i o n s  a n d  d e v e l o p m e n t  o f  
new process  c h e m i s t r y ,  and  s e v e r a l  a t tempts  t o  share  t h e i r  
p r o g r a m  w i t h  s t a t e  p e r s o n n e l  a n d  u n i v e r s i t y  e x t e n s i o n  a g e n t s .  
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S a l e  o f  U n t r e a t e d  Wastes 

Markets were i d e n t i f i e d  f o r  t h e  f o l l o w i n g  u n t r e a t e d  waste 
streams: 

1 )  S p e n t  c u p r i c  c h l o r i d e  e t c h a n t  

2 )  S p e n t  p l a t i n g  b a t h s  
a )  a c i d  c o p p e r  b a t h  
b )  p a l l a d i u m  c a t a l y s t  b a t h  
c )  s p e n t  s u l f u r i c  ac id  f rom t h e  e t c h - b a c k  p r o c e s s  on 

t h e  E l e c t r o l e s s  c o p p e r  l i n e  

3 )  Copper  s u l f a t e  c r y s t a l s  f rom r e g e n e r a t i o n  o f  t h e  
s u l f u r i c - p e r o x i d e  b a t h  

4 )  S p e n t  ammonia e t c h a n t  

5 )  S p e n t  n i c k e l - p l a t i n g  b a t h  

6 )  S t i l l  b o t t o m s  f r o m  t h e  1-1-1 t r i c h l o r o e t h a n e  r e c o v e r y  
p r o c e s s .  

T h e s e  wastes are  s h i p p e d ,  e i t h e r  a t  no  c o s t  o r  f o r  p r o f i t ,  
t o  b u y e r s ,  y i e l d i n g  t h e  f i r m  a p p r o x i m a t e l y  $ 9 , 0 0 0  p e r  y e a r  i n  
d i s p o s a l  c o s t  s a v i n g s  and  r e v e n u e .  The  wastes t o t a l  
a p p r o x i m a t e l y  9 0 , 0 0 0  p o u n d s  p e r  year .  

Sa le  o f  Treated Wastes 

S e v e r a l  wastes were t r e a t e d  t o  p u t  t hem i n  a s a l e a b l e  f o r m :  

1 )  S p e n t  E l e c t r o l e s s  c o p p e r  b a t h  is  t r e a t e d  i n  a b a t c h  
p r o c e s s  f o r  c o p p e r  r e m o v a l .  By r a i s i n g  t h e  pH o f  t h e  b a t h  a n d  
a d d i n g  f o r m a l d e h y d e  as a r e d u c i n g  a g e n t ,  t h e  c o p p e r  i n  s o l u t i o n  
i s  d e s t a b i l i z e d .  T h e  b a t h  i s  seeded  w i t h  f i n e l y  powdered  c o p p e r  
s l u d g e  g e n e r a t e d  i n  a p r e v i o u s  p r o c e s s ,  a n d  t h e  d e s t a b i l i z e d  
coppe r  p r e c i p i t a t e s  o u t  as e l e m e n t a l  c o p p e r .  The r e s u l t i n g  
s l u d g e  is  9 0 - p e r c e n t  me ta l l i c  c o p p e r .  T h i s  p r o c e s s  w i l l  s o o n  be 
r ev i sed  t o  i n c l u d e  t h e  a d d i t i o n  o f  c o p p e r - b e a r i n g  s p e n t  ac id  
b a t h s ,  s u c h  as t h e  s u l f u r i c  p e r o x i d e  e t c h a n t ,  which w i l l  b e  a d d e d  
t o  t h e  m i x t u r e  a b o v e .  The r e v i s e d  t r e a t m e n t  o p e r a t i o n  w i l l  
e l i m i n a t e  a p p r o x i m a t e l y  1 5 1 , 8 0 0  p o u n d s  o f  waste s l u d g e  p e r  y e a r  
a t  a s a v i n g s  o f  a p p r o x i m a t e l y  $ 1 6 , 3 0 0  p e r  year.  

2 )  Process  water, from p r i n t e d  c i r c u i t  b o a r d  f a b r i c a t i o n ,  
a s s e m b l y ,  a n d  t e s t i n g ,  i s  t r e a t e d  u s i n g  a c r o s s - f l o w - f i l t r a t i o n  
water p u r i f i c a t i o n  s y s t e m  m a n u f a c t u r e d  by  Baker B r o t h e r s ,  I n c .  
The f i l t e r s  were p h y s i c a l l y  m o d i f i e d  s o  t h a t  t h e  membrane f i l t e r  
b u n d l e s  c o u l d  b e  c l e a n e d  q u i c k l y  and  e a s i l y ;  t h e  waste f low 
p a t t e r n  and p r o c e s s  c h e m i s t r y  were a l t e r e d  t o  e l i m i n a t e  t h e  u s e  
o f  f e r r o u s  s u l f a t e  c o a g u l a n t .  The  wastes are  r e d u c e d  w i t h  s o d i u m  
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h y d r o s u l f a t e  a n d  t h e n  p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  A f t e r  t h e  
f e r r o u s  s u l f a t e  i s  removed ,  t h e  h e a v y - m e t a l  h y d r o x i d e  s l u d g e  no  
l o n g e r  c o n t a i n s  i r o n ,  a n d  c a n  b e  s u c c e s s f u l l y  p r o c e s s e d  f o r  
c o p p e r  recovery .  

Waste streams, w h i c h  a r e  n o t  t r e a t a b l e  i n  t h e  c o n t i n o u s  
water p u r i f i c a t i o n  s y s t e m  ( W P S ) ,  o r  w h i c h  c o n t a i n  s t r o n g  
c h e l a t i n g  a g e n t s ,  o r  w h i c h  a r e  h i g h  i n  o r g a n i c  compounds  t h a t  
i n t e r f e r e  w i t h  t h e  WPS, p r o c e s s  a r e  b a t c h - t r e a t e d  u s i n g  s o d i u m  
s u l f i d e .  The s u l f i d e  s l u d g e  is v e r y  f i n e ,  a n d  c a r e f u l  c o n t r o l  
o f  t h e  p r o c e s s  is  n e c e s s a r y  i n  o r d e r  t o  p r o d u c e  a s l u d g e  which  
c a n  be removed i n  a f i l t e r  p re s s .  M o n i t o r i n g  is a l s o  r e q u i r e d  t o  
p r e v e n t  t h e  f o r m a t i o n  o f  h y d r o g e n  s u l f i d e  a n d  t h e  r e s u l t i n g  o d o r  
p r o b l e m s .  I n  o r d e r  t o  m a i n t a i n  a h i g h  c o p p e r  f r a c t i o n  i n  t h e  
s l u d g e ,  no  c o a g u l a n t ,  s u c h  as lime o r  f e r r o u s  s u l f a t e ,  is u s e d .  
An o r g a n i c  p o l y m e r  is u s e d  t o  h e l p  i m p r o v e  s l u d g e  
c h a r a c t e r i s t i c s .  The s u l f i d e  s l u d g e  is  a l s o  o f t e n  b l e n d e d  w i t h  
t h e  metal h y d r o x i d e  s l u d g e  from t h e  WPS t o  i m p r o v e  f i l t r a t i o n  
c h a r a c t e r i s t i c s  d u r i n g  f i l t e r  p re s s  d e w a t e r i n g .  The  b a t c h  
t r e a t m e n t  p r o c e s s  e l i m i n a t e s  t h e  s h i p m e n t  f o r  l a n d f i l l  d i s p o s a l  
o f  a p p r o x i m a t e l y  1 8 , 0 0 0  g a l l o n s  o f  s l u d g e  p e r  y e a r ;  t h i s  y i e l d s  
a b o u t  $ 1 6 , 5 0 0  p e r  year i n  d i s p o s a l  c o s t  s a v i n g s  and  r e v e n u e .  

S e p a r a t i o n  o f  waste streams and  c h a n g e s  i n  p r o c e s s  c h e m i s t r y  
decreased r e a g e n t  c o s t s  by $ 7 4 , 0 0 0  p e r  y e a r ,  and  c u t  s l u d g e  
volume i n  h a l f .  T r a n s p o r t  and  d i s p o s a l  c o s t s ,  t o t a l l i n g  $ 5 6 , 0 0 0  
p e r  y e a r ,  were e l i m i n a t e d ,  a n d  Data G e n e r a l  r e c e i v e s  r e v e n u e  o f  
$ 7 , 2 0 0  p e r  y e a r  f r o m  s a l e  o f  t h e  s l u d g e .  Equ ipmen t  c o s t s  f o r  t h e  
m o d i f i c a t i o n s  t o t a l l e d  $ 1 7 , 5 0 0 .  

S l u d g e s ,  f r o m  t h e  WPS and  t h e  s u l f i d e  b a t c h  p r e c i p i t a t i o n ,  
a r e  dewatered i n  a f i l t e r  p re s s .  An a i r  blow-down l i n e  was a d d e d  
t o  t h e  p re s s  a t  m i n i m a l  c o s t ;  t h e  s o l i d s  c o n c e n t r a t i o n  o f  t h e  
f i l t e r  cake has  i n c r e a s e d  f r o m  15  t o  60  p e r c e n t .  D e p t h  f i l t e r s ,  
wh ich  were p r e v i o u s l y  u s e d  t o  p o l i s h  t h e  p r e s s  e f f l u e n t ,  were 
e l i m i n a t e d  o n c e  t h e  p r e s s  o p e r a t i o n  was i m p r o v e d .  The  d e p t h  
f i l t e r s  h a d  p r e v i o u s l y  g e n e r a t e d  300  p o u n d s  o f  s p e n t  f i l t e r s  p e r  
m o n t h ;  t h e s e  r e q u i r e d  l a n d f i l l  d i s p o s a l .  

O n - S i t e  Reuse  o f  Treated Wastes 

The  c o p p e r - l a d e n  s l u d g e  f rom t h e  p r o c e s s  water f i l t r a t i o n  
s y s t e m  i s  t r e a t e d  a n d  s o l d  f o r  c o p p e r  r e c o v e r y ,  as d e s c r i b e d  
a b o v e .  The t r e a t e d  p r o c e s s  water i s  d i s p o s e d  o f  b y  a p p l i c a t i o n  
t o  f o r e s t l a n d  owned b y  t h e  company.  T h i s  was t h e  f i r s t  s i t e  i n  
N o r t h  C a r o l i n a  f o r  t h e  l a n d  a p p l i c a t i o n  o f  p r e t r e a t e d  metal- 
p l a t i n g  waste. 
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T h e r e  a re  a p p r o x i m a t e l y  27 ac re s  o f  l a n d  commit ted t o  t h e  
s y s t e m .  The  company d i s c h a r g e s  a b o u t  2 0 0 , 0 0 0  g a l l o n s  o f  t r e a t e d  
water p e r  d a y  t o  t h e  a r e a ;  t h e y  are n o t  p e r m i t t e d  t o  d e l i v e r  more 
t h a n  two i n c h e s  o f  i r r i g a t i o n  f l o w  t o  t h e  s i t e  p e r  w e e k .  Copper  
i s  t h e  l i m i t i n g  c o n s t i t u e n t  o f  t h e i r  wastewater, a n d  t h e i r  p e r m i t  
r e g u l a t e s  t h e  amount  o f  c o p p e r  t h e y  may a p p l y .  

Data G e n e r a l  h a s  a c o m p r e h e n s i v e  m o n i t o r i n g  p r o g r a m  f o r  t h e  
s i t e .  S u r f a c e w a t e r s  a b o v e  and  below t h e  s y s t e m  a re  s a m p l e d ,  and  
two m o n i t o r i n g  wel l s  were d r i l l e d  f o r  g r o u n d w a t e r  t e s t i n g .  The  
company has  e x p e r i e n c e d  no  p rob lems  w i t h  t h e  s y s t e m ,  a n d  
a n t i c i p a t e s  t h a t  t h e  s i t e  w i l l  r e m a i n  s u i t a b l e  f o r  c r o p l a n d  a f t e r  
t h e  l a n d  a p p l i c a t i o n  o p e r a t i o n  h a s  ceased. 

I n c i n e r a t i o n  o f  Treated Wastes 

Data G e n e r a l  h a s  b e g u n  t o  i n c i n e r a t e  o i l  a n d  f l u x  waste from 
t h e  wave f o l d e r  o p e r a t i o n  i n  o r d e r  t o  a v o i d  l a n d  d i s p o s a l  o f  t h e  
h a z a r d o u s  l e a d - c o n t a i n i n g  wastes. 

I n  summary,  Data G e n e r a l  i s  a g g r e s s i v e l y  p u r s u i n g  i t s  g o a l  
o f  e l i m i n a t i n g  t h e  u s e  o f  h a z a r d o u s  waste l a n d f i l l s .  I n  t h e  
p r o c e s s ,  t h e y  have  d e v e l o p e d  new m e t h o d s :  l a n d  a p p l i c a t i o n  of  
p r e t r e a t e d  m e t a l - p l a t i n g  wastes;  s u l f i d e  p r e c i p i t a t i o n  f o r  
s t r o n g l y  che la t ed  was tes ;  a n d  t r e a t m e n t  o f  che la t ed  p r o c e s s  r i n s e  
waters w i t h o u t  u s i n g  c o n v e n t i o n a l  c o a g u l a n t s ,  w h i c h  r e s u l t s  i n  
r e d u c e d  s l u d g e  v o l u m e s .  A t  t h e  same time, t h e y  have  r e d u c e d  
t h e i r  d i s p o s a l  c o s t s  b y  o v e r  $ 8 0 , 0 0 0  p e r  y e a r .  They  es t imate  
t h e i r  t o t a l  p r o c e s s  c o s t  s a v i n g s ,  f o r  t h e  s e v e r a l  m o d i f i c a t i o n s ,  
t o  b e  more  t h a n  $ 1 0 0 , 0 0 0  p e r  y e a r .  C a p i t a l  i n v e s t m e n t  f o r  t h e  
s l u d g e  r e c o v e r y  p r o g r a m  was l e s s  t h a n  $ 5 0 , 0 0 0 .  

T h e y  a r e  b e g i n n i n g  p i l o t - t e s t i n g  o f  new e q u i p m e n t  d e s i g n e d  
t o  e l e c t r o l y t i c a l l y  remove  c o p p e r  f rom s o l u t i o n .  A woven f i b e r  
c a t h o d e  w i l l  p r o v i d e  i n c r e a s e d  s u r f a c e  a r ea  f o r  p l a t i n g .  The  
c o p p e r  w i l l  b e  e l e c t r o l y t i c a l l y  s t r i p p e d  from t h e  c a t h o d e  
o n t o  a s t a r t e r  s h e e t .  B e c a u s e  t h e  sys t em u s e s  a c a p t i v e  
e l e c t r o l y t e ,  n o  l i q u i d  waste s o l u t i o n  is  g e n e r a t e d  d u r i n g  t h e  
c a t h o d e  s t r i p p i n g .  The  e q u i p m e n t  is m a n u f a c t u r e d  b y  Metal 
Removal  S y s t e m s ,  a D i v i s i o n  o f  P C K  T e c h n o l o g i e s  i n  N e w  Y o r k .  
Data G e n e r a l  a n t i c i p a t e s  t h a t  t h e  p rocess  w i l l  b e  much more  
e c o n o m i c a l  t h a n  t h e  c u r r e n t  s y s t e m ,  a n d  w i l l  p r o d u c e  a metal  
shee t  w h i c h  c a n  b e  s o l d  f o r  s c rap ,  r a t h e r  t h a n  a c o p p e r  s l u d g e  
r e q u i r i n g  f u r t h e r  c o p p e r  r e c o v e r y  o p e r a t i o n s .  
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WASTES GENERATED E l i m i n a t e d  p r o c e s s  water waste;  
r e d u c e d  wastes r e q u i r i n g  b u r i a l .  
by 400  t o n s  p e r  y e a r  

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  D e c r e a s e d  by 75 p e r c e n t  

FACILITIES No c h a n g e  

EQUIPMENT $ 5 0 , 0 0 0  one-t ime c o s t  

R A W  MATERIALS C o n s e r v e d ,  r e d u c e d  c o s t s  

WATER No c h a n g e  

WASTE DISPOSAL $ 8 0 , 0 0 0  s a v e d  p e r  y e a r  

P O L L U T I O N  C O N T R O L  $ 1 0 0 , 0 0 0  s a v e d  p e r  y e a r  

PERSONNEL/MAINTENANCE No c h a n g e  

NET BENEFITS R e l i e f  f rom h a z a r d o u s  waste 
management costs, a n n u a l  c o s t  
s a v i n g s  
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NAME O F  F I R M :  

L O C A T ~ O ~ :  

S I C :  

M i n n e s o t a  a n u  fac t u r  i n  
sberger  612/778-4523 

C o l u m b i a ,  Missouri  

367 

B D I F I C A T I O N  

ENT O F  A C H E M I C A L  P R O C E S S  (t 

G A R O T A T I N G  B R U S H  FOR C L E  

Abstract  

3M's m i c r o e l e c t r o n i c s  p l a n t  m a k e s  f l e x i b l e  e l e c t r o n i c  
c i r c u i t s  from c o p p e r  s h e e t i n g .  Before u s e ,  t h e  metal was c l e a n e d  
b y  s p r a y i n g  i t  w i t h  ammonium p e r s u l f a t e ,  p h o s o p h o r i c  a c i d ,  a n d  
s u l f u r i c  a c i d .  T h i s  p r o c e s s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  
h a z a r d o u s  wastes t h a t  were e x p e n s i v e  t o  manage p r o p e r l y .  An 
a l t e r n a t i v e  e q u i p m e n t  d e s i g n  was i n t r o d u c e d  t o  r e p l a c e  t h e  
c h e m i c a l  c l e a n i n g  p r o c e s s .  The new p r o c e s s  f e a t u r e s  a m a c h i n e  
w i t h  r o t a t i n g  b r u s h e s  t h a t  m e c h a n i c a l l y  c l e a n s  t h e  metal  
w i t h  pumice .  The  f i n e  a b r a s i v e  p u m i c e  l e a v e s  a s l u d g e  t h a t  is  
n o t  h a z a r d o u s  a n d  t h a t  c a n  be p l a c e d  i n  a c o n v e n t i o n a l  s a n i t a r y  
l a n d f i l l .  T h i s  new me thod  r e d u c e d  t h e  p l a n t ' s  p r o d u c t i o n  of 
h a z a r d o u s  waste by 4 0 , 0 0 0  p o u n d s  a y e a r .  I t  a l s o  s a v e d  $ 1 5 , 0 0 0  
i n  i t s  f i r s t  y e a r ,  d u e  t o  r e d u c e d  raw m a t e r i a l ,  d i s p o s a l ,  a n d  
l a b o r  c o s t s .  

A N N U A L  COST S A V I N G S :  

PAYBACK P E R I O D :  

TIME TO IMPLEMENT: 

TRANSFERABILITY: 

Greater t h a n  $ 1 5 , 0 0 0  

3 y e a r s  

I n f o r m a t i o n  n o t  p r o v i d e d  

A p p l i c a b l e  to i n d u s t r i e s  m a n u f a c t u r i n g  
p r i n t e d  c i r c u i t  b o a r d s ,  a n d  to t h o s e  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

w i t h  s i m i l a r l y  h i g h  s t a n d a r d s  f o r  
c l e a n i n g  shee t  metal. 

E l i m i n a t i o n  o f  40 ,000  p o u n d s  o f  
h a z a r d o u s  l i q u i d  waste p e r  y e a r ,  w i t h  
c o n c u r r e n t  e l i m i n a t i o n  of r i s k s  
assoc ia ted  w i t h  l a n d  d i s p o s a l .  

P r o j e c t  D e s c r i p t i o n  

The c o p p e r  s h e e t  metal u s e d  by  3M i n  t h e  m a n u f a c t u r e  of 
f l e x i b l e  e l e c t r o n i c  c i r c u i t s  m u s t  b e  c l e a n .  I n  o r d e r  t o  c l e a n  
t h e  c o p p e r ,  i t  was s p r a y e d  w i t h  ammonium p e r s u l f a t e ,  p h o s p h o r i c  
a c i d ;  t hese  chemicals c l e a n  t h e  c o p p e r  by d i s s o l v i n g  r e s i d u e s  o r  
c o n t a m i n a n t s .  T h e  s o l u t i o n  which  r e s u l t s  f r o m  t h i s  c l e a n i n g  
p r o c e s s  mus t  be  managed as a h a z a r d o u s  waste. 

3M replaced t h e  c h e m i c a l  t r e a t m e n t  s y s t e m  w i t h  a s p e c i a l l y  
d e s i g n e d  m e c h a n i c a l  d e v i c e  t h a t  u s e s  r o t a t i n g  b r u s h e s  a n d  a n  
a b r a s i v e  pumice  t o  c l e a n  t h e  c o p p e r .  The r e s u l t a n t  p u m i c e - m e t a l  
s l u d g e  is  n o t  h a z a r d o u s  a n d  c a n  be  p l a c e d  i n  a c o n v e n t i o n a l  
s a n i t a r y  l a n d f i l l .  T h i s  p r o c e s s  m o d i f i c a t i o n  p r e v e n t e d  t h e  
p r o d u c t i o n  of' o v e r  4 0 , 0 0 0  p o u n d s  of  h a z a r d o u s  l i q u i d  wastes p e r  
year .  It s a v e d  $ 1 5 , 0 0 0  i n  i t s  f i r s t  year ,  d u e  t o  l o w e r  raw 
ma te r i a l ,  l a b o r ,  a n d  d i s p o s a l  c o s t s .  B e c a u s e  o f  y e a r l y  
p r o d u c t i o n  i n c r e a s e s ,  o p e r a t i o n a l  s a v i n g s  and  p r e v e n t e d  
p o l l u t i o n ,  v o l u m e s  c o n t i n u e  t o  r i s e .  
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WASTES GENERATED e l i m i n a t e d  t h e  p r o d u c t i o n  of 4 0 , 0 0 0  
pounds  of h a z a r d o u s  waste p e r  y e a r  

PRODUCTIVITY No c h a n g e  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

EQUIPMENT $ 5 9 , 0 0 0  one-time c o s t  

RAW M A T E R I A L S  Cost r e d u c e d  

WATER No i n f o r m a t i o n  p r o v i d e d  

E N E R G Y  Need d e c r e a s e d  

WASTE DISPOSAL H a z a r d o u s  waste management c o s t  
e l i m i n a t e d  

POLLUTION C O N T R O L  D e c r e a s e d  c o s t  

PERSO~NE~/~A~NTENANCE D e c r e a s e d  c o s t  

NET BENEFITS Reduced p r o d u c t i o n  c o s t s ,  improved  
r e s o u r c e  c o n s e r v a t i o n  



TYPE OF INDUSTRY: P r i n t e d  W i r i n g  Board M a n u f a c t u r e  

NAME OF FIRM: D i g i t a l  Equipment  C o r p o r a t i o n  
(Lancy  I n t e r n a t i o n a l ,  c o n s u l t i n g  f i rm ,  W i l l i a m  
McLay 412/452-9360)  

L O C A T I O N :  Tempe, Ar izona  

SIC:  3679 

P * # 

* MODIFICATIONS * 
3 * 

1 )  INSTALLATION OF PROCESS WATER TREATMENT SYSTEM W H I C H  * 
(i INCLUDES ELECTROLYTIC RECOVERY OF COPPER A N D  * * ATMOSPHERIC E V A P O R A T O R  RECOVERY OF C H R O M I C  A C I D  * 
(i (i 

* 2)  U T I L I Z A T I O N  OF OTHER INDUSTRIAL WASTES AS RAW MATERIALS * * * 

Abstract 

D i g i t a l  
m a n u f a c t u r i n g  
c o n s e r v a t i o n  
p r o c e s s  water 
I n t e r n a t i o n a l ,  i n c l u d e s  metal r e c o v e r y  b y  e l e c t r o l y t i c  c e l l  a n d  
e v a D o r a t i o n .  T h e  e l e c t r m i c  r e a c t i o n  r ecove r s  9 2  p e r c e n t  o f  

Equ ipmen t  C o r p o r a t i o n ' s  new o p e r a t i o n  f o r  
p r i n t e d  w i r i n g  b o a r d  i n c l u d e s  s e v e r a l  r e s o u r c e  

a n d  r e c o v e r y  p r o c e s s e s  i n t e g r a t e d  w i t h i n  t h e i r  
t r e a t m e n t  p r o c e s s .  The s y s t e m ,  d e s i g n e d  by  Lancy  

t h e -  d i s s o l v e d  c o p p e r  f r o m - d r a g o u t  r i n s e s ,  a n d  t h e  a t m o s p h e r i c  
e v a p o r a t o r  r e c o v e r s  95  p e r c e n t  o f  t h e  chromic ac id  d r a g o u t .  T h e  
chromic a c i d  i s  r e c y c l e d  i n t o  t h e  e t c h  p rocess  l i n e .  The  company 
a l s o  u s e s  a l ime s l u r r y  b y - p r o d u c t ,  f rom a l o c a l  a c e t y l e n e  gas 
m a n u f a c t u r e r ,  as a n  a c i d  n e u t r a l i z e r .  

A N N U A L  COST SAVINGS: I n f o r m a t i o n  n o t  p r o v i d e d .  

PAYBACK P E R I O D :  I n f o r m a t i o n  n o t  p r o v i d e d .  

TIME TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

TRANSFERABILITY: E l e c t r o l y t i c  r e c o v e r y  is a p p l i c a b l e  t o  
many metals,  w i t h  v a r y i n g  s u c c e s s .  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

The c o m p o s i t i o n  o f  t h e  wastewater 
d e t e r m i n e s  t h e  e f f e c t i v e n e s s  of  t h e  
t e c h n o l o g y .  E v a p o r a t i o n  i s  a s i m p l e  
t e c h n o l o g y ,  e a s i l y  a p p l i e d  g i v e n  s u i t -  
a b l e  c o n d i t i o n s ,  I n  some a reas ,  
a t m o s p h e r i c  c o n d i t i o n s  a re  c o n d u c i v e ;  
a n o t h e r  o p t i o n  i s  t o  r e c o v e r  waste 
h e a t  f o r  e v a p o r a t i v e  e n e r g y ,  

E l i m i n a t e d  r i s k s  o f  s u r f a c e -  a n d  
g r o u n d w a t e r  c o n t a m i n a t i o n  by h a z a r d o u s  
wastes; c o n s e r v a t i o n  of  water a n d  
metal  r e s o u r c e s ;  r e d u c e d  c h a n c e s  o f  
w o r k e r  o r  non-worke r  c o n t a c t  w i t h  
h a z a r d o u s  waste. 

P r o . i e c t  D e s c r i o t i o n  

D i g i t a l  E q u i p m e n t  C o r p o r a t i o n ' s  Tempe p l a n t  m a n u f a c t u r e s  
p r i n t e d  w i r i n g  b o a r d .  The management  d e c i d e d  t o  o p t i m i z e  t h e  
r e t u r n  on t h e i r  e f f l u e n t  t r e a t m e n t  i n v e s t m e n t  b y  r e c o v e r i n g  t h e  
c o p p e r  t h a t  i s  u s u a l l y  l o s t  i n  t h e  e f f l u e n t  stream. T h i s  a l s o  
r e d u c e s  chemica l  a n d  s l u d g e  d i s p o s a l  c o s t s .  

Lancy  I n t e r n a t i o n a l  d e s i g n e d  t h e  c e n t r a l i z e d  c o n t r o l  s y s t e m  
which  m o n i t o r s  t h e  e f f l u e n t  s t reams f r o m  t h e  p l a n t ' s  s e v e r a l  
p r o d u c t i o n  p r o c e s s e s .  The  s y s t e m  was i n s t a l l e d  1 2  f e e t  b e l o w  t h e  
p r o d u c t i o n  f l o o r  i n  o r d e r  t o  u t i l i z e  g r a v i t y  f l o w  f o r  a l l  
c o n t a m i n a t e d  e f f l u e n t s ;  t h i s  e l i m i n a t e d  t h e  n e e d  f o r  pumping  t h e  
wastewater t o  t h e  t r e a t m e n t  t a n k s .  I n  o r d e r  t o  s a v e  on chemical 
c o s t s ,  a n d  t o  m a k e  use o f  a waste p r o d u c t  f rom a n o t h e r  i n d u s t r y ,  
a c i d  wastes a re  n e u t r a l i z e d  by  a lime s l u r r y  o b t a i n e d  f r o m  a 
l o c a l  a c e t y l e n e  gas m a n u f a c t u r e r .  

I n  o r d e r  t o  m a k e  b e t t e r  u s e  o f  D i g i t a l  E q u i p m e n t  
C o r p o r a t i o n ' s  e t c h i n g  chemicals ,  Lancy  I n t e r n a t i o n a l  i n s t a l l e d  a n  
a t m o s p h e r i c  e v a p o r a t o r .  The e v a p o r a t o r  r e c o v e r s  a p p r o x i m a t e l y  95 
p e r c e n t  o f  t h e  c h r o m i c  a c i d  d r a g o u t  and  r e c y c l e s  i t  i n t o  t h e  
chromic a c i d  e t c h  l i n e .  The  e v a p o r a t o r  is  a l s o  d e s i g n e d  t o  
e l i m i n a t e  a n y  a t m o s p h e r i c  d i s c h a r g e .  
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WASTES G E N E R A T E D  Reduced 

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES I n v e s t m e n t  r e q u i r e d ,  no d e t a i l s  
p r o v i d e d  

EQUIPMENT I n v e s t m e n t  r e q u i r e d ,  no  d e t a i l s  
p r o v i d e d  

RAW MATERIALS Copper  and  c h r o m i c  a c i d  c o n s e r v e d  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  

~ ~ ~ ~ _ ~ ~ _  

I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL S l u d g e  d i s p o s a l  c o s t s  r e d u c e d  

P O L L U T I O N  C O N T R O L  G r e a t l y  e n h a n c e d  

PERSONNEL/MA&NTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS Enhanced  c o n s e r v a t i o n  p r o f i t a b l i t y  

Fo r  more i n f o r m a t i o n ,  see E l e c t r o n i c  P a c k a g i n g  a n d  
P r o d u c t i o n ,  May 1 9 8 4 ,  p p .  136-138.  



Case Study 34 
TYPE OF INDUSTRY:  Metal R a d i a t o r  M a n u f a c t u r e  

NAME OF FIRM: Mod i n e  Manu fact  u r  i ng 
(James E g i d e  414/636-1200)  

LO CAT I ON : T r e n t o n ,  Missouri  

SIC: 3714 

* * 
* M O D I F  I CAT I ON 

* INSTALLATION OF I O N  E X C H A N G E  A N D  ELECTROLYTIC * * EQUIPMENT FOR COPPER R E C O V E R Y  * 
* 

* * 

Abst rac t  

Modine p r e p a r e s  brass p a r t s  f o r  t h e  m a n u f a c t u r e  o f  r ad ia to r s  
by  d i p p i n g  them i n  a s e r i e s  o f  chemical s o l u t i o n s .  The h y d r o g e n  
p e r o x i d e / s u l f u r i c  a c i d  b r i g h t  d i p  was c a u s i n g  t h e m  s e v e r a l  
p r o b l e m s ;  t h e s e  i n c l u d e d  t h e  b u i l d u p  o f  c o p p e r  s u l f a t e  
p e n t a h y d r a t e  c r y s t a l s  t h a t  were b e i n g  d e p o s i t e d  i n  a h a z a r d o u s  
waste l a n d f i l l .  There was, i n  a d d i t i o n ,  a s i g n i f i c a n t  d r a g o u t  o f  
coppe r  i o n s  i n t o  t h e  s u b s e q u e n t  r i n s e  t a n k s .  Rather t h a n  i n c u r  
t h e  i n i t i a l  a n d  l o n g - t e r m  l a n d f i l l i n g  c o s t s  f o r  t h e  h a z a r d o u s  
wastes, Modine e l e c t e d  t o  e l i m i n a t e  t h e  f o r m a t i o n  o f  t h e  c r y s t a l s  
by  c o n t i n u o u s l y  r e c i r c u l a t i n g  t h e  h y d r o g e n  p e r o x i d e / s u l f u r i c  a c i d  
b r i g h t  d i p  s o l u t i o n  t h r o u g h  a n  i o n  e x c h a n g e  c o l u m n .  The  co lumn 
s e l e c t i v e l y  r e m o v e s  t h e  metal. -ied d i p  s o l u t i o n  i s  
recycled t o  t h e  b a t h .  Once t h e  i o n  e x c h a n g e  r e s i n  b e c o m e s  
s a t u r a t e d ,  t h e  c o p p e r  i o n s  a re  e x c h a n g e d  a g a i n  i n  t h e  
r e g e n e r a t i o n  p r o c e s s ,  a n d  a r e  s u b j e c t e d  t o  a n  e l e c t r o l y t i c  
r e a c t i o n  t o  r emove  t h e m  from t h e  s o l u t i o n .  T h e  p l a t e d  c o p p e r  is 
s o l d  as No. 1 c o p p e r  s c r a p .  

- 

A N N U A L  COST S A V I N G S :  $ 2 2 , 0 0 0  

PAYBACK P E R I O D :  14 m o n t h s  

TIME TO IMPLEMENT: 8 m o n t h s  



T R A N S  FE R A B  I L I TY : 

E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T :  

A p p l i c a b l e  t o  i n d u s t r i e s  p r o d u c i n g  
waste streams c o n t a i n i n g  e l e m e n t s  o f  
s u f f i c i e n t  v a l u e  and  i n  s u f f i c i e n t  
q u a n t i t y  t o  merit  t h e i r  r e c o v e r y .  I o n  
e x c h a n g e  and  e l e c t r o p l a t i n g  
e f f i c i e n c i e s  w i l l  v a r y  w i t h  d i f f e r e n t  
e l e m e n t s .  Economics  i n d i c a t e  t h a t  
v a l u a b l e  metals p r o v i d e  t h e  b e s t  
r e t u r n s ,  e s p e c i a l l y  when t h e i r  
r e c o v e r y  w i l l  r e d u c e  waste management  
c o s t s .  I m p l e m e n t i n g  t h i s  p rocess  
d u r i n g  t h e  d e s i g n  p h a s e  of  a s y s t e m  
y i e l d s  t h e  bes t  e c o n o m i c  e f f i c i e n c y ,  
b u t  i t  c a n  a l s o  be i n c l u d e d  i n  t h e  
m o d i f i c a t i o n  o f  a n  e x i s t i n g  f a c i l i t y .  

E l i m i n a t e d  r i s k  o f  s u r f a c e -  a n d  
g r o u n d w a t e r  c o n t a m i n a t i o n  by  h a z a r d o u s  
wastes;  c o n s e r v a t i o n  o f  metal  
resources ;  e l i m i n a t e d  r i s k s  o f  w o r k e r  
o r  n o n w o r k e r  c o n t a c t  w i t h  h a z a r d o u s  
waste by p r e v e n t i n g  f o r m a t i o n  of  t h e  
waste. 

P r o  .i ec t De sc  r i D t i on 

A t  M o d i n e ' s  T r e n t o n ,  M i s s o u r i  p l a n t ,  brass  a n d  c o p p e r  shee t  
metal r a d i a t o r s  a r e  b u i l t .  I n  t h e  r a d i a t o r  m a n u f a c t u r i n g  
p r o c e s s ,  s h e e t  brass  i s  f i r s t  formed i n t o  t h e  r e q u i r e d  v a r i e t y  of  
par t s .  The  p a r t s  a r e  c l e a n e d  w i t h  a n  a q u e o u s  a l k a l i  degreaser  
( f o r  r e m o v a l  o f  d r a w i n g  l u b r i c a n t s ) ,  f o l l o w e d  by  a p a i r  o f  
c o u n t e r f l o w i n g  r i n s e s  a n d  a h y d r o g e n  p e r o x i d e / s u l f u r i c  ac id  
b r i g h t  d i p .  The b r i g h t  d i p  r e m o v e s  s u r f a c e  o x i d e s  from t h e  brass  
p a r t s .  The  p a r t s  a r e  t h e n  d i p p e d  a g a i n  i n t o  two c o u n t e r f l o w  
r i n s e s ,  fo l lowed  b y  t h e  a p p l i c a t i o n  o f  a l o w - m o l e c u l a r - w e i g h t  
a n t i - o x i d a n t  c o a t i n g .  T h e s e  s t e p s  a r e  r e q u i r e d  i n  o r d e r  t o  
e n s u r e  a c l e a n  s u r f a c e  f o r  s u b s e q u e n t  s o l d e r i n g  a n d  b r a z i n g  
o p e r a t i o n s .  

I n  t h e  b r i g h t  d i p p i n g  p r o c e s s ,  c o n s i d e r a b l e  a m o u n t s  o f  
coppe r  a n d  z i n c  metal a r e  e tched  f r o m  t h e  s u r f a c e  o f  t h e  p a r t s  
b e i n g  p r o c e s s e d .  A s  a r e s u l t ,  c o p p e r  s u l f a t e  c r y s t a l s  a c c u m u l a t e  
i n  t h e  bot tom o f  t h e  t a n k  a n d  r e q u i r e  p e r i o d i c  r e m o v a l  a n d  
d i s p o s a l .  A s i g n i f i c a n t  amount  o f  t hese  d i v a l e n t  c a t i o n s  is  
d r a g g e d  i n t o  t h e  s u b s e q u e n t  r i n s e  t a n k .  I n  o r d e r  t o  a v o i d  
i n c u r r i n g  t h e  h i g h  c o s t s  o f  d i s p o s i n g  o f  t h e s e  wastes, a n d  t o  
a v o i d  c o n t a m i n a t i n g  r i n s e  waters, Modine e l e c t e d  t o  e l i m i n a t e  t h e  
f o r m a t i o n  of  t h e  c r y s t a l s .  
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An i o n  e x c h a n g e  co lumn a n d  a p l a t i n g  c e l l  were a d d e d  t o  t h e  
s y s t e m .  The h y d r o g e n  p e r o x i d e / s u l f u r i c  a c i d  b r i g h t  d i p  s o l u t i o n  
i s  c o n t i n u o u s l y  r e c i r c u l a t e d  t h r o u g h  t h e  i o n  e x c h a n g e  c o l u m n .  
T h e  column s e l e c t i v e l y  r e m o v e s  t h e  c o p p e r  a n d  r e t u r n s  t h e  
p u r i f i e d  d i p  s o l u t i o n  t o  t h e  b a t h .  Once t h e  i o n  e x c h a n g e  co lumn 
becomes  s a t u r a t e d  w i t h  c o p p e r ,  i t  is  r e g e n e r a t e d ;  t h e  c o p p e r  i o n s  
a r e  f e d  i n t o  a n  e l e c t r o p l a t i n g  c e l l ,  where t h e  c o p p e r  is 
p l a t e d  o u t .  The  c o p p e r  is t h e n  r e t u r n e d  t o  M o d i n e ' s  s u p p l i e r s  
for c r e d i t  a s  No. 1 sc rap .  
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WASTES GENERATED E l i m i n a t e d  h a z a r d o u s  wastes 

P R O D U C T I V I T Y  M o d e r a t e  i n c r e a s e  

P R O D U C T  QUALITY No c h a n g e  

DOWN T I M E  M o d e r a t e  r e d u c t i o n  

FACILITIES No c h a n g e  

EQUIPMENT $ 2 7 , 0 0 0  o n e - t i m e  c o s t  

RAW MATERIALS $ 2 2 , 0 0 0  p e r  year s a v e d  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  M o d e r a t e  i n c r e a s e  

WASTE DISPOSAL E l i m i n a t e d  d i s p o s a l  c o s t s  

POLLUTION C O N T R O L  Reduced c o s t  

PERSONNEL/MAINTENANCE M o d e r a t e  i n c r e a s e  

NET BENEFITS S a v i n g s  t h r o u g h  r e s o u r c e  c o n s e r v a t i o n  
and  waste r e d u c t i o n ,  r e d u c e d  
o p p o r t u n i t y  f o r  e n v i r o n m e n t a l  i n s u l t  
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Case Study 35 
TYPE OF INDUSTRY: 

NAME OF FIRM: 

LOCATION: 

S I C :  

L a m i n a t i o n  and  C o a t i n g  of S p e c i a l i z e d  Paper, 
F i l m ,  and F o i l  P r o d u c t s  

Rexham C o r p o r a t i o n  
( G o r d o n  Miller 704/847-9171) 

Matthews, North C a r o l i n a  

3861 

# * * MODIFICATIONS 
t 

* 1 )  DEVELOPMENT OF A COMPREHENSIVE MANAGEMENT PROGRAM * * TO REDUCE WASTES REQUIRING LANDFILL DISPOSAL * * 
* 2 )  SEGREGATION OF SPENT CLEANING SOLVENTS FOR REUSE * * 
* 3 )  RECOVERY A N D  SALE OF SOLVENT VAPORS COLLECTED BY e * CARBON ADSORPTION * 

4 )  OFF-SITE DISTlLLATION OF WASTE SOLVENT FOR REUSE * 
# 5 )  SOLVENT INCINERATION FOR HEAT RECOVERY * 

* 
* 
ff 

Abs t rac t  

The Rexham C o r p o r a t i o n  f a c i l i t y  i n  Matthews, N o r t h  C a r o l i n a ,  
l a m i n a t e s  a n d  c o a t s  s p e c i a l i z e d  p a p e r ,  f i l m ,  a n d  f o i l  s u b s t r a t e s  
f o r  t h e  p h o t o g r a p h y  i n d u s t r y .  A management  i n i t i a t i v e ,  t o  
d e v e l o p  a c o m p r e h e n s i v e  waste management  p l a n  f o r  t h e  f i r m ,  h a s  
r e s u l t e d  i n  s e v e r a l  p o l l u t i o n  p r e v e n t i o n  m o d i f i c a t i o n s .  The 
i n i t i a t i o n  of  new h o u s e k e e p i n g  p r a c t i c e s ,  w h i c h  s e g r e g a t e  s p e n t  
t o l u e n e  s o l v e n t  by i n k  c o l o r  a n d  t y p e ,  h a s  r e s u l t e d  i n  a lmost  
1 0 0 - p e r c e n t  r e u s e  o f  l i q u i d  t o l u e n e .  T o l u e n e - l a d e n  v a p o r s  are 
c o l l e c t e d  i n  a c a r b o n - a d s o r p t i o n - b a s e d  a i r  p o l l u t i o n  c o n t r o l  
s y s t e m ,  and  a r e  s o u s e i n e  c o a t i n g s  i n d u s t r y .  O f f - s i t e  
d i s t i l l a t i o n  o f  s p e n t  s o l v e n t  m i x t u r e s  has allowed t h e  r e u s e  o f  
m e t h y l - e t h y l - k e t o n e  s o l v e n t  f o r  washup o p e r a t i o n s .  I n  a d d i t i o n ,  
M e t h y l - e t h y l - k e t o n e  v a p o r s  are  removed f r o m  t h e  a i r  a n d  
i n c i n e r a t e d  f o r  hea t  r e c o v e r y .  



A N N U A L  COST S A V I N G S :  I n f o r m a t i o n  n o t  p r o v i d e d .  

PAYBACK P E R I O D :  I n f o r m a t i o n  n o t  p r o v i d e d .  

T I M E  TO IMPLEMENT: I n s t a l l e d  d u r i n g  f a c i l i t y  
c o n s t r u c t i o n .  

TRANSFERABILITY: O r g a n i c  v a p o r  r e c o v e r y  is a n  e x -  
p e n s i v e  m o d i f i c a t i o n ;  p a y b a c k  may b e  
r e a l i z e d  i n  terms of  i m p r o v e d  a i r  
q u a l i t y  a n d  p e r s o n n e l  s a f e t y ,  r a the r  
t h a n  a n n u a l  c o s t  s a v i n g s .  N e w  s y s t e m s  
are now a v a i l a b l e  t h a t  do n o t  r e q u i r e  
t h e  p e r s o n n e l  c o m m i t m e n t s  t h a t  t h e  
Rexham u n i t  d i d .  Use of  a c a r b o n  
a d s o r p t i o n  s y s t e m  would  d e p e n d  on  t h e  
r e t e n t i v i t y  of  t h e  s o l v e n t  v a p o r s  o n  
t h e  c a r b o n  p a r t i c l e s ,  t h e  amoun t  of 
v a p o r  g e n e r a t e d ,  and  t h e  c a p a c i t i e s  o f  
t h e  s y s t e m s  a v a i l a b l e .  

S e g r e g a t i n g  s p e n t  c l e a n i n g  s o l v e n t s  is  
p a r t i c u l a r l y  a p p l i c a b l e  when i t  a l l o w s  
t h e  r e u s e  of t h e  reclaimed mater ia l  
i n - h o u s e ,  as it has a t  t h e  Rexham 
p l a n t .  Even i f  there  is  no  o t h e r  
i n - h o u s e  u s e  f o r  s u c h  mater ia ls ,  
s e g r e g a t i o n  o f  waste streams may r e s u l t  
i n  ma te r i a l  s u i t a b l e  f o r  u s e  i n  o t h e r  
firms. P a r t i c i p a t i o n  i n  a waste 
e x c h a n g e  m i g h t  h e l p  i d e n t i f y  o t h e r  
u s e r s  and  r e d u c e  d i s p o s a l  c o s t s .  
O f f - s i t e  s o l v e n t  r e c o v e r y  by  
d i s t i l l a t i o n  c a n  s i g n i f i c a n t l y  r e d u c e  
raw mater ia l  cos t s ,  as  w e l h  as waste 
d i s p o s a l  c o s t s  a n d  risks. Severa l  
v e n d o r s  i n  Nor th  C a r o l i n a  p r o v i d e  s u c h  
s e r v i c e s .  

E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS: 

Removing s o l v e n t  v a p o r s  from a i r  a n d  
i n c i n e r a t i n g  them is a n  e x c e l l e n t  way 
t o  r e d u c e  h e a l t h  r i s k s  t o  worke r s  a n d  
r e d u c e  o p e r a t i n g  c o s t s .  The 
r e q u i r e m e n t s  f o r  s u c h  a s y s t e m  are  a 
s u f f i c i e n t  c o n c e n t r a t i o n  of  s o l v e n t  
v a p o r s  a n d  a u s e  f o r  t h e  hea t  
g e n e r a t e d .  

Improved  a i r  q u a l i t y ,  r e d u c e d  r e l i a n c e  
on l a n d f i l l  d i s p o s a l ,  c o n s e r v a t i o n  o f  
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energy and material resources, improved 
health and safety conditions for plant 
personnel. 

P ro .i e c t De sc r i D t ion 

The Rexham Corporation facility in Matthews, North Carolina 
is part of the company's Industrial Division. This facility 
laminates and coats paper, film, and foil products, and prints 
film substrates for the photography industry. Waste streams are 
generated from several routine operations, as well as from 
intermittent or one-time-only services for customers. 

Rexham has made a firm commitment to waste reduction 
activities. They view good hazardous waste management practices 
as a way to maintain environmental integrity, to ensure worker 
safety, and to increase job opportunities and profitability. The 
Industrial Division has developed an on-going comprehensive 
program to review and improve safety and waste management 
practices throughout their operations. They hold an annual 
meeting for representatives from the several division facilities, 
These meetings provide an opportunity to review safety 
contingency plans and hazardous waste handling practices, and to 
discuss waste management problems of mutual concerno 

At the Matthews plant, a Safety and Environmental Affairs 
Manager oversees a number of activities to monitor and reduce 
waste generation. A hazardous-waste manual has been developed 
for plant personnel. The manual sets forth Rexhamvs contingency 
plan for accidents and spills, and identifies the response teams' 
activities. The plantss major waste streams are also reviewed in 
the manual, including a description of what constituents are 
present in each stream, what constituents are not permitted in a 
given stream, and how each stream is to be handled. A l l  waste 
waste materials are tracked through the system to ensure proper 
handling, and to identify possible problems. 

Because much of their work involves on-going, product 
development research, the variety of chemicals used at the 
Matthews plant is very large -- in excess of 1,300 unique 
chemicals. Management procedures call for the Safety and 
Environmental Affairs Managers' approval on all incoming 
materials, This practice permits a review of all new chemicals, 
and allows special waste handling arrangements to be made, if 
necessary. Periodic internal exchanges of surplus chemicals 
between product development groups have a l s o  been organized; in 
this way, excess chemicals are not wasted or allowed to become 
outdated 
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Rexham r e p o r t s  f o u r  major p o l l u t i o n  p r e v e n t i o n  p r o j e c t s  t h a t  
have  c o n t r i b u t e d  t o  t h e  s u c c e s s  of t h e i r  waste management  
p r o g r a m :  

o s e g r e g a t i o n  of  s p e n t  t o l u e n e  s o l v e n t  t o  a l l o w  r e u s e  
o r e c o v e r y  a n d  s a l e  o f  t o l u e n e  v a p o r s  
o o f f - s i t e  r ecove ry  of  m e t h y l - e t h y l - k e t o n e  f r o m  s p e n t  

o i n c i n e r a t i o n  of  waste s o l v e n t  v a p o r s  f o r  hea t  r e c o v e r y  

The c a p i t a l  i m p r o v e m e n t s  a s soc ia t ed  w i t h  t hese  p r o j e c t s  were 

s o l v e n t  m i x t u r e s  

made  d u r i n g  c o n s t r u c t i o n  of  a n  a d j a c e n t  m a n u f a c t u r i n g  f a c i l i t y .  

L i q u i d  t o l u e n e  is  u s e d  f o r  p r i n t  a n d  r o l l e r  c l e a n u p  
o n  v a r i o u s  p r i n t i n g  l i n e s .  By s e g r e g a t i n g  t h e  u s e d  t o l u e n e  
a c c o r d i n g  t o  t h e  c o l o r  a n d  t y p e  o f  t h e  i n k  c o n t a m i n a n t ,  each 
b a t c h  c a n  be  r e u s e d  f o r  t h i n n i n g  t h e  same i n k  t y p e  a n d  c o l o r .  
T h i s  s y s t e m  h a s  a l lowed  a l m o s t  1 0 0 - p e r c e n t  r e u s e  o f  l i q u i d  
t o l u e n e .  

Use o f  t o l u e n e  s o l v e n t  i n  a n o t h e r  o p e r a t ' i o n  g e n e r a t e s  l a r g e  
q u a n t i t i e s  of  t o l u e n e  s o l v e n t  v a p o r s .  I n  1979,  Rexham i n s t a l l e d  
a c a r b o n - a d s o r p t i o n  r e c o v e r y  u n i t  t o  c a p t u r e  these  v a p o r s .  The 
c a r b o n  b e d s  a re  r e g e n e r a t e d  i n - h o u s e  t o  r emove  t h e  t r a p p e d  
t o l u e n e .  The t o l u e n e  i s  t h e n  s o l d  t o ,  t h e  c o a t i n g s  i n d u s t r y  f o r  
u s e  as a t h i n n e r .  The s o l v e n t  r e c o v e r y  u n i t s  a c h i e v e  a b o u t  90 -  
p e r c e n t  r e c o v e r y ;  Rexham s e l l s  t h e  reclaimed s o l v e n t  f o r  a b o u t  
h a l f  t h e  p r i c e  o f  v i r g i n  s o l v e n t .  

The s o l v e n t  recovery u n i t  was a m a j o r  c a p i t a l  i n v e s t m e n t  a n d  
r e q u i r e s  a f u l l - t i m e  o p e r a t o r .  A s u p e r v i s o r  a n d  t h r e e  s t a f f  
p e r s o n n e l  a r e  e m p l o y e d  t o  oversee t h e  o p e r a t i o n .  The  c a r b o n  b e d  
w i l l  e v e n t u a l l y  r e q u i r e  c o m p l e t e  r e p l a c e m e n t ,  b u t  t h i s  w i l l  b e  a n  
i n f r e q u e n t  e x p e n s e .  Rexham r e p o r t s  a small f i n a n c i a l  r e t u r n  o f  1 
t o  1 .5  p e r c e n t  p e r  year  f r o m  t h e  s y s t e m ,  b u t  t h e  major b e n e f i t s  
a r e  improved  a i r  q u a l i t y  a n d  i n c r e a s e d  o p p o r t u n i t y  f o r  Rexham t o  
e x p a n d  i t s  o p e r a t i o n s .  Before t h e  r e c o v e r y  s y s t e m  wen t  o n - l i n e ,  
t h e  company r e l eased  up t o  5 , 0 0 0  t o n s  of  h y d r o c a r b o n s  i n t o  t h e  
a tmosphere  each year .  The  c a r b o n  a d s o r p t i o n  s y s t e m  h a s  r e d u c e d  
t h e s e  e m i s s i o n s  t e n f o l d ,  t o  o n l y  485 t o n s  p e r  year .  

A n o t h e r  major waste stream a t  Rexham's Matthews f a c i l i t y  is 
a s o l v e n t  m i x  i n  w h i c h  m e t h y l - e t h y l - k e t o n e  u s u a l l y  p r e d o m i n a t e s .  
About  T O O  drums  o f  s u c h  wastes a r e  p r o d u c e d  each y e a r ;  t h e y  are  
s e n t  o f f - s i t e  f o r  d i s t i l l a t i o n  r e c o v e r y  o f  m e t h y l - e t h y l - k e t o n e ,  
Rexham c u r r e n t l y  c o n t r a c t s  w i t h  Seaboard Chemical Company i n  
J a m e s t o w n ,  Nor th  C a r o l i n a ,  f o r  t h i s  p r o c e s s i n g ;  a p p r o x i m a t e l y  60 -  
t o  6 5 - p e r c e n t  recovery is  a c h i e v e d .  Rexham u s e s  t h e  reclaimed 
s o l v e n t  f o r  washup o p e r a t i o n s  a n d  S e a b o a r d  i n c i n e r a t e s  t h e  s t i l l  
b o t t o m s .  Rexham i s  c u r r e n t l y  l o o k i n g  a t  i n - h o u s e  d i s t i l l a t i o n  as 



a way t o  r e d u c e  t h e i r  waste management  c o s t s ,  a n d  t o  p e r h a p s  
a c h i e v e  improved  r e c o v e r y  e f f i c i e n c y .  

Ais,  c o n t a i n i n g  m e t h y l - e t h y l - k e t o n e  v a p o r s ,  i s  v e n t  
t h r o u g h  a c o n t i n u o u s - f l o w ,  REECO retherm u n i t  f o r  heat r e c o v e r y .  
The  a i r / v a p o r  m i x t u r e  i s  p a s s e d  t h r o u g h  c o l u m n s  f i l l e d  w i t h  a 
r e f r a c t o r y  ma te r i a l ;  he re ,  t h e  s o l v e n t  i s  p r e h e a t e d  a n d  t h e n  
i n c i n e r a t e d .  The c l e a n e d  a i r  is p u l l e d  t h r o u g h  t h e  s y s t e m  a n d  
d i s c h a r g e d ,  t h r o u g h  a s t a c k ,  t o  t h e  a m b i e n t  a i r .  The h e a t  
p r o d u c e d  i s  u s e d  i n  o n e  of  Rexham's  d r y i n g  o p e r a t i o n s .  

Rexham r e c e n t l y  e s t a b l i s h e d  w e e k l y ,  o n e - h o u r  d e p a r t m e n t a l  
m e e t i n g s ;  t h u s  p r o v i d i n g  a new o p p o r t u n i t y  f o r  i d e n t i f y i n g  a n d  
i m p l e m e n t i n g  i m p r o v e d  waste management  p r a c t i c e s .  The  g r o u p  
m e e t i n g s  were i n s t i t u t e d  s o  t h a t  e m p l o y e e s  c o u l d  p a r t i c i p a t e  i n  
s o l v i n g  some o f  t h e  w o r k - r e l a t e d  p r o b l e m s  t h a t  a f f e c t  t h e m .  The 
g r o u p s  a d d r e s s  a v a r i e t y  of  t o p i c s ,  i n c l u d i n g  ideas  f o r  i m p r o v i n g  
s a f e t y  p r a c t i c e s ,  p r o d u c t  q u a l i t y ,  waste management  p r a c t i c e s ,  
a n d  o f f i c e  p r o c e d u r e s .  



WASTES GENERATED Reduced a i r  e m i s s i o n s  
( 4 , 5 1 5  t o n s  p e r  y e a r  c o l l e c t e d  
i n  c a r b o n  a d s o r p t i o n  s y s t e m )  

P R O D U C T I V I T Y  I n c r e a s e d  p l a n t  c a p a c i t y  was 
p o s s i b l e  w i t h  new a i r  p o l l u t i o n  
c o n t r o l s  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN TIME No c h a n g e  

FACILITIES I n f o r m a t i o n  n o t  p r o v i d e d  

EQUIPMENT I n f o r m a t i o n  n o t  p r o v i d e d  

R A W  MATERIALS Reduced d u e  t o  r e c y c l i n g  a n d  
r e u s e  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  Reduced d u e  t o  h e a t  recovery 

WASTE DISPOSAL Reduced d u e  t o  r e c y c l i n g  a n d  
r e u s e  

P O L L U T I O N  C O N T R O L  I n c r e a s e d  c o s t  ( s o l v e n t  
r e c o v e r y  u n i t )  

PERSONNEL/MAINTENANCE 3 e m p l o y e e s  f o r  s o l v e n t  
r e c o v e r y  u n i t  
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Case Study 36 
TYPE OF I N D U S T R Y :  E lec t r ic  U t i l i t y  
NAME OF FIRM: Carolina Power and  L i g h t  Company 

L OCAT I ON : S h e a r o n  Harris Energy  & Envi ronmen ta l  Center 
( G r o v e r  Dobbins  919/836-6083)  

Rou te  1, Box 327 
N e w  H i l l ,  N o r t h  Carol ina 27562 

SIC:  4911 

* 
M O D I F I C A T I O N  

SALE OF FLY ASH A N D  BOTTOM ASH FOR REUSE 

Abstract  

C a r o l i n a  Power a n d  L i g h t  Company ( C P & L )  has b e e n  s e l l i n g  
waste f l y  a s h  a n d  b D t t o m  a s h  f o r  r e u s e  s i n c e  1973. The Company 
d o e s  n o t  sell a s h  d i r e c t l y  t o  u s e r s ,  b u t  has  c o n t r a c t e d  w i t h  
a n o t h e r  f i r m ,  M o n i e r  R e s o u r c e s ,  I n c . ,  t o  o v e r s e e  t h e  m a r k e t i n g  of  
t h e  ash.  P r i o r  t o  t h i s  a r r a n g e m e n t ,  a l l  of t h e  a s h  p r o d u c e d  was 
s l u i c e d  t o  o n - s i t e  a s h  p o n d s .  The  Company h a s  now r e d u c e d  i t s  
d i s p o s a l  c o s t s  a n d  p r e v e n t e d  t h e  b u r i a l  o f  u s e a b l e  mater ia l .  

A N N U A L  COST S A V I N G S :  Variable 

P A Y B A C K  P E R I O D :  Unknown 

TIME TO IMPLEMENT: f n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  The  s u c c e s s  o f  f l y  a s h  a n d  b o t t o m  ash 
s a l e  d e p e n d s  on s e v e r a l  f a c t o r s ,  
i n c l u d i n g  t h e  c o m p o s i t i o n  of t h e  a sh ,  
t h e  l o c a l  market o p t i o n s ,  and  t h e  
c u r r e n t  c o s t s  o f  ash d i s p o s a l .  
Ash c o m p o s i t i o n  c a n  be  a f f e c t e d  by t h e  
t y p e  o f  c o a l  b u r n e d ,  b o i l e r  d e s i g n ,  
o p e r a t i n g  c o n d i t i o n s ,  and  t h e  m e t h o d s  
u s e d  t o  h a n d l e  and  c o l l e c t  t h e  wastes. 
U t i l i t y  c o m p a n i e s  h a v e  a l a r g e  r e s o u r c e  
base f rom w h i c h  t o  e v a l u a t e  a n d  d e v e l o p  
m a r k e t i n g  p r o g r a m s .  Any f i r m  p r o d u c i n g  
s i g n i f i c a n t  q u a n t i t i e s  o f  waste ash 
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

c o u l d  p u r s u e  o p p o r t u n i t i e s  f o r  s e l l i n g  
o r  d o n a t i n g  t h e  a s h  i n  o r d e r  t o  r e d u c e  
t h e  c o s t s  and  r i s k s  o f  s t o r a g e  a n d  
d i s p o s a l .  The E l e c t r i c  Power Research 
I n s t i t u t e  has p r e p a r e d  a b y - p r o d u c t  
u t i l i z a t i o n  m a n u a l  wh ich  c o n t a i n s  a 
s t e p - b y - s t e p  m e t h o d o l o g y  f o r  power  
c o m p a n i e s  t o  es t imate  t h e  f e a s i b i l i t y  
o f  m a r k e t i n g  a s h .  O t h e r  i n d u s t r y  
g r o u p s  may a l s o  b e  ab le  t o  u s e  t h i s  
i n f o r m a t i o n ;  o r  t h e y  may n e e d  t o  
i n v e s t i g a t e  mater ia l  c o m p o s i t i o n ,  
a l t e r n a t e  u s e s ,  and  a v a i l a b l e  markets 
on t h e i r  own, o r  w i t h  t h e  a s s i s t a n c e  o f  
t h e i r  r e s p e c t i v e  t r a d e  a s s o c i a t i o n s .  

C o n s e r v a t i o n  of  l a n d  a n d  mater ia l  
r e s o u r c e s ,  and  o f  e n e r g y  u s e d  t o  
p r o d u c e  mater ia l s  f o r  wh ich  f l y  ash c a n  
b e  s u b s t i t u t e d ;  r e d u c e d  o p p o r t u n i t y  f o r  
a c c i d e n t s  r e l a t e d  t o  f l y  a s h  p o n d s ;  
r e d u c e d  t h r e a t  of  s u r f a c e -  and  
g r o u n d w a t e r  c o n t a m i n a t i o n  f r o m  a s h  pond 
e f f l u e n t .  

P r o j e c t  D e s c r i p t i o n  

The C a r o l i n a  Power and  L i g h t  Company's  c o a l - f i r e d  power  
p l a n t s  c u r r e n t l y  p r o d u c e  800,000 t o  900,000 t o n s  o f  f l y  ash  a n d  
3OO,OOO t o  350,000 c u b i c  y a r d s  o f  b o t t o m  a s h  a n n u a l l y .  T h i s  a s h  
i s  t y p i c a l l y  s l u i c e d  t o  o n - s i t e  a s h  p o n d s .  S i n c e  1972, C P & L  h a s  
b e e n  s e l l i n g  l i m i t e d  q u a n t i t i e s  o f  a s h .  They  a r e  c u r r e n t l y  
w o r k i n g  w i t h  M o n i e r  R e s o u r c e s ,  I n c .  ( M R I )  t o  e x p a n d  t h e i r  a s h  
u t i l i z a t i o n  a c t i v i t i e s .  C P & L  d o e s  n o t  s e l l  a s h  d i r e c t l y  t o  
users ,  b u t  w o r k s  t h r o u g h  M R I ,  wh ich  p u r c h a s e s  t h e  a s h  from CP&L 
a n d  manages  i t s  r e sa l e  t o  u s e r s .  

I n i t i a l l y ,  t h e  f l y  a s h  a n d  bot tom a s h  s o l d  were f r o m  t h e  
Roxboro  Steam E l e c t r i c  P l a n t .  S u b s e q u e n t l y ,  b o t t o m  a s h  has  b e e n  
s o l d  from t h e  S u t t o n  S t e a m  E l e c t r i c  P l a n t  ( f r o m  1979 t o  1982); 
f l y  a s h  s a l e s  from t h e  Mayo E l e c t r i c  G e n e r a t i n g  P l a n t  b e g a n  when 
U n i t  No. 1 s t a r t e d  commercial o p e r a t i o n  i n  1983. Bot tom a s h  
s a l e s  from t h e  Mayo p l a n t  b e g a n  i n  1984. 

F l y  a s h  m u s t  be  d r y - h a n d l e d  i n  o r d e r  t o  be s a l eab le .  F l y  
a s h ,  c o l l e c t e d  by  e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  is t r a n s f e r r e d  t o  
a s to rage  s i l o ,  from which  i t  is l o a d e d  i n t o  h a u l  v e h i c l e s  
( t r u c k s  o r  r a i l  c a r s )  f o r  d e l i v e r y  t o  u s e r s .  P r o d u c i n g  sa leable  



b o t t o m  a s h  t y p i c a l l y  i n v o l v e s  w e t - t r a n s f e r  o f  t h e  a s h  t o  a 
r e c l a m a t i o n  a rea ,  t o  a l l o w  d r a i n a g e ,  b e f o r e  i t  is l o a d e d  f o r  
t r a n s p o r t .  

The  amoun t  o f  a s h  s o l d  i s  va r i ab le  from year t o  year ,  
d e p e n d i n g  on market c o n d i t i o n s .  W h a t e v e r  t h e  volume o f  a s h  s o l d ,  
i t  r e d u c e s  t h e  l a n d  r e q u i r e d  f o r  d i s p o s a l ,  c o n s e r v e s  t h e  raw 
ma te r i a l s  a n d  e n e r g y  r e q u i r e d  t o  p r o d u c e  i t ,  a n d  r e d u c e s  t h e  
p o t e n t i a l  f o r  p o l l u t i o n  f r o m  ash  p o n d s .  The f o l l o w i n g  is  a 
summary o f  r e c e n t  a s h  p r o d u c t i o n  a n d  s a l e s  v o l u m e s :  

Roxboro  f l y  400-500 t o n s  30-40 t o n s  ( 5 - 1 0 % )  

Mayo f 1Y 150-175 t o n s  50-60 t o n s  (30-3546) 

b o t t o m  55-65  C U .  y d s .  no  d a t a  a v a i l a b l e  

The  p r i m a r y  e q u i p m e n t  i n v e s t m e n t  is  r e p o r t e d  t o  b e  h i g h l y  
s i t e - s p e c i f i c .  The i n v e s t m e n t  is more  q u i c k l y  r e c o u p e d  when t h e  
sys tem is  i n s t a l l e d  as t h e  s o l e  a s h - h a n d l i n g  p r o c e s s ,  r a t h e r  t h a n  
dhen  i t  d u p l i c a t e s  t h e  d r y  p r o c e s s  a l o n g s i d e  t h e  wet p r o c e s s .  A 
r o u g h  es t imate  o f  c o n s t r u c t i o n  e x p e n s e s ,  o f f e r e d  by  t h e  C P & L  
r e p r e s e n t a t i v e ,  i s  $ 1  t o  $ 2  p e r  t o n  of  a s h ,  b a s e d  on d e s i g n e d  
l o a d ;  e q u i p m e n t  o p e r a t i o n  a n d  m a i n t e n a n c e  e x p e n s e s  are  e s t ima ted  
t o  be $ 3  t o  $ 4  f o r  each t o n  o f  a s h  g e n e r a t e d  p e r  y e a r .  
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WASTES GENERATED Reduced b y  up t o  30 p e r c e n t  

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES I n f o r m a t i o n  n o t  p r o v i d e d  

EQUIPMENT I n f o r m a t i o n  n o t  p r o v i d e d  

R A W  MATERIALS No c h a n g e  

WATER I n f o r m a t i o n  not p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE DISPOSAL I n f o r m a t i o n  n o t  p r o v i d e d  

P O L L U T I O N  C O N T R O L  I n f o r m a t i o n  n o t  p r o v i d e d  

PERSONNEL/MAINTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS Reduced waste management  c o s t s  
and  r i s k s  
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Case Study 37 
TYPE OF INDUSTRY: E l e c t r i c  U t i l i t y  

NAME OF FIRM: D u k e  P o w e r  C o m p a n y  
( D a v i d  Roche 704/373-8775 a n d  
R u s s e l l  P r o p s t  704/373-2377) 

LOCATION: C h a r l o t t e ,  North C a r o l i n a  

SIC: 4911 
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* 2) 

* 3)  
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t * * 

MODIFICATIONS 

SALE OF FLY A N D  BOTTOM A S H  

INCINERATION OF POLYCHLORINATED BIPHENYLS ( P C B s )  * 
SEGREGATION OF WASTE STREAMS TO REDUCE 
H A Z A R D O U S  WASTE VOLUME * 
DECONTAMINATION A N D  REUSE OF RADIOACTIVE TOOLS A N D  EQUIPMENT t 

REVISED EQUIPMENT OPERATION TO IMPROVE WASTE 
TREATMENT EFFICIENCY * 
A MANAGEMENT I N I T I A T I V E  TO ESTABLISH A N  

* 

* 

* 
* * 
t * O N - G O I N G  PROGRAM FOR WASTE MINIMIZATION 

Abstract  

Duke Power Company h a s  r e d u c e d  waste p r o d u c t i o n  i n  t h r e e  
major a reas  o f  o p e r a t i o n .  F l y  a s h  a n d  b o t t o m  a s h  wastes f r o m  
c o a l - f i r e d  p l a n t s  a re  now o f f e r e d  f o r  r e u s e  as a c o n c r e t e  
c o n s t i t u e n t ,  p l a s t i c s  c o m p o n e n t ,  o r  roadway  c o n s t r u c t i o n  
ma te r i a l .  M i n e r a l  o i l  i n s u l a t i n g  f l u i d  c o n t a m i n a t e d  w i t h  t h e  
o r g a n i c  chemical ,  p o l y c h l o r i n a t e d  b i p h e n y l  (PCB), i s  b u r n e d ,  as a 
s u p p l e m e n t a l  f u e l  f o r  a t  a steam e l e c t r i c  g e n e r a t i n g  s t a t i o n ,  f o r  
heat  r e c o v e r y .  The Company h a s  a l s o  i n s t i t u t e d  a c o m p r e h e n s i v e  
p r o g r a m  f o r  r e d u c i n g  l o w - l e v e l  r a d i o a c t i v e  wastes (LLRW). The 
program i n c l u d e s :  h o u s e k e e p i n g  i m p r o v e m e n t s ;  t h  e p u r c h a s e  o f  
e q u i p m e n t  t o  a l l o w  c l e a n i n g  r a t h e r  t h a n  d i s p o s a l  o f  c o n t a m i n a t e d  
t o o l s  a n d  e q u i p m e n t ;  c o n v e r s i o n  f rom a n  e v a p o r a t o r - b a s e d  
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processing system for non-recyclable waste to one based on ion 
exchange equipment; redesign of existing evaporator equipment so 
that it can be used to process recyclable waste; and, review and 
revision of filtration equipment operation in o r d e r  t o  improve 
its performance, and to minimize replacement and disposal costs. 
The Company attributes the success of these modifications to the 
team approach encouraged by their management initiative. 

ANNUAL COST SAVINGS: $6,184,000 

PAYBACK PERIOD: Less than 1 year 

TIME TO IMPLEMENT: 

TRANSFERABILITY: 

3 years (radwaste program). 
Complete information on the 
implementation times for other 
modifications was not provided. 

All of the programs and 
modifications described here would 
obviously be applicable to other 
companies engaged in coal- and 
nuclear-based energy production. 
However, any firm producing 
significant quantities of waste ash 
could pursue opportunities for 
selling o r  donating the ash in order 
to reduce their storage and disposal 
costs and risks. PCB destruction by 
incineration is an excellent method 
of disposal, but it may not be cost- 
effective for firms producing only 
small quantities of PCB- 
contaminated material. An out-of- 
house o r  cooperative arrangement 
might be feasible for these small 
firms. 

Duke Power's management policies for 
handling low-level radioactive 
wastes can be adopted by any firm 
wishing to institutionalize the 
pollution prevention philosophy. 
Regardless of what waste products 
are generated, giving employees time 
and encouragement to review existing 
processes, and to propose 
improvements will reveal 
opportunities for waste reduction. 
Housekeeping improvements involving 
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E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  

t h e  s e p a r a t i o n  of  h a z a r d o u s  a n d  
n o n - h a z a r d o u s  waste streams, 
r e v i e w i n g  c l e a n i n g  p r o c e d u r e s ,  a n d  
a d o p t i n g  a p o l i c y  of v i g i l a n c e  a n d  
c o o p e r a t i o n  a re  a l l  m e t h o d s  t h a t  c a n  
c e r t a i n l y  b e  a d a p t e d  t o  a n y  
i n d u s t r i a l  workplace .  

Reduced r i s k  o f  PCB a n d  l o w - l e v e l  
r a d i o a c t i v e  waste c o n t a m i n a t i o n  o f  
s o i l ,  s u r f a c e -  a n d  g r o u n d w a t e r ;  re-  
d u c e d  r i s k  o f  PCB b i o a c c u m u l a t i o n ;  
r e d u c e d  r i s k  o f  h a z a r d o u s  waste 
t r a n s p o r t a t i o n  a c c i d e n t s ;  c o n s e r v a -  
t i o n  o f  l a n d  and  mater ia l  
r e s o u r c e s .  

P r o j e c t  D e s c r i p t i o n  

Duke Power Company i s  o n e  o f  t h e  major e l e c t r i c  power  
g e n e r a t i n g  firms i n  N o r t h  C a r o l i n a .  They  h a v e  i m p l e m e n t e d  
s e v e r a l  i m p o r t a n t  p o l l u t i o n  p r e v e n t i o n  a c t i v i t i e s ;  these  h a v e  
b r o u g h t  them a n n u a l  c o s t  s a v i n g s ,  a n d  h a v e  s e r v e d  as a n  e x a m p l e  
t o  o t h e r  i n d u s t r i e s  i n  t h e  s t a t e .  Duke Power h a s  r e d u c e d  waste 
p r o d u c t i o n  i n  t h r e e  m a j o r  a reas  o f  t h e i r  o p e r a t i o n :  f l y  a s h  a n d  
b o t t o m  a s h  wastes f rom t h e i r  c o a l - f i r e d  power p l a n t s ,  l o w - l e v e l  
r a d i o a c t i v e  wastes f r o m  t h e i r  n u c l e a r  power  p l a n t s ,  a n d  PCB 
wastes f r o m  t h e i r  e l e c t r i c a l  d i s t r i b u t i o n  e q u i p m e n t .  

F l y  Ash a n d  Bottom Ash Wastes 

S i n c e  t h e  l a t e  1960s, Duke Power h a s  s o l d  some o f  t h e  f l y  
ash  from o n e  o r  more o f  t h e i r  c o a l - f i r e d  power p l a n t s ;  t h e  a s h  is 
u s e d  as a componen t  i n  p o r t l a n d  c e m e n t  f o r  p r o d u c i n g  c o n c r e t e  o r  
a s  a f i l l e r  i n  a s p h a l t .  E l e c t r o s t a t i c  p r e c i p i t a t o r s  r emove  t h e  
a s h  from s tack gases.  The  a s h  is  t h e n  c o n v e y e d  t o  a s to rage  s i l o  
where i t  c a n  be l o a d e d  o n t o  t r u c k s ,  The  a m o u n t s  o f  f l y  a s h  s o l d  
f o r  c o n c r e t e  p r o d u c t s  f rom Duke ' s  severa l  f a c i l i t i e s  were: 

o Marshall Steam S t a t i o n ,  1 9 7 9  -- 1 1 6 , 7 0 0  t o n s  
o C l i f f s i d e  Steam S t a t i o n ,  1 9 8 3  -- 79,400 t o n s  
o Belews C r e e k  Steam S t a t i o n ,  1 9 8 3  -- 4 2 , 7 0 0  t o n s  

S e l l i n g  f l y  a s h  g e n e r a t e s  r e v e n u e  a n d  a v o i d s  t h e  c o s t s  of  
s l u i c i n g  a n d  p o n d i n g  t h e  f l y  a s h  f o r  d i s p o s a l .  I n  some 
i n s t a n c e s ,  ponded  f l y  a s h  ( c e n o s p h e r e s )  h a s  b e e n  removed f r o m  t h e  



ash ponds and sold, in small quantities, to a plastic 
manufacturer for use as a filler. 

Because fly ash constitutes at least 80 percent of the ash 
produced by burning coal, Duke Power is seeking to expand fly 
ash reuse to markets that do not have the quality control 
restrictions of concrete production. The pozzolanic property, 
light unit-weight, and compressive strength of fly ash make it 
desirable as a structural backfill, and as a roadbase stabilizer, 
This year, using 1,200 tons of fly ash, Duke Power contractors 
have constructed a one-mile road at the Marshall Steam Station; 
the road demonstrates stabilization techniques that the North 
Carolina Department of Transportation may be able to adopt in 
their roadbuilding and repair projects. If large volumes of fly 
ash could be used in road construction, disposal costs for the 
ponding or landfilling of this material would be greatly reduced 
o r  totally eliminated. 

Since 1979, bottom ash from the Belews Creek Station has 
been sold for use as lightweight aggregate in concrete 
production. In 1981, 65,400 tons were sold. Since 1983, bottom 
ash from the Marshall Steam Station has been provided, without 
cost, to the North Carolina Department of Transportation; it is 
used, in place of crushed stone, as an aggregate base-course 
applied to unpaved secondary roads. The state has used 
approximately 30,000 tons of bottom ash in this way, as of 
October 1984. Bottom ash is sluiced from the bottom of the steam 
boiler to holding ponds, where it is dewatered and then reused. 
The periodic excavation of ash from the disposal ponds saves 
storage space, and minimizes the need for making other disposal 
arrangements. 

PCB DisDosal 

Duke Power's efforts to reduce the amount of PCB wastes 
requiring hazardous waste disposal are part of a comprehensive 
program, across its service area to phase out PCB contamination 
from their electrical distribution system. 

When electrical equipment in Duke's distribution system 
needs repair the electrical unit's fluid is tested for PCB 
concentration. If the fluid contains no PCB, it is reprocessed 
at a company facility, and used again; this saves $400,000 
annually, compared to the cost of new mineral oil. If the fluid 
is contaminated with the regulated levels of PCB, it is burned as 
a supplemental fuel (the heat value is identical to that of fuel 
oil) in a high-efficiency boiler (Riverbend Steam Station). This 
incineration is approved by the Environmental Protection Agency, 
and has been proven to totally destroy PCB, as is shown by Duke's 
own stack emission tests. The contaminated oil, by being used 
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for heat recovery at a steam electric generating station, does 
not place additional demand on the limited capacity of commercial 
hazardous waste disposal facilities. The mineral oil storage and 
feed system at Riverbend required approximately $75,000 in 
capital investment, but the system has saved Duke Power $168,000 
in disposal costs since July 1981. The system, and PCB 
management program as a whole, are expected to continue realizing 
substantial economic benefits, while also removing PCB from the 
electrical distribution network. 

Radioactive Waste Reduction 

Because all processed low-level radioactive wastes must be 
packaged, shipped, and disposed of on a restricted-volume-basis 
in a hazardous waste facility, or must be released to the 
environment in controlled, dilute quantities, it was imperative 
that Duke Power minimize the production of these wastes at their 
new McGuire Nuclear Station. A team of staff members, from the 
Company's Design Engineering and Nuclear Production Departments, 
was assembled to aggressively pursue wast; reduction strategies. 
The low-level radioactive solid wastes studied included: 

a) Contaminated compactible materials: paper, plastic, and 
other materials, for both office work and radiation protection, 
used in the traditionally viewed "radiation area" of the plant. 
The projected volume was 30,000 cubic feet per year. 

b) Contaminated tools and equipment: maintenance tools 
used on radioactively contaminated components, and components 
removed for replacement. The projected volume was 19,000 cubic 
feet per year. 

c) Evaporator concentrate: the concentrated by-product of 
low-level radioactive liquid waste purification. The projected 
volume was 11,000 cubic feet per year. 

Contaminated compactible materials were segregated by area 
within the plant into "potentially contaminated" and ''not 
contaminatedt1. A designated area and equipment were set up to 
survey all materials from non-contaminated collection points in 
order to give final assurance of radioactive cleanliness. In 
this way the quantities of material were substantially less than 
the volumes normally generated in similar nuclear plants. They 
were also in compliance with regulations and industry "good 
practices" standards. For the contaminated wastes, improved 
compactor equipment was purchased, installed, and placed in 
operation. This equipment further reduced the volume of wastes 
requiring disposal. 
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I t  was d e t e r m i n e d  t h a t  c o n t a m i n a t e d  t o o l  a n d  e q u i p m e n t  
v o l u m e s  were h i g h e r  t h a n  t h o s e  t h a t  c o u l d  b e  a c h i e v e d  by u s i n g  
t h e  most e f f e c t i v e  t e c h n o l o g y  f o r  d e c o n t a m i n a t i o n  ( r e m o v a l  o f  
a c t i v i t y  from t h e  sur faces  s u c h  t h a t  t h e  componen t  i s  no  l o n g e r  a 
source  o f  r a d i o a c t i v i t y ) .  The s t a t i o n  i s s u e d  c o n t r a c t s  t o  a 
v a r i e t y  o f  s e rv i ce  c o m p a n i e s  t o  p r o c e s s  t hese  c o m p o n e n t s  u s i n g  a 
v a r i e t y  o f  d e c o n t a m i n a t i o n  t e c h n i q u e s .  The  program a l lowed  t h e  
c l e a n - u p  o f  c o m p o n e n t s  s u c h  t h a t  d i s p o s a l  was no  l o n g e r  
n e c e s s a r y ,  a n d  a l l o w e d  t h e  c o l l e c t i o n  o f  d a t a  on t h e  
e f f e c t i v e n e s s  o f  each t e c h n i q u e .  The da t a  were u s e d  t o  choose  
t h e  mos t  e f f i c i e n t  e q u i p m e n t  f o r  p u r c h a s e  a n d  p e r m a n e n t  
i n s t a l l a t i o n  i n  1 9 8 4 .  C a p i t a l  c o s t s  t o t a l l e d  $ 2 0 0 , 0 0 0  a n d  t h e  
m o d i f i c a t i o n s  have  s a v e d  Duke Power a p p r o x i m a t e l y  $ 1  m i l l o n  p e r  
y e a r .  

The s t a t i o n  r e v i e w e d  t h e  p r o d u c t i o n  o f  e v a p o r a t o r  
c o n c e n t r a t e s  a n d  q u e s t i o n e d  i t s  n e c e s s i t y  i n  r e l a t i o n  t o  t h e  
n e w e r  a p p r o a c h  o f  p r o c e s s i n g  n o n - r e c y c l a b l e  l i q u i d  wastes u s i n g  
i o n  e x c h a n g e  t e c h n o l o g y .  L a b o r a t o r y  t e s t i n g  and  r e v i e w  o f  e a r l y  
n u c l e a r  i n d u s t r y  da t a  were c o n d u c t e d .  E x i s t i n g  s y s t e m s  f o r  
p r o c e s s i n g  n o n - r e c y c l a b l e  wastes were c o n v e r t e d  f r o m  
e v a p o r a t o r - b a s e d  t o  i o n - e x c h a n g e - b a s e d .  The  o b j e c t i v e  was t o  
e l i m i n a t e  p r o d u c t i o n  o f  e v a p o r a t o r  c o n c e n t r a t e  w h i l e  a l s o  
g e n e r a t i n g  l e s s  i o n - e x c h a n g e  r e s i n  b y - p r o d u c t .  The  i o n  e x c h a n g e  
m o d i f i c a t i o n s  i n c l u d e d  t h e  c a p a b i l i t y  t o  s u p p l e m e n t  p e r m a n e n t  
e q u i p m e n t  w i t h  p o r t a b l e  e q u i p m e n t .  P r o c e s s i n g  e q u i p m e n t  c a n  now 
b e  a d a p t e d  t o  c h a n g i n g  waste p r o p e r t i e s  s o  t h a t  e f f l u e n t s  
re leased t o  t h e  e n v i r o n m e n t  r e m a i n  c o n s i s t e n t l y  low.  

I o n  e x c h a n g e  p r o c e s s i n g  o f  n o n - r e c y c l a b l e  l i q u i d  waste 
p r o c e s s i n g  r e p r e s e n t s  t h e  a p p l i c a t i o n  o f  a t e c h n o l o g y  u s e d  o n l y  
i n f r e q u e n t l y  u n t i l  r e c e n t l y .  The  s u c c e s s  o f  t h i s  t e c h n o l o g y  a t  
McGuire  p l a c e d  t h e  s t a t i o n  a n d  Duke Power Company among t h e  e a r l y  
l e a d e r s  i n  a t r e n d  t o w a r d  t h e  more w i d e s p r e a d  u s e  of  t h i s  p rocess  
i n  t h e  n u c l e a r  i n d u s t r y .  

L o w - l e v e l  r a d i o a c t i v e  l i q u i d  wastes were h a n d l e d  b y :  

a )  E v a p o r a t i v e  p r o c e s s i n g .  U s i n g  e v a p o r a t o r s  t o  t r e a t  
n o n - r e c y c l a b l e  wastes from e q u i p m e n t  d r a i n a g e  a n d  c l e a n i n g  was 
d i f f i c u l t  g i v e n  t h e  t y p e  o f  e v a p o r a t o r  p r o v i d e d  b y  t h e  s u p p l i e r  
o f  p l a n t  e q u i p m e n t .  E v a p o r a t o r  o p e r a t i o n  d e m o n s t r a t e d  l o w e r  t h a n  
d e s i g n e d  p r o c e s s  c a p a c i t y ,  and  p r o d u c e d  l a r g e  v o l u m e s  ( 1  1 , 0 0 0  t o  
20 ,000  c u b i c  f e e t  p e r  y e a r )  o f  c o n c e n t r a t e  as a b y - p r o d u c t .  
Reduced  p rocess  c a p a c i t y  f o r c e d  t h e  p r o c e s s i n g  o f  r ecyc lab le  
l i q u i d s  by  o t h e r  s y s t e m s ,  r e s u l t i n g  i n  i n c r e a s e d  re lease  of  
d i l u t e  q u a n t i t i e s  o f  b o r o n  a n d  t r i t i u m  t o  t h e  e n v i r o n m e n t .  The 
s y s t e m s ,  as o r i g i n a l l y  i n s t a l l e d ,  lacked t h e  c a p a b i l i t y  t o  a d a p t  
t o  c h a n g e s  i n  waste stream c h e m i s t r y  a n d  r a d i o n u c l i d e  
c o n c e n t r a t i o n s .  
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b )  F i l t r a t i o n  e q u i p m e n t .  D u r i n g  p r e o p e r a t i o n a l  t e s t s ,  t h e  
s i z e  a n d  c a p a c i t y  o f  t h e  f i l t r a t i o n  e q u i p m e n t  were d i s c o v e r e d  t o  
b e  i n a d e q u a t e  f o r  r o u t i n e  p r o c e s s i n g .  A t h r o u g h p u t  r a t e  was less  
t h a n  4 , 0 0 0  g a l l o n s  p e r  c a r t r i d g e  c h a n g e o u t .  The c o s t  f o r  
r e p l a c i n g  t h e  s p e n t  c a r t r i d g e s  was g rea t e r  t h a n  $200,000 p e r  
y e a r .  

I t  was d e t e r m i n e d  t h a t  t h e  e x i s t i n g  e v a p o r a t o r  e q u i p m e n t  was 
b e t t e r  s u i t e d  f o r  p r o c e s s i n g  r e c y c l a b l e  l i q u i d  wastes. 
E v a p o r a t o r  p e r f o r m a n c e  p r o b l e m s  a t  o t h e r  p l a n t s  i n d i c a t e d  t h a t ,  
u n l e s s  t h e  e v a p o r a t o r s  were i m p r o v e d  o r  r ep laced ,  r ecyc lab le  
waste b a c k l o g s  would  r e q u i r e  d r a i n a g e  of  t h i s  waste t o  t h e  non-  
r ecyc lab le  waste p rocess  streams. A t e s t  p r o g r a m  was c o n d u c t e d ,  
a n d  t h e  e v a p o r a t o r s  e x t e n s i v e l y  m o d i f i e d .  The  e v a p o r a t o r  
o r i g i n a l l y  d e s i g n e d  f o r  n o n - r e c y c l a b l e  waste p r o c e s s i n g  was 
c o n v e r t e d  t o  p r o c e s s  r e c y c l e a b l e  wastes s o  as  t o  m i n i m i z e  b o r o n  
a n d  t r i t i u m  r e l ease  t o  t h e  e n v i r o n m e n t ,  and  t o  m i n i m i z e  p rocess  
c o s t s .  ( T h i s  c o n v e r s i o n  was a l lowab le  d u e  t o  t h e  i o n  e x c h a n g e  
m o d i f i c a t i o n  o f  t h e  n o n - r e c y c l a b l e  wastes p r o c e s s . )  E v a p o r a t o r  
p e r f o r m a n c e  i n c r e a s e d  from 60  p e r c e n t  t o  110 p e r c e n t  o f  t h e  
d e s i g n e d  p rocess  r a t e .  The  c o m b i n e d ,  i o n  e x c h a n g e  a n d  e v a p o r a t o r  
m o d i f i c a t i o n s  c o s t  $l,O3O,OOO a n d  h a v e  y i e l d e d  a n  a n n u a l  p a y b a c k  
o f  $2 m i l l i o n .  The e v a p o r a t o r s  were c o n v e r t e d  t o  r e c y c l a b l e  
waste p r o c e s s i n g  a t  a time when many u t i l i t i e s  were a b a n d o n i n g  
t h e i r  u s e .  T h i s  c o n v e r s i o n  placed Duke Power among i n d u s t r y ' s  
leaders  i n  e v a l u a t i n g  a n d  u t i l i z i n g  u n i t  p r o c e s s e s  b a s e d  on waste 
stream a n d  e q u i p m e n t  c o m p a t i b i l i t y .  

F i l t r a t i o n  e q u i p m e n t  was r e v i e w e d ,  c a s t e d ,  a n d  m o d i f i e d  t o  
i m p r o v e  f i l t e r  p e r f o r m a n c e  a n d  t o  m i n i m i z e  r e p l a c e m e n t  a n d  
d i s p o s a l  c o s t s .  The m o d i f i c a t i o n s  r e q u i r e d  a $ 6 0 , 0 0 0  i n v e s t m e n t ,  
b u t  t h e y  h a v e  s a v e d  $2 m i l l i o n  p e r  y e a r .  O p e r a t i n g  d a t a  show 
t h a t  t h e  r a t e  o f  r a d i o a c t i v e  c o b a l t  r e m o v a l  d o u b l e d ,  a n d  t h a t  
t h r o u g h p u t  t o  e x h a u s t i o n  i m p r o v e d  by a f a c t o r  o f  25. 

T h e s e  p r o g r a m s  a n d  m o d i f i c a t i o n s  were i n  p l a c e  b y  t h e  e n d  o f  
1982. D u r i n g  1983, b o t h  McGuire  r eac to r  u n i t s  were e i t h e r  
o p e r a t e d  o r  t e s t e d  u n d e r  c o n d i t i o n s  w h i c h  p r o d u c e d  r a d i o a c t i v e  
b y - p r o d u c t s .  P r o g r a m  r e s u l t s  t h r o u g h  September  30, 1983, showed 
l o w - l e v e l  r a d i o a c t i v e  waste v o l u m e s  from McGuire  t o  be l ess  t h a n  
15 p e r c e n t  o f  t h e  i n d u s t r y  a v e r a g e ,  d e s p i t e  o u t a g e s  f o r  major 
componen t  m o d i f i c a t i o n s  ( h i g h - v o l u m e  waste g e n e r a t i o n )  d u r i n g  
t h i s  p e r i o d .  No e v a p o r a t o r  c o n c e n t r a t e s  were g e n e r a t e d  as a 
waste b y - p r o d u c t .  R e s i n  from i o n - e x c h a n g e  p r o c e s s i n g  p r o d u c e d  
l e s s  t h a n  5 p e r c e n t  o f  t h e  p r o j e c t e d  11,000 c u b i c  f ee t  o f  
c o n c e n t r a t e s .  Boron  re leases  were r e d u c e d  by  54 p e r c e n t  a n d  
t r i t i u m  re leases  were r e d u c e d  by  60  p e r c e n t  d u e  t o  r e c y c l e a b l e  
waste p r o c e s s i n g .  F i l t r a t i o n  c o s t  was r e d u c e d  by  a f a c t o r  of  24. 
R a d i o a c t i v e  c o n c e n t r a t i o n s  i n  re leased  l i q u i d s  were below t h e  



levels permitted under the station license and federal 
regulations by a factor of greater than 100, 

Duke Power Company has encouraged improved waste management 
by creating or expanding waste management groups at each of its 
stat ions. At McCuire Nuclear Station (MNS), a special 
Radioactive Waste Processing Introduction in the McGuire Chemical 
Manual stresses the importance o f :  

a) "participation of all plant personnel in notifying the 
radwaste organization of unusual occurrences such as leakage of 
coolant or oil; segregating waste streams where feasible; and 
minimizing extraneous waste such as cleaning chemicals and trash 
from sumps and floor drains." 

b) 'lcoordination and cooperation in reduction of waste 
production; efficient scheduling and performance of system 
maintenance; timely waste sampling, analysis, and receipt of 
results and recommendations; and system operation to the highest 
professional standards." The policy statement concludes, "The 
most fundamental concept of M N S  radwaste philosophy is waste 
release minimization through operational optimization. This 
concept should be distinctly segregated from the notion of 
releasing radioactive waste at a rate which merely satisfies a 
pre-determined legal limit. 

A cost-benefit analysis of the improvements made in 
low-level radioactive waste programs and equipment showed that 
net savings were realized within one year of their 
implementation. 

Duke has also identified several other benefits of the 
program: 

1 )  Use of the waste disposal site has been minimized 
through more efficient, effective control and processing of solid 
and liquid wastes; 

2) The number of low-level radioactive waste shipments has 
been reduced ; 

3 )  Reclamation and reuse of recyclable liquid waste reduced 

4) Liquid releases from the station are maintained at a 

release of boron and tritium to the environment; 

small fraction of permissible levels. 
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PROCESS DIMENSIONS 

WASTES GENERATED Waste f l y  ash r e d u c e d  b y  
a p p r o x i m a t e l y  2 5 0 , 0 0 0  t o n s  p e r  
y e a r  

Waste b o t t o m  a s h  r e d u c e d  by  
a p p r o x i m a t e l y  9 5 , 0 0 0  t o n s  p e r  
y e a r  

Volume o f  P C B  waste r e d u c e d  

Volume o f  S o l i d  LLRW r e d u c e d  

P r o j e c t e d  volume o f  LLRW 
e v a p o r a t o r  c o n c e n t r a t e s  r e d u c e d  
by  9 5  p e r c e n t  

T r i t i u m  a n d  b o r o n  r e l ease  
r e d u c e d  b y  60  p e r c e n t  

P R O D U C T I V I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES No c h a n g e  

E Q U I  PMENT $ 1 , 2 9 0 , 0 0 0  o n e - t i m e  c o s t  ( L L R W )  

$ 7 5 , 0 0 0  o n e - t i m e  c o s t  ( P C B  
i n c i n e r a t i o n )  

R A W  MATERIALS $ 4 0 0 , 0 0 0  s a v e d  p e r  y e a r  
( i n s u l a t i n g  f l u i d  r e c o v e r y )  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  
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WASTE DISPOSAL A p p r o x i m a t e l y  $ 2 , 5 0 0 , 0 0 0  s a v e d  
p e r  y e a r  ( f l y  a s h )  

$ 8 4 , 0 0 0  s a v e d  p e r  y e a r  (PCB) 

$ 3 , 2 0 0 , 0 0 0  s a v e d  p e r  y e a r  
( s o l i d  LLRW) 

POLLUTION C O N T R O L  I n f o r m a t i o n  n o t  p r o v i d e d  

PERSONNEL/MAINTENANCE I n f o r m a t i o n  n o t  p r o v i d e d  

NET BENEFITS A n n u a l  c o s t  s a v i n g s ,  e x t e n d e d  
l a n d f i l l  l i f e ,  r e d u c e d  e n v i r o n -  
m e n t a l  a n d  h e a l t h  r i s k s  
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NAME O F  F I R M :  N a t u r a l  P o w e r  ( B i l l  R o l a n d  9 ~ 9 / 8 ~ 6 - 6 ~ 2 2 )  

L O C A T I O N :  R a l e i g h ,  N o r t h  C a r o l i n a  

S I C :  4953 

* * * M O B I F I  C A T I O N  * 
t t 
* I N S T A L L A T I O N  O F  A B I O G A S  R E C O V E R Y  * * S Y S T E M  A T  A L A N D F I L L  i * 

Abstract 

N a t u r a l  Power, o p e r a t i n g  f rom t h e  Gresham L a k e  l a n d f i l l  i n  
R a l e i g h ,  Nor th  C a r o l i n a ,  h a s  i m p l e m e n t e d  a m e t h a n e  r e c o v e r y  
s y s t e m  f o r  c o n v e r t i n g  " b i o g a s "  t o  e l e c t r i c  p o w e r ,  which  is  t h e n  
s o l d  t o  t h e  l o c a l  u t i l i t y .  N a t u r a l  Power recovers c o m b u s t i b l e  
g a s  g e n e r a t e d  from t h e  a n a e r o b i c  d e c o m p o s i t i o n  of  m u n i c i p a l  
wastes b u r i e d  a t  t h e  l a n d f i l l .  The g a s  is  c o l l e c t e d ,  u n d e r  
vacuum, from a number o f  wel ls  s u n k  i n t o  t h e  l a n d f i l l .  After 
f i l t r a t i o n  t o  remove  p a r t i c u l a t e s ,  t h a  g a s  i s  f e d  d i r e c t l y  i n t o  
two d i e s e l  g e n e r a t o r s  m o d i f i e d  t o  u s e  a m e t h a n e  f u e l  s o u r c e .  The 
e l e c t r i c i c t y  g e n e r a t e d  a t  t h e  l a n d f i l l  is  metered a n d  f e d  i n t o  
t h e  l o c a l  e l e c t r i c  u t i l i t y ' s  t r a n s m i s s i o n  l i n e s .  

A N N U A L  COST SAVINGS: $25 9 700 

P A Y B A C K  P E R I O D :  Variable ,  d e p e n d e n t  on t h e  r a t e  of  
m e t h a n e  r e c o v e r y  and  t h e  p r i c e  p e r  
k i l o w a t t - h o u r  (kWh) p a i d  by u t i l i t y .  

T I M E  TO IMPLEMENT: E s t i m a t e d  6 m o n t h s  t o  3 y e a r s .  

TRANSFERABILITY: A p p l i c a b l e  a t  a n y  l a n d f i l l  w h i c h  has 
r e c e i v e d  o r g a n i c  s o l i d  waste a n d  i s  
g e n e r a t i n g  g a s e o u s  b y - p r o d u c t s  o f  
a n a e r o b i c  d e c o m p o s i t i o n .  Variables 
a f f e c t i n g  t h e  e c o n o m i c s  o f  s u c h  a 
f a c i l i t y  i n c l u d e  c o s t  t o  p r o d u c e  a n d  



E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

p r i c e  r e c e i v e d  p e r  kWh from t h e  l o c a l  
u t i l i t y ,  time which  h a s  e l a p s e d  s i n c e  
l a n d f i l l  was c l o s e d ,  s i z e  o f  l a n d f i l l ,  
p r o d u c t i o n  r a t e  o f  g a s ,  and  p e r c e n t  
m e t h a n e  c o m p o s i t i o n  of  g a s .  A d d i t i o n a l  
uses f o r  t h i s  m e t h a n e  i n c l u d e  s e l l i n g  
i t  d i r e c t l y  t o  a n  i n d u s t r i a l  u s e r ,  a n d  
r e f i n i n g  i t  t o  p i p e l i n e - g r a d e ,  high-BTU 
m e t h a n e  a n d  c o n d u c t i o n  t o  t h e  n a t u r a l  
g a s  p i p e l i n e .  Depend ing  on e c o n o m i c  
a n d  o t h e r  v a r i a b l e s ,  p r o d u c t i o n  of 
n a t u r a l  gas may y i e l d  a g r e a t e r  
f i n a n c i a l  r e t u r n  on i n v e s t m e n t  t h a n  
c o n v e r s i o n  t o  e l e c t r i c a l  e n e r g y .  

Reduced r i s k  o f  e x p l o s i o n  and  o d o r  
n u i s a n c e  c a u s e d  by t h e  m i g r a t i o n  a n d  
e m i s s i o n  o f  flammable l a n d f i l l  gas ;  
e n h a n c e d  r e c o v e r y  o f  b i o s p h e r e  a b o v e  
t h e  l a n d f i l l ;  c o n s e r v a t i o n  o f  e n e r g y  
resources .  

P r o j e c t  D e s c r i p t i o n  

N a t u r a l  Power o f  R a l e i g h ,  N o r t h  C a r o l i n a ,  i s  c o n t r o l l i n g  a n d  
e x t r a c t i n g  t h e  g a s e o u s  p r o d u c t  o f  a n a e r o b i c  d e c o m p o s i t i o n  f r o m  
o r g a n i c  wastes b u r i e d  i n  t h e  Gresham Lake l a n d f i l l .  The gas is  
removed f rom t h e  g r o u n d  a t  a p p r o x i m a t e l y  130 degrees  F. The  raw 
gas has a m e t h a n e  c o n t e n t  which  v a r i e s  f r o m  32 t o  6 2  p e r c e n t ,  
a v e r a g i n g  a p p r o x i m a t e l y  4 2 - p e r c e n t  m e t h a n e .  The v a r i a t i o n  is  d u e  
t o  t h e  o r g a n i c  s o u r c e  of  t h e  gas b y - p r o d u c t  a n d  t h e  d u r a t i o n  o f  
g a s  e x t r a c t i o n  f r o m  a g i v e n  wel l .  I t  h a s  b e e n  f o u n d  t h a t  gas 
from c e r t a i n  wells m a i n t a i n s  a c o n s i s t e n t l y  h i g h e r  m e t h a n e  
c o n t e n t  t h a n  t h e  g a s  from o t h e r  we l l s .  T h i s  is a t t r i b u t e d  t o  t h e  
t y p e  o f  o r g a n i c  r e f u s e  b u r i e d  i n  t h a t  v i c i n i t y  a n d ,  i n  some 
cases ,  t o  deeper wel l  d e p t h .  Wells t h a t  h a v e  n o t  b e e n  pumped f o r  
a p e r i o d  o f  time p r o v i d e  g a s  w i t h  a h i g h e r  m e t h a n e  c o n t e n t  t h a n  
t h o s e  w h i c h  h a v e  b e e n  pumped r e c e n t l y .  

A 3 - h o r s e p o w e r  vacuum pump is  u s e d  t o  c o l l e c t  t h e  gas f r o m  
10 wells s u n k  i n t e r m i t t e n t l y  i n t o  t h e  l a n d f i l l .  The wel l s  are  
c o n s t r u c t e d  o f  2 - i n c h ,  s c h e d u l e  40 ,  PVC p i p e .  The p i p e  is 
m o d i f i e d  w i t h  f i f t e e n  2 5 / 1 0 0 0 - i n c h  p e r f o r a t i o n  s l o t s  which  r u n  
t h e  l e n g t h  o f  t h e  p i p e ,  from t h e  b o t t o m  of  t h e  l a n d f i l l  t o  w i t h i n  
15 f e e t  o f  t h e  i t s  s u r f a c e .  The wel l  p i p e  is  s u n k  " n a k e d "  i n t o  
d r i l l  h o l e s ,  a n d  is  b u f f e r e d  from t h e  l a n d f i l l  c o n t e n t s  by a s a n d  
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and g r a v e l  f i l l .  The wel l s  a re  c a p p e d  w i t h  a 5 - t o - 1  e x p a n d i n g  
c l a y  a n d  w i t h  a c o n c r e t e  s e a l .  

T h e  15 f e e t  o f  l a n d f i l l  c o n t e n t s  n o t  a c t i v e l y  mined  f o r  gas 
serve as a b u f f e r  w h i c h  c o n t a i n s  t h e  b i o g a s  i n  t h e  l a n d f i l l  and  
p r e v e n t s  t h e  i n v a s i o n  o f  oxygen  i n t o  t h e  a n a e r o b i c  e n v i r o n m e n t .  
A 3- t o  5 - f O O t  s u r f a c e  of  c o m p a c t e d  c l a y  caps  t h e  l a n d f i l l .  The 
e d g e s  of  t h e  l a n d f i l l  a re  e s p e c i a l l y  well-sealed a n d  a r e  
r e g u l a r l y  i n s p e c t e d  f o r  c racks  o r  s i g n s  o f  s u b s i d e n c e .  

T h e  c u r r e n t l y  mined  l a n d f i l l  area is  4 a c r e s ,  w i t h  a n  
a v e r a g e  d e p t h  o f  30 f e e t  ( 6 . 3  m i l l i o n  c u b i c  f e e t ) .  T h e  c o l l e c t e d  
gas is t a p p e d  f r o m  a 4 - i n c h  diameter p i p e  which  is a n g l e d  down 
a n d  away f r o m  t h e  g e n e r a t o r  b u i l d i n g .  T h i s  d e s i g n  p e r m i t s  e a s y  
r e m o v a l  o f  t h e  c o n d e n s a t e ;  i t  is c o l l e c t e d  a t  t h e  f a r  e n d  o f  t h e  
4 - i n c h  p i p e  a n d  i s  p e r i o d i c a l l y  d r a i n e d  when t h e  f a c i l i t y  is  n o t  
i n  o p e r a t i o n .  

The  raw gas is  o f  s u f f i c i e n t  q u a l i t y  and  q u a n t i t y  t o  power 
two model 3306 C a t e r p i l l a r  d i e s e l  e n g i n e s  f o r  15 h o u r s  a d a y ,  5 
d a y s  a w e e k .  I t  is c a l c u l a t e d  t h a t  t h e  gas is  consumed a t  a r a t e  
o f  2 , 6 8 4  c u b i c  f e e t  p e r  h o u r .  B e c a u s e  o f  t h e  v a r i a t i o n  i n  gas 
q u a l i t y ,  t h e  w e e k l y  c u r v e  f o r  kW g e n e r a t i o n  r u n s  f r o m  a h i g h  o f  
1 8 2  kW on Mondays t o  140  kW on F r i d a y s .  B e c a u s e  t h e  q u a l i t y  o f  
t h e  gas d o e s  v a r y ,  t h e  g e n e r a t o r s  mus t  be  c o n s t a n t l y  m o n i t o r e d  t o  
o p t i m i z e  t h e i r  p e r f o r m a n c e .  The A C  c u r r e n t  g e n e r a t e d  a t  t h e  s i t e  
i s  c h a r a c t e r i z e d  a s  3 - p h a s e ,  6 0 - c y c l e  a t  480 v o l t s .  

T h e  c a p i t a l  c o s t  t o  i n s t a l l  t h e  c o l l e c t i o n  s y s t e m ,  
e l e c t r i c a l  s y s t e m ,  and  g e n e r a t o r s  was $ 1 2 5 , 0 0 0 .  The  o p e r a t o r  
c la ims ,  h o w e v e r ,  t h a t  t h i s  c o s t  c o u l d  b e  r e d u c e d  t o  $ 1 0 0 , 0 0 0 ,  
b a s e d  on t h e  k n o w l e d g e  g a i n e d  by  i n s t a l l i n g  t h e  Gresham L a k e  
s y s t e m .  The p l a n t  c u r r e n t l y  o p e r a t e s  a t  s l i g h t l y  l ess  t h a n  50 
p e r c e n t  o f  maximum c a p a c i t y ,  b u t  is  d e s i g n e d  f o r  e x p a n s i o n  i n t o  
a d d i t i o n a l  l a n d f i l l  acreage ( 1 8  a c r e s ) .  

E l e c t r i c i t y  g e n e r a t e d  b y  t h e  e n g i n e s  is  metered a n d  f e d  
d i r e c t l y  i n t o  t h e  C a r o l i n a  Power and  L i g h t  Company (CP&L) 
t r a n s m i s s i o n  l i n e s .  O p e r a t i o n  times a re  se t  s o  t h a t  maximum 
e n e r g y  g e n e r a t i o n  t a k e s  p l ace  d u r i n g  p e a k  demand h o u r s  when a 
h i g h e r  r a t e  i s  r e c e i v e d  p e r  kWh. Rates a r e  g e n e r a l l y  e i t h e r  
l l f i x e d l l ,  w i t h  a h i g h e r  p r i c e  p e r  kWh, o r  l t v a r i a b l e l l .  CP&L o f f e r s  
a 1 5 - y e a r  c o n t r a c t  f o r  f i x e d  r a t e s .  I n  l a t e  1 9 8 4 ,  t h e  v a r i a b l e  
r a t e  d r o p p e d  f rom 3 . 7  c e n t s  p e r  kWh t o  2 . 8  c e n t s  p e r  kWh. T h i s  
d e c l i n e  h a s  r e d u c e d  t h e  p r o f i t a b i l i t y  o f  t h e  o p e r a t i o n  and  
e x t e n d e d  i t s  p a y b a c k  p e r i o d .  Sys tem m a i n t e n a n c e  is  m i n i m a l .  
M a i n t e n a n c e  a n d  o t h e r  down times a re  p l a n n e d  f o r  o f f - p e a k  h o u r s .  



WASTES GENERATED Reduced v e n t i n g  o f  m e t h a n e  

P R O D U C T I V I T Y  A d d i t i o n a l  r e v e n u e  f rom l a n d f i l l  

P R O D U C T  Q U A L I T Y  Not a p p l i c a b l e  

DOWN T I M E  I n f o r m a t i o n  n o t  p r o v i d e d  

FACILITIES 
- ~- ~ ~ __  

$ 1 2 5 , 0 0 0  o n e - t i m e  c o s t  

EQUIPMENT I n c l u d e d  i n  f a c i l i t i e s  c o s t  

R A W  MATERIALS No c o s t  

WATER None 

E N E R G Y  $ 2 5 , 7 1 6  y e a r l y  r e v e n u e  ( 1 9 8 5  d o l l a r s )  

WASTE DISPOSAL None 

P O L L U T I O N  C O N T R O L  None 

PE RSONNEL/MA I N T E N A N  CE A p p r o x i m a t e l y  $6000 c o s t  p e r  y e a r  

NET BENEFITS Low-cos t ,  r e n e w a b l e  e n e r g y  g e n e r a t i o n  
a n d  r e d u c e d  r i s k  of l a n d f i l l  
e x p l o s i o n s  f rom m e t h a n e  a c c u m u l a t i o n  
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Case Study 39 
TYPE OF INDUSTRY: Municipal Wastewater Treatment 

NAME OF FIRM: Hickory/Newton/Conover Complex 
(Burmeister, W i g h t  & Associates, consultants, 
John E.R. Burmeister 704/525-6051) 

LOCATION: Fairgrove Wastewater Treatment Plant 
Catawba County, North Carolina 

SIC: 4952 

MODIF I CAT I ON 

MUNICIPAL SEWAGE SLUDGE COMPOSTING 
(PLANNED) 

Abstract 

A composting system for municipal waste sludge is planned 
for the Hickory/Newton/Conover Complex in Catawba County. The 
facility is in the final design phase and is scheduled for 
construction in 1986. When operational, the system will be the 
first mechanical enclosed composting system in North Carolina. 
The reuse of waste sludge as a composting material is expected to 
save-thecounty as much as $827,000 in annual disposal costs. 

ANNUAL COST SAVING2 : Not determined. 

PAYBACK PERIOD: Not determined. 

TIME TO IMPLEMENT: 1-1/2 years for design and 
construction. 

TRANSFERABILITY: Since municipal solid waste can no 
longer be automatically landfilled, 
many cities are looking to land 
disposal, composting, and incineration 
as possible alternatives. Because 
incineration is capital-intensive, it 
is often not a feasible option. It 
also precludes any reuse value for the 
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ENVIRONMENTAL AND 
HEALTH BENEFITS: 

s l u d g e  b i o m a s s .  T h e r e  a re  s e v e r a l  
t y p e s  o f  c o m p o s t i n g  o p e r a t i o n s .  The 
m e c h a n i c a l  s y s t e m  t o  be u s e d  by Catawba 
County  is more e x p e n s i v e  t h a n  some 
o t h e r  methods ,  b u t  i t  is l e s s  l a b o r -  
i n t e n s i v e .  A s t a t i c  p i l e  s y s t e m  is  
cheaper  t o  s e t  up ( s e e  C i t y  of  
M o r g a n t o n ) ,  b u t  r e q u i r e s  more l a b o r  a n d  
i n v o l v e s  more worker e x p o s u r e .  

C o n s e r v a t i o n  of  l a n d  a n d  ma te r i a l  
r e s o u r c e s ,  improved  p h y s i c a l  p r o p e r t i e s  
o f  t h e  s o i l  r e c e i v i n g  compost .  The re  
i s  a r i s k  t h a t  u n p r o t e c t e d  p i l e s  m i g h t  
become a p l a y  area f o r  c h i l d r e n  o r  
p e t s .  Because o f  v a r i a t i o n  i n  t h e  
metal c o n t e n t  of  c o m p o s t e d  s l u d g e ,  i t  
is n o t  a p p r o v e d  f o r  u s e  i n  v e g e t a b l e  
g a r d e n s  o r  i n  areas  where d i r e c t - l i n e  
f o o d  c r o p s  a re  t o  be g rown .  

P r o j e c t  D e s c r i p t i o n  

The H i c k o r y / N e w t o n / C o n o v e r  Complex i n  Catawba C o u n t y  was 
s e e k i n g  a n  a l t e r n a t i v e  t o  t h e i r  l a n d f i l l  d i s p o s a l  o f  m u n i c i p a l  
wastewater s l u d g e .  I n  1981,  t h e y  p e r f o r m e d  a p r e l i m i n a r y  
i n v e s t i g a t i o n  t o  e v a l u a t e  i n c i n e r a t i o n ,  c o m p o s t i n g ,  a n d  l a n d  
a p p l i c a t i o n .  Based on t h i s  s t u d y ,  c o m p o s t i n g  was se l ec t ed  as t h e  
m o s t  e f f i c i e n t  a n d  c o s t - e f f e c t i v e  method.  

T h e  f i r m  o f  B u r m e i s t e r ,  W r i g h t  a n d  A s s o c i a t e s  was r e t a i n e d  
t o  d e s i g n  a c o m p o s t i n g  o p e r a t i o n  f o r  t h e  r e g i o n .  S e v e r a l  
c o m p o s t i n g  d e s i g n s  were e v a l u a t e d  w i t h  r e spec t  t o  c a p i t a l  c o s t ,  
o p e r a t i o n  a n d  m a i n t e n a n c e  c o s t s ,  r e v e n u e  from c o m p o s t e d  mater ia l ,  
a n d  e n v i r o n m e n t a l  impac t s .  Based on t h e i r  e v a l u a t i o n ,  t h e  f i r m  
recommended a n  e n c l o s e d  c o m p o s t i n g  s y s t e m .  When t h e  f a c i l i t y  is 
comple ted  i t  w i l l  b e  t h e  f i r s t  m e c h a n i c a l  e n c l o s e d  s y s t e m  i n  
N o r t h  C a r o l i n a .  

F i v e  c o m m e r c i a l  m e c h a n i c a l  s y s t e m s  were e v a l u a t e d  b y  t h e  
c o n s u l t a n t s .  The most i m p o r t a n t  c r i t e r i a  f o r  e v a l u a t i o n  were t h e  
m e c h a n i c a l  c o m p l e x i t y  of  each s y s t e m  a n d  t h e  e n e r g y  c o s t s  
r e q u i r e d  f o r  o p e r a t i o n .  The  " m e c h a n i c a l  e n c l o s e d  s y s t e m "  w i l l  
i n c l u d e  r e a c t o r s  i n  wh ich  t h e  a c t u a l  c o m p o s t i n g  process  w i l l  t ake  
p l a c e ;  a c a r b o n a c e o u s  s t o r a g e  t a n k ;  a i r  b lowers  a n d  s c r u b b e r s ;  a 
c o n v e y o r  a n d  s o l i d s  h a n d l i n g  s y s t e m ;  a n d ,  a s soc ia t ed  b u i l d i n g s  
a n d  s t r u c t u r e s .  S l u d g e s ,  from s e v e r a l  t r e a t m e n t  p l a n t s  a n d  
s e p t a g e  s y s t e m s  i n  t h e  c o u n t y ,  w i l l  b e  t r a n s p o r t e d  t o  a r e g i o n a l  
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f a c i l i t y  f o r  d e w a t e r i n g .  S l u d g e  w i l l  b e  d e l i v e r e d  t o  t h e  
r e g i o n a l  p l a n t  i n  t a n k e r s .  F o u r  t a n k e r s  w i l l  s u f f i c e  i n i t i a l l y ,  
a l t h o u g h  i t  is a n t i c i p a t e d  t h e y  w i l l  h a v e  t o  be r ep laced  w i t h i n  
10  years  a n d  a n  a d d i t i o n a l  t a n k e r  p u r c h a s e d .  Septage w i l l  b e  
h a u l e d  b y  i n d i v i d u a l  pumpers .  

T h e  p r o p o s e d  c o m p o s t i n g  f a c i l i t y  w i l l  b e  d e s i g n e d  t o  meet 
t h e  n e e d s  o f  t h e  p a r t i c i p a t i n g  c o m m u n i t i e s  o v e r  t h e  n e x t  20 
years ,  a n d  w i l l  h a v e  t h e  u l t i m a t e  c a p a c i t y  t o  p r o c e s s  20 t o n s  of  
d r y  s l u d g e  p e r  d a y .  A t  s t a r t - u p ,  t h e  s y s t e m  w i l l  p r o c e s s  
a p p r o x i m a t e l y  h a l f  t h i s  amoun t .  

C a p i t a l  c o s t s  f o r  t h e  e n t i r e  s y s t e m  a re  estimated t o  b e  
$ 6 , 1 3 5 , 0 0 0 .  T h i s  amount  w i l l  b e  o f f s e t  b y  f e d e r a l  g r a n t s  o f  as  
much as 7 5  p e r c e n t  o f  t h e  e l i g i b l e  c o s t s .  Local  s a v i n g s  w i l l  b e  
p r o p o r t i o n a t e  t o  t h e  amount  o f  t h e  g r a n t  a n d  t o  t h e  a c t u a l  
q u a n t i t y  a n d  p r i c e  o f  t h e  c o m p o s t  s o l d .  

One way t o  c a l c u l a t e  t h e  s a v i n g s  would b e  t o  a s s u m e  t h a t  7 5 -  
p e r c e n t  f u n d i n g  i s  rece ived  f o r  t h e  c a p i t a l  c o s t s ,  and  t h a t ,  on 
t h e  a v e r a g e ,  7 5  p e r c e n t  o f  t h e  c o m p o s t  is  s o l d  a t  $20  p e r  t o n  
o v e r  t h e  l i f e  o f  t h e  f a c i l i t y .  The  n e t  a n n u a l  c o s t  o f  t h e  
c o m p o s t  s y s t e m  would  t h e n  be $ 2 5 0 , 0 0 0  p e r  year v e r s u s  $ 1 , 0 7 7 , 0 0 0  
u s i n g  t h e  p r e s e n t  d i s p o s a l  p r a c t i c e s ,  o r  a n  a v e r a g e  n e t  s a v i n g s  
o f  $ 8 2 7 , 0 0 0  p e r  year .  

T h e  p r o j e c t  h a s  b e e n  p l a c e d  on t h e  f e d e r a l  f u n d i n g  l i s t  a n d  
i s  s c h e d u l e d  t o  b e g i n  c o n s t r u c t i o n  i n  O c t o b e r  1 9 8 5 ,  t h e  s t a r t  o f  
t h e  1986  f e d e r a l  f i s c a l  year .  The N o r t h  C a r o l i n a  D e p a r t m e n t  o f  
Natural  R e s o u r c e s  a n d  Community Deve lopmen t  w i l l  r e i m b u r s e  l o c a l  
g o v e r n m e n t s  f o r  t h e  f u n d s  u s e d  i n  p r e p a r i n g  t h e  p r o j e c t  p l a n s  and  
s p e c i f i c a t i o n s .  P l a n  p r e p a r a t i o n  has b e g u n  a n d  t h e  p l a n s  were 
s u b m i t t e d  t o  t h e  D e p a r t m e n t  i n  t h e  s e c o n d  h a l f  o f  1 9 8 5 .  
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PROCESS DIMENSIONS 

WASTES GENERATED Will eliminate 10 tons of dry 
waste sludge per day 

PRODUCTIVITY Information not provided 

PRODUCT QUALITY 
~ ~- 

Information not provided 

DOWN TIME Information not provided 

FACILITIES $6,135,000 estimated 

EQUIPMENT One-time cost including 
equipment 

RAW MATERIALS Bulking materials will be 
required 

WATER No change anticipated 
~ 

ENERGY Information not provided 

WASTE DISPOSAL Estimated savings of $800,000 
per year 

POLLUTION CONTROL No change anticipated 

~ERSONNEL/MA~NTENANCE Information not provided 

NET BENEFITS Conservation of land and 
material resources, minimiza- 
tion of waste disposal costs 

2 0 3  



NAME OF FIRM: 

L O C A T I O N :  

SIC: 

C i t y  of Morganton 
( C a r l  D,  Hennessee 704/437-8863)  

P . 0 ,  Drawer 430 
Morganton, North Carolina 28655 

4952 

* * * 

* 

MODIFI C A T 1  ON 

CQMPOSTING M U N I C I P A L  SEWAGE SLUDGE 

* * * * 

A b s t r a c t  

T h e  Catawba R i v e r  P o l l u t i o n  C o n t r o l  F a c i l i t y  i n  M o r g a n t o n ,  
N o r t h  C a r o l i n a ,  h a s  i m p l e m e n t e d  t h e  f i r s t  f u l l - s c a l e  c o m p o s t i n g  
o p e r a t i o n  i n  t h e  s t a t e .  A m i x t u r e  of  m u n i c i p a l  waste s l u d g e  a n d  
b a r k  is c o m p o s t e d  u s i n g  a s t a t i c  p i l e  s y s t e m  d e s i g n e d  b y  c i t y  
p e r s o n n e l .  They h a v e  e l i m i n a t e d  t h e  n e e d  f o r  l a n d f i l l i n g  t h e  
waste s l u d g e  a n d  h a v e  created a s y s t e m  t o  r e u s e  a n  o the rwise  
u n d e s i r a b l e  p r o d u c t .  The c o m p o s t  is m a r k e t e d  t o  t h e  p u b l i c  w i t h  
s u c h  s u c c e s s  t h a t  t h e  c i t y  is  u n a b l e  t o  k e e p  up w i t h  c o n s u m e r  
demand. A l t h o u g h  t h e y  d o  n o t  make money on t h e  o p e r a t i o n ,  t h e  
c i t y ' s  s l u d g e  management  c o s t s  a re  b e l o w  t h o s e  es t imated  f o r  
t h e  o t h e r  s y s t e m s  t h e y  i n v e s t i g a t e d ,  i n c l u d i n g  l a n d  a p p l i c a t i o n  
a n d  i n c i n e r a t i o n .  I n  r e s p o n s e  t o  t h e  s u c c e s s  o f  t h e  M o r g a n t o n  
p r o j e c t ,  t h e  s t a t e  is  d e v e l o p i n g  a p e r m i t  s y s t e m  f o r  c o m p o s t i n g  
o p e r a t i o n s  t o  e n s u r e  safe  l e v e l s  o f  h e a v y  metals a n d  t h e  a b s e n c e  
o f  p a t h o g e n s .  

A N N U A L  COST SAVINGS: Not a p p l i c a b l e .  

PAYBACK P E R I O D :  Not a p p l i c a b l e .  

T I M E  TO IMPLEMENT: 5 y e a r s ,  i n c l u d i n g  e x t e n s i v e  
p r e l i m i n a r y  s t u d y .  

TRANSFERABILITY: Morgan ton  was t h e  f i r s t  m u n i c i p a l i t y  
i n  N o r t h  C a r o l i n a  t o  d e v e l o p  sewage 
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ENVIRONMENTAL AND 
HEALTH BENEFITS: 

Project Description 

sludge composting. As such, they have 
done a lot of experimentation that 
other municipalities can now build on. 
Their decision to try a composting 
operation came only after careful eval- 
uation and cost comparison with land 
application systems. Depending on 
geographic, climatic, transportation, 
and land availability conditions, both 
composting and land application might 
be feasible alternatives. Although the 
city designed its own system, there are 
also several commercial systems on the 
market. The Morganton composting 
operation uses a static pile system. 
There are also enclosed mechanical 
systems which are more expensive, but 
less labor-intensive. 

Conservation of land and material re- 
sources, and improved physical 
properties of soil receiving compost. 
In heavy, textured clay soils, the 
added organic matter increases the 
soil's permeability to water and air, 
and minimizes surfacewater runoff. 
Addition of sludge compost to clay 
soils has also been shown to reduce 
compaction (i.e., lower the bulk 
density) and to increase root develop- 
ment of plants. Composted sludge may 
become a nuisance if mismanaged. There 
is a risk that unprotected piles might 
become a play area for children o r  
pets. Due to variations in the metal 
content of composted sludge, it is not 
approved for use in vegetable gardens 
o r  in areas where direct-line food 
crops are to be grown. 

Morganton's Catawba River Pollution Control Plant began 
operation in January 1975. The facility is a pure-oxygen- 
activated sludge plant, with a capacity of 8 million gallons per 
day. It generates approximately 1,700 tons of dry sludge per 
year. Solids handling is accomplished by two 80-foot Eimco 
clarifiers, aerobic digestion, and dewatering with two Sharples 
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P-5000 c e n t r i f u g e s .  A s  was t h e  case w i t h  many o f  t h e  f a c i l i t i e s  
c o n s t r u c t e d  a b o u t  t h i s  t ime,  t h e  o n l y  p l a n s  f o r  m a n a g i n g  t h e  
s l u d g e  c o n s i s t e d  of  b u r y i n g  i t  i n  a s a n i t a r y  l a n d f i l l .  

Fear o f  g r o u n d w a t e r  p o l l u t i o n  a n d  t h e  a e s t h e t i c  problems of  
d i s p o s i n g  o f  t h i s  s e m i - s o l i d  mater ia l  p r o m p t e d  t h e  N o r t h  C a r o l i n a  
D i v i s i o n  o f  H e a l t h  S e r v i c e s  a n d  B u r k e  Coun ty  t o  re fuse  t o  accep t  
s l u d g e  f o r  d i s p o s a l  i n  t h e  c o u n t y - o p e r a t e d  l a n d f i l l .  T h e s e  
d e c i s i o n s  were made d u r i n g  c o n s t r u c t i o n  o f  t h e  Catawba R i v e r  
P l a n t .  T h e r e f o r e ,  upon c o m p l e t i o n  o f  t h e  p l a n t ,  t h e  c i t y  was 
forced  t o  c o n s t r u c t  t e m p o r a r y  l a g o o n s  u n t i l  a p e r m a n e n t  s o l u t i o n  
c o u l d  be  d e v e l o p e d .  

I n  F e b r u a r y  1976, w i t h  t h e  h e l p  o f  M r .  Bob Car l i s le  and  Mr. 
L e s l i e  Mi l le r  o f  t h e  Nor th  C a r o l i n a  A g r i c u l t u r a l  E x t e n s i o n  
S e r v i c e ,  d i r e c t  l a n d  a p p l i c a t i o n  t o  two s t a t e - a p p r o v e d  t r a c t s  was 
b e g u n .  S l u d g e  was a p p l i e d  a t  v a r i o u s  r a t e s  t o  s i l a g e  c o r n l a n d  
b e l o n g i n g  t o  B r o u g h t o n  H o s p i t a l  a n d  t o  g r a z i n g l a n d  owned b y  a 
l o c a l  farmer. A t h r e e - y e a r  program was d e v e l o p e d  f o r  each t r a c t ,  
a l o n g  w i t h  d a t a  c o n c e r n i n g  y i e l d s  f rom v a r i o u s  a p p l i c a t i o n  r a t e s ,  
a n d  a n a l y s e s  of  t h e  s l u d g e  and  s o i l .  The c o r n l a n d  e x p e r i m e n t  is  
s t i l l  b e i n g  p e r f o r m e d ;  h o w e v e r ,  t h e  g r a s s l a n d  e x p e r i m e n t  was 
t e r m i n a t e d  a f t e r  two y e a r s  b e c a u s e  o f  t h e  d i s t a n c e  f r o m  t h e  
p l a n t .  

D u r i n g  t h e  e x p e r i m e n t s  w i t h  d i r e c t  l a n d  a p p l i c a t i o n ,  
p e r s o n n e l  were a l s o  e x p e r i m e n t i n g  w i t h  a p i l o t - s c a l e  c o m p o s t i n g  
o p e r a t i o n .  E a r l y  e x p e r i m e n t s  c o n s i s t e d  o f  h a n d - m i x i n g  s a w d u s t ,  
b a r k ,  s o i l ,  a n d  leaves  w i t h  s l u d g e ,  f o l l o w e d  b y  a f i n a l  m i x i n g  
w i t h  a c o a l  s t o k e r .  A c o n v e y o r  s y s t e m  w i t h  a m i x i n g  screw was 
l a t e r  u s e d  t o  p r o p o r t i o n  s l u d g e  a n d  s a w d u s t .  By t h i s  time, 
i n f o r m a t i o n  was a l s o  becoming  a v a i l a b l e  a b o u t  t h e  EPA's p i l o t  
p r o j e c t s  f o r  c o m p o s t i n g  i n  B a n g o r ,  M a i n e ,  a n d  a t  t h e  U.S. 
D e p a r t m e n t  o f  A g r i c u l t u r a l  Research C e n t e r  i n  B e l t s v i l l e ,  
M a r y l a n d  

I n  1978, t h e  C i t y  of Morgan ton  a u t h o r i z e d  a s l u d g e  
management  s t u d y  t o  r e v i e w  t h e  e x i s t i n g  f a c i l i t i e s  a n d  t o  
d e t e r m i n e  t h e  m o s t  f e a s i b l e  method o f  s l u d g e  d i s p o s a l .  The 
p r i n c i p a l  a l t e r n a t i v e s  were l a n d  a p p l i c a t i o n ,  c o m p o s t i n g ,  a n d  
i n c i n e r a t i o n .  T h e  s t u d y  c o n c l u d e d  t h a t  t h e  h a n d l i n g  c o s t s  f o r  
e a c h  d r y  t o n  o f  s l u d g e  would  be  $ 4 9 ,  $59  a n d  $ 1 4 1  f o r  l a n d  
a p p l i c a t i o n ,  c o m p o s t i n g ,  a n d  i n c i n e r a t i o n ,  r e s p e c t i v e l y .  

D u r i n g  t h e  n e x t  s e v e r a l  m o n t h s  t h e  c i t y ' s  s t a f f  i n v e s t i g a t e d  
t h e  l a n d  a p p l i c a t i o n  s o l u t i o n .  A l a r g e  number  o f  s i t e s  o f  
s u f f i c i e n t  s i z e  were i d e n t i f i e d ;  h o w e v e r ,  t o p o g r a p h y ,  e x c e s s i v e  
h a u l i n g  d i s t a n c e s ,  c l o s e  p r o x i m i t y  t o  streams, a n d  o p p o s i t i o n  by  
p r o p e r t y  o w n e r s  q u i c k l y  e l i m i n a t e d  a l l  b u t  t h r e e  o f  t h e  s i t e s .  
These p r o b l e m s ,  a l o n g  w i t h  i n c r e a s i n g  f u e l .  c o s t s ,  t h e  lack  of  
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f i n a l  EPA g u i d e l i n e s  f o r  s l u d g e  d i s p o s a l ,  a n d  t h e  u n a v a i l a b i l i t y  
o f  f a r m l a n d  p r o m p t e d  a c l o s e r  l o o k  a t  t h e  c o m p o s t i n g  p rocess .  
C i t y  p e r s o n n e l  t h e n  v i s i t e d  t h e  c o m p o s t i n g  p r o j e c t  a t  t h e  U.S. 
D e p a r t m e n t  o f  A g r i c u l t u r a l  Research S t a t i o n  i n  B e l t s v i l l e ,  
M a r y l a n d .  T h i s  f a c i l i t y  was s e t  up i n  1972 as  a c o - o p e r a t i v e  
e x p e r i m e n t  b e t w e e n  t h e  Research C e n t e r ,  M a r y l a n d  E n v i r o n m e n t a l  
S e r v i c e s ,  and  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency.  

After  a c a r e f u l  r e v i e w  o f  t h e  d a t a ,  i t  s o o n  became e v i d e n t  
t h a t  w h i l e  l a n d  a p p l i c a t i o n  t h e o r e t i c a l l y  a p p e a r e d  t o  h a v e  a 
s l i g h t  c o s t  a d v a n t a g e ,  t h e  c o m p o s t i n g  p r o c e s s  o f f e r e d  a more  
d e p e n d a b l e  s o l u t i o n  a n d  a more marketable,  m a n a g e a b l e  f i n a l  
p r o d u c t .  Af te r  review w i t h  t h e  c i t y  c o u n c i l ,  Morgan ton  d e c i d e d  
t o  implemen t  t h e  c o m p o s t i n g  o p e r a t i o n  a n d  t o  m a i n t a i n  l a n d  
a p p l i c a t i o n  as a b a c k u p  s o l u t i o n .  The  c a p i t a l  c o s t  f o r  
c o m p o s t i n g  ( e s t ima ted  a t  $ 1 0 4 , 0 0 0 )  was l o w e r  t h a n  t h e  c o s t  f o r  
l a n d  a p p l i c a t i o n  ( $ 4 4 2 , 0 0 0 ) .  The  c o m p o s t i n g  o p e r a t i o n  c o u l d  a l s o  
b e  i m p l e m e n t e d  much s o o n e r ,  t h e r e b y  e l i m i n a t i n g  t h e  n e e d  f o r  
c o n s t r u c t i o n  o f  a d d i t i o n a l  l a g o o n s .  

Af te r  a n  i n - p l a n t  s t u d y  t o  p l a n  t h e  l o g i s t i c s  a n d  s p a c e  
r e q u i r e m e n t s  o f  a c o m p o s t i n g  o p e r a t i o n ,  a s i t e  o f  s l i g h t l y  less  
t h a n  o n e  acre  was c h o s e n  a t  t h e  rear  o f  t h e  e x i s t i n g  wastewater 
t r e a t m e n t  p l a n t .  S i t e  p r e p a r a t i o n  w h i c h  c o n s i s t e d  o f  
b l a c k t o p p i n g  a n d  o f  i n s t a l l i n g  a r u n - o f f  d r a i n  s y s t e m ,  was b e g u n  
i n  F e b r u a r y  1 9 8 0 .  

T h e  Morgan ton  c o m p o s t i n g  p r o c e s s  c o n s i s t s  o f  m i x i n g  a 
c e n t r i f u g e d  s l u d g e  cake ( 1 4 -  t o  1 5 - p e r c e n t  s o l i d s )  w i t h  a b a r k  
b u l k i n g  a g e n t .  The  l a t t e r  p r o v i d e s  f r e e  a i r  space a n d  e n s u r e s  a 
c o n t i n u o u s  s u p p l y  o f  oxygen  t h r o u g h o u t  t h e  p i l e .  P e r f o r a t e d  
s t e e l  p i p e s  a r e  l a i d  on t h e  a s p h a l t  pad  and  c o v e r e d  w i t h  a l a y e r  
o f  b a r k .  The m i x t u r e  is  p i l e d  on t h i s  l a y e r ,  t o  a h e i g h t  o f  7 t o  
8 f e e t ,  a n d  c o v e r e d  w i t h  a b l a n k e t  o f  f i n i s h e d  c o m p o s t  f o r  
i n s u l a t i o n  a n d  o d o r  c o n t r o l .  Each p i l e  r e p r e s e n t s  two t o  t h r e e  
d a y s  o f  s l u d g e  a c c u m u l a t i o n .  The  m i x  is  p r e s e n t l y  a r a t i o  o f  
9 y a r d s  o f  b a r k  t o  4 o f  s l u d g e .  The b a r k  u s e d  is a m i x t u r e  o f  
new a n d  p r e v i o u s l y  c o m p o s t e d  b a r k .  A Sweco s epa ra to r  w i t h  a 
o n e - i n c h  b y  o n e - h a l f - i n c h  mesh s c r e e n  is u s e d  t o  r ecyc le  wood 
c h i p s  a n d  b a r k  f r o m  a l o c a l  d e - b a r k i n g  o p e r a t i o n .  

Air is d rawn  t h r o u g h  t h e  p e r f o r a t e d  p i p e s  b y  b l o w e r s ,  and  is 
e x h a u s t e d  t h r o u g h  a p i l e  of  f i n i s h e d  c o m p o s t  f o r  d e o d o r i z a t i o n .  
T h e  o p e r a t o r  m e a s u r e s  t h e  t e m p e r a t u r e  a n d  o x y g e n  l e v e l  i n  t h e  
compost p i l e  w i t h  p r o b e s ,  and  a d j u s t s  t h e  b l o w e r s  t o  m a i n t a i n  a 
5 - p e r c e n t  oxygen  c o n t e n t  a n d  minimum t e m p e r a t u r e  of  1 4 0  degrees  F 
f o r  f o u r  d a y s .  The  t e m p e r a t u r e  n o r m a l l y  i n c r e a s e s  t o  160  degrees  
a f t e r  f o u r  d a y s  and  r e m a i n s  c o n s t a n t  f o r  t h e  r e m a i n d e r  of  t h e  21- 
d a y  c o m p o s t i n g  p e r i o d .  Some d r y i n g  a l s o  r e s u l t s  from t h e  passage 
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o f  a i r  t h r o u g h  t h e  p i l e .  Blowers are  n o r m a l l y  o p e r a t e d  f o r  4 
m i n u t e s  o u t  o f  each 2 0 - m i n u t e  c y c l e .  A t  t h e  e n d  o f  t h e  
c o m p o s t i n g  p e r i o d ,  t h e  p i l e  is t a k e n  down a n d  c u r e d  f o r  a n  
a d d i t i o n a l  28  d a y s .  P r i o r  t o  s c r e e n i n g ,  a t h i n  l a y e r  o f  c o m p o s t  
is s p r e a d  on a s p h a l t  f o r  f u r t h e r  d r y i n g .  T h e  ma te r i a l  is 
s c r e e n e d  t h r o u g h  e i t h e r  a o n e - h a l f - i n c h  o r  o n e - i n c h  s c r e e n .  The 
c o a r s e  b a r k  i s  r e u s e d  f o r  c o m p o s t i n g  a n d  t h e  f i n a l  ma te r i a l  is  
f i n i s h e d  compost .  The  s y s t e m  p r o c e s s e s  a b o u t  4 .5  d r y  t o n s  o f  
c o m p o s t  per d a y .  

Numerous s t u d i e s  h a v e  shown t h a t ,  i n  a p r o p e r l y  c o n t r o l l e d  
c o m p o s t i n g  p r o c e s s ,  p r a c t i c a l l y  a l l  t h e  common p a t h o g e n i c  
o r g a n i s m s  n o r m a l l y  a s s o c i a t e d  w i t h  sewage s l u d g e  a r e  d e s t r o y e d  o r  
r e d u c e d  t o  i n s i g n i f i c a n t  l e v e l s .  S a l m o n e l l a e ,  t h e  common f o o d -  
p o i s o n i n g  o r g a n i s m ,  c a n  regrow t o  a l i m i t e d  e x t e n t .  A l t h o u g h  
many o r g a n i s m s  o f  t h e  s a l m o n e l l a e  g r o u p  p o s s e s s  t h e  b i o l o g i c a l  
a b i l i t y  t o  r e p o p u l a t e  compost a f t e r  t h e  thermal s t e r i l i z a t i o n  
phase ,  t h e  o r g a n i s m  d o e s  n o t  c o m p e t e  w e l l  w i t h  o t h e r  
m i c r o o r g a n i s m s  p r e s e n t .  A c c o r d i n g  t o  s t u d i e s  c o n d u c t e d  by  t h e  
EPA a n d  t h e  U.S. D e p a r t m e n t  o f  A g r i c u l t u r e ,  "no  s i g n i f i c a n t  
h a z a r d  s h o u l d  be  a s s o c i a t e d  w i t h  t h e i r  p r e s e n c e  i n  c o m p o s t  s o  
l o n g  as t h e  c o m p o s t  d o e s  n o t  come i n  c o n t a c t  w i t h  food . "  

The  C i t y  o f  Morgan ton  h a s  p r e p a r e d  s p e c i f i c  g u i d e l i n e s  f o r  
e m p l o y e e s  w o r k i n g  w i t h  t h e  c o m p o s t i n g  s y s t e m  i n  o r d e r  t o  p r e v e n t  
a n y  adverse h e a l t h  e f f e c t s .  T h e s e  g u i d e l i n e s  s t a t e  t h a t :  

1) A medical  h i s t o r y  s h a l l  b e  c o m p i l e d  f o r  a l l  p r o s p e c t i v e  
employees.  

2 )  P e r s o n s  h y p e r s e n s i t i v e  t o  a l l e r g e n s ,  s u c h  as  d u s t ,  
f u n g u s ,  a n i m a l  h a i r ,  e t c . ,  o r  p e r s o n s  w i t h  r e s p i r a t o r y  
c o n d i t i o n s ,  s u c h  as asthma, emphysema o r  t u b e r c u l o s i s ,  s h a l l  n o t  
b e  p e r m i t t e d  t o  w o r k  on t h e  s i t e .  

3 )  P r o t e c t i v e  c l o t h i n g  w i l l  b e  p r o v i d e d  t o  a l l  o n - s i t e  
e m p l o y e e s  a n d  s h a l l  be c h a n g e d  b e f o r e  l e a v i n g  t h e  s i t e .  

4 )  R e s p i r a t o r s  s h a l l  b e  p r o v i d e d  a n d  t h e i r  u s e  e n c o u r a g e d  
d u r i n g  d r y  weather p e r i o d s .  F r o n t - e n d  l o a d e r s  m u s t  b e  e q u i p p e d  
w i t h  a i r - c o n d i t i o n e d  cabs.  

Each  c o n s u m e r  a l s o  r e c e i v e s  a b r o c h u r e  d e s c r i b i n g  how t o  u s e  
t h e  c o m p o s t .  

T h e  c o m p o s t  p r e s e n t l y  p r o d u c e d  a t  M o r g a n t o n  c o n t a i n s  1.67- 
p e r c e n t  n i t r o g e n ,  0 . 3 8 - p e r c e n t  p h o s p h o r o u s  and  0 . 0 1 8 - p e r c e n t  
p o t a s s i u m .  A l t h o u g h  t h i s  is  n o t  e q u i v a l e n t  t o  c o m m e r c i a l  
f e r t i l i z e r ,  t h e  ma te r i a l  serves as a good s o i l  c o n d i t i o n e r ,  
m u l c h ,  a n d  p o t t i n g  medium. The f i n i s h e d  p r o d u c t  is  
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e n v i r o n m e n t a l l y  s a f e ,  d o e s  n o t  h a v e  a n  u n p l e a s a n t  o d o r ,  a n d  is a n  
e x c e l l e n t  s o i l  amendment .  The c i t y  b e l i e v e s  t h a t  by u s i n g  good 
m a r k e t i n g  t o o l s  a n d  m a i n t a i n i n g  e f f e c t i v e  q u a l i t y  c o n t r o l ,  a 
s u f f i c i e n t  demand w i l l  b e  c r ea t ed  t o  e s t a b l i s h  a n d  m a i n t a i n  a 
c o m p e t i t i v e  p r i ce  f o r  t h e  p r o d u c t .  They a n t i c i p a t e  t h a t  it w i l l  
become a s i g n i f i c a n t  r e v e n u e  s o u r c e  c a p a b l e  o f  o f f s e t t i n g  a l a rge  
p o r t i o n  o f  t h e  o p e r a t i o n ' s  c o s t s .  

The c i t y  is p r e s e n t l y  s e l l i n g  t h e i r  composted s l u d g e ,  c a l l e d  
M o r g a n i t e ,  t o  t h e  g e n e r a l  p u b l i c  f o r  $4 .50  p e r  c u b i c  y a r d .  T h i s  
p r i c e  is  e q u i v a l e n t  t o  a p p r o x i m a t e l y  $20.00 p e r  t o n ;  p r o d u c t i o n  
c o s t  is $53.75 p e r  t o n ,  b a s e d  on a n n u a l  o p e r a t i n g  a n d  m a i n t e n a n c e  
c o s t s  a l o n e .  The s e l l i n g  c o s t  was p u r p o s e l y  k e p t  low i n  o r d e r  t o  
a c q u a i n t  t h e  p u b l i c  w i t h  t h e  p r o d u c t ,  a n d  i n  a n  e f f o r t  t o  
e l i m i n a t e  t h e  s t i g m a  a t t a c h e d  t o  a n y t h i n g  r e l a t i n g  t o  sewage 
s l u d g e .  A s  a r e s u l t  o f  media c o v e r a g e ,  t h e  number  of  r e p e a t  
c u s t o m e r s ,  f r o m  homeowners  t o  c o m m e r c i a l  farmers, is  g r o w i n g .  
A c c e p t a n c e  of  t h e  p r o d u c t  has  b e e n  e x t r e m e l y  f avorab le .  

S l u d g e  c o m p o s t  c a n  b e  a d v a n t a g e o u s  when u s e d  i n  p o t t i n g  
m i x e s ,  on l a w n s ,  a n d  as  a mulch .  It c a n  a l s o  be u s e d  as a 
s u b s t i t u t e  f o r  t o p s o i l  i n  l a n d  r e c l a m a t i o n  a n d  p u b l i c  works  
p r o j e c t s ,  t u r f g r a s s  p r o d u c t i o n ,  n u r s e r y  p r o d u c t i o n  o f  t r e e s  a n d  
o r n a m e n t a l  p l a n t s ,  on  g o l f  c o u r s e s  a n d  cemeter ies ,  f o r  
r e v e g e t a t i o n  o f  d i s t u r b e d  l a n d s  ( e . & . ,  f r o m  s u r f a c e  m i n i n g ) ,  a n d  
f o r  l a n d s c a p i n g  p a r k s  a n d  p u b l i c  b u i l d i n g s .  

A p p l y i n g  s l u d g e  c o m p o s t  a t  f e r t i l i z e r  r a t e s  ( i . e . ,  t h e  
n i t r o g e n  r e q u i r e m e n t  o f  t h e  c r o p )  t o  m a r g i n a l  s o i l s  c a n  p r o d u c e  
s i g n i f i c a n t l y  h i g h e r  y i e l d s  t h a n  commercial f e r t i l i z e r s  a p p l i e d  
a l o n e  a n d  a t  t h e  same n i t r o g e n  l e v e l .  H i g h e r  y i e l d s  are  
a t t r i b u t e d  t o  a n  improvemen t  i n  t h e  p h y s i c a l  p r o p e r t i e s  of  t h e  
s o i l .  Severa l  c o m m e r c i a l  c o n t a i n e r  n u r s e r y m e n  are  now p u r c h a s i n g  
s c r e e n e d  c o m p o s t  as  a p o t t i n g  medium. T h i s  was promoted b y  a 
h o r t i c u l t u r a l  e x p e r i m e n t  by Mr. D i c k  B i r  a n d  Mr. V i n n e r y  
B o n i m i n i o  o f  t h e  N o r t h  C a r o l i n a  A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e .  
A t  a s i t e  on t h e  g r o u n d s  of  t h e  Morgan ton  p l a n t ,  a z a l e a ,  j a p a n e s e  
h o l l y ,  j u n i p e r ,  r h o d o d e n d r o n ,  a n d  o t h e r  v a r i e t i e s  o f  o n e - y e a r  
l a n d s c a p e  s p e c i m e n s  were p l a n t e d  i n  a medium c o n s i s t i n g  of  
1 0 0 - p e r c e n t  s c r e e n e d  c o m p o s t .  A t e m p o r a r y  i r r i g a t i o n  s y s t e m  was 
i n s t a l l e d ,  a n d  t h e  p l a n t s  a re  checked  p e r i o d i c a l l y  t o  d e t e r m i n e  
g r o w t h .  To d a t e ,  t h e  g r o w t h  and  g e n e r a l  h e a l t h  of  t h e  p l a n t s  h a s  
b e e n  c o m p a r a b l e  t o  t h e  r e s u l t s  p r o d u c e d  b y  commercial p o t t i n g  
m i x e s ,  a n d  a t  o n l y  a f r a c t i o n  o f  t h e  c o s t .  

A d d i t i o n a l  e x p e r i m e n t s  w h i c h  a re  e i t h e r  u n d e r  way o r  b e i n g  
c o n s i d e r e d  i n  c o n  j u n c t i o n  w i t h  t h e  c o m p o s t i n g  p r o g r a m  i n c l u d e  
b a g g i n g  t h e  p r o d u c t ,  t r y i n g  t o  decrease t h e  d r y i n g  time r e q u i r e d  
f o r  s c r e e n i n g ,  c a p t u r i n g  t h e  h o t  a i r  f r o m  t h e  p r o c e s s  blowers as 



a f o r m  o f  hea t  e n e r g y ,  and  u s i n g  t h e  c o m p o s t  as a c o m b u s t i b l e  
f u e l .  

T h e r e  i s  no o f f i c i a l  p e r m i t t i n g  s y s t e m  f o r  C O I B ~ Q S ~ ~  b u t  
t h e  N o r t h  C a r o l i n a  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s  is  w o r k i n g  
w i t h  t h e  C i t y  of' M o r g a n t o n  t o  d e v e l o p  a f a c i l i t y  p e r m i t  t o  
c e r t i f y  t h e  s l u d g e .  The p e r m i t  a p p l i c a t i o n  w i l l  r e q u i r e  
e x t e n s i v e  a n a l y s e s  f o r  h e a v y  metals a n d  p a t h o g e n s .  
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WASTES GENERATED E l i m i n a t e d  a p p r o x i m a t e l y  1 , 7 0 0  
d r y  t o n s  of  s l u d g e  p e r  y e a r  

P R O D U C T I V I T Y  No c h a n g e  
_ _ _ _ _ _ _ _  ~~ 

P R O D U C T  QUALITY No c h a n g e  

DOWN TIME No c h a n g e  

FACILITIES $ 4 7 , 6 1 5  o n e - t i m e  c o s t  

- 

EQUIPMENT $ 9 4 , 5 3 5  o n e - t  ime c o s t  

R A W  MATERIALS $ 5 8 , 6 5 0  c o s t  p e r  y e a r  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

$75.00 c o s t  p e r  y e a r  E N E R G Y  

$ 5 5 , 4 3 4  s a v e d  p e r  y e a r  WASTE DISPOSAL 

POLLUTION CONTROL Not a p p l i c a b l e  

PERSONNEL/MA~NT~NAN~E $ 6 3 , 4 1 1  c o s t  p e r  y e a r  

NET BENEFITS M i n i m i z a t i o n  o f  c o s t  f o r  
e n v i r o n m e n t a l l y  sound  manage- 
ment o f  s ewage  s l u d g e  
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A detailed 1984-85 budget for the composting operation is as 
follows: 

Labor (including fringe benefits) $ 4 5 , 7 2 4  

Vehicles 
F u e l  
Maintenance 

Screen and Blowers 
Electricity 
Maintenance 
Plastic pipe and couplings 

75 
1 , 8 4 0  

936 

Bark (assumes 2 . 2 : l  bark/sludge ratio 
and 50% return) 5 8 , 6 5 0  

Miscellaneous (advertising, brochure, 
lab analysis) 1 , 1 5 0  

TOTAL OPERATION AND MAINTENANCE COSTS $122 ,136  - - - - - - - -  - - - - - - - -  
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Wastew~ter a n d  Se e T r ~ a t m e n ~  

NAME OF F I R  a t e  B o n d i n g  a n d  

Agency 
(Rober t  L e  S m i t h  111, 6 1 2 / 2 2 8 - ~ 4 9 0 )  

S a n t e e ,  C a l i f o r n i a  

SIC: 4952  

ODIF I CAT I OM 

Abstract  

The  c h e m i c a l  a n d  c o o r d i n a t e  bond and  a d s o r b t i o n  s y s t e m  (CCBA) 
is a p r o c e s s  f o r  t r e a t i n g  a m u n i c i p a l  waste (raw sewage). The  

chemical  p r o c e s s e s  
d e c o m p o s i t i o n  a n d  

s t a b i l i z a t i o n .  Common c l a y ,  a l u m ,  and  p o l y a c r y l i c  a c i d  are  a d d e d  
t o  t h e  sewage i n f l u e n t .  The chemical i n t e r a c t i o n  o f  t h e s e  
compounds  w i t h  t h e  d i s s o l v e d  a n d  s o l i d  sewage waste is e f f e c t i v e  
i n  r e m o v i n g  o f  9 1  p e r c e n t  o f  t h e  s u s p e n d e d  s o l i d s ,  a n d  88 p e r c e n t  
o f  t h e  b i o l o g i c a l  oxygen  demand f r o m  t h e  waste water. R e m a i n i n g  
o r g a n i c s  i n  t h e  p l a n t  e f f l u e n t  are  w a t e r - s o l u b l e  and  e a s i l y  
b i o d e g r a d a b l e .  S l u d g e ,  r e s u l t i n g  f r o m  t h e  c l e a n i n g  o f  t h e  
i n f l u e n t  wastewater, is  mixed  w i t h  s u f f i c i e n t  c l a y  a n d  t h e n  b a k e d  
i n  a k i l n  t o  p r o d u c e  a l i g h t w e i g h t  aggrega te  s u i t a b l e  f o r  r e u s e  i n  
t h e  b u i l d i n g  i n d u s t r y .  A d d i t i o n a l  p r o c e s s i n g  o f  t h e  t r e a t e d  
wastewater p e r m i t s  s i g n i f i c a n t  r e m o v a l  o f  n u t r i e n t  wastes. The  
p r o c e s s i n g  f a c i l i t y  is  s i g n i f i c a n t l y  less  e x p e n s i v e  t o  c o n s t r u c t  
t h a n  c o n v e n t i o n a l  b i o l o g i c a l  sewage t r e a t m e n t  f a c i l i t i e s ,  a n d  is  
n o t  s e n s i t i v e  t o  t o x i c  c o n s t i t u e n t s  i n  t h e  wastewater. An 
a d d i t i o n a l  b e n e f i t  a c c r u i n g  from t h i s  p r o c e s s  is  t h e  a b i l i t y  t o  
s a f e l y  t r e a t  h a z a r d o u s  i n o r g a n i c  a n d  o r g a n i c  chemicals i n  t h e  
sewage s l u d g e  b y  i n c i n e r a t i n g  them a t  e l e v a t e d  t emperaEres ;  t h e  
r e s i d u e s  a r e  s u b s e q u e n t l y  e n t r a i n e d  i n  a ceramic m a t r i x .  
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ANNUAL COST SAVINGS: Variable, not quantified. 

PAYBACK PERIOD: Not applicable. 

TIME TO IMPLEMENT: Information not given. 

TRANSFERABILITY: Widely applicable to many industries 
generating wastes best managed by 
incineration and matrix entrainment; 
transferable to all centralized sewage 
treatment systems of 3 0 0  gallons per day or 
more; can be modified for smaller systems. 

ENVIRONMENTAL AND 
HEALTH BENEFITS: Reduced emission of volatile organic 

chemical vapor from treatment facility; 
increased efficiency in resource use by 
incorporating sewage sludge into building 
material; insult to environmental systems 
from conventional sludge disposal 
eliminated, health risks from the same also 
eliminated. 

Project Description 

The San Diego Water Reclamation Agency has constructed and is 
testing a 700,000 gallon-per-day chemical and coordinate bonding 
and adsorbtion (CCBA) sewage treatment plant. The CCBA process was 
devloped by George C. Harrison, Ph.D., while working as a senior 
chemist at the 3M company. The process is truly innovative 
insofar as toxic constituents in the sewage cannot interfere with 
operation and are bound into a ceramic matrix suitable f o r  
building material; water effluent from the process meets federal 
secondary treatment standards without biological treatment. July 
8 ,  1983 was the first complete day of pilot operations. Since 
that date, studies have demonstrated the feasibility of the 
process. 

The treatment process begins by screening the influent sewage 
through 1/8-inch wedgewire f o r  degritting; residence time is only 
a few seconds. Screened materials are delivered to the tub, o r  
mogul, mixer which will also ultimately receive the settled 
sludge. A clay slurry is added to the influent sewage water, and 
the mixture is delivered to the !'tea cup" where gravity separation 
removes grit and sand from the mixture. Residence time is one 
minute. The process uses an amount of clay, on the order of' 500 
parts per million (ppm), which is twice as heavy as the suspended 
dry solids. Usually two to three tons of clay are used per 
million gallons of water treated. 
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Alum i s  a d d e d  a t  4 t o  100  ppm, a l o n g  w i t h  1 ppm of p o l y m e r  
p o l y a c r y i c  a c i d  ( t h e  g l u e  b a s e ) ,  t o  t h e  t e a - c u p  e f f l u e n t  i n  t h e  
shee t  f l o w  m i x e r .  R e s i d e n c e  time is s e v e r a l  s e c o n d s .  The  
s p e c i a l l y  d e s i g n e d  " s h e e t  m i x e r "  was d e v e l o p e d  t o  o p t i m i z e  t h e  
m i x i n g  r a t e  w i t h i n  t h e  c o n f i n e s  of  t h e  f l o c c u l a n t ' s  a b i l i t y  t o  
s u s t a i n  a g i t a t i o n  w i t h o u t  d i s a s s o c i a t i o n .  The s h e e t  m i x e r  i s ,  i n  
a d d i t i o n ,  f a r  more e n e r g y  e f f i c i e n t  t h a n  c o n v e n t i o n a l ,  h i g h -  
horsepower m i x i n g  ? l c h u r n e r s l l .  No b a c k - m i x i n g  o c c u r s ,  a n d  a l l  
t u r b u l e n t  e n e r g y  d i s s i p a t i o n  is  h y d r a u l i c .  

E f f l u e n t  from t h e  t e a  c u p  i s  d e l i v e r e d  t o  t h e  d e c a y  g r a d i e n t  
f l o w  f l o c c u l a t o r  wh ich  o p t i m a l l y  r e d u c e s  t h e  e n e r g y  d i s s i p a t i o n  
r a t e  r e l a t i v e  t o  t h e  g r o w t h  o f  t h e  f l o c .  T h i s  p r o c e s s  m i n i m i z e s  
t h e  d i s r u p t i o n  i n  f l o c c u l a n t  g rowth  a n d  e l i m i n a t e s  m e c h a n i c a l  
shea r ,  p e r m i t t i n g  t h e  f l o c ' s  u n c h e c k e d  g r o w t h .  R e s i d e n c e  time i n  
t h i s  p r o c e s s  i s  f o u r  m i n u t e s .  

C a r e f u l  t e s t i n g  a n d  m o d e l i n g  o f  t h e  f l o c c u l a t i o n  p r o c e s s  
d e t e r m i n e d  t h a t  t h e  o r t h o k i n e t i c  f l o c c u l a n t  a g g r e g a t i o n  r a t e  was 
l i n e a r l y  d e p e n d e n t  on t h e  v i s c o u s  v e l o c i t y  g r a d i e n t ,  p r o p o r t i o n a l  
t o  t h e  s q u a r e  r o o t  o f  t h e  t o t a l  s p e c i f i c - e n e r g y  d i s s i p a t i o n  r a t e .  
B r e a k u p  o f  t h e  f l o c ,  i n  c o n t r a s t ,  is  l i n e a r l y  r e l a t e d  t o  t h e  
t u r b u l e n t  s p e c i f i c - e n e r g y  d i s s i p a t i o n  r a t e .  T h e o r e t i c a l l y ,  i n  
s y s t e m s  w i t h o u t  t u r b u l e n t  e n e r g y  d i s s i p a t i o n ,  f l o c  b r e a k u p  s h o u l d  
n o t  o c c u r .  

T h e  f l o c  i s  s e t t l e d  i n  a c l a r i f i e r  t o  f o r m  a t h i c k  s l u d g e  
( 1 0 -  t o  ' 1 2 - p e r c e n t  s o l i d s ) .  The c o l l o i d a l  s o l i d s  a re  9 8 - p e r c e n t  
removed i n  t h e  f l o c c u l a t i o n  p r o c e d u r e .  The  c l e a n  water is 
d e c a n t e d  o f f  t h e  t o p .  The  c l a r i f i e r  r e t e n t i o n  time is 45 m i n u t e s .  
T o t a l  s u s p e n d e d  s o l i d s  a re  r e d u c e d  from t h e  a v e r a g e  i n f l u e n t  
q u a l i t y  o f  232 t o  2 0 . 5  m i l l i g r a m s  (mg) p e r  l i t e r  ( 9 1  p e r c e n t ) ,  a n d  
t h e  b i o c h e m i c a l  o x y g e n  demand ( B O D )  i s  r e d u c e d  f r o m  a n  a v e r a g e  o f  
188 t o  2 3 . 5  mg p e r  l i t e r  ( 8 8  p e r c e n t ) .  E f f l u e n t  l e a v i n g  t h e  
c l a r i f i e r  h a s  a good c l a r i t y  of  8-14 NTUs.  From t h e  t o t a l  d a t a  i t  
is p r o j e c t e d  t h a t  a 9 5 - p e r c e n t  r e d u c t i o n  i n  s u s p e n d e d  s o l i d s  a n d  
a 9 0 - p e r c e n t  r e d u c t i o n  i n  B O D  c o u l d  b e  a c h i e v e d  w i t h  a c l a r i f i e r  
r e t e n t i o n  time o f  u n d e r  60  m i n u t e s .  

T h e  o r g a n i c  mater ia ls  t h a t  a r e  n o t  removed b y  t h e  CCBA 
p r o c e s s  are e x t r e m e l y  a n d  p r e f e r e n t i a l l y  w a t e r - s o l u b l e .  They  a re  
r e l a t i v e l y  s i m p l e  chemicals of n a t u r a l -  o r  p e t r o l e u m - b a s e d  
s y n t h e s i s .  To be p r e f e r e n t i a l l y  w a t e r - s o l u b l e  t h e y  m u s t  be 
a l c o h o l s ,  g l y c o l s ,  g l y c e r i n e ,  s u g a r s ,  a m i n e s ,  o r  s a l t s  o f  s i m p l e  
o r g a n i c  a c i d s .  Sewage  r a r e l y  e x c e e d s  20 ppm of  t hese  s o l u b l e  
o r g a n i c s ,  a n d  t h e y  a r e ,  i n  a n y  e v e n t ,  t h e  m o s t  r e a d i l y  
b i o d e g r a d a b l e  wastes i n  t h e  sewage stream. 

Wi th  t h e  a d d i t i o n  o f  a d e q u a t e  a l u m ,  9 5 - p e r c e n t  p h o s p h a t e  
r e m o v a l  c a n  be  a c h i e v e d .  A d d i t i o n a l  p r o c e s s i n g  o f  t h e  d e c a n t e d  
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water, by  f i l t e r i n g  i t  t h r o u g h  ma te r i a l  s u c h  as r i ce  h u l l  cha r ,  is 
e f f e c t i v e  i n  t h e  p r o b l e m a t i c  r e m o v a l  o f  n i t r o g e n ,  a c h i e v i n g  a n  
e f f i c i e n c y  o f  4 3  p e r c e n t .  The u s e  o f  b u o y a n t  m a c r o s p h e r e  f i l t e r  
m e d i a  on t h e  su r f ace  o f  t h e  c l a r i f e r  c a n  f u r t h e r  r e d u c e  s u s p e n d e d  
s o l i d s  t o  1 ppm. 

T h e  s l u d g e  m i x t u r e  is  pumped from t h e  b o t t o m  o f  t h e  c l a r i f i e r  
i n t o  a f i l t e r ,  and  p r e s s e d  i n t o  a cake. A cake o f  3 7 . 3 - p e r c e n t  
s o l i d s  is  e a s i l y  a c h i e v e d ,  w i t h  a 4 5 - p e r c e n t  s o l i d s  m e a s u r e m e n t  
a c h i e v a b l e  when a v i b r a t o r y  u n i t  is a d d e d .  The  s l u d g e  e n d - p r o d u c t  
is  t h e n  m i x e d  w i t h  more c l a y  ( s c r e e n e d  t o  1 / 8  i n c h )  i n  t h e  mogu l  
m i x e r  u n t i l  a p u t t y - l i k e  c o m p o s i t i o n  s u i t a b l e  f o r  e x t r u s i o n  
is  a c h i e v e d .  The  s l u d g e - c l a y  s o l i d  i s  e x t r u d e d  t h r o u g h  a d i e  a n d  
c u t  i n t o  p e l l e t  p a r t i c l e s .  The  p e l l e t  is t u m b l e d  t o  r o u n d  t h e  
s h a p e ,  a n d  i s  t h e n  h e a t e d  i n  a k i l n  a t  2 , 0 0 0  degrees  F t o  form 
what i s  known as "low w e i g h t  a g g r e g a t e "  ( L W A ) .  

Making LWA f r o m  c l a y  i s  a wel l -known t e c h n o l o g y  t h r o u g h o u t  
t h e  U n i t e d  S t a t e s  and  E u r o p e .  The  p r o c e s s  i n c o r p o r a t e s  a 
l l b l o a t i n g  a g e n t "  i n t o  t h e  c l a y ,  s u c h  as  p e a t  o r  c o a l ,  w h i c h  c a u s e s  
t h e  p e l l e t i z e d  c l a y  m i x t u r e  t o  e x p a n d  i n  t h e  k i l n .  The m a c h i n e r y  
a n d  e q u i p m e n t  n e c e s s a r y  t o  p r e p a r e  t h e  c l a y ,  m i x  t h e  a d d i t i v e s ,  
p e l l e t i z e  t h e  m i x t u r e ,  a n d  f o r m  t h e  p e l l e t s  i n t o  aggrega te  h a v e  
b e e n  w e l l  d e v e l o p e d  by  i n d u s t r y  o v e r  t h e  p a s t  decades.  

T h e  CCBA p r o c e s s  h a s  p r o d u c e d  LWA t h a t  i s  comparable  t o  t h e  
h i g h e s t  q u a l i t y ,  c o m m e r c i a l l y  p r o d u c e d  LWA.  S i x  o f  t h e  25 
p r o t o t y p e  LWAs were u s e d  t o  make  t e s t  c o n c r e t e  s e c t i o n s .  T h e  
a g g r e g a t e  h a s  a l o o s e  b u l k  d e n s i t y  o f  8 0 0  t o  2000 p o u n d s  pe r  c u b i c  
y a r d .  C o m p r e s s i v e  s t r e n g t h s  i n  e x c e s s  of 5,000 p o u n d s  p e r  s q u a r e  
i n c h  were a c h i e v e d ,  w i t h  wet c o n c r e t e  d e n s i t i e s  r a n g i n g  b e t w e e n  98 
a n d  115 p o u n d s  p e r  c u b i c  f o o t .  The  ceramic i n c o r p o r a t e s  t h e  a s h  
o f  t h e  c o m b u s t e d  o r g a n i c  waste and  a n y  h e a v y  metals p r e s e n t  i n  t h e  
sewage. Water and  t h e  s t r o n g e s t  a c i d  c o n d i t i o n s  f o u n d  i n  n a t u r e  
w i l l  n o t  leach a n y  compounds f rom t h e  ceramic p e l l e t .  

Waste h e a t  from f u r n a c e s  i n  t h e  r e g i o n  c a n  be u s e d  t o  f i r e  
t h e  "sewage p e l l e t s " .  A s  a n o t h e r  p o s s i b i l i t y ,  f u r n a c e s  t h a t  
c o m b u s t  t h i s  r e f u s e - d e r i v e d  f u e l  c o u l d  m a n u f a c t u r e  steam a n d  
e l e c t r i c i t y ,  t h u s  l i n k i n g  two e l e m e n t s  t o  form a c o m p r e h e n s i v e  
waste t r e a t m e n t  p l a n .  

CCBA p l a n t s  a re  smaller t h a n  sewage p l a n t s  u s i n g  
m i c r o b i o l o g i c a l  means  t o  p u r i f y  wastewater. They a re  a l s o  s i m p l e r  
t o  d e s i g n  a n d  l e s s  c o s t l y  t o  b u i l d .  The  c a p i t a l  c o s t  o f  a 10 
m i l l i o n  g a l l o n - p e r - d a y  CCBA f a c i l i t y  is es t imated  a t  $ 0 . 8 0  p e r  
g a l l o n  of  t r e a t m e n t  c a p a c i t y  ( $ 8  m i l l i o n ) .  D i s c o u n t i n g  t h e  s a l e  
o f  p r o d u c t s  from t h e  p rocess ,  t h e  c o s t s  o f  c a p i t a l ,  o p e r a t i o n ,  a n d  
m a i n t e n a n c e  a re  est imated t o  r u n  $ 4 8 4  t o  $ 5 3 8  p e r  m i l l i o n  g a l l o n s  
p r o c e s s e d .  T h i s  is a p p r o x i m a t e l y  h a l f  t h e  c a p i t a l  c o s t  a l o n e  o f  a 
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c o n v e n t i o n a l ,  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  f a c i l i t y .  
T y p i c a l l y ,  c o n v e n t i o n a l  b i o l o g i c a l  wastewater t r e a t m e n t  f a c i l i t i e s  
a r e  p r i c e d  a t  a b o u t  $ 3 . 5 0  p e r  g a l l o n  of  c a p a c i t y .  

Phase  1 o f  t h e  CCBA d e m o n s t r a t i o n  p r o j e c t  h a s ,  i n  t h e  14-  
month p e r i o d  p r e c e d i n g  t h e  f i r s t  summary r e p o r t ,  s c i e n t i f i c a l l y  
d o c u m e n t e d  t h a t :  

1) Raw s l u d g e  f rom wastewater c a n  be reclaimed as a v a l u a b l e  

2 )  The c a p i t a l  c o s t  is a p p r o x i m a t e l y  2 5  p e r c e n t  t h a t  of a n  

l i g h t w e i g h t  a g g r e g a t e .  

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  f a c i l i t y .  

3 )  The o p e r a t i o n  and  management  c o s t s  o f  t h e  p l a n t  may b e  
g r e a t l y  r e d u c e d  by r e v e n u e  f r o m  t h e  s a l e  o f  t h e  r e c o v e r e d  
r e s o u r c e s .  

4 )  E n v i r o n m e n t a l  impacts  are  m i n i m i z e d .  

One p r o c e s s  d e s i g n  c o n s i d e r a t i o n  w h i c h  r e q u i r e s  more 
a t t e n t i o n  is  ammonia r e d u c t i o n .  T h e  ammonia c o n t e n t  o f  CCBA 
e f f l u e n t  water i s  n e a r l y  as h i g h  as t h a t  o f  e f f l u e n t s  from 
m i c r o b i o l o g i c a l  sewage t r e a t m e n t  p l a n t s .  CCBA r e d u c e s  ammonia 
n i t r o g e n  by o n l y  15-  t o  2 5 - p e r c e n t .  By a d d i n g  a u t o t r o p h i c  
b i o l o g i c a l  f i l t e r  b e d s  wh ich  u s e  a n a e r o b i c  microbes,  n e a r l y  a l l  
ammonia c a n  b e  removed. A 70-ppm r e s i d u a l  o f  n i t r a t e  from 
r e s p i r a t i o n  a f t e r  p r o c e s s i n g  is  t y p i c a l ;  h o w e v e r ,  t h e  n i t r o g e n  i n  
t h i s  fo rm p r o v i d e s  f o r  b i o l o g i c a l l y  s t a b l e  water ( i t  c a n n o t ,  on 
i t s  own, s u p p o r t  a e r o b i c  m i c r o b i o l o g i c a l  g r o w t h ) .  The n i t r o g e n  
c a n  be f u r t h e r  r e d u c e d  b y  f i l t e r i n g  t h e  e f f l u e n t  t h r o u g h  a b e d  
composed  o f  a n o t h e r  t y p e  o f  a u t o t r o p h i c  m i c r o b i o t a  known as  
d e n i t i f y i n g  b a c t e r i a .  T h e s e  b a c t e r i a  r e a d i l y  u s e  n i t r a t e  a n d  
o r g a n i c  m a t e r i a l s ,  u s u a l l y  c o n s i d e r e d  a e r o b i c a l l y  b i o r e f r a c t o r y ,  
f o r  r e s p i r a t i o n .  The p r o d u c t s  o f  r e s p i r a t i o n  a re  g a s e o u s  n i t r o g e n  
a n d  c a r b o n  d i o x i d e .  

O v e r a l l ,  t e s t  r e s u l t s  from t h e  f a c i l i t y  show t h a t  i t  is  
c o n v e r t i n g  raw sewage t o  r e u s a b l e  water o f  a q u a l i t y  t h a t  w i l l  
more t h a n  meet s e c o n d a r y  d i s c h a r g e  r e q u i r e m e n t s .  The r e s u l t i n g  
ceramic p e l l e t s  a re  o f  a h i g h - g r a d e  L W A ,  w i t h  a market v a l u e  o f  
$ 3 5  t o  $ 6 5  p e r  t o n  i n  t h e  s o u t h e r n  C a l i f o r n i a  area.  The market, 
i s  h o w e v e r ,  i n t e r n a t i o n a l  i n  s c o p e .  Wi th  r e g a r d  t o  r e s o u r c e  
c o n s e r v a t i o n  a n d  waste r e u s e ,  c l a y  c a n  be  o b t a i n e d  from s a n d  a n d  
a g g r e g a t e  m i n i n g  o p e r a t i o n s  which wash t h e i r  p r o d u c t s  c l e a n  of  t h e  
c l a y  f r a c t i o n .  S u c h  c l a y ,  o n c e  s c r e e n e d  f o r  u n i f o r m i t y ,  h a s  b e e n  
shown t o  be a d e q u a t e  f o r  t h e  p e l l e t i z i n g  process .  

An a d d i t i o n a l  p o s s i b i l i t y  f o r  i n c r e a s e d  r e s o u r c e  e f f i c i e n c y  
may be r e a l i z e d  by  p l a c i n g  h e a t - e x c h a n g e  pumps on t h e  CCBA 



effluent in order to recover vast amounts of heat. Sewage water 
typically measures 65-plus degrees 365 days a year, in the 
temperate U.S. Skimming the top 10 degrees at a high coefficient 
of performance can p r o v i d e  s i z a b l e  district heating source. 
Another way to coordinate a comprehensive waste management program 
would be to use refuse-derived fuel to stoke the kilns for LWA 
production. 
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WASTES GENE RATED All sewage wastes eliminated, disposal 
of solid residues not required 

~ 

PRODUCTIVITY Less than 5 tons of LWA per million 
gallons influent treated 

PRODUCT QUALITY Water effluent superior to conventional 
process, LWA pellets comparable to 
conventional products 

DOWN TIME Information not provided 

FACILITIES Cost of $0.80 per gallon of treatment 
capacity ( 1 0  million gallons per day) 

EQUIPMENT Estimated to be 20 percent of the cost 
of biological plants 

RAW MATERIALS Decreased cost, savings variable 
depending on the availability of clay 
resources 

WATER Not applicable 

WASTE DISPOSAL Significant savings, potential f o r  
income 

POLLUTION CONTROL Savings, not quantified 

PERSONNEL/MAINTENANCE Savings, not quantified 
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NET BENEFITS Overall savings on plant construction, 
operation, and maintenance of up to 50 
75 percent of the cost of conventional 
processing, significant conservation of 
resources, near total elimination of 
environmental and health effects 
associated with sewage treatment 
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TYPE OF INDUSTRY: L u b e  O i l  P a c k a g i n g  a n d  

NAME OF FIRM: C h e v r o n  U S A  Inc .  
(Steve Raatz 502/566-5607) 

LOCATION: L o u i s v i l l e ,  K e n t u c k y  

SIC: 5171 

I * * * 
* * 
* 
?i 
9 * 

X 

ODIFICATIONS e * 
1 )  HIGH-PRESSURE WATER SYSTEM REPLACED CAUSTIC D R U M  

R I N S I N G  SYSTEM * 
2 )  WATER-BASED PAINT A N D  WATER CURTA~N FILTER FOR 1 

OVERSPRAY REPLACED SOLVENT-BASED PAINT I N  PAPER f 

FILTERING SYSTEM * 

f 

* 

Abs t rac t  

Chevron  U S A ,  I n c . ,  m a i n t a i n s  a p e t r o l e u m  p r o d u c t  w a r e h o u s e  i n  
L o u i s v i l l e ,  K e n t u c k y .  A s h i p p i n g - d r u m  r e c o n d i t i o n i n g  f a c i l i t y ,  
w h e r e  u s e d  drums a r e  c l e a n e d  a n d  r e p a i n t e d  f o r  r e u s e ,  is  o p e r a t e d  
o n - s i t e .  P r i o r  c l e a n i n g  p r a c t i c e s  g e n e r a t e d  a c o m p l e x  h a z a r d o u s  
waste s t ream, composed  of  c a u s t i c ,  o i l ,  water,  a n d  p a i n t  w h i c h  
c o s t  Chevron  $ 5 0 , 0 0 0  p e r  year  t o  manage.  A h i g h - p r e s s u r e ,  
h o t - w a t e r  c l e a n i n g  s y s t e m  was i n s t a l l e d  t o  r e p l a c e  t h e  c a u s t i c  
c l e a n i n g  s y s t e m .  T h e  new s y s t e m  i s  a c l o s e d - l o o p  wastewater 
p r o c e s s  which  r e u s e s  t h e  f i l t e r e d  c l e a n i n g  water a n d  e n s u r e s  t h e  
r e c y c l i n g  o f  o i l l e a n e d  from t h e  d rums .  A s u b s t i t u t i o n  o f  
o i l - b a s e d  p a i n t s  w i t h  a w a t e r - b a s e  p r o c e s s ,  u s i n g  s t a t e - o f - t h e - a r t  
o v e r s p r a y  f i l t r a t i o n  e q u i p m e n t ,  c o n s e r v e s  p a i n t  a n d  e l i m i n a t e s  t h e  
g e n e r a t i o n  of h a z a r d o u s  waste p a i n t  r e s i d u e .  The  t o t a l  s a v i n g s  t o  
Chevron  from t h e s e  two m o d i f i c a t i o n s  e x c e e d  $80 ,000  p e r  y e a r ,  
a f t e r  t h e  3 - y e a r  p a y b a c k  p e r i o d .  

- 

A N N U A L  COST S A V I N G S :  $115,500 

PAYBACK P E R I O D :  3 y e a r s  
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T I M E  T O  IMPLEMENT: 3 m o n t h s  f o r  p l a n n i n g ,  3 m o n t h s  f o r  

T R A N S F E R A B I L I T Y :  T h e s e  t e c h n i q u e s  a r e  w i d e l y  t r a n s f e r a b l e  

o r d e r i n g  a n d  i n s t a l l a t i o n  

t o  a b r o a d  r a n g e  of  SIC codes.  The drum- 
c l e a n i n g  s t r a t e g y  c o u l d  b e  e q u a l l y  well  
a p p l i e d  t o  e q u i p m e n t  r e q u i r i n g  s imilar  
s t a n d a r d s  i n  o t h e r  i n d u s t r i e s  w h i c h  
h a n d l e  o i l .  S i m i l a r l y ,  t h e  water-based 
s p r a y  p a i n t  s y s t e m  i s  a l r e a d y  r e c e i v i n g  
w i d e  u s e  i n  a number o f  SICS t h a t  had  
p r e v i o u s l y  u s e d  s o l v e n t - b a s e d  p a i n t s  w i t h  
t h e  o v e r s p r a y  s y s t e m  of  p a p e r  f i l t e r i n g .  

E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  

P r o .i ec t Des c r i D t i on  

S a f e t y ,  f i r e ,  a n d  h e a l t h  p r o b l e m s  c rea ted  
by t h e  o l d ,  drum r e c o n d i t i o n i n g  s y s t e m  
h a v e  b e e n  e l i m i n a t e d ;  r e s o u r c e s  a r e  
c o n s e r v e d  a n d  t o x i c  wastes a re  no  l o n g e r  
d i s p o s e d  of  i n  t h e  e n v i r o n m e n t .  

The Chevron  U S A  l u b e  o i l  w a r e h o u s e  a n d  p a c k a g i n g  p l a n t  i n  
L o u i s v i l l e ,  K e n t u c k y ,  h a s  a n  o n - s i t e ,  5 5 - g a l l o n - d r u m  c l e a n i n g  a n d  
p a i n t i n g  f a c i l i t y .  P r i o r  t o  t h e  m o d i f i c a t i o n s  of  t h e  drum 
r e c o n d i t i o n i n g  f a c i l i t y ,  d rums  were washed  w i t h  a c a u s t i c  l i q u i d  
a n d  r i n s e d  w i t h  water. T h i s  r e s u l t e d  i n  t h e  g e n e r a t i o n  of  500  
g a l l o n s  p e r  d a y  o f  a c a u s t i c ,  o i l ,  p a i n t ,  a n d  water m i x t u r e .  The 
c a u s t i c  r i n s a t e  mix d i d  n o t  meet t h e  l o c a l  sewer d i s t r i c t ' s  
wastewater d i s c h a r g e  l i m i t a t i o n s  a n d  h a d  t o  be  d i s p o s e d  of  as a 
h a z a r d o u s  waste, c o s t i n g  t h e  company $ 5 0 , 0 0 0  a year .  

S i m i l a r l y ,  p a p e r  f i l t e r s  which  c o l l e c t e d  t h e  o v e r s p r a y  f r o m  
t h e  s o l v e n t - b a s e d  p a i n t  s p r a y b o o t h  a l s o  posed  a d i s p o s a l  p r o b l e m .  
F u r t h e r m o r e ,  t h e  f i l t e r s  d i d  n o t  p r o v i d e  a d e q u a t e  a i r  e m i s s i o n  
c o n t r o l s ,  a n d  a d d i t i o n a l  m e a s u r e s  t o  r e d u c e  s o l v e n t  e m i s s i o n s  from 
t h e  p a i n t  s p r a y b o o t h s  were r e q u i r e d .  Employee  e x p o s u r e  t o  t h e  
n o i s e ,  c a u s t i c  v a p o r s ,  a n d  s o l v e n t  p a i n t - b a s e  were d e s c r i b e d  i n  a 
company r e p o r t  a s  u n a c c e p t a b l e .  Over  a 3-month p e r i o d  t h e  company 
e v a l u a t e d  a v a r i e t y  o f  p r o s p e c t i v e  s o l u t i o n s  t o  a l l e v i a t e  t h e s e  
c o n d i t i o n s ,  i n c l u d i n g  u p g r a d i n g  t h e  e x i s t i n g  s y s t e m ,  a n d  
s u b c o n t r a c t i n g  drum r e c o n d i t i o n i n g  t o  a n  o u t s i d e  v e n d o r .  

Economic  c o n s i d e r a t i o n s ,  h o w e v e r ,  f a v o r e d  t h e  i n s t a l l a t i o n  of 
a s t a t e -o f - the -a r t  drum w a s h i n g ,  r e c o n d i t i o n i n g ,  a n d  p a i n t i n g  
s y s t e m .  The new s y s t e m  u s e s  o n l y  h i g h - p r e s s u r e  h o t  water t o  wash 
t h e  drums.  The o i l  i s  reclaimed a n d  t h e  water is rehea ted  a n d  
r e u s e d .  A small  vo lume  o f  wastewater is d i s c h a r g e d  t o  t h e  l o c a l  
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sewer d i s t r i c t  a n d  is  w i t h i n  t h e  wastewater d i s c h a r g e  l i m i t a t i o n s .  
T h e  reclaimed o i l  i s  s o l d  t o  a r e c y c l e r ,  n e t t i n g  C h e v r o n  $ 1 2 , 0 0 0  
p e r  year .  The o r g a n i c  s o l v e n t - b a s e d  p a i n t  was rep laced  w i t h  a 
water-based p a i n t ;  a water-wall f i l t r a t i o n  s y s t e m  c a p t u r e s  t h e  
o v e r s p r a y .  T h e  f i l t r a t e  r e s i d u e  is  n o n - h a z a r d o u s .  E f f i c i e n c y  h a s  
b e e n  g r e a t l y  e n h a n c e d  by t h e  new s y s t e m ;  down t ime has b e e n  
v i r t u a l l y  e l i m i n a t e d ;  p l a n t  c a p a c i t y  was i n c r e a s e d  by 700 d r u m s  
p e r  d a y ;  a n d ,  s a v i n g s  of $ 2 5 , 0 0 0  p e r  year i n  p e r s o n n e l  c o s t s ,  a n d  
o f  $6 ,800  p e r  y e a r  i n  m a i n t e n a n c e  a n d  o t h e r  e q u i p m e n t  c o s t s  h a v e  
b e e n  r e a l i z e d .  A d d i t i o n a l l y ,  c a u s t i c  a n d  o t h e r  chemical material  
c o s t s  h a v e  b e e n  r e d u c e d  by $ 1 3 , 4 0 0  p e r  year ,  w i t h  a similar 
s a v i n g s  of $ 5 , 3 0 0  i n  y e a r l y  p a i n t  c o s t s .  
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WASTES G E N E R A T E D  E l i m i n a t e d  100  p e r c e n t  of p r e v i o u s l y  
g e n e r a t e d  h a z a r d o u s  wastes 

P R O D U C T I V I T Y  I n c r e a s e d  p l a n t  c a p a c i t y  by more t h a n  
200 p e r c e n t  p e r  d a y  

P R O D U C T  QUALITY No c h a n g e  

DOWN TIME Reduced by n e a r l y  100 p e r c e n t  ( 4  t o  5 
h o u r s  p e r  w e e k )  

F A C I L I T I E S  $ 3 9 0 , 0 0 0  o n e - t i m e  c o s t  ( i n c l u d e s  
e q u i p m e n t  ) 

EQUIPMENT I n c l u d e d  a b o v e  

RAW MATERIALS $18,700 s a v e d  p e r  y e a r  

WATER No c h a n g e  

$15 ,000  s a v e d  p e r  y e a r  

WASTE DISPOSAL $50,000 s a v e d  p e r  y e a r  

POLL UT I ON CONTROL Not q u a n t i f i e d .  Reduced  c o s t  of  
m a i n t a i n i n g  b r e a t h a b l e  a i r  i n  t h e  p l a n t  
d u e  t o  t h e  r e m o v a l  o f  t o x i c  o i l - b a s e d  
p a i n t  f u m e s ,  a n d  r e d u c e d  wastewater 
t r e a t m e n t  c o s t s .  

~ ~ _ _  ~~- -~ ~ _ _ _  

PERSONNEL / M A  I N T E N  A N  CE $31,800 s a v e d  p e r  y e a r  
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NET BEN 
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TYPE OF INDUSTRY: 

NAME OF FIRM: 

L O C A T I O N :  

SIC: 

Case Study 43 
F i l m  Deve lop ing  

Minnesota  Mining and Manufacturing (3M) 
(Electronics  P r o d u c t s  D i v i s i o n ,  

Columbia, M i s s o u r i  

7374 

M i k e  Koeningsberger  612/778-4523)  

* * 
* * * MODIFICATION * 
* WASTEWATER TREATMENT SYSTEM ALTERED FROM SINGLE-PASS 
Q SYSTEM TO CLOSED-LOOP WITH RECOVERY OF SOLVENT * 
ft * 

Abstract 

A film developing unit at 3M's Electronics Products Division 

trichloroethane. In order to recycle the solvent and to continue 
in compliance with process water discharge regulations, 3M 
installed a decanter system that provides gravity separation of 
the solvent from the water. This modification saved tne company 
$ 1 2 , 0 0 0  in its first year of operation by reducing the amount of 
new solvent and makeup water required for the developing unit. 

was discharging wastewater contaminated with l , l , l -  

ANNUAL COST SAVINGS: $ 1 2 , 0 0 0  

PAYBACK PERIOD: 3 months 

TIME TO IMPLEMENT: Information not provided. 

TRANSFERABILITY: 

ENVIRONMENTAL AND 
HEALTH BENEFITS: 

Widely applicable to industries 
producing waste streams containing 
organic solvents, especially l , l , l -  
trichloroethane, given sufficient 
economies of scale. 

Reduced risks of surface- and 
groundwater contamination by solvent; 
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c o n s e r v a t i o n  of water a n d  s o l v e n t s ;  
r e d u c e d  c h a n c e  of s o l v e n t  a d v e r s e l y  
a f f e c t i n g  m u n i c i p a l  wastewater 
t r e a t m e n t  p r o c e s s ;  r e d u c e d  c h a n c e s  o f  
non-worke r  c o n t a c t  w i t h  s o l v e n t .  

P r o j e c t  D e s c r i p t i o n  

I n  o r d e r  t o  e n s u r e  c o n t i n u e d  c o m p l i a n c e  of p l a n t  d i s c h a r g e s  
w i t h  water e f f l u e n t  r e g u l a t i o n s  a n d  t o  r e c o v e r  a v a l u a b l e  
s o l v e n t ,  3M m o d i f i e d  t h e i r  f i l m  d e v e l o p i n g  u n i t  i n  C o l u m b i a ,  
M i s s o u r i .  T h e  u n i t  was d i s c h a r g i n g  a m i x t u r e  of water a n d  
l , l , l - t r i c h l o r o e t h a n e  i n t o  t h e  m u n i c i p a l  s e w a g e  s y s t e m .  3M f o u n d  
a b e t t e r  way o f  d e a l i n g  w i t h  t h e  s o l v e n t  i n  t h e  water by  
i n s t a l l i n g  a d e c a n t e r  s y s t e m  which  p r o v i d e s  g r a v i t y  s e p a r a t i o n  of 
t h e  s o l v e n t  i n  a c l o s e d - l o o p  w i t h  t h e  d e v e l o p i n g  u n i t .  T h i s  
s y s t e m  p r o v i d e s  a s h o r t  h o l d - t i m e  d u r i n g  wh ich  t h e  h e a v i e r  
s o l v e n t  s e t t l e s  o u t  of t h e  r i n s e  water. The  d e c a n t e r  s y s t e m  c o s t  
$ 4 , 0 0 0 ,  i n c l u d i n g  i n s t a l l a t i o n ,  a n d  h a s  s a v e d  t h e  company $ 1 2 , 0 0 0  
i n  i t s  f i r s t  yea r  by r e d u c i n g  t h e  amoun t  o f  new s o l v e n t  a n d  
makeup water r e q u i r e d  f o r  t h e  d e v e l o p i n g  u n i t .  
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WASTES GENERATED l,1,1-trichloroethane removed from 
process water 

PRODUCTIVITY No change 

PRODUCT QUALITY No change 

DOWN TIME Decreased 

FACILITIES No additional costs 

E QU I PME NT $4,000 one-time cost 

RAW MATERIALS Cost savings, reduced demand 

WATER Cost savings, reduced demand 

ENERGY Information not provided 

WASTE DISPOSAL No added cost 

POLLUTION CONTROL No added cost 

PE RSONNEL/MAINTENANCE Mi n i ma 1 

NET BENEFITS Increased efficiency, maintenance of 
quality of  process water sent to 
municipal sewage treatment plant, cost 
savings 
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ase Stu 
YPE OF INDUSTRY: 

NAME OF FIRM: 

L O C A T I O N  : 

SIC:  

P h o t o g r a p h i c  P r o c e s s i n g  

PCA I n t e r n a t i o n a l ,  I nc .  
( F r e d  Monroe 704/847-8011)  

H a t t h e w s ,  N o r t h  C a r o l i n a  

7395 

* * 
* * 

* * 

* MODIFICATIONS * 
* 1 )  ELECTROLYTIC SILVER RECOVERY * 
* 2)  DEVELOPER REGENERATION BY I O N  E X C H A N G E  * * Q 

Abstract 

P C A  I n t e r n a t i o n a l  g e n e r a t e s  s e v e r a l  waste streams d u r i n g  
t h e i r  p h o t o g r a p h i c  p r o c e s s i n g  o f  c o l o r  p o r t r a i t s .  They  h a v e  
d e v e l o p e d  a number of m o d i f i c a t i o n s  t o  r e d u c e  t h e i r  waste vo lume .  
E l e c t r o l y t i c  r e c o v e r y  is  u s e d  t o  r emove  s i l v e r  from f i l m  a n d  
p a p e r  p r o c e s s i n g  s o l u t i o n s .  T h e  r e c o v e r e d  s i l v e r  i s  9 6 - p e r c e n t  
p u r e  a n d  t h e  recovered f i x e r  c a n  be  r e p l e n i s h e d  a n d  r e u s e d .  I o n  
e x c h a n g e  c o l u m n s  a r e  u s e d  t o  r emove  t h e  i n o r g a n i c  chemical,  
b romide ,  from t h e  c o l o r  d e v e l o p e r  s o l u t i o n .  T h i s  s y s t e m  h a s  
allowed 8 5 - p e r c e n t  r e u s e  of t h e  c o l o r  d e v e l o p e r .  S p e n t  b leach  
s o l u t i o n  i s  r e s t a n d a r d i z e d  by chemical a d d i t i o n  a n d  is recyc led ,  
a l l o w i n g  9 0 - p e r c e n t  r e u s e .  

- 

A N N U A L  COST S A V I N G S :  Variable d u e  t o  f l u c t u a t i n g  s i l v e r  
p r i c e s .  

PAYBACK P E R I O D :  1 y e a r  ( e l e c t r o l y t i c  r e c o v e r y )  
Less t h a n  1 year ( i o n  e x c h a n g e )  

TIME TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

T R A N S F E R A B I L I T Y :  Optimum s i l v e r  r e c o v e r y  i s  d e s i r a b l e  
b e c a u s e  t h e  metal  has a h i g h  market 
v a l u e  a n d ,  i f  l e f t  u n r e c o v e r e d  i n  a 
waste stream, is  a p o l l u t a n t .  The 



E N V I R O N M E N T A L  A N D  
HEALTH BENEFITS:  

c o s t  of i n - h o u s e  r e c o v e r y  e q u i p m e n t  
is  h i g h ,  h o w e v e r ,  a n d  a small f i r m  
may e l e c t  t o  s e n d  waste s o l u t i o n s  
o u t - o f - h o u s e  f o r  metal r e c o v e r y ,  o r  
t o  fo rm a c o o p e r a t i v e  t o  p u r c h a s e  
a n d  s h a r e  o n e  s e t  of e q u i p m e n t .  
(See Case S t u d y  4 5 . )  O u t - o f - h o u s e  
r e c o v e r y  r e q u i r e s  more b o o k k e e p i n g  
a n d  more t r a n s p o r t a t i o n  r i s k s .  The 
water a n d  s o l u t i o n  r e g e n e r a t i o n /  
r e u s e  m o d i f i c a t i o n s  u n d e r t a k e n  by 
PCA p i o n e e r e d  t h e s e  a c t i v i t i e s  f o r  
t h e  i n d u s t r y  n a t i o n w i d e ,  E q u i p m e n t  
m a n u f a c t u r e r s  c a n  assist  small firms 
i n  e v a l u a t i n g  t h e  p o t e n t i a l  p a y b a c k  
f o r  s imi l a r  i n s t a l l a t i o n s  on a 
smaller s c a l e .  

Reduced  p o l l u t a n t  l o a d  t o  m u n i c i -  
p a l  sewage t r e a t m e n t  s y s t e m ;  
c o n s e r v a t i o n  of water a n d  mater ia ls ;  
r e d u c e d  t h r e a t  of  s i l v e r  compounds  
e n t e r i n g  s u r f a c e -  a n d  g r o u n d w a t e r .  

P r o j e c t  D e s c r i p t i o n  

PCA I n t e r n a t i o n a l  i s  a c o l o r  p o r t r a i t  p r o c e s s i n g  company.  
T h e i r  waste stream i s  c h a r a c t e r i z e d  by h i g h  b i o l o g i c a l  a n d  
chemical oxygen-demand c o n c e n t r a t i o n s .  When t h e i r  Mat thews  
f a c i l i t y  was f i r s t  c o n s t r u c t e d  i n  1 9 7 2 ,  a g o a l  o f  P C A ' s  
management  was t o  m i n i m i z e  t h e  p o l l u t i o n  l o a d  t h e y  c o n t r i b u t e d  t o  
t h e  sma l l ,  m u n i c i p a l  wastewater t r e a t m e n t  f a c i l i t y .  The r e s u l t  
h a s  b e e n  t h e  d e v e l o p m e n t  of s e v e r a l  p r o j e c t s  which  h a v e  
s i g n i f i c a n t l y  r e d u c e d  waste g e n e r a t i o n  a n d  y i e l d e d  a n n u a l  s a v i n g s  
f o r  t h e  company. 

An e l e c t r o l y t i c  p r o c e s s  is  u s e d  t o  r e c o v e r  s i l v e r  f r o m  c o l o r  
n e g a t i v e  f i l m  f i x e r  s o l u t i o n s  a n d  f r o m  t h e  p a p e r  f i x e r  s o l u t i o n s .  
S p e n t  f i x e r  s o l u t i o n s  from b o t h  p r o c e s s e s  a r e  m i x e d  a n d  p a s s e d  
i n t o  a c o n t i n u o u s - f l o w  s i l v e r  r e c o v e r y  u n i t .  A l a r g e  c a t h o d e  
r o t a t e s  i n  t h e  s o l u t i o n ,  a n d  a low v o l t a g e  c u r r e n t  ( 3  t o  4 v o l t s )  
i s  a p p l i e d .  T h e  s i l v e r  c o l l e c t s  on t h e  c a t h o d e .  Once a week t h e  
ca thodes  a r e  removed  a n d  t h e  s i l v e r  k n o c k e d  o f f  i n  c h u n k s .  The  
d e s i l v e r e d  s o l u t i o n  i s  a e r a t e d ,  r e t u r n e d  t o  f u l l  s t r e n g t h ,  a n d  
pumped back  t o  t h e  p r o c e s s i n g  u n i t s .  The s y s t e m  a l l o w s  
a p p r o x i m a t e l y  9 6 - p e r c e n t  r e u s e  of t h e  f i x e r  s o l u t i o n ;  raw 
mater ia l  c o s t s  h a v e  b e e n  r e d u c e d  by a b o u t  $ 2 5 , 0 0 0  p e r  y e a r .  T h e  



s i l v e r  c h i p  o b t a i n e d  i s  a b o u t  9 6 - p e r c e n t  p u r e ,  a n d  a p p r o x i m a t e l y  
2 ,200  t r o y  o u n c e s  of s i l v e r  a r e  r e c o v e r e d  each w e e k .  

O v e r f l o w  waste f i x e r  s o l u t i o n  i s  c o l l e c t e d  i n  a t a n k  a n d  
s u b j e c t e d  t o  a n  e l e c t r o l y t i c  s i l v e r  r e c o v e r y  b a t c h  p r o c e s s .  
E f f l u e n t  i s  t h e n  p a s s e d  t h r o u g h  5 - g a l l o n  c a n i s t e r s  c o n t a i n i n g  
s t e e l  w o o l  f o r  a f i n a l  p o l i s h i n g .  I n  t h e  p r e s e n c e  of t h i o s u l f a t e  
complex  i n  t h e  f i x e r ,  t h e  i r o n  i n  t h e  s t e e l  wool becomes s o l u b l e ,  
a n d  t h e  s i l v e r  from t h e  c o m p l e x  p r e c i p i t a t e s  o u t  as  m e t a l l i c  
s i l v e r .  T h e  c a n i s t e r s  c a n  u s u a l l y  r e c o v e r  a b o u t  80 t o  85 
p e r c e n t  o f  t h e  s i l v e r  i n  s o l u t i o n ;  t h e  s i l v e r  c o n c e n t r a t i o n  of  
t h e  o r i g i n a l  f i x e r  s o l u t i o n  i s  r e d u c e d  f r o m  1 ,500  grams p e r  l i t e r  
t o  0 .02 g r a m s  p e r  l i t e r  a f t e r  p a s s i n g  t h r o u g h  b o t h  r e c o v e r y  
s y s t e m s .  About  24  c a n i s t e r s  a r e  u s e d  each year ,  a t  a c o s t  of  $ 3 5  
each. T h e  s p e n t  c a n i s t e r  s y s t e m s  a r e  s e n t  t o  a r e f i n e r  f o r  
s i l v e r  r e c o v e r y ,  a n d  each y i e l d s  a p p r o x i m a t e l y  150  t r o y  o u n c e s  of 
s i l v e r .  

C a n i s t e r  s y s t e m s  a re  a l s o  u s e d  t o  r emove  s i l v e r  from o n e  of  
t h e  p a p e r  p r o c e s s i n g  r i n s e s .  T h e  r i n s e ,  c a l l e d  t h e  " s l o w  wash",  
i s  t h e  f i r s t  wash  a f t e r  t h e  f i x e r  s o l u t i o n ,  a n d  i s  p e r f o r m e d  a t  a 
lower f l o w  t h a n  t h e  o t h e r  wash o p e r a t i o n s .  Slow-wash water i s  
c o l l e c t e d  a n d  p a s s e d  t h r o u g h  two c a r t r i d g e s  i n  s e r i e s ,  y i e l d i n g  
6 -  t o  8 - p e r c e n t  s i l v e r  r e c o v e r y .  T h e  wash water t h e n  e x i t s  t o  
t h e  m u n i c i p a l  sewer s y s t e m .  

A s e c o n d  m o d i f i c a t i o n  u n d e r t a k e n  by P C A  was t h e  r e g e n e r a t i o n  
o f  c o l o r  d e v e l o p e r  by i o n  e x c h a n g e .  A s  p h o t o g r a p h i c  mater ia l s  
a r e  d e v e l o p e d ,  t h e y  r e l ease  b r o m i d e  i n t o  t h e  d e v e l o p e r  s o l u t i o n .  
T h i s  re lease  c a n  i n h i b i t  t h e  d e v e l o p m e n t  p r o c e s s ,  a n d  r e q u i r e s  
t h e  r e p l a c e m e n t  of  t h e  d e v e l o p e r  s o l u t i o n  when t h e  bromide  l e v e l s  
g e t  t o o  h i g h .  PCA h a s  b e e n  a b l e  t o  r e g e n e r a t e  s p e n t  c o l o r  p a p e r  
d e v e l o p e r  by r e m o v i n g  t h e  e x c e s s  bromide w i t h  i o n  e x c h a n g e  
c o l u m n s .  D e v e l o p e r  s o l u t i o n ,  c o n t a i n i n g  0 .8  t o  1 . 0  g r a m s  o f  
b r o m i d e  p e r  l i t e r  i s  p a s s e d  t h r o u g h  a s a n d  f i l t e r ,  t h e n  t h r o u g h  
a n  a b s o r p t i o n  r e s i n  t o  remove  c o n t a m i n a n t s ,  a n d  f i n a l l y  t h r o u g h  
two s e t s  of i o n  e x c h a n g e  c o l u m n s  f o r  bromide  r e m o v a l .  The 
e f f l u e n t  c o n t a i n s  0.07 g r a m s  o f  b r o m i d e  p e r  l i t e r .  T h e  reclaimed 
d e v e l o p e r  i s  r e a d j u s t e d  t o  t h e  r e q u i r e d  c o n c e n t r a t i o n  b e f o r e  i t  
is r e t u r n e d  t o  t h e  p r o c e s s i n g  t a n k s .  T h e  i o n  e x c h a n g e  c o l u m n s  
a r e  r e g e n e r a t e d  o n - s i t e  u s i n g  a n  8 - p e r c e n t  s o d i u m  c h l o r i d e  
s o l u t i o n .  T h i s  s y s t e m  has a l l o w e d  8 4 - p e r c e n t  r e u s e  of  t h e  c o l o r  
$ e v e l o p e r  s o l u t i o n .  

P C A  u s e s  a p p r o x i m a t e l y  8 ,500  g a l l o n s  of  c o l o r  p a p e r  
l e v e l o p e r  each w e e k .  The a b i l i t y  t o  r e g e n e r a t e  t h e  s p e n t  
3 o l u t i o n  h a s  r e d u c e d  c o s t s  f r o m  $1 .40  p e r  g a l l o n  t o  $0.57 p e r  
: a l l o n ,  s a v i n g  a b o u t  $ 3 6 0 , 0 0 0  p e r  y e a r .  
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S p e n t  c o l o r  d e v e l o p e r  from f i l m  p r o c e s s i n g  i s  c o l l e c t e d  a n d  
s t o r e d  f o r  a s h o r t  time i n  case i t  is  n e e d e d  f o r  r e u s e .  
C u r r e n t l y ,  i t  i s  n o t  r o u t i n e l y  r e c y c l e d .  

S p e n t  b l e a c h  s o l u t i o n  i s  r e s t a n d a r d i z e d  by t h e  a d d i t i o n  of 
n e c e s s a r y  chemicals a n d  r e u s e d .  N i n e t y  p e r c e n t  o f  t h e  bleach 
s o l u t i o n  c a n  b e  r e c y c l e d  by  u s i n g  t h i s  r e j u v e n a t i o n  p r o c e s s ,  
s a v i n g  o v e r  $2 .50  p e r  g a l l o n  i n  raw ma te r i a l  cos t s .  

P C A  u s e s  c o u n t e r c u r r e n t  f low f o r  t h e i r  r i n s e  water i n  o r d e r  
t o  m i n i m i z e  t h e  number of washes r e q u i r e d  a n d  t o  e n h a n c e  p r o d u c t  
q u a l i t y .  They a l s o  h a v e  a w e l l - d e v e l o p e d  h o u s e k e e p i n g  program t o  
m i n i m i z e  s p i l l a g e  a n d  l o s s  of  chemicals. I n  t h e  r i n s e  
o p e r a t i o n s ,  r u b b e r  " s q u e e g e e s " ,  s imilar  t o  a u t o m o t i v e  w i n d s h i e l d  
w i p e r s ,  a r e  u s e d  t o  r emove  water a n d  chemicals a d h e r i n g  t o  t h e  
f i l m .  T h i s  r e d u c e s  t h e  d r a g o u t  from t a n k  t o  t a n k  a n d  m a i n t a i n s  
s o l u t i o n  i n t e g r i t y  as l o n g  a s  p o s s i b l e .  T h e  " s q u e e g e e s "  a r e  
wrung  d r y  r e g u l a r l y  t o  m a i n t a i n  t h e i r  e f f i c i e n c y .  

O t h e r  h o u s e k e e p i n g  f e a t u r e s  i n c l u d e  c a r e f u l  l a b e l i n g  of  
chemica ls ;  d e d i c a t i o n  of  pumps t o  c e r t a i n  chemicals t o  r e d u c e  
c l e a n i n g  o p e r a t i o n  wastes; d i r e c t  pumping  r a t h e r  t h a n  m a n u a l  
t r a n s f e r  o f  b u l k  chemicals t o  r e d u c e  r i s k  of s p i l l a g e ;  u s e  of  
drum l i f t s  t o  m i n i m i z e  s p i l l a g e  a n d  a c c i d e n t s ;  a n d ,  u s e  of l a rger  
d r u m s  f o r  chemical s t 0 r a g . e  t o  r e d u c e  s p i l l a g e  a n d  c o s t .  

O v e r  t h e  p a s t  t e n  y e a r s ,  PCA h a s  a l s o  e x p e r i m e n t e d  w i t h  
several  o t h e r  m o d i f i c a t i o n s  t o  r e d u c e  waste g e n e r a t i o n .  These  
h a v e  i n c l u d e d :  

1 )  U s i n g  r e v e r s e  o s m o s i s  ( R O )  u n i t s  t o  r e c y c l e  r i n s e  waters 
f r o m  f i l m  a n d  p a p e r  p r o c e s s i n g .  T h i s  was a b a n d o n e d  b e c a u s e  o f  
r e d u c e d  p r o d u c t  q u a l i t y .  

2 )  S i l v e r  i n  t h e  c o n c e n t r a t e d  wastes c o l l e c t e d  on  t h e  R O  
s y s t e m  was r e c o v e r e d  by e l e c t r o l y s i s  p r e c e d e d  by  i o n  e x c h a n g e .  
Wastes were p a s s e d  t h r o u g h  a s t r o n g  a n i o n  e x c h a n g e  co lumn which 
i n c r e a s e d  t h e  s i l v e r  c o n c e n t r a t i o n  from 0.5 g r a m s  p e r  l i t e r  t o  5 
grams p e r  l i t e r .  E l e c t r o l y t i c  s i l v e r  r e c o v e r y  was t h e n  p e r f o r m e d  
o n  t h e  s o l u t i o n ,  r e s u l t i n g  i n  9 7 - p e r c e n t  p u r e  s i l v e r  c h i p .  

3 )  C o n c e n t r a t i n g  t h e  wastes c o l l e c t e d  on  t h e  R O  s y s t e m  by  
u s i n g  s p r a y  e v a p o r a t o r s .  A f i l m  s p r a y  e v a p o r a t o r  s y s t e m  
r e c e i v e d  t h e  wastewater a t  a r a t e  of 15 ,000  g a l l o n s  p e r  d a y .  The  
c o n c e n t r a t i o n  of  s o i l d s  was i n c r e a s e d  from 5 p e r c e n t  t o  30 
p e r c e n t  on  a s i n g l e  p a s s  t h r o u g h  t h e  s y s t e m .  F u r t h e r  c y c l e s  
t h r o u g h  t h e  s y s t e m  y i e l d e d  a 60-  t o  7 0 - p e r c e n t  s o l i d s  cake which  
c o u l d  t h e n  be s o l d  f o r  s i l v e r  r e c o v e r y .  
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WASTES GENERATED Removed 115 ,000  t r o y  o u n c e s  of 
s i l v e r  p e r  y e a r  from wastes. 
E l i m i n a t e d  a p p r o x i m a t e l y  1 , 7 0 0  
g a l l o n s  o f  c o l o r  d e v e l o p i n g  
waste p e r  day .  E l i m i n a t e d  
a p p r o x i m a t e l y  1 9  g a l l o n s  s p e n t  
f i y e r  waste p e r  d a y .  
E l i m i n a t e d  a p p r o x i m a t e l y  1 , 2 0 0  
g a l l o n s  of s p e n t  b leach  waste 
p e r  day .  

P R O D U C T  I V  I T Y  No c h a n g e  

P R O D U C T  Q U A L I T Y  No c h a n g e  

DOWN T I M E  No c h a n g e  

FACILITIES $ 2 4 , 0 0 0  ( e l e c t r o l y t i c  r e c o v e r y )  
C o m p l e t e  i n f o r m a t i o n  n o t  
p r o v i d e d  

~- 

EQUIPMENT $ 9 6 , 0 0 0  ( e l e c t r o l y t i c  r e c o v e r y )  
Comple t e  i n f o r m a t i o n  n o t  
p r o v i d e d  

RAW MATERIALS $360,000 s a v e d  p e r  y e a r  
( d e v e l o p e r )  
$25 ,000  s a v e d  p e r  y e a r  ( f i x e r )  
$780,000 s a v e d  p e r  y e a r  
( b l e a c h )  

~- 

WATER No c h a n g e  

E N E R G Y  $200 c o s t  p e r  y e a r  
( e l e c t r o l y t i c  r e c o v e r y )  
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WASTE D I S P O S A L  I n f o r m a t i o n  n o t  p r o v i d e d  

P O L L U T I O N  CONTROL I n f o r m a t i o n  n o t  p r o v i d e d  

P E RS ON NEL / M A  I NTE N A N CE No c h a n g e  

NET BENEFITS I n c r e a s e d  r e v e n u e  f<rom s i l v e r  
r e c o v e r y ,  c o s t  s a v i n g s  from 
s o l u t i o n  r e u s e  
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Case Study 45 
TYPE OF INDUSTRY: Photographic Fixer and Film Processing for 

NAME OF FIRM: American Fotokemi, Inc. 

Silver Recovery 

(Bernt Hermansson 312/228-0755, telex: 
206834) 

LOCATION: Elk Grove, Illinois 

SIC: 7399 

I) * 
MODIFICATIONS 

1 )  CENTRALIZATION OF PROCESSEING 

2) IMPROVED MONITORING EFFICIENCY 

3) IMPROVED CHEMICAL PROCESSES 

Abstract 

American Fotokemi, Inc., provides a central processing plant 
for silver recovery from films and spent fixer solutions used in 
film processing. Conventional approaches to silver recovery in 
the film processing industry have located canister and 
electrolytic recovery equipment at each individual film 
processing site. This decentralized approach results in a less 
than optimal recovery of silver due to sub-ideal process 
monitoring and to the operating economics of small, independent 
recovery units. Small processors who cannot economically justify 
recovery units lose all their silver. American Fotokemi has 
developed chemical treatment processes that increase silver 
recovery to nearly 100 percent; an increase of 10- to 15-percent 
from conventional decentralized technology. Furthermore, other 
toxic metals -- which would otherwise be discharged as pollutants 
from the small independent, silver recovery operations -- are 
also recovered by American Fotokemi treatment processes. The 
high efficiency of this centralized recovery system has increased 
the dollar/silver return for everyone who has converted to it 
from in-house canister and/or electroplating recovery. 
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The s t a t i s t i c s  c i t e d  be low a re  f o r  a c l i e n t  o f  A m e r i c a n  
F o t o k e m i ,  who i s  l o c a t e d  i n  C h i c a g o .  

A N N U A L  COST S A V I N G S :  $ 6 , 0 0 0 ,  p l u s  p r i o r  e x p e n s e s  f o r  
p r i v a t e  e q u i p m e n t ,  m a i n t e n a n c e ,  
s e r v i c e s ,  e t c .  

P A Y B A C K  P E R I O D :  Immediate. 

T I M E  TO IMPLEMENT: I n f o r m a t i o n  n o t  p r o v i d e d .  

TRANSFERABILITY: 

E N V I R O N M E N T A L  A N D  
H E A L T H  BENEFITS:  

Avai lab le  t o  f i l m  p r o c e s s o r s  w i t h i n  
t h e  market a rea  of A m e r i c a n  
F o t o k e m i ;  o r ,  i n t e r e s t e d  p a r t i e s  
c a n  l i c e n s e  t h e  p r o c e s s  a n y w h e r e  i n  
t h e  U n i t e d  S t a t e s .  

R e d u c e s  l o a d i n g  o f  h e a v y  metals 
wastes t o  t h e  e n v i r o n m e n t  by 15 t o  
100 p e r c e n t ,  w h i l e  a l s o  c o n s e r v i n g  
v a l u a b l e  r e s o u r c e s .  E l i m i n a t e s  
p o t e n t i a l  f o r  t o x i c  metal p o i s o n i n g  
by r e m o v i n g  metals from e f f l u e n t  
d i s c h a r g e .  E l i m i n a t e s  worker  
h a z a r d  a s s o c i a t e d  w i t h  some s i l v e r  
r e c o v e r y  methods by u s i n g  safer  
p r o c e s s i n g  t e c h n o l o g y .  

P ro jec t  D e s c r i p t i o n  

A m e r i c a n  F o t o k e m i  ( A . F . )  s e l e c t e d  t h e  C h i c a g o  a rea  t o  t e s t  
how r e c e p t i v e  t h e  f i l m  d e v e l o p i n g  market would  b e  t o  i t s  new, 
c e n t r a l i z e d  s i l v e r  r e c o v e r y  o p e r a t i o n .  A.F. o f f e r s  i t s  c l i e n t s  
t h e  d i s t i n c t  a d v a n t a g e  of  n o t  h a v i n g  t o  i n v e s t  i n  a n y  e q u i p m e n t .  
I n s t e a d ,  A.F. p r o v i d e s ,  a t  no  c h a r g e ,  h o l d i n g  t a n k s  f o r  s t o r i n g  
u s e d  f i x e r  s o l u t i o n ,  a n d  c o l l e c t s  t h e  s o l u t i o n  a t  r e g u l a r  
i n t e r v a l s  f o r  p r o c e s s i n g  a t  t h e i r  f a c i l i t y .  

A t  t h e  A.F. p r o c e s s i n g  f a c i l i t y ,  t h e  s o l u t i o n  is  t r ea t ed  i n  
e l e c t r o p l a t i n g  u n i t s ,  315 g a l l o n s  i n  each t a n k  p e r  d a y .  I n  t h i s  
s t e p  a p p r o x i m a t e l y  95  p e r c e n t  of  t h e  s i l v e r  i s  r e c o v e r e d .  To 
e x t r a c t  t h e  r e m a i n i n g  s i l v e r ,  a chemical p r e c i p i t a t i o n  s t e p  is 
per formed.  F i r s t  t h e  pH is  b r o u g h t  t o  b e t w e e n  7 a n d  8 ,  from t h e  
a c i d  c o n d i t i o n  of  4 ,  w h i c h  is  common f o r  s p e n t  f i x e r  s o l u t i o n .  
Then  a n o t h e r  chemical i s  a d d e d  t o  c o n v e r t  a l l  metals t o  t h e i r  
metal l ic  form. The metals t h e n  p r e c i p i t a t e  a s  a s l u d g e .  After 
r e m o v a l ,  t h e  s l u d g e  is  d r i e d  a n d  r e f i n e d ,  a n d  t h e  r e m a i n i n g  
s o l u t i o n  i s  n e u t r a l i z e d .  A n o t h e r  c l o s e l y  r e l a t ed  o p p o r t u n i t y  



f o r  s i l v e r  r e c o v e r y  e x i s t s  i n  e x t r a c t i n g  t h e  s i l v e r  from u s e d  
p h o t o g r a p h i c  f i l m  a n d  p h o t o g r a p h i c  p a p e r .  S e v e r a l  p r o c e s s e s  a re  
p r e s e n t l y  u s e d ,  p r e d o m i n a n t l y  b u r n i n g  a n d  c y a n i d e  r e m o v a l ,  
a l t h o u g h  a n  e x p e n s i v e  a n d  d a n g e r o u s  e n z y m a t i c  method a l s o  e x i s t s .  
T h e s e  p r o c e s s e s  h a v e  v a r i o u s  n e g a t i v e  a t t r i b u t e s  which  l i m i t  
t h e i r  u s e f u l n e s s .  A m e r i c a n  F o t o k e m i  a n d  a S c a n d i n a v i a n  company 
h a v e  d e v e l o p e d  a new chemical method f o r  r e c o v e r i n g  s i l v e r  from 
f i l m  a n d  p a p e r .  A v e r y  f a s t - w o r k i n g  s o l u t i o n  r e m o v e s  a l l  t h e  
s i l v e r  by d e s t r o y i n g  t h e  g e l a t i n  b i n d i n g  l a y e r  on t h e  f i l m  base. 
Because i t  w o r k s  s o  q u i c k l y ,  p a p e r  c a n  a l s o  be  washed 
e f f e c t i v e l y .  T h e  s i l v e r  r e m a i n s  i n  c o m p l e x  form, s o  i t  c a n  be  
e a s i l y  f i l t e r e d  o u t  of s o l u t i o n .  

The  p o t e n t i a l  f o r  i n c r e a s e d  s i l v e r  r e c o v e r y  on a n a t i o n w i d e  
bas i s  i s  e x c e l l e n t  a n d  t h e  p r o f i t  t o  b e  r e a l i z e d  i s  s t a g g e r i n g .  
H o s p i t a l s  a r e  es t imated t o  u s e  a p p r o x i m a t e l y  41 p e r c e n t  of  t h e  
100  m i l l i o n  p o u n d s  of  p h o t o g r a p h i c  f i l m  a n d  p a p e r  s o l d  i n  t h e  
U.S. Of t h e  7 m i l l i o n  t r o y  o u n c e s  of  s i l v e r  r e p r e s e n t e d ,  
c o n s e r v a t i v e  es t imates  a r e  t h a t  a t  l e a s t  .10 p e r c e n t  is  l o s t  i n  
p o o r  r e f i n i n g  ( c y a n i d e  o r  b u r n i n g ) .  I t  is  f u r t h e r  es t imated  t h a t  
1 6 , 3 2 0 , 0 0 0  g a l l o n s  of f i x e r  a r e  u s e d  t o  d e v e l o p  t h e  f i l m  a n d  
p a p e r ,  r e p r e s e n t i n g  a n o t h e r  6 , 5 2 8 , 0 0 0  t r o y  o u n c e s  o f  s i l v e r .  
Assuming  each f i l m  d e v e l o p i n g  l a b  p r a c t i c e s  c o n v e n t i o n a l  s i l v e r  
r e c o v e r y ,  a c o n s e r v a t i v e  a v e r a g e  of  20 p e r c e n t  is  s t i l l  r i n s e d  
down t h e  d r a i n .  I f  t h e  r e c o v e r y  p r o c e s s e s  d e s c r i b e d  here  were i n  
u s e  ac ross  t h e  c o u n t r y ,  2 , 0 0 5 , 6 0 0  t r o y  o u n c e s  o f  s i l v e r  c o u l d  b e  
s a v e d  from d i s c h a r g e  i n t o  sewage s y s t e m s  a n d  i n t o  o u r  
e n v i r o n m e n t ,  from h o s p i t a l s  a l o n e .  If a l l  p h o t o g r a p h i c  
d e v e l o p i n g  l a b s  were i n c l u d e d ,  t h e  f i g u r e  wou ld  b e  c l o s e r  t o  
4 , 8 9 0 , 0 0 0  t r o y  o u n c e s  of  s i l v e r ,  wor th  a n  es t imated $48 .9  m i l l i o n  
p e r  y e a r .  B e c a u s e  t h e  r e p o r t e d  c o n t r a c t u a l  a r r a n g e m e n t s  between 
A m e r i c a n  F o t o k e m i  a n d  i t s  c l i e n t s  r e t u r n  70 p e r c e n t  o f  t h e  s i l v e r  
v a l u e  -- i n  c o l l e c t e d  f i x e r ,  f i l m ,  a n d  p a p e r  -- t o  t h e  c l i e n t ,  
t h e  p h o t o g r a p h i c  d e v e l o p i n g  i n d u s t r y  c o u l d  e x p e c t  t o  b o o s t  i t s  
e a r n i n g s ,  as a whole ,  by $33 m i l l i o n .  

E q u a l l y  i m p o r t a n t  is t h e  h e a l t h  t h r e a t  r e p r e s e n t e d  by t h e  
more t h a n  2 m i l l i o n  t r o y  o u n c e s  ( 1 . 6  t o n s )  o f  s i l v e r  which a re  
p r e s e n t l y  d i s c h a r g e d  t o  o u r  sewage t r e a t m e n t  p l a n t s  a n d  
r e c e i v i n g  waters each y e a r .  S i l v e r  is  c l a s s i f i e d  f o r  
t o x i c o l o g i c a l  p u r p o s e s  a s  a g r o u p  1 h e a v y  metal ,  a l o n g  w i t h  
m e r c u r y  a n d  c o p p e r .  It  is among t h e  most t o x i c  o f  h e a v y  metals,  
t h o u g h  l i t t l e  i s  known a b o u t  i t s  e f f e c t s ,  e x c e p t  i n  t h e  f i e l d  of 
m a r i n e  b i o l o g y .  Many sea a n i m a l  g r o u p s ,  e c o n o m i c a l l y  i m p o r t a n t  
a s  l i n k s  i n  o u r  f o o d - c h a i n ,  a r e  known t o  be  s e n s i t i v e  t o  s i l v e r .  
F u r t h e r m o r e ,  a s  a n o t h e r  i n d i c a t i o n  of  i t s  t o x i c i t y ,  s i l v e r  
f i l t e r s  a re  i n c r e a s i n g l y  u s e d ,  as a r e p l a c e m e n t  f o r  c h l o r i n e ,  t o  
c o n t r o l  b a c t e r i a l  growth i n  swimming p o o l s .  
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WASTES GENERATED Reduced  

P R O D U C T I V I T Y  No c h a n g e  

PRODUCT Q U A L I T Y  No c h a n g e  

DOWN TIME No c h a n g e  

F A C I L I T I E S  No i n v e s t m e n t  r e q u i r e d  

EQUIPMENT No i n v e s t m e n t  r e q u i r e d  

R A W  MATERIALS No c h a n g e  

WATER I n f o r m a t i o n  n o t  p r o v i d e d  

E N E R G Y  I n f o r m a t i o n  n o t  p r o v i d e d  

WASTE D I S P O S A L  I n f o r m a t i o n  n o t  p r o v i d e d  

POLLUTION C O N T R O L  Great ly  e n h a n c e d ,  c o s t s  n o t  a p p l i c a b l e  

P E RS ONNEL / M A  I NTE N A N  CE Not a p p l i c a b l e  

NET B E N E F I T S  Enhanced c o n s e r v a t i o n  p r o f i t a b l i t y  

Taken from a p a p e r  by B e r n t  Hermansson ,  E n v i r o n m e n t a l l y  Safe  
Recovery  o f  S i l v e r  f rom P h o t o w a s t e  Material, p r e s e n t e d  a t  t h e  
c o n f e r e n c e :  " P o l l u t i o n  To P r o f i t :  Reduc ing  I n d u s t r i a l  Waste i n  
I l l i n o i s , "  A p r i l  16-17 ,  1984.  
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Case Study 46 
PE OF I N D U S T R Y :  

NAME OF FIRM: 

L O C A T I O N :  

SIC:  

A u t o m o t i v e  R e m a n u f a c t u r i n g  

V u l c a n  A u t o m o t i v e  Equipment  L t d .  
( J a m e s  M e i k l e  604/876-3384)  

Vancouver ,  British Columbia ,  Canada 

7699 

U f * M O D I  F I CAT I ON 

* REPLACEMENT OF CAUSTIC C L E A N I N G  PROCESS WITH ABRASIVE * * A L U M I N U M  SHOT SYSTEM * * * 

* * 

Abstract 

V u l c a n  A u t o m o t i v e  E q u i p m e n t  L t d .  r e m a n u f a c t u r e s  u s e d  
a u t o m o t i v e  e n g i n e s .  The  c l e a n i n g  p r o c e s s  was m o d i f i e d  by 
r e p l a c i n g  t h e  i n o r g a n i c  c a u s t i c  c l e a n s e r  w i t h  a h i g h - v e l o c i t y  
I ta luminum s h o t "  s y s t e m .  T h i s  m o d i f i c a t i o n  i n  e q u i p m e n t  d e s i g n  
r e s u l t e d  i n  s u b s t a n t i a l  s a v i n g s  t o  t h e  company d u e  t o  decreased 
c o s t s  f o r  raw ma te r i a l s ,  l a b o r ,  a n d  t o  a v o i d e d  waste management  
c o s t s .  The new a luminum s h o t  s y s t e m  i n c r e a s e s  p r o d u c t i v i t y  a n d  
i m p r o v e s  t h e  f i n a l  p r o d u c t .  A l l  b y - p r o d u c t s  of  t h e  new p r o c e s s  
a r e  r e c y c l e d .  

A N N U A L  COST SAVINGS: $ 4 0 , 0 0 0  p e r  y e a r  

PAYBACK P E R I O D :  A p p r o x i m a t e l y  2 y e a r s  

TIME TO IMPLEMENT: 6 m o n t h s  

TRANSFERABILITY: T h i s  p r o c e s s  is  u s e d  t o  c l e a n  c a s t  
metal p a r t s  wh ich  h a v e  a c c u m u l a t e d  
r u s t ,  c a r b o n ,  a n d  o i l y  g r i m e .  G i v e n  
a d e q u a t e  vo lume  t o  j u s t i f y  t h e  c a p i t a l  
i n v e s t m e n t s ,  t h i s  t e c h n o l o g y  is 
a p p l i c a b l e  t o  a n y  s h o p  e n g a g i n g  i n  t h e  
r e p r o c e s s i n g  of e n g i n e s  a n d  o t h e r  
similar cast-metal c o m p o n e n t s .  
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E N V I R O N M E N T A L  A N D  
HEALTH B E N E F I T S :  G r e a t l y  e n h a n c e d  work e n v i r o n m e n t ,  

w i t h  e x p o s u r e  t o  c a u s t i c  s u b s t a n c e s  
e l i m i n a t e d .  E n v i r o n m e n t a l  h e a l t h  is 
improved  b e c a u s e  h a z a r d o u s  wastes 
w h i c h  were p r e v i o u s l y  b u r i e d  a r e  no  
l o n g e r  g e n e r a t e d .  

V u l c a n  A u t o m o t i v e  E q u i p m e n t  L t d .  r e m a n u f a c t u r e s  a n d  r e s to re s  
u s e d  a u t o m o t i v e  e n g i n e s .  A s  a n  i n i t i a l  s t e p  i n  r e f u r b i s h i n g  
c o m p o n e n t s ,  t h e y  a r e  c l e a n e d  o f  c a k e d  o i l ,  g r e a s e ,  c a r b o n ,  a n d  
o t h e r  d e p o s i t s  of g r ime .  The  p r o c e s s  o r i g i n a l l y  u s e d  t o  c l e a n  
t h e  metal p a r t s  i n v o l v e d  t h e  wet a p p l i c a t i o n  of  c a u s t i c  s o d a ,  
f o l l o w e d  by s c r u b b i n g  a n d  r i n s i n g  t h e  p a r t s .  T h e  workp lace  was 
c h a r a c t e r i z e d  as  "mucky", a n d  p r e s e n t e d  p o t e n t i a l l y  h a z a r d o u s  
e x p o s u r e  t o  c a u s t i c  l i q u i d  a n d  v a p o r .  

A c a u s t i c  s l u d g e ,  g e n e r a t e d  a s  a b y - p r o d u c t  o f  t h i s  p r o c e s s ,  
was s t o r e d  o n - s i t e  i n  t a n k s .  T h e  c o n t e n t s  of t h e  t a n k s  were 
e m p t i e d  two o r  t h r e e  times a y e a r ,  a t  a c o s t  of  $ 1 2 , 0 0 0  t o  
$ 1 8 , 0 0 0  p e r  year .  Water r e q u i r e m e n t s  f o r  r i n s i n g  were 4 8 , 0 0 0  
g a l l o n s  p e r  year.  S i x  5 5 - g a l l o n  d rums  of  c a u s t i c  soda  were 
r e q u i r e d  y e a r l y ,  a t  a t o t a l  c o s t  of $ 5 , 4 0 0 .  

T h i s  p r o c e s s  was r ep laced  by a t w o - s t e p  s y s t e m .  The f i r s t  
s t e p  i n v o l v e s  b a k i n g  t h e  metal p a r t s  t o  r emove  v o l a t i l e  o i l s  a n d  
g r e a s e .  I n  t h e  s e c o n d  s t e p ,  t h e  p a r t s  a r e  s p r a y e d  w i t h  a h i g h -  
v e l o c i t y  stream of  a luminum s h o t  wh ich  t h o r o u g h l y  c l e a n s  them of  
g r i m e  a n d  r u s t .  I n  t h i s  s t e p ,  t h e  p a r t s  a l s o  a c q u i r e  a n  a l u m i n u m  
c o a t i n g  which  i s  r u s t - r e s i s t a n t  a n d  which  i m p a r t s  a n  a p p e a r a n c e  
o f  "brand-new c a s t  metal". 

A l l  a s p e c t s  of  t h e  new, a luminum s h o t  s y s t e m  a re  s u p e r i o r  t o  
t h e  o l d  c a u s t i c  soda  process .  The work  crew n e e d e d  t o  c l e a n  a n d  
i n s p e c t  t h e  p a r t s  p r e v i o u s l y  numbered  t h r e e .  W i t h  t h e  a d v e n t  o f  
t h e  new s y s t e m  o n l y  two men a r e  r e q u i r e d .  One i n s p e c t o r  i s  now 
a b l e  t o  d o  t h e  w o r k  of  two ,  w i t h  t h e  o t h e r  man now 1 0 - p e r c e n t  
more p r o d u c t i v e .  B e c a u s e  t h e  new s y s t e m  r e m o v e s  r u s t  much more 
t h o r o u g h l y  t h a n  t h e  o l d  p r o c e s s ,  p a r t s  a re  eas i e r  t o  i n s p e c t  f o r  
c racks .  

C a n a d i a n  law a n d  t h e  l a c k  o f  a n  a d e q u a t e  b u r i a l  f a c i l i t y  had  
p r e v i o u s l y  f o r c e d  V u l c a n  t o  s h i p  t h e  c a u s t i c  h a z a r d o u s  waste t o  a 
U.S. f a c i l i t y  f o r  b u r i a l .  The a luminum s h o t  s y s t e m  p r o d u c e s  no  
h a z a r d o u s  wastes. The  a luminum d u s t  b y - p r o d u c t  c a n  be r e c y c l e d .  
T h i s  s a v e s  $ 1 2 , 0 0 0  t o  $ 1 8 , 0 0 0  p e r  y e a r  i n  c a u s t i c  s l u d g e  waste 
management  c o s t s .  A c o s t  compar ' i son  shows t h e  s a v i n g s  r e a l i z e d  
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by t h e  new s y s t e m :  raw mater ia l  c o s t s  f o r  c a u s t i c  s o d a  were 
$ 5 , 4 0 0  p e r  y e a r ;  t h e  a luminum s h o t  c o s t s  o n l y  $ 1 , 5 0 0  p e r  y e a r .  
A d d i t i o n a l l y ,  t h e  c o s t  o f  water was e l i m i n a t e d ,  as t h e  a luminum 
s h o t  s y s t e m  d o e s  n o t  r e q u i r e  i t .  The  o v e r a l l  c o s t s  of  o p e s a t i o n  
h a v e  b e e n  r e d u c e d  f r o m  $ 1 7 , 0 0 0  p e r  year t o  $ 1 5 , 0 0 0  p e r  y e a r ,  
e x c l u d i n g  l abor .  L a b o r  c o s t s  were r e d u c e d  by $25 ,000 .  

The new s y s t e m  has improved  t h e  o v e r a l l .  a p p e a r a n c e  o f  t h e  
b u s i n e s s  a n d  has s u b s t a n t i a l l y  r e d u c e d  h e a l t h  h a z a r d s  t o  t h e  
w o r k e r s .  P o l l u t i o n  c o n t r o l  m e a s u r e s  a re  now n e c e s s a r y  o n l y  f o r  
s c r u b b i n g  e m i s s i o n s  f r o m  t h e  b a k i n g  oven .  However ,  a n a l y s i s  of  
b a k i n g  o v e n  r e s i d u e s  f o r  lead c o n t e n t  h a s  i d e n t i f i e d  a n  area t h a t  
s h o u l d  be  i n v e s t i g a t e d .  
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WASTES GENERATED E l i m i n a t e d  

PRODUCT I V  ITY Enhanced  by 4 5  p e r c e n t  

PRODUCT Q U A L I T Y  Improved  

DOWN TIME Not a p p l i c a b l e  

FACILITIES $5 ,000  o n e - t i m e  c o s t  

E QU IPMENT $ 7 0 , 0 0 0  one-time c o s t  

R A W  MATERIALS A p p r o x i m a t e l y  $ 4 , 0 0 0  s a v e d  p e r  y e a r  
i n  c h a n g e  from c a u s t i c  s o d a  t o  
a luminum 

WATER Need e l i m i n a t e d  ( 4 8 , 0 0 0  g a l l o n s  p e r  
y e a r )  

E N E R G Y  No c h a n g e  

WASTE DISPOSAL H a z a r d o u s  waste g e n e r a t i o n  e l i m i n a t e d ,  
$ 1 2 , 0 0 0  t o  $ 1 8 , 0 0 0  s a v e d  p e r  y e a r  

POLLUTION C O N T R O L  I n f o r m a t i o n  n o t  p r o v i d e d  
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C H A P T E R  5 

Abstracts Cross-Ref erencing 
Case Studies by Materials 

I n  t h i s  c h a p t e r  t h e  case s t u d i e s '  a b s t r a c t s  a r e  a r r a n g e d  t o  
h i g h l i g h t  t h e  c l a s s e s  o f  ma te r i a l  s u b j e c t  t o  waste r e d u c t i o n  a n d  
r e s o u r c e  c o n s e r v a t i o n .  T h i s  a r r a n g e m e n t  f a c i l i t a t e s  t h e  
e x a m i n a t i o n  o f  p o l l u t i o n  p r e v e n t i o n  s t r a t e g i e s  a p p r o p r i a t e  f o r  
t h e  p a r t i c u l a r  ma te r i a l  w h i c h  is  o f  i n t e r e s t  t o  t h e  reader .  T h e  
p o l l u t i o n  p r e v e n t i o n  p r o c e s s  u s e d  t o  e f f e c t  t h e  waste 
m i n i m i z a t i o n  i s  s i m i l a r l y  c r o s s - i n d e x e d  i n  C h a p t e r  6 .  

The  mater ia l s  a r e  i n d e x e d  a c c o r d i n g  t o  t h e  ma te r i a l s  w h i c h  
a r e  u n d e r l i n e d  i n  t h e  case s t u d i e s '  a b s t r a c t s .  These  k e y  w o r d s  
a r e  u n d e r l i n e d  i n  t h e  case s t u d i e s '  a b s t r a c t s  i n  C h a p t e r  4 a l o n g  
w i t h  t h e  p r o c e s s  u s e d .  I n  t h i s  c h a p t e r  o n l y  t h e  p r o c e s s  i s  
u n d e r l i n e d  t o  g i v e  t h e  a p p r o p r i a t e  c o n t e x t  f o r  each abs t r ac t .  

T h e  c a t e g o r i e s  o f  ma te r i a l  i d e n t i f i e d  w i t h  r e spec t  t o  t h e  
case s t u d i e s  p r e s e n t l y  i n c l u d e d  i n  t h i s  compendium a re :  

A G R I C U L T U R A L  / F O O D  P R O  CESS I N G  WASTES 

FLY A S H  A N D  BOTTOM A S H  

LOW-LEVEL R A D I O A C T I V E  WASTES 

METALS A N D  O T H E R  I N O R G A N I C  C H E M I C A L S  

M U N I C I P A L  WASTES 

PROCESS WATER 

R U B B E R  A N D  P L A S T I C S  

SOLVENTS,  O I L S ,  A N D  O T H E R  O R G A N I C  CHEMICALS 
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A G R I C U L T U R A L / F O O D  P R O C E S S I N G  W A S T E S  

CASE STUDY 1 

The C h o p l i n  F a m i l y  Farm r a i se s  s w i n e  a n d  v a r i o u s  f i e l d  
c r o p s .  I n  1 9 8 2 ,  t h e  C h o p l i n  f a r m  s a v e d  $ 8 , 0 0 0  i n  f e r t i l i z e r  
c o s t s  by s p r a y i n g  s w i n e  wastes on  c r o p s  w i t h  a s t a n d a r d  
i r r i g a t i o n  gun .  They a l s o  r e d u c e d  o r g a n i c  mater ia l  losses  by 
1 , 6 7 0  p e r c e n t ,  t o t a l  n i t r o g e n  l o s s e s  by 4 9 0  p e r c e n t ,  a n d  t o t a l  
p h o s p h o r u s  losses  by 525 p e r c e n t  t h r o u g h  t h e  i n t e g r a t e d  u s e  o f  
c o n s e r v a t i o n  t i l l a g e ,  p a r a l l e l  t e r r a c i n g ,  g r a s s e d  w a t e r w a y s ,  a n d  
cover c r o p s .  The  r e u s e  o f  t h e s e  a g r i c u l t u r a l  wastes a n d  t h e  
management  i n i t i a t i v e  t o  i n c o r p o r a t e  c o n s e r v a t i o n  p r a c t i c e s  i n  
t h e  farm o p e r a t i o n  r e s u l t e d  i n  c o r n  c r o p  y i e l d s  t h a t  were 300 
p e r c e n t  a b o v e  t h e  c o u n t y  a v e r a g e .  

CASE STUDY 4 

Dunbar  F o o d s  p r o c e s s e s  c a n n e d  p e p p e r s  a n d  sweet p o t a t o e s .  
They h a v e  d e v e l o p e d  a s p r a y  i r r i g a t i o n  s y s t e m  f o r  l a n d  
a p p l i c a t i o n  o f  t h e i r  f o o d  p r o c e s s i n g  wastes. Process  w a t e r  
c o n t a i n i n g  v e g e t a b l e  wastes is  r e u s e d  t o  i r r i g a t e  a n d  f e r t i l i z e  
g r a s s l a n d  owned by t h e  company. 

CASE STUDY 5 

Food p r o c e s s i n g  wastes g e n e r a t e d  d u r i n g  beer  b r e w i n g  
o p e r a t i o n s  a t  Miller Brewing  Company a r e  t r e a t e d  a n d  made 
a v a i l a b l e  f o r  l a n d  a p p l i c a t i o n .  The b y - p r o d u c t  i s  u s e d  f o r  
l i m i n g  a n d  as  a n i t r o g e n  s u p p l e m e n t .  The  r e u s e  of t h i s  
p r e v i o u s l y  l a n d f  i l l e d  mater ia l  h a s  e l i m i n a t e d  d i s p o s a l  c o s t s  f o r  
Mi l le r ,  p r o v i d e d  a v i r t u a l l y  c o s t - f r e e  s u b s t i t u t e  f o r  s t a n d a r d  
a g r i c u l t u r a l  l i m i n g  ma te r i a l ,  a n d  p r e s e r v e d  v a l u a b l e  l a n d f i l l  
c a p a c i t y .  
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FLY A S H  A N D  

CASE STUDY 36 

C a r o l i n a  Power a n d  L i g h t  Company (CP&L) h a s  b e e n  s e l l i n g  
waste f l y  ash a n d  b o t t o m  a s h  f o r  r e u s e  s i n c e  1973. The company 
does  n o t  s e l l  a s h  d i r e c t l y  t o  u s e r s  b u t  h a s  c o n t r a c t e d  w i t h  
a n o t h e r  f i r m ,  M o n i e r  R e s o u r c e s ,  I n c . ,  t o  o v e r s e e  t h e  m a r k e t i n g  o f  
t h e  a s h .  P r i o r  t o  t h i s  a r r a n g e m e n t ,  a l l  o f  t h e  a s h  p r o d u c e d  was 
s l u i c e d  t o  o n - s i t e  a s h  p o n d s .  The company h a s  now r e d u c e d  i t s  
d i s p o s a l  c o s t s  a n d  p r e v e n t e d  t h e  b u r i a l  o f  u s a b l e  mater ia l .  

CASE STUDY 37 

S i n c e  t h e  l a t e  1960s ,  Duke Power Company h a s  b e e n  m a r k e t i n g  
waste f l y  a s h  a n d  b o t t o m  a s h  f r o m  t h e i r  c o a l - f i r e d  power  p l a n t s  
f o r  r e u s e .  T h e  a s h  h a s  b e e n  u s e d  f o r  c o n c r e t e  p r o d u c t i o n ,  
a s p h a l t  f i l l e r ,  a n d  p l a s t i c s  f i l l e r .  T h e  company i s  e x p l o r i n g  
o t h e r  u s e s  f e r  t h e  a s h ,  p a r t i c u l a r l y  t h e  p o s s i b i l i t y  o f  u s i n g  i t  
as  s t r u c t u r a l  b a c k f i l l  o r  t o  s t a b i l i z e  r o a d b a s e .  
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LOW-LEVEL RADIOACT~VE WASTES 

CASE STUDY 37 

Duke Power Company h a s  i n s t i t u t e d  a c o m p r e h e n s i v e  program t o  
r e d u c e  t h e  vo lume  o f  t h e i r  l o w - l e v e l  r a d i o a c t i v e  wastes. T h e  
p r o g r a m  i n c l u d e s  h o u s e k e e p i n g  i m p r o v e m e n t s ;  t h e  p u r c h a s e  of  
e q u i p m e n t  t o  a l l o w  c l e a n i n g  r a t h e r  t h a n  d i s p o s a l  o f  c o n t a m i n a t e d  
t o o l s  a n d  e q u i p m e n t ;  c o n v e r s i o n  from a n  e v a p o r a t o r - b a s e d ,  non-  
r e c y c l a b l e  waste p r o c e s s i n g  s y s t e m  t o  o n e  b a s e d  on  i o n  e x c h a n g e ;  

r e c y c l a b l e  waste; a n d ,  r e v i e w  a n d  r e v i s i o n  of  f i l t r a t i o n  
e q u i p m e n t  o p e r a t i o n  t o  i m p r o v e  p e r f o r m a n c e  a n d  t o  m i n i m i z e  
r e p l a c e m e n t  a n d  d i s p o s a l  c o s t s .  

r e d e s i g n  o f  e x i s t i n g  e v a p o r a t o r  e q u i p m e n t  s o  t h a t  i S 
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METALS AND OTHER ~ N O R G ~ N ~ C  C ~ ~ M I C A L S  

CASE S T U D Y  2 

I n  o rder  t o  r e d u c e  t h e  amount  o f  water t h a t  h a d  t o  b e  
t r e a t e d  b e f o r e  d i s c h a r g e  a n d  t o  r e c o v e r  t h e  s o l u b l e  molybdenum 
f r o m  t h e  t a i l i n g s  stream, Cl imax  Molybdenum Company s t u d i e d  t h e  
n a t u r a l  d r a i n a g e  s y s t e m  s u r r o u n d i n g  t h e  t a i l i n g  impoundment  area.  
They t h e n  i n s t a l l e d  i n t e r c e p t o r  c a n a l s  t o  c h a n n e l  u p s t r e a m  r u n o f f  
waters f r o m  a r o u n d  t h e  t a i l i n g  s y s t e m  i n t o  n a t u r a l  streams. The 
t a i l i n g s  r u n o f f  water i s  p a s s e d  t h r o u g h  a c o u n t e r c u r r e n t  i o n  
e x c h a n g e  u n i t  i n  o r d e r  t o  remove t h e  molybdenum, w h i c h  i s  
r e c o v e r e d  a n d  s o l d .  O t h e r  h e a v y  metal s e p a r a t i o n  from p r o c e s s  
water i s  a c c o m p l i s h e d  by t h e  S w i f t  L e c t r o  Clear p r o c e s s ?  which  
r e m o v e s  o v e r  90  p e r c e n t  o f  t h e  i r o n ,  m a n g a n e s e ,  z i n c ,  a n d  c o p p e r  
f r o m  t h e  t a i l i n g s  stream b y  a c o a g u l a t i v e  e l e c t r o l y t i c  p rocess .  

p e r c e n t  removed. 

- 

C y a n i d e ,  u s e d  a s  a c o p p e r  d e p r e s s a n t  i n  t h e  - 

CASE STUDY 1 1  

A l l i e d  C o r p o r a t i o n  m a n u f a c t u r e s  chemicals .  A $4.5 m i l l i o n  
i n v e s t m e n t  i n  r e c y c l i n g  e q u i p m e n t  is  p a y i n g  o f f  a t  a r a t e  of  1 
m i l l i o n  d o l l a r s  a y e a r  f o r  A l l i e d  C o r p o r a t i o n .  A l l i e d ' s  
M e t r o p o l i s ,  I l l i n o i s ,  p l a n t  r e c o v e r s  8 , 0 0 0  t o n s  of  calcium 
f l u o r i d e  a n n u a l l y .  The o r g r g a n i c  chemical  i s  t h e n  u s e d  as a raw 
m a t e r i a l  i n  a n h y d r o u s  h y d r o f l u o r i c  a c i d  p r o d u c t i o n  a t  a n o t h e r  
f a c i l i t y .  S i n c e  1982.  o v e r  1.000 c u b i c  v a r d s  o f  h a z a r d o u s  c a l c i u m  
f l u o r i d e  wastes h a v e - b e e n  r e c y c l e d  m o n t h l y ,  s a v i n g  a b o u t  $ 3 0 0 , 0 0 0  
a y e a r  i n  d i s p o s a l  a n d  s t o r a g e  c o s t s  a l o n e .  The  p r o c e s s  a l s o  
r e c o v e r s  a b o u t  1 , 0 0 0  t o n s  o f  lime a n n u a l l y .  

CASE STUDY 17 

I A C  u s e s  mater ia ls  s u b s t i t u t i o n  t o  r e d u c e  t h e i r  raw mater ia l  
c o s t s  i n  t h e  m a n u f a c t u r e  o f  t r a c e - e l e m e n t  compounds .  S u i t a b l e  
i n o r g a n i c  chemical wastes a r e  r e c e i v e d  from firms t h a t  wou ld  
o t h e r w i s e  p a y  t o  l a n d f i l l  t h e m .  T h r e e  e x a m p l e s  a r e  c i t e d  
d e s c r i b i n g  t h e  u t i l i t y  of t h i s  a r r a n g e m e n t  t o  b o t h  I A C  a n d  t o  t h e  
d o n o r  of  t h e  waste ma te r i a l .  
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CASE S T U D Y  20 

T e x a s g u l f  m a n u f a c t u r e s  p h o s p h a t e  p r o d u c t s .  I n  d e s i g n i n g  
t h e i r  new d e f l u o r i n a t e d  p h o s p h a t e  p l a n t  t o  meet EPA r e g u l a t i o n s  
p e r t a i n i n g  t o  t h e  r e l e a s e  o f  f l u o r i d e s  i n t o  t h e  a i r  a n d  water ,  
t h e y  d e c i d e d  t o  i m p l e m e n t  a c l o s e d - l o o p  p r o c e s s  water s y s t e m  t o  
r emove  i n o r g a n i c  f l u o r i d e s  f r o m  t h e  d i s c h a r g e  stream. O t h e r  
a l t e r n a t i v e s  c o n s i d e r e d  i n c l u d e d  r e l e a s i n g  t h e  p a r t i a l l y  t r e a t e d  
wastewater t o  S a l t v i l l e ' s  m u n i c i p a l  s e w a g e  s y s t e m ,  o r  d i s c h a r g i n g  
i t  i n t o  t h e  n e a r b y  H o l t o n  r i v e r .  B e n e f i t s  of a c l o s e d - l o o p  
r a t h e r  t h a n  a s i n g l e - p a s s  s y s t e m  t o  r e c y c l e  p r o c e s s  water,  
i n c l u d e :  

1 )  A s a v i n g s  of  a p p r o x i m a t e l y  2 8 0 , 0 0 0  g a l l o n s  o f  water p e r  
d a y  i 

2 )  A combined  a n n u a l  s a v i n g s  i n  water p u r c h a s e s  a n d  
t r e a t m e n t  o f  $ 9 3 0 , 0 0 0  p e r  y e a r ;  

3 )  C o m p l i a n c e  w i t h  e f f l u e n t  g u i d e l i n e s  w i t h o u t  a N P D E S  
p e r m i t ,  s i n c e  t h e r e  i s  no  l o n g e r  a n y  i n d u s t r i a l  d i s c h a r g e .  

CASE S T U D Y  2 2  

F l o r i d a  S t e e l  C o r p o r a t i o n  s e l l s  metal d u s t  c o l l e c t e d  f r o m  
f u r n a c e  fumes  t o  a z i n c  smel te r .  T h i s  p r a c t i c e  has r e d u c e d  t h e i r  
d i s p o s a l  c o s t s  by  a lmost  h a l f ,  a n d  a l l o w s  r e u s e  o f  t h e  metal 
r a t h e r  t h a n  d i s p o s a l .  

CASE S T U D Y  2 4  

T h e  S t a n a d y n e  Company u n d e r t o o k  a c o m p r e h e n s i v e  a n d  
s y s t e m a t i c  review of  t h e i r  e l e c t r o p l a t i n g  p r o c e s s e s  i n  o r d e r  t o  
r e d u c e  o r  e l i m i n a t e  waste g e n e r a t i o n .  The  r e s u l t  o f  t h e i r  
e f f o r t s  has b e e n  a b r o a d  s p e c t r u m  of a c t i v i t i e s  which  h a v e  s a v e d  
t h e  f i rm money a n d  m i n i m i z e d  p o l l u t i o n .  A s u l f u r i c / p e r o x i d e  
materials s u b s t i t u t i o n  f o r  c h r o m i c  ac id  r e d u c e d  s l u d g e  p r o d u c t i o n  
i n  t h e  p a r t s  c l e a n i n g  o p e r a t i o n .  T h e  company a l s o  f o u n d  t h e y  
c o u l d  o p e r a t e  t h e i r  c o p p e r -  a n d  c h r o m e - p l a t i n g  b a t h  e q u i p m e n t  
w i t h  a lower c o n c e n t r a t i o n  of  c y a n i d e ,  s a v i n g  b o t h  raw mater ia l  
a n d  s l u d g e  h a n d l i n g  c o s t s .  O t h e r  e q u i p m e n t  d e s i g n  a n d  o p e r a t i o n  
c h a n g e s ,  w h i c h  r e d u c e d  d r a g o u t  v o l u m e s  a n d  rack r e c o a t i n g  c o s t s ,  - 

a l s o  i m p r o v e d  p l a t i n g  e f f i c i e n c y .  T a n k s  were i n s t a l l e d ,  b e f o r e  
t h e  r i n s i n g  o p e r a t i o n ,  t o  r e c y c l e  v a l u a b l e  metals b a c k  t o  t h e  
p l a t i n g  b a t h s .  A c h a n g e  i n  f i l t r a t i o n  e q u i p m e n t  o p e r a t i o n  f o r  
t h e  p l a t i n g  b a t h  d r a s t i c a l l y  r e d u c e d  s o l u t i o n  l o s s e s ,  a n d  
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r e s u l t e d  i n  a 9 3 - p e r c e n t  c o s t  r e d u c t i o n  i n  f i l t e r  m e d i a .  A 
f i l t e r  p r e s s  o p e r a t i o n  f o r  s l u d g e  d e w a t e r i n g  m i n i m i z e d  t h e  c o s t  
o f  s l u d g e  t r a n s p o r t  a n d  d i s p o s a l .  A new wastewater f i l t r a t i o n  
s y s t e m  h a s  i m p r o v e d  t h e  q u a l i t y  o f  t r e a t e d  p r o c e s s  water. 

i m p r o v e m e n t s  l e d  t o  leak e l i m i n a t i o n  a n d  t o  a 
n p r o g r a m  which p r e v e n t s  t h e  p l a t i n g  o f  d e f e c t i v e  

p a r t s .  

CASE STUDY 25 

E l k h a r t  P r o d u c t s ,  I n c .  m a n u f a c t u r e s  p i p e  f i t t i n g s .  Under  
t h e  g u i d a n c e  o f  Lancy  I n t e r n a t i o n a l ,  t h e y  have m o d i f i e d  t h e i r  
b r i g h t - d i p p i n g  a n d  p a s s i v a t i n g - l i n e  wastewater t r e a t m e n t  s y s t e m .  
I t  was r e p l a c e d  w i t h  a newly  d e v e l o p e d  p i c k l i n g  process  t h a t  
u s e s  s u l f u r i c  a c i d  a n d  a p r o p r i e t a r y ,  s t a b i l i z e d  h y d r o g e n  
p e r o x i d e .  By m o d i f y i n g  t h e  e q u i p m e n t  o p e r a t i o n ,  E l k h a r t  was a b l e  
t o  remove  a c y a n i d e  d i p  a n d  c h r o m i c  a c i d  d i p  f r o m  t h e  p r o c e s s  
l i n e .  They  a l s o  r e c o v e r  metal w i t h  a n  e l e c t r o l y t i c  c e l l  which 
r ecove r s  c o p p e r  a t  t h e  r a t e  of 1 , 0 0 0  t o  1 , 5 0 0  p o u n d s  p e r  month .  

CASE STUDY 26 

P i o n e e r  was u s i n g  a s i n g l e - p a s s  s y s t e m  t o  t r e a t  t h e i r  
p l a t i n g  wastewaters. B e c a u s e  t h e  s y s t e m  h a d  no  l a r g e  e n d - t a n k  t o  
c o r r e c t  m i n o r  u p s e t s  i n  t h e  s y s t e m ,  c o n c e n t r a t i o n s  o f  metals a n d  
o t h e r  i n o r g a n i c  chemicals i n  t h e  e f f l u e n t  r e g u l a r l y  e x c e e d e d  
water q u a l i t y  r e g u l a t i o n s  T h e  e f f l u e n t s  were k i l l i n g  many 
s p e c i e s  o f  p l a n t s  a n d  a n i m a l s  i n  t h e  r e c e i v i n g  marsh. P i o n e e r  
s o l v e d  t h i s  p r o b l e m  by r e m o v i n g  t h e  o l d  s i n g l e - p a s s  p r o c e s s  water 
t r e a t m e n t  s y s t e m  a n d  i n s t a l l i n g  a c l o s e d - l o o p  b a t c h  s y s t e m  
m a n u f a c t u r e d  by Z e r p o l .  A s  a r e s u l t  of t h e  new e q u i p m e n t  d e s i g n ,  

d u e  t o  e v a p o r a t i o n ) ,  i n s t e a d  o f  t h e  p r e v i o u s  1 2 , 0 0 0  g a l l o n s  p e r  
d a y ,  a n d  has  e x p e r i e n c e d  a 2 0 - p e r c e n t  r e d u c t i o n  i n  t h e  amoun t  of  
s l u d g e  p r o d u c e d .  P l a n s  a r e  b e i n g  made t o  s e l l  t h e  s l u d g e  t o  a 
company f o r  u s e  a s  a f i l l e r  i n  t h e  m a n u f a c t u r e  o f  c o n c r e t e  
p r o d u c t s  . 

t h e  company now u s e s  o n l y  5 0 0  g a l l o n s  of  water P 

CASE STUDY 27 

Deere a n d  Company r e d u c e d  i t s  h a z a r d o u s  waste by 80 p e r c e n t  
i n  vo lume  a n d  by o v e r  99  p e r c e n t  i n  l e v e l  o f  r i s k  t h r o u g h  two k e y  
a c t i o n s :  

1 )  I m p l e m e n t a t i o n  of  a c o m p r e h e n s i v e ,  h a z a r d o u s  waste 
n t  i n i t i a t i v e  a t  each m a n u f a c t u r i n g  u n i t .  
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2 )  C o n s t r u c t i o n  o f  a n  o n - s i t e  f a c i l i t y  f o r  t r e a t i n g  
h a z a r d o u s  l i q u i d  waste. T h e  f a c i l i t y  reclaims waste o r g a n i c  o i l  
compounds a n d  metals  f r o m  t h e  p r o c e s s  water,  a n d  p r o d u c e s  a 
n o n - h a z a r d o u s  s l u d g e .  The r e c o v e r e d  o i l  i s  s o l d  t o  a n  o i l  
r e c y c l i n g  f i rm o r  i s  r e u s e d  f o r  m a c h i n i n g  p r o c e s s e s .  

CASE STUDY 30 

W i t h  s t r i c t e r  r e g u l a t i o n s  c o n c e r n i n g  c o p p e r  e f f l u e n t s  s o o n  
t o  b e  e n f o r c e d ,  G T E ,  a i d e d  by  Lancy  I n t e r n a t i o n a l ,  d e c i d e d  t o  
m o d i f y  t h e  t r e a t m e n t  o f  p r o c e s s  water from t h e i r  c o p p e r - e t c h i n g  
r i n s e  stream by i n s t a l l i n g  a n  e l e c t r o l y t i c  r e c o v e r y  c e l l .  The 
e l e c t r o l y t i c  c e l l  is  p a r t  of  a c l o s e d - l o o p  s y s t e m  t h a t  f o l l o w s  
t h e  e t c h i n g  o p e r a t i o n s  on  t h e  E l e c t r o l e s s  c o p p e r - p l a t i n g  l i n e .  
The c e l l  was i n s t a l l e d  d o w n s t r e a m  f r o m  t h e  r i n s e  t a n k ,  where i t  
r e c o v e r s  c o p p e r  t h a t  would  h a v e  e n d e d  up as a l a n d f i l l e d  s l u d g e .  
After  t h e  coppe r  i o n s  a r e  removed ,  t h e  r i n s e  water i s  
r e c i r c u l a t e d  back t o  t h e  r i n s e  t a n k .  T h e  c o p p e r  i s  p e r i o d i c a l l y  
removed f r o m  t h e  c e l l ' s  c a t h o d e  a n d  s o l d  as No. 1 c o p p e r  s c r a p .  
I n  i t s  f i r s t  year o f  o p e r a t i o n ,  t h i s  s y s t e m  p r o d u c e d  $ 2 , 0 0 0  from 
t h e  s a l e  o f  r e c y c l e d  coppe r  s c r a p ,  a n d  saved  $ 4 , 0 0 0  i n  a v o i d e d  
waste d i s p o s a l  c o s t s .  

CASE S T U D Y  31 

Data G e n e r a l  C o r p o r a t i o n  g e n e r a t e s  s e v e r a l  h a z a r d o u s  waste 
streams d u r i n g  t h e  m a n u f a c t u r e  of p r i n t e d  c i r c u i t  b o a r d s ,  Most  
o f  t hese  wastes a r e  c h a r a c t e r i z e d  by  h i g h  h e a v y - m e t a l  
c o n c e n t r a t i o n s .  I n  1 9 8 1 ,  t h e  company l a u n c h e d  a v i g o r o u s  p r o g r a m  
t o  r e d u c e  t h e i r  r e l i a n c e  on h a z a r d o u s  waste l a n d f i l l s .  A 
management  i n i t i a t i v e  t o  d e v e l o p  marke t s  f o r  t h e i r  u n t r e a t e d  
wastes r e s u l t e d  i n  a n e t  p r o f i t  o f  $ 9 , 0 0 0  p e r  year from c o m b i n e d  
b y - p r o d u c t  s a l e s  r e v e n u e  a n d  a v o i d e d  waste managment c o s t s .  
T r e a t m e n t  o f  o t h e r  wastes u s i n g  new p r o c e s s  c h e m i s t r y ,  i n c l u d i n g  
c h a n g e s  i n  e q u i p m e n t  d e s i g n  o r  o p e r a t i o n ,  r e n d e r e d  a d d i t i o n a l  
m a t e r i a l  s u i t a b l e  f o r  s a l e  f o r  metal  r e c o v e r y .  Data G e n e r a l ' s  
p r o g r a m  t o  p r o d u c e  s a l a b l e  wastes a n d  t o  market t h o s e  wastes h a s  
r e d u c e d  t h e  h a z a r d o u s  ma te r i a l  t h e y  l a n d f i l l  by o v e r  4 0 0  t o n s  p e r  
y e a r 9  a n d  has y i e l d e d  a c o s t  s a v i n g s  of  $ 1 8 0 , 0 0 0  p e r  year .  

CASE STUDY 32 

3M's m i ~ ~ ~ e ~ ~ c t ~ ~ ~ i ~ s  p l a n t  m a k e s  f l e x i b l e  e l e c t r o n i c  

P r e v i o u s l y ,  t h i s  was a c c o m p l i s h e d  by  s p r a y i n g  i t  w i t h  ammonium 
rom c o p p e r  s h  f o r e  u s e ,  t h e  metal is  c l e a n e d .  
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p e r s u l f a t e ,  p h o s o p h o r i c  a c i d ,  a n d  s u l f u r i c  a c i d .  T h i s  p rocess  
p r o d u c e d  h a z a r d o u s  wastes t h a t  were e x p e n s i v e  t o  manage p r o p e r l y ,  
An a l t e r n a t i v e  e q u i p m e n t  d e s i g n  was i n t r o d u c e d  t o  r ep lace  t h e  
c h e m i c a l  c l e a n i n g  process .  The  new p r o c e s s  f e a t u r e s  a m a c h i n e  
w i t h  r o t a t i n g  b r u s h e s  t h a t  m e c h a n i c a l l y  c l e a n  t h e  metal w i t h  
p u m i c e .  The f i n e ,  a b r a s i v e  p u m i c e  l e a v e s  a s l u d g e  t h a t  is  n o t  
h a z a r d o u s  a n d  t h a t  c a n  b e  p l a c e d  i n  a c o n v e n t i o n a l  s a n i t a r y  
l a n d f  i 11. T h i s  new method h a s  r e d u c e d  3M's p r o d u c t i o n  o f  
h a z a r d o u s  waste by 4 0 , 0 0 0  p o u n d s  a y e a r .  They  a l s o  s a v e d  $ 1 5 , 0 0 0  
i n  t h e  s y s t e m ' s  f i r s t  y e a r  o f  o p e r a t i o n  d u e  t o  r e d u c e d  raw 
m a t e r i a l ,  d i s p o s a l ,  a n d  l a b o r  c o s t s .  

CASE S T U D Y  3 3  

D i g i t a l  E q u i p m e n t  C o r p o r a t i o n ' s  new, p r i n t e d  w i r i n g  b o a r d  
m a n u f a c t u r i n g  o p e r a t i o n  i n t e g r a t e s  s e v e r a l  r e s o u r c e  c o n s e r v a t i o n  
a n d  r e c o v e r y  m e t h o d s  i n  i t s  p r o c e s s  water t r e a t m e n t  s y s t e m .  The 
s y s t e m ,  d e s i g n e d  by  Lancy  I n t e r n a t i o n a l ,  i n c l u d e s  metal r e c o v e r y  
by  e l e c t r o l y t i c  c e l l  a n d  by e v a p o r a t i o n .  T h e  e l e c t r o l y t i c  
r e a c t i o n  r e c o v e r s  9 2  p e r c e n t  o f  t h e  d i s s o l v e d  c o p p e r  from 
d r a g o u t  r i n s e s ,  a n d  t h e  a t m o s p h e r i c  e v a p o r a t o r  r e c o v e r s  9 5  
p e r c e n t  of  t h e  c h r o m i c  a c i d  d r a g o u t .  T h e  c h r o m i c  a c i d  is  
r e c y c l e d  i n t o  t h e  e t c h  p r o c e s s  l i n e .  The  company a l s o  u s e  a l ime 
s l u r r y  b y - p r o d u c t  from a l o c a l  a c e t y l e n e  g a s  m a n u f a c t u r e r  as a n  
a c i d  n e u t r a l i z e r .  

CASE STUDY 34 

Modine  p repa res  brass p a r t s  f o r  t h e  m a n u f a c t u r e  o f  r a d i a t o r s  
b y  d i p p i n g  t h e m  i n  a s e r i e s  of  chemical s o l u t i o n s ,  The  h y d r o g e n  
p e r o x i d e / s u l f u r i c  a c i d  b r i g h t  d i p  was c a u s i n g  t h e m  s e v e r a l  
p r o b l e m s ,  i n c l u d i n g  t h e  b u i l d u p  o f  c o p p e r  s u l f a t e  p e n t a h y d r a t e  
c r y s t a l s  t h a t  were t h e n  d e p o s i t e d  i n  a h a z a r d o u s  waste l a n d f i l l .  
T h e r e  was, i n  a d d i t i o n ,  a s i g n i f i c a n t  d r a g o u t  o f  c o p p e r  i o n s  i n t o  
t h e  s u b s e q u e n t  r i n s e  t a n k s ,  Rather  t h a n  i n c u r  t h e  i n i t i a l  a n d  
l o n g - t e r m  l a n d f i l l i n g  c o s t s  f o r  t h e  h a z a r d o u s  wastes ,  Modine  
e l e c t e d  t o  e l i m i n a t e  t h e  f o r m a t i o n  of t h e  c r y s t a l s  by 
c o n t i n u o u s l y  r e c i r c u l a t i n g  t h e  h y d r o g e n  p e r o x i d e / s u l f u r i c  a c i d  
b r i g h t  d i p  s o l u t i o n  t h r o u g h  a n  i o n  e x c h a n g e  c o l u m n ,  T h e  co lumn 
s e l e c t i v e l y  r e m o v e s  t h e  metal, i e d  d i p  s o l u t i o n  i s  
r e c y c l e d  t o  t h e  b a t h .  Once t h e  i o n  e x c h a n g e  r e s i n  becomes  
s a t u r a t e d ,  t h e  c o p p e r  i o n s  a r e  e x c h a n g e d  a g a i n  i n  t h e  
r e g e n e r a t i o n  p r o c e s s ,  a n d  a r e  s u b j e c t e d  t o  a n  e l e c t r o l y t i c  
r e a c t i o n  t o  r emove  them f r o m  t h e  s o l u t i o n ,  T h e  p l a t e d  c o p p e r  i s  
s o l d  as No, 1 c o p p e r  s c rap .  
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CASE STUDY 41 

The chemical and coordinate bond and adsorbtion system 
(CCBA) is a process for treating a municipal waste (raw sewage). 
The equipment design and operation is based on chemical processes 
rather then traditional biological decomposition and 
stabilization. Common clay, alum, and polyacrylic-acid are added 
to the sewage influent. The chemical interaction of these 
compounds with the dissolved and solid sewage waste is effective 
in removing of 91 percent of the suspended solids, and 88 percent 
of the biological oxygen demand from the waste water. Remaining 
organics in the plant effluent are water-soluble and easily 
biodegradable. Sludge, resulting from the cleaning of the 
influent wastewater, is mixed with sufficient clay and then baked 
in a kiln to produce a lightweight aggregate suitable for reuse 
in the building industry, Additional processing of the treated 
wastewater permits significant removal of nutrient wastes. The 
processing facility is significantly less e'xpensive to construct 
than conventional biological sewage treatment facilities, and is 
not sensitive to toxic constituents in the wastewater. An 
additional benefit accruing from this process is the ability to 
safely treat hazardous inorganic and organic chemicals in the 
sewage sludge by incinerating them at elevated temperatures; the 
residues are subsequently entrained in a ceramic matrix. 

CASE STUDY 44 

PCA International generates several hazardous waste streams 
during their color portrait processing operations. Electrolytic 
recovery removes silver from fixing and bleach-fix solutions. 
The recovered silver is 96-percent pure, and the fixer can be 
replenished and reused. Ion exchange columns are used to remove 
the inorganic chemical, color developer solution; 
this system has allowed 99-percent reuse of color developer. 

CASE STUDY 45 

American Fotokemi, Inc., established a central processing 
plant to recover silver from films and spent fixer solutions used 
in film processing. Conventional approaches to silver recovery 
in the film processing industry have located canister and 
electrolytic recovery equipment at each individual film- 
processing site. This decentralized approach results in less 
than optimal recovery of silver due to sub-ideal process 
monitoring, and to the operating economics of small, independent 
recovery units. There is a 100-percent loss of silver by small 
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p r o c e s s o r s  who c a n n o t  e c o n o m i c a l l y  j u s t i f y  r e c o v e r y  u n i t s .  
A m e r i c a n  F o t o k e m i  h a s  d e v e l o p e d  chemical t r e a t m e n t  p r o c e s s e s  t h a t  
i n c r e a s e  s i l v e r  r e c o v e r y  t o  n e a r l y  100  p e r c e n t  -- a n  i n c r e a s e  of  
10  to 15 p e r c e n t  o v e r  t h a t  a c h i e v e d  by c o n v e n t i o n a l ,  
d e c e n t r a l i z e d  t e c h n o l o g y .  F u r t h e r m o r e ,  o t h e r  t o x i c  metals ,  w h i c h  
wou ld  o t h e r w i s e  be  d i s c h a r g e d  as  p o l l u t a n t s  by t h e  sma l l ,  
i n d e p e n d e n t  s i l v e r - r e c o v e r y  o p e r a t i o n s ,  a r e  a l s o  r e c o v e r e d .  T h e  
h i g h  e f f i c i e n c y  of  t h i s  c e n t r a l i z e d  r e c o v e r y  me thod  h a s  i n c r e a s e d  
t h e  d o l l a r / s i l v e r  r e t u r n  f o r  e v e r y o n e  who h a s  c o n v e r t e d  t o  i t  
from i n - h o u s e  c a n i s t e r  a n d / o r  e l e c t r o p l a t i n g  r e c o v e r y .  

CASE STUDY 46 

V u l c a n  A u t o m o t i v e  E q u i p m e n t  L t d .  r e m a n u f a c t u r e s  u s e d  
a u t o m o t i v e  e n g i n e s .  T h e  c l e a n i n g  p r o c e s s  was m o d i f i e d  by 
s u b s t i t u t i n g  t h e  i n o r g a n i c  c a u s t i c  c l e a n s e r  w i t h  a h i g h - v e l o c i t y  
"aluminum s h o t "  s y s t e m .  T h i s  m o d i f i c a t i o n  i n  e q u i p m e n t  d e s i g n  
r e s u l t e d  i n  s u b s t a n t i a l  s a v i n g s  t o  t h e  company,  d u e  t o  decreased 
c o s t s  o f  raw m a t e r i a l s ,  l a b o r ,  a n d  t o  a v o i d e d  waste management  
c o s t s .  T h e  new, a luminum s h o t  s y s t e m  i n c r e a s e s  p r o d u c t i v i t y  a n d  
i m p r o v e s  t h e  f i n a l  p r o d u c t .  A l l  b y - p r o d u c t s  of  t h e  new p r o c e s s  
a r e  r e c y c l e d .  
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N a t u r a l  Power is  a small  g e n e r a t o r  o f  e l e c t r i c i t y  o p e r a t i n g  
f r o m  t h e  Gresham L a k e  L a n d f i l l  i n  R a l e i g h ,  N o r t h  C a r o l i n a .  They  
h a v e  i m p l e m e n t e d  a l a n d f i l l  g a s  r ecove ry  s y s t e m  f o r  c o n v e r t i n g  
b i o g a s  t o  e l e c t r i c  p o w e r ;  t h e  e l e c t r i c i t y  i s  t h e n  s o l d  t o  t h e  
l o c a l  u t i l i t y .  N a t u r a l  Power r e c o v e r s  c o m b u s t i b l e  g a s  g e n e r a t e d  
f r o m  t h e  a n a e r o b i c  d e c o m p o s i t i o n  o f  m u n i c i p a l  waste a n d  o t h e r  
o r g a n i c  ma te r i a l  b u r i e d  a t  t h e  l a n d f i l l .  T h e  g a s  is  c o l l e c t e d ,  
f i l t e r e d  a n d  f e d  d i r e c t l y  i n t o  two d i e s e l  g e n e r a t o r s  m o d i f i e d  t o  
u s e  a m e t h a n e  f u e l  s o u r c e .  E l e c t r i c a l  e n e r g y  g e n e r a t e d  a t  t h e  
l a n d f i l l  i s  metered a n d  f e d  i n t o  t h e  l o c a l  e l e c t r i c  u t i l i t y ' s  
t r a n s m i s s i o n  l i n e s .  

CASE S T U D Y  39 

A c o m p o s t i n g  s y s t e m  f o r  m u n i c i p a l  waste s l u d g e  i s  p l a n n e d  
f o r  t h e  H i c k o r y / N e w t o n / C o n o v e r  Complex i n  Catawba C o u n t y ,  Nor th  
C a r o l i n a ,  T h e  f a c i l i t y  i s  i n  t h e  f i n a l  d e s i g n  p h a s e  a n d  i s  
s c h e d u l e d  f o r  c o n s t r u c t i o n  i n  1986 .  When o p e r a t i o n a l ,  t h e  s y s t e m  
w i l l  b e  t h e  f i r s t  m e c h a n i c a l  e n c l o s e d  c o m p o s t i n g  s y s t e m  i n  N o r t h  
C a r o  1 i n a  . R e u s i n g  waste s l u d g e  a s  c o m p o s t i n g  mater ia l  i s  
e x p e c t e d  t o  s a v e  t h e  c o u n t y  as much a s  $ 8 2 7 , 0 0 0  i n  d i s p o s a l  
c o s t s  a n n u a l l y .  

CASE S T U D Y  4 0  

T h e  Catawba R i v e r  P o l l u t i o n  C o n t r o l  F a c i l i t y  i n  M o r g a n t o n ,  
N o r t h  C a r o l i n a ,  h a s  i m p l e m e n t e d  t h e  f i r s t  f u l l - s c a l e  c o m p o s t i n g  
o p e r a t i o n  i n  t h e  s t a t e .  A m i x t u r e  o f  m u n i c i p a l  waste s l u d g e  a n d  
b a r k  is  c o m p o s t e d  u s i n g  a s t a t i c  p i l e  s y s t e m  d e s i g n e d  by  c i t y  
p e r s o n n e l .  They  h a v e  e l i m i n a t e d  t h e  n e e d  f o r  l a n d f i l l i n g  t h e  
waste s l u d g e ,  a n d  h a v e  c r e a t e d  a s y s t e m  t o  r e u s e  a n  o t h e r w i s e  
u n d e s i r a b l e  p r o d u c t .  The c o m p o s t  is  m a r k e t e d  t o  t h e  p u b l i c  a n d  
t h e  c i t y  i s  u n a b l e  t o  k e e p  up w i t h  c o n s u m e r  demand. A l t h o u g h  
t h e y  d o  n o t  make  money on t h e  o p e r a t i o n ,  t h e i r  s l u d g e  d i s p o s a l  
c o s t s  a r e  below t h o s e  es t imated  f o r  o t h e r  s y s t e m s  i n v e s t i g a t e d ,  
i n c l u d i n g  l a n d  a p p l i c a t i o n  a n d  i n c i n e r a t i o n .  I n  r e s p o n s e  t o  t h e  
s u c c e s s  of  t h e  M o r g a n t o n  p r o j e c t ,  t h e  s t a t e  i s  d e v e l o p i n g  a 
p e r m i t  s y s t e m  f o r  c o m p o s t i n g  o p e r a t i o n s  which  w i l l  i n s u r e  s a f e  
l e v e l s  of h e a v y  metals a n d  t h e  a b s e n c e  of  p a t h o g e n s .  
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MUNICIPAL WASTES, CONTINUED 

CASE STUDY 4 1  

The chemical and coordinate bond and adsorbtion system 
(CCBA) is a process for treating a municipal waste (raw sewage). 
The equipment design and operation is based on chemical processes 
rather then traditional biological decomposition and 
stabilization. Common clay, alum, and polyacrylic acid are added 
to the sewage influent. The chemical interaction of these 
compounds with the dissolved and solid sewage waste is effective 
in removing of 9 1  percent of the suspended solids, and 88 percent 
of the biological oxygen demand from the waste water. Remaining 
organics in the plant effluent are water-soluble and easily 
biodegradable. Sludge, resulting from the cleaning of the 
influent wastewater, is mixed with sufficient clay and then baked 
in a kiln to produce a lightweight aggregate suitable for reuse 
in the building industry. Additional processing of the tr- 
wastewater permits significant removal of nutrient wastes. The 
processing facility is significantly less expensive to construct 
than conventional biological sewage treatment facilities, and is 
not sensitive to toxic constituents in the wastewater. An 
additional benefit accruing from this process is the ability to 
safely treat hazardous inorganic and organic chemicals in the 
sewage sludge by incinerating them at elevated temperatures; the 
residues are subsequently entrained in a ceramic matrix. 
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PROCESS WATER 

CASE STUDY 2 

I n  o rde r  t o  r e d u c e  t h e  amoun t  o f  water t h a t  had  t o  be  
t r e a t e d  b e f o r e  d i s c h a r g e  a n d  t o  r e c o v e r  t h e  s o l u b l e  molybdenum 
f r o m  t h e  t a i l i n g s  stream, Cl imax  Molybdenum Company s t u d i e d  t h e  
n a t u r a l  d r a i n a g e  s y s t e m  s u r r o u n d i n g  t h e  t a i l i n g  impoundment  area.  
They t h e n  i n s t a l l e d  i n t e r c e p t o r  c a n a l s  t o  c h a n n e l  u p s t r e a m  r u n o f f  
waters from a r o u n d  t h e  t a i l i n g  s y s t e m  i n t o  n a t u r a l  streams. The 
t a i l i n g s  r u n o f f  water is  p a s s e d  t h r o u g h  a c o u n t e r c u r r e n t  i o n  
e x c h a n g e  u n i t  i n  o r d e r  t o  r emove  t h e  molybdenum, which JS 
r e c o v e r e d  a n d  s o l d .  O t h e r  h e a v y - m e t a l  s e p a r a t i o n  from p rocess  
water i s  a c c o m p l i s h e d  by  t h e  S w i f t  L e c t r o  Clear p r o c e s s ,  which  
r e m o v e s  o v e r  9 0  p e r c e n t  of  t h e  i r o n ,  m a n g a n e s e ,  z i n c ,  a n d  c o p p e r  
f r o m  t h e  t a i l i n g s  stream by a c o a g u l a t i v e  e l e c t r o l y t i c  p rocess .  

p e r c e n t  removed.  

- 

C y a n i d e ,  u s e d  as  a c o p p e r  d e p r e s s a n t  i n  t h e  r e g r i n d  p l a n t ,  is 96  - 

CASE STUDY 7 

Two major h a z a r d o u s  waste streams, g e n e r a t e d  d u r i n g  U n i t e d  
G l o b e ' s  f u r n i t u r e  m a n u f a c t u r i n g  a r e  i n c i n e r a t e d  t o  p r o d u c e  steam 
a n d  heat .  S o l i d s  from t h e  ragwash a n d  s p r a y b o o t h  p rocess  water 
wastes a re  t h i c k e n e d  u s i n g  d i s s o l v e d  a i r  f l o t a t i o n .  The 
r e s u l t i n g  s l u d g e  is mixed  w i t h  w o o d c h i p s ,  d r i e d ,  a n d  f e d  t o  t h e  
p r i m a r y  c o m b u s t i o n  chamber of  a two-stage i n c i n e r a t i o n  s y s t e m .  
S e m i - s o l i d  a n d  l i q u i d  f i n i s h i n g  wastes, i n c l u d i n g  high-BTU 
s o l v e n t s ,  a r e  f e d  t o  t h e  s e c o n d a r y  c o m b u s t i o n  chamber. The steam 
p r o d u c e d  is  u s e d  f o r  space h e a t i n g ,  r a g w a s h i n g / d r y i n g  o p e r a t i o n s ,  
a n d  t h e  s l u d g e  d r y e r .  Use of  t h e  i n c i n e r a t o r  h a s  r e d u c e d  
U n i t e d  G l o b e ' s  waste vo lume  by 95 p e r c e n t ,  a n d  t h e  a s h  p r o d u c e d  
i s  n o t  h a z a r d o u s .  Discharge l o a d i n g  t o  t h e  m u n i c i p a l  sewer 
s y s t e m  has decreased d r a m a t i c a l l y ,  as h a v e  h a z a r d o u s  waste 
t r a n s p o r t  a n d  d i s p o s a l  c o s t s .  

CASE STUDY 20 

T e x a s g u l f  m a n u f a c t u r e s  p h o s p h a t e  p r o d u c t s .  I n  d e s i g n i n g  
t h e i r  new, d e f l u o r i n a t e d  p h o s p h a t e  p l a n t  t o  meet EPA r e g u l a t i o n s  
p e r t a i n i n g  t o  t h e  r e l ease  of  f l u o r i d e s  i n t o  t h e  a i r  a n d  water, 
t h e y  d e c i d e d  t o  i m p l e m e n t  a c l o s e d - l o o p  p r o c e s s  water s y s t e m  t o  
r emove  i n o r g a n i c  f l u o r i d e s  f r o m  t h e  d i s c h a r g e  stream. O t h e r  
a l t e r n a t i v e s  c o n s i d e r e d  i n c l u d e d  r e l e a s i n g  t h e  p a r t i a l l y  t r e a t e d  
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PROCESS WATER, C O N T I N U E D  

wastewater t o  S a l t v i l l e v s  m u n i c i p a l  sewage s y s t e m ,  o r  d i s c h a r g i n g  
i t  i n t o  t h e  n e a r b y  H o l t o n  r i v e r .  B e n e f i t s  of  a c l o s e d - l o o p ,  
r a the r  t h a n  a s i n g l e - p a s s  s y s t e m  t o  r e c y c l e  p rocess  water 
i n c l u d e :  

1 )  A s a v i n g s  o f  a p p r o x i m a t e l y  2 8 0 , 0 0 0  g a l l o n s  of  water p e r  
d a y ;  

2 )  A c o m b i n e d  a n n u a l  s a v i n g s  i n  water p u r c h a s e s  a n d  
t r e a t m e n t  of  $ 9 3 0 , 0 0 0  p e r  y e a r ;  

3 )  C o m p l i a n c e  w i t h  a l l  e f f l u e n t  g u i d e l i n e s  w i t h o u t  a NPDES 
p e r m i t ,  s i n c e  t h e r e  i s  no l o n g e r  a n y  i n d u s t r i a l  d i s c h a r g e .  

CASE STUDY 2 3  

Due t o  p l a n n e d  p l a n t  e x p a n s i o n  grid new g o v e r n m e n t a l  
r e g u l a t i o n s ,  Waupaca F o u n d r y  m o d i f i e d  t h e  e q u i p m e n t  d e s i g n  of  
t h e i r  p r o c e s s  water t r e a t m e n t  s y s t e m  f r o m  a s i n g l e - p a s s  s y s t e m  t o  
two i n t e r c o n n e c t e d  c l o s e d - l o o p s .  Through  s e l e c t i v e  s e p a r a t i o n  of 
t h e  wastewater streams, Lancy  I n t e r n a t i o n a l ,  t h e  c o n s u l t i n g  f i rm ,  
was a b l e  t o  d e s i g n  t h e  c l o s e d - l o o p  p r o c e s s  s o  t h a t  o n l y  25 
p e r c e n t  o f  t h e  p l a n t ' s  t o t a l  p r o c e s s  water h a d  t o  be  t r e a t e d .  
T h i s  a p p r o a c h  m i n i m i z e s  chemical u s a g e  i n  t h e  wastewater 
t r e a t m e n t ,  k e e p s  pumping  c o s t s  down, a n d  reduces water u s a g e .  

CASE STUDY 26 

P i o n e e r  was u s i n g  a s i n g l e - p a s s  s y s t e m  t o  t r e a t  t h e i r  
p l a t i n g  wastewaters. B e c a u s e  t h e  s y s t e m  h a d  no  l a r g e  e n d - t a n k  t o  
c o r r e c t  m i n o r  u p s e t s  i n  t h e  s y s t e m ,  c o n c e n t r a t i o n s  o f  metals a n d  
o t h e r  i n o r g a n i c  chemicals  i n  t h e  e f f l u e n t  r e g u l a r l y  e x c e e d e d  
water q u a l i t y  r e g u l a t i o n s .  The e f f l u e n t s  were k i l l i n g  many 
s p e c i e s  of  p l a n t s  a n d  a n i m a l s  i n  t h e  r e c e i v i n g  marsh .  P i o n e e r  
s o l v e d  t h i s  p r o b l e m  by r e m o v i n g  t h e  o l d ,  s i n g l e - p a s s  p r o c e s s  
water t r e a t m e n t  sys tem a n d  i n s t a l l i n g  a c l o s e d - l o o p  b a t c h  s y s t e m  
m a n u f a c t u r e d  by Z e r p o l .  A s  a r e s u l t - o f  t h e  new e q u i p m e n t  d e s i g n ,  
t h e  company now u s e s  o n l y  500 g a l l o n s  of  wate P 
d u e  t o  e v a p o r a t i o n )  r a t h e r  t h a n  t h e  p r e v i o u s  1 2 , 0 0 0  g a l l o n s  p e r  
d a y ,  a n d  has e x p e r i e n c e d  a 2 0 - p e r c e n t  r e d u c t i o n  i n  t h e  amoun t  of 
s l u d g e  p r o d u c e d .  P l a n s  a r e  b e i n g  made t o  s e l l  t h e  s l u d g e  t o  a 
company f o r  u s e  as  a f i l l e r  i n  t h e  m a n u f a c t u r e  o f  c o n c r e t e  
p r o d u c t s  . 
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PROCESS WATER, CONTINUED 

CASE STUDY 27 

Deere and Company reduced its hazardous waste by 80 percent 
in volume and over 99 percent in level of risk through two key 
actions: 

1 )  Pmplementation of a comprehensive hazardous waste 
management initiative at each manufacturing unit. 

2) Construction of an on-site facility for treating 
hazardous liquid waste. The facility reclaims waste organic oil 
compounds and metals from process water, and produces a non- 
hazardous sludge. The recovered oil is sold to an oil recycling 
firm or is reused for machining processes. 

CASE STUDY 30 

With stricter regulations concerning copper effluents soon 
to be enforced, GTE, aided by Lancy International, decided to 
modify the treatment of process water from their copper-etching 
rinse stream by installing an electrolytic recovery cell. The 
electrolytic cell is part of a hat follows 
the etching operations on the Electroless copper-plating line. 
The cell was installed downstream from the rinse tank, where it 
recovers copper that would have ended up as a landfilled sludge. 
After the copper ions are removed, the rinse water is 
recirculated back to the rinse tank. The copper is periodically 
removed from the cell's cathode and sold as No. 1 copper scrap. 
In its first year of operation, this system produced $2,000 from 
the sale of recycled copper scrap, and saved $4,000 in avoided 
waste disposal costs. 

CASE STUDY 31 

Data General Corporation manufactures printed circuit board 
for computers. Process water, containing high concentrations of 
heavy metals, is passed through a filter-based water purificatio 
system, and is then disposed of by application to forestland 
owned by the company. This was the first site for the land 
application of pretreated metal-plating waste in North Carolina. 

CASE STUDY 33 

Digital Equipment Corporation's new printed wiring board 
manufacturing operation integrates several resource conservation 
and recovery methods in its process water treatment system. The 
syst gned by Lancy Pnternational, includes metal recovery 
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PROCESS WATER,  C O N T I N U E D  

by 
rea 
r i n  

e l e c t r o l y t i c  c e l l  
c l i o n  r e c o v e r s  92  p 
ses,  a n d  t h e  a tmosp 

a n d  by e v a p o r a t i o n .  The e l e c t r o l y t i c  
i e r c e n t  o f  t h e  d i s s o l v e d  c o p p e r  f r o m  d r a g o u t  
h e r i c  e v a p o r a t o r  r e c o v e r s  95 p e r c e n t  o f  t h e  

c h r o m i c  a c i d  d r a g o u t ,  The c h r o m i c  a c i d  i s  r e c y c l e d  i n t o  t h e  e t c h  
p r o c e s s  l i n e .  The company a l s o  u s e s  a lime s l u r r y  b y - p r o d u c t  
f r o m  a l o c a l  a c e t y l e n e  g a s  m a n u f a c t u r e r  as a n  a c i d  n e u t r a l i z e r .  

CASE STUDY 43 

A f i l m  d e v e l o p i n g  u n i t  a t  3M's E l e c t r o n i c s  P r o d u c t s  D i v i s i o n  

t r i c h l o r o e t h a n e .  I n  o r d e r  t o  r e c y c l e  t h e  s o l v e n t  a n d  t o  c o n t i n u e  
i n  c o m p l i a n c e  w i t h  p r o c e s s  water d i s c h a r g e  r e g u l a t i o n s ,  3M 
i n s t a l l e d  a d e c a n t e r  s y s t e m  t h a t  p r o v i d e s  g r a v i t y  s e p a r a t i o n  o f  
t h e  s o l v e n t  f r o m  t h e  water.  T h i s  m o d i f i c a t i o n  sav a n y  
$ 1 2 , 0 0 0  i n  i t s  f i r s t  y e a r  o f  o p e r a t i o n  by r e d u c i n g  t h e  amoun t  o f  
new s o l v e n t  a n d  makeup water r e q u i r e d  f o r  t h e  d e v e l o p i n g  u n i t .  

was d i s c h a r g i n g  wastewater c o n t a m i n a t e d  w i t h  l , l , l -  
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ER AND PLA 

CASE STUDY 2 1  

T h e  Nebraska Smal l  Fa rms  A c t i o n  Group ,  w i t h  t h e  h e l p  of  t h e  
I n s t i t u t e  f o r  Loca l  S e l f - R e l i a n c e ,  s t u d i e d  t h e  f e a s i b i l i t y  of  
r e c y c l i n g  u s e d  t i r e s  as a s e c o n d a r y  r e s o u r c e  f o r  r o a d p a v i n g  a n d  
o t h e r  p r o d u c t s  which  u s e  r u b b e r .  T h e  p i l o t - s c a l e  p r o j e c t  u s e d  
b u f f i n g s  f r o m  t i r e  r e t r e a d e r s  as r e p r e s e n t a t i v e  of  c rumb r u b b e r  
d e r i v e d  f r o m  t h e  c r y o g e n i c  p r o c e s s i n g  o f  u s e d  t i r e s .  I n  t h e  
s t u d y ,  a s e c t i o n  of r o a d  was l a i d  u s i n g  t h e  c rumb r u b b e r  i n  a 2-  
p e r c e n t  m i x t u r e  w i t h  t h e  c o n v e n t i o n a l ,  a s p h a l t  s u r f a c i n g  
m a t e r i a l  . Road l i f e  was d o c u m e n t e d  t o  b e  d o u b l e  t h a t  of 
c o n v e n t i o n a l  a s p h a l t ,  a n d  e c o n o m i c  s t u d i e s  i n d i c a t e d  t h a t  t h e  
t e s t  ma te r i a l  was f a v o r a b l y  c o s t - c o m p e t i t i v e  w i t h  c o n c r e t e .  
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CASE STUDY 7 

Two m a j o r  h a z a r d o u s  waste s t reams,  g e n e r a t e d  
G l o b e ' s  f u r n i t u r e  m a n u f a c t u r i n g ,  a r e  i n c i n e r a t e d  t c  ~ - _ _ _ _ _  ____.I. 
a n d  hea t .  S o l i d s  f rom t h e  ragwash  a n d  s p r a y b o o t h  p r o c e s s  water 
wastes a r e  t h i c k e n e d  u s i n g  d i s s o l v e d  a i r  f l o t a t i o n .  The  
r e s u l t i n g  s l u d g e  is  mixed  w i t h  w o o d c h i p s ,  d r i e d ,  a n d  f e d  t o  t h e  
p r i m a r y  c o m b u s t i o n  chamber o f  a t w o - s t a g e  i n c i n e r a t i o n  s y s t e m .  
S e m i - s o l i d  a n d  l i q u i d  f i n i s h i n g  wastes,  h i g h -BTU 
s o l v e n t s ,  a r e  f e d  t o  t h e  s e c o n d a r y  c o m b u s t i o n  chamber.  The steam 
p r o d u c e d  i s  u s e d  f o r  space h e a t i n g ,  r a g w a s h i n g / d r y i n g  o p e r a t i o n s ,  
a n d  t h e  s l u d g e  d r y e r .  Use o f  t h e  i n c i n e r a t o r  h a s  r e d u c e d  U n i t e d  
G l o b e ' s  waste vo lume  by  95 p e r c e n t ,  a n d  t h e  a s h  p r o d u c e d  is  n o t  
h a z a r d o u s .  D i s c h a r g e  l o a d i n g  t o  t h e  m u n i c i p a l  sewer s y s t e m  h a s  
decreased d r a m a t i c a l l y ,  as h a v e  h a z a r d o u s  waste t r a n s p o r t  a n d  
d i s p o s a l  c o s t s .  

CASE STUDY 9 

T h e  Rexham C o r p o r a t i o n  f a c i l i t y  i n  G r e e n s b o r o ,  N o r t h  
C a r o l i n a  , m a n u f a c t u r e s  a n d  p r i n t s  spec i a 1 i z e d  p r o d u c t  l abe  Is. 
They h a v e  made s e v e r a l  m o d i f i c a t i o n s  i n  t h e  p r i n t i n g  o p e r a t i o n s  
a t  t h e i r  v a r i o u s  N o r t h  C a r o l i n a  f a c i l i t i e s  t o  r e d u c e  h a z a r d o u s  
waste p r o d u c t i o n .  A mater ia l  s u b s t i t u t i o n  of w a t e r b o r n e  i n k  f o r  
a l c o h o l / a c e t a t e  i n k  i n  some of t h e i r  a p p l i c a t i o n s  h a s  r e d u c e d  t h e  
vo lume  of  s p e n t  s o l v e n t  r e q u i r i n g  d i s p o s a l ,  a n d  h a s  lowered a i r  
e m i s s i o n  l e v e l s .  The company a l s o  i n s t a l l e d  a d i s t i l l a t i o n  u n i t  
t o  rec la im n - p r o p y l  a l c o h o l  f r o m  t h e i r  waste i n k s .  The u n i t  
r e d u c e d  t h e i r  h a z a r d o u s  waste d i s p o s a l  c o s t s  by 7 4  p e r c e n t ,  a n d  
decreased t h e i r  raw ma te r i a l  c o s t s  by 1 6  p e r c e n t .  

CASE STUDY 10 

Exxon Chemical i n s t a l l e d  f l o a t i n g  r o o f s  o v e r  i t s  t a n k s  o f  
v o l a t i l e  s o l v e n t .  T h i s  h a s  p r e v e n t e d  t h e  l o s s  o f  more t h a n  $1.5 
m i l l o n  wor th  of  s o l v e n t s .  C o n c u r r e n t l y ,  t h e y  i n s t a l l e d  
c o n s e r v a t i o n  v e n t s  on t h e  p l a n t ' s  l a r g e  h y d r o c a r b o n  t a n k s ,  w h i c h  
r e d u c e d  a i r  e m i s s i o n s  f r o m  t h e  t a n k s  by b e t w e e n  30 a n d  75 
p e r c e n t .  T h e s e  two e q u i p m e n t  d e s i g n  m o d i f i c a t i o n s  h a v e ,  i n  
a d d i t i o n  t o  r e d u c i n g  a i r  p o l l u t i o n ,  c o n s e r v e d  a s i g n i f i c a n t  
amount  o f  r e s o u r c e s .  A management  i n i t i a t i v e  c rea ted  a 
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G e w a r d s h i p  p r o g r a m "  t o  r e d u c e  f l u c t u a t i o n s  i n  t h e  wastewater 
" r e a t m e n t  s y s t e m .  S a m p l i n g  s t a t i o n s  were e s t a b l i s h e d  t o  m o n i t o r  
c o n c e n t r a t i o n s  of  o r g a n i c  c h e m i c a l s ;  a s  a r e s u l t ,  o p e r a t o r s  c a n  
t r a c e  a n y  f l u c t u a t i o n s  t o  t h e i r  o r i g i n  a n d  q u i c k l y  r emedy  t h e  
p r o b l e m .  The  i n f o r m a t i o n  g a i n e d  f r o m  t h e  m o n i t o r i n g  is a l s o  u s e d  
t o  c h a r g e  each p r o c e s s  w i t h  a p o r t i o n  o f  t h e  c o s t s  of t h e  
wastewater t r e a t m e n t  s y s t e m ,  a n d  t o  s e t  t a r g e t s  f o r  waste 
r e d u c t i o n  f o r  each p r o c e s s .  T h i s  p r o g r a m  r e s u l t e d  i n  a 75- 
p e r c e n t  r e d u c t i o n  i n  t h e  q u a n t i t y  of o r g a n i c  wastes e n t e r i n g  t h e  
wastewater t r e a t m e n t  p l a n t .  

CASE STUDY 12 

B o r d e n  Chemical Company r e d u c e d  t h e  amoun t  of o r g a n i c  p h e n o l  
r e s i n s  t h e y  d i s c h a r g e d  by 95 p e r c e n t ,  m a i n l y  t h r o u g h  t h r e e  
p r o c e s s  m o d i f i c a t i o n s :  

1 )  P h e n o l i c  r e s i n s  a r e  p a s s e d  t h r o u g h  a f i l t r a t i o n  p r o c e s s  
t h a t  r e m o v e s  t h e  l a rge  r e s i n o u s  p a r t i c l e s .  P r e v i o u s l y ,  t h e  
f i l t e r e d  mater ia l s  were d i s p o s e d  0-f by r i n s i n g  t h e m  i n t o  t h e  
wastewater t r e a t m e n t  s y s t e m ,  They  a r e  now r i n s e d  i n t o  l a r g e  
t a n k s  a n d  r e c y c l e d  i n t o  t h e  p r o c e s s  as raw ma te r i a l .  

2 )  Reactor v e s s e l s  were c l e a n e d  by f i l l i n g  them w i t h  water. 
T h i s  p r o d u c e d  a l a r g e  amoun t  of  p h e n o l i c  r e s i n  waste t h a t  h a d  t o  
b e  p r o c e s s e d  t h r o u g h  t h e  wastewater t r e a t m e n t  s y s t e m .  N e w  
e q u i p m e n t  o p e r a t i o n  p r o c e d u r e  h a s  r e d u c e d  t h e  i n i t i a l  r i n s e  t o  
o n l y  I3 p e r c e n t  of  t h e  p r e v i o u s  v o l u m e ,  r e s u l t i n g  i n  a more  
c o n c e n t r a t e d  s o l u t i o n  of  p h e n o l i c  r e s i n s .  T h i s  s o l u t i o n  is  
s t o r e d  a n d  r e c y c l e d  i n t o  t h e  p r o c e s s  l i n e  as a raw ma te r i a l .  The  
r eac to r  v e s s e l s  a r e  t h e n  r i n s e d  a s e c o n d  t ime.  The waste stream 
from t h i s  r i n s e  c o n t a i n s  a low c o n c e n t r a t i o n  of p h e n o l i c  r e s i n s .  

3 )  T h e  B o r d e n  Company h a s  made e m p l o y e e s  aware t h a t  small  
a m o u n t s  of  chemical waste c a n  s t r o n g l y  a f f e c t  o v e r a l l  waste 
g e n e r a t i o n .  A s  a r e s u l t ,  management  a n d  worke r s  h a v e  i d e n t i f i e d  
ways  o f  r e d u c i n g  wastes. 

CASE S T U D Y  13 

A m e r i c a n  Enka  i s  a n y l o n  y a r n  p r o d u c t i o n  a n d  research 
f a c i l i t y .  They  h a v e  f o u n d  i t  e c o n o m i c a l l y  p r o f i t a b l e  a n d  
e n v i r o n m e n t a l l y  s o u n d  t o  r e c y c l e  t h e i r  waste i s o p r o p y l  a l c o h o l  
s o l v e n t  i n - h o u s e ,  r a t h e r  t h a n  h a v i n g  i t  r e c y c l e d  by a n  o u t s i d e  
f i r m .  They  p u r c h a s e d  a u s e d  d i s t i l l a t i o n  u n i t  a n d ,  w i t h  
a p p r o p p r i a t e  m o d i f i c a t i o n s ,  A m e r i c a n  Enka  i s  now s a v i n g  $ 9 0 , 0 0 0  

262  



S O L V E N T S ,  O I L S ,  A N D  O T H E R  O R G A N I C  C H E M I C A L S ,  C O N T I N U E D  

p e r  y e a r .  They  h a v e  a l s o  b e e n  a b l e  t o  r e u s e  t h e  s t i l l  b o t t o m  
r e s i d u e s  a s  a n  a s p h a l t  e m u l s i f i e r  i n  a n o t h e r  p r o d u c t  l i n e .  

CASE STUDY 1 4  

R i k e r  L a b o r a t o r i e s  was c o a t i n g  m e d i c i n e  t a b l e t s ,  u s i n g  
s e v e r a l  o r g a n i c  s o l v e n t s .  C o n s e q u e n t l y ,  t h e y  h a d  t h e  p o t e n t i a l  
f o r  e x c e e d i n g  a i r  p o l l u t i o n  l i m i t s  s e t  by a new, C a l i f o r n i a  
e n v i r o n m e n t a l  r e g u l a t i o n .  A water-based s o l v e n t  was d e v e l o p e d  t o  
r ep lace  t h e  o r g a n i c  s o l v e n t ;  d i f f e r e n t  s p r a y  e q u i p m e n t  was 
i n s t a l l e d  i n  o r d e r  t o  h a n d l e  t h e  new s o l v e n t .  T h i s  c o m b i n a t i o n  
o f  r e s o u r c e  s u b s t i t u t i o n  o f  t h e  water-based s o l v e n t  f o r  t h e  
o r g a n i c  s o l v e n t ,  a n d  of  e q u i p m e n t  d e s i g n  m o d i f i c a t i o n  s a v e s  
$ 1 5 , 0 0 0  p e r  year  i n  s o l v e n t  c o s t s  a n d  p r e v e n t s  t h e  p r o d u c t i o n  o f  
2 4  t o n s  o f  a i r  p o l l u t i o n  p e r  year .  S u b s e q u e n t l y ,  t h e  company 
d e t e r m i n e d  t h a t  $ 1 8 0 , 0 0 0  i n  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  f o r  
o r g a n i c  s o l v e n t  v a p o r s  was no  l o n g e r  r e q u i r e d .  

CASE STUDY 15 

The  C o t y  D i v i s i o n  o f  P f i z e r ,  I n c .  h a s  d e v e l o p e d  a method o f  
heat r e c o v e r y  f r o m  waste h y d r o - a l c o h o l i c  p r o d u c t s .  The i g n i t a b l e  
o r g a n i c  wastes a r e  m i x e d  w i t h  f u e l  o i l  a n d  b u r n e d  t o  p r o d u c e  
steam a n d  h o t  water.  T h e  company s a v e s  o v e r  1 , 0 0 0  g a l l o n s  o f  
f u e l  o i l  a y e a r ,  , a n d  t h e  c o s t s  of  h a z a r d o u s  waste d i s p o s a l  h a v e  
b e e n  e l i m i n a t e d .  

CASE STUDY 16  

USS C h e m i c a l s  h a s  r e d u c e d  t h e  o r g a n i c  chemical e m i s s i o n s  
f r o m  t h e i r  p h e n o l  m a n u f a c t u r i n g  p r o c e s s e s  by a s e r i e s  of  
e q u i p m e n t  d e s i g n  m o d i f i c a t i o n s  i n c l u d i n g :  

1 )  Add ing  a r e f r i g e r a t e d  c o n d e n s e r  u n i t  i n  c o m b i n a t i o n  w i t h  
a r e s i n  a d s o r p t i o n  s y s t e m ,  a t  a c o s t  o f  $ 5 , 0 0 0 .  T h i s  r e d u c e d  
e m i s s i o n s  by 80  p e r c e n t  a n d  s a v e s  2 3 7 , 0 0 0  p o u n d s  of  cumene  p e r  
y e a r .  The cumene s a v i n g s  is  worth $ 6 0 , 0 0 0  p e r  y e a r .  

2 )  Adding  a sc rap  c o n d e n s e r  t h a t  r e t u r n s  t h e  e m i s s i o n s  t o  
t h e  process.  T h i s  s a v e d  4 0 0 , 0 0 0  p o u n d s  of  cumene ,  wor th  
$100,000, i n  i t s  f i r s t  year  o f  o p e r a t i o n .  

3 )  Add ing  f l o a t i n g  r o o f s  t o  a c e t o n e  s t o r a g e  t a n k s ,  a n d  a n  
a d s o r b e r  u n i t  f o r  a c e t o n e  r e c o v e r y .  
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M o d i f i c a t i o n  #2 a r o s e  from e m p l o y e e  i deas  s u b m i t t e d  t o  USS 
Chemicals'  " S u g g e s t i o n s  for Cost  R e d u c t i o n "  ( S C O R E )  e S C O R E  is a 
management  i n i t i a t i v e  w h i c h  p r o v i d e s  p l a n t  e m p l o y e e s  w i t h  a 
d i r e c t  f i n a n c i a l  I n c e n t i v e  f o r  i d e n t i f y i n g  c o s t - c u t t i n g  
p r a c t i c e s ;  t h e  p r o g r a m  rewards t h e m  w i t h  a - p e r c e n t a g e  of  t h e  
s a v i n g s  t h a t  h a v e  r e s u l t e d  from t h e  i m p l e m e n t a t i o n  of  t h e i r  
ideas .  E m p l o y e e s  h a v e  r e c e i v e d  a t o t a l  of  $ 7 0 , 0 0 0  f o r  s u c c e s s f u l  
s u g g e s t i o n s  t h a t  h a v e  s a v e d  t h e  f i rm $ 5 0 0 , 0 0 0  i n  c o s t s .  

CASE S T U D Y  18 

I C 1  Americas, I n c . ,  o p e r a t e s  a n  a g r i c u l t u r a l  chemical  
research  a n d  d e v e l o p m e n t  l a b  i n  G o l d s b o r o ,  Nor th  C a r o l i n a .  A s  a 
r e s e a r c h  f a c i l i t y ,  i t  d o e s  n o t  p r o d u c e  a l a rge  amoun t  o f  waste. 
An E n v i r o n m e n t a l  C o m p l i a n c e  C o m m i t t e e  r e v i e w s  s t u d y  p r o t o c o l s ;  
t h e i r  p r i m a r y  e m p h a s i s  is  on e a r l y  p l a n n i n g  t o  m i n i m i z e  waste 
p r o d u c t i o n ;  a n d  s e c o n d a r i l y ,  on  a t t e m p t i n g  t o  r e c y c l e  o r  t r e a t  
t h e  waste, w h e n e v e r  p o s s i b l e ,  s o  t h a t  n o n e  i s  d i s c h a r g e d .  
M e a s u r e s  recommended by t h e  committee, a n d  t h e n  i m p l e m e n t e d  
i n c l u d e  h o u s e k e e p i n g  i m p r o v e m e n t s ,  a n d  t h e  i n i t i a t i o n  of waste 
s o l v e n t  r e c o v e r y  by d i s t i l l a t i o n .  

CASE S T U D Y  1 9  

D a l y - H e r r i n g  Company a l t e r e d  t h e i r  d u s t  c o l l e c t i o n  e q u i p m e n t  
o p e r a t i o n  s o  t h a t  waste s t reams,  c o n t a i n i n g  o r g a n i c  chemicals 
f r o m  v a r i o u s  p r o d u c t i o n  a r e a s ,  a r e  now c o l l e c t e d  s e p a r a t e l y ,  
r a t h e r  t h a n  mixed  i n  a s i n g l e  b a g h o u s e .  The c o l l e c t e d  mater ia ls  
a r e  n o  l o n g e r  c o n t a m i n a t e d  by a l t e r n a t e  waste streams, a n d  each 
ma te r i a l  i s  r e c y c l e d  back t o  t h e  process  where i t  o r i g i n a t e d .  
T h e  f i r m  h a s  e l i m i n a t e d  o v e r  $ 9 , 0 0 0  i n  a n n u a l  d i s p o s a l  c o s t s ,  a n d  
es t imates  t h a t  t h e  r e c o v e r e d  mater ia l  i s  wor th  more t h a n  $ 2 , 0 0 0  
p e r  y e a r .  

CASE S T U D Y  24 

The  S t a n a d y n e  Company u n d e r t o o k  a c o m p r e h e n s i v e  a n d  
s y s t e m a t i c  r e v i e w  of  t h e i r  e l e c t r o p l a t i n g  p r o c e s s e s  i n  o r d e r  t o  
r e d u c e  o r  e l i m i n a t e  waste g e n e r a t i o n .  They  a l s o  i n c o r p o r a t e d  
p o l l u t i o n  p r e v e n t i o n  g o a l s  i n  t h e i r  r e c e n t  p l a n t  e x p a n s i o n ,  
s e l e c t i n g  a new d e g r e a s e r  which h a s  s i g n i f i c a n t l y  lowered s o l v e n t  
c o s t s .  T h e  new u n i t  h a s  s e v e r a l  f e a t u r e s  which  h e l p  t o  lower 
s o l v e n t  r e q u i r e m e n t s  a n d  t o  p r e v e n t  s o l v e n t  l o s s e s .  
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CASE S T U D Y  27 

Deere a n d  Company r e d u c e d  i t s  h a z a r d o u s  waste by  80 p e r c e n t  
i n  volume a n d  by o v e r  99 p e r c e n t  i n  l e v e l  o f  r i s k  t h r o u g h  two k e y  
a c t i o n s :  

1 )  I m p l e m e n t a t i o n  of a c o m p r e h e n s i v e ,  h a z a r d o u s  waste 
management  i n i t i a t i v e  a t  each m a n u f a c t u r i n g  u n i t ,  

2 )  C o n s t r u c t i o n  o f  a n  o n - s i t e  f a c i l i t y  f o r  t r e a t i n g  
h a z a r d o u s  l i q u i d  waste. T h e  f a c i l i t y  reclaims waste o r g a n i c  o i l  
compounds  a n d  metals from p r o c e s s  water, a n d  p r o d u c e s  a 
n o n - h a z a r d o u s  s l u d g e .  T h e  r e c o v e r e d  o i l  i s  s o l d  t o  a n  o i l  
r e c y c l i n g  f i r m  o r  i s  r e u s e d  f o r  m a c h i n i n g  p r o c e s s e s .  

CASE STUDY 28 

Emerson  E l e c t r i c  Company h a s  made a s e r i e s  of  m o d i f i c a t i o n s  
w h i c h  h a v e  s i g n i f i c a n t l y  decreased o p e r a t i n g  c o s t s ;  i n c r e a s e d  
p r o d u c t i v i t y ;  r e d u c e d  s o l v e n t ,  p a i n t  s o l i d s ,  a n d  p l a t i n g  chemical  
c o s t s ;  c o n s e r v e d  e n e r g y ;  i m p r o v e d  p r o d u c t  q u a l i t y ;  p r o v i d e d  a 
s a fe r  w o r k i n g  e n v i r o n m e n t ;  a n d  c o n s e r v e d  raw mater ia l s .  S e v e r a l  
o f  t h e  i m p r o v e m e n t s  i n v o l v e d  t h e  p u r c h a s e  of  new e q u i p m e n t  w h i c h  
a l l o w e d  them t o  a u t o m a t e  t h e i r  e l e c t r o p l a t i n g  p rocess  a n d  t h e i r  
e n e r g y  management  s y s t e m .  C o n v e r s i o n  from a n  o r g a n i c  s o l v e n t -  
b a s e d  p a i n t  s y s t e m  t o  a w a t e r b o r n e  s y s t e m  r e d u c e d  p a i n t  s o l v e n t  
a n d  p a i n t  s l u d g e  l o s s e s  by 4 0  p e r c e n t .  

CASE S T U D Y  29 

S c o v i l l ,  I n c .  u s e s  1 , 1 ,  l - t r i c h l o r o e t h a n e  t o  degrease metal 
s t a m p i n g s  p r o d u c e d  i n  t h e i r  m a n u f a c t u r i n g  p r o c e s s .  S o l v e n t  
wastes a r e  c o l l e c t e d  i n  5 5 - g a l l o n  d rums  a n d  h o u s e d  i n  a s t o r a g e  
b u i l d i n g  d e s i g n e d  t o  c o n t a i n  s p i l l s ,  i f  t h e y  s h o u l d  o c c u r .  T h e  
drums a r e  p i c k e d  up by a company t h a t  d i s t i l l s  l , l , l -  
t r i c h l o r o e t h a n e  from t h e  wastes a n d  r e t u r n s  i t  t o  S c o v i l l  f o r  
r e u s e .  The r e c y c l e d  s o l v e n t  c o s t s  a b o u t  h a l f  as much as  t h e  
v i r g i n  material. T h e  company h a s  a l s o  e x p e r i m e n t e d  w i t h  mater ia l  
s u b s t i t u t i o n  of  water s o l u b l e  s y n t h e t i c  c l e a n e r s ;  t h e y  h a v e  
c o n s e q u e n t l y  r e d u c e d  t h e i r  u s e  of  o r g a n i c  s o l v e n t s  by 30 p e r c e n t .  
A management  i n i t i a t i v e ,  which  rewards i d e a s  from e m p l o y e e s  f o r  
waste r e d u c t i o n  a n d  c o s t  s a v i n g s  p r o j e c t s ,  is  a l s o  p a r t  of  
S c o v i l l ' s  p r o g r a m  f o r  p o l l u t i o n  p r e v e n t i o n .  
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CASE STUDY 35 

The Rexham Corporation facility in Matthews, North Carolina, 
laminates and coats specialized paper, film, and foil substrates 
for the photography industry. A management initiative to develop 
a comprehensive waste management plan for th e firm has resulted 
in several pollution prevention modifications. New housekeeping 
practices, which require the segregation of spent solvent by ink 
color and type, have resulted in almost complete reuse of liquid 
toluene. Toluene-laden vapors are collected by a carbon- 
adsorption-based, air pollution control system, and are sold f or 
use in the coatings industry. Off-site distillation of spent 
solvent mixtures has allowed reuse of methyl ethyl ketone solvent 
for washup operations. Methyl ethyl ketone vapors are removed 
from the air and incinerated for heat recovery. 

CASE STUDY 37 

Duke Power Company has an on-going program to phase out 
polychlorinated biphenyl (PCB) from their electrical distribution 
system. Organic chemical insulating fluid contaminated with PCBs 
is burned as a supplemental fuel for heat recovery at one of 
their steam-electric generating stations. The PCBs are totally 
destroyed, and the company has saved about $84,000 in hazardous 
waste disposal costs in each of the past few years. 

CASE STUDY 41 

The chemical and coordinate bond and adsorbtion system 
(CCBA) is a process for treating a municipal waste (raw sewage). 
The equipment design and operation is based on chemical processes 
rather then traditional biological d ec omp os i t i on and 
stabilization. Common clay, alum, and polyacrylic acid are added 
to the sewage influent. The chemical interaction of these 
compounds with the dissolved and solid sewage waste is effective 
in removing of 9 1  percent of the suspended solids, and 88 percent 
of the biological oxygen demand from the waste water. Remaining 
organics in the plant effluent are water-soluble and easily 
biodegradable. Sludge, resulting from the cleaning of the 
influent wastewater, is mixed with sufficient clay and then baked 
in a kiln to produce a lightweight aggregate suitable for reuse 
in the building industry. Additional processing of the treated 
wastewater permits significant removal of nutrient wastes. The 
processing facility is significantly less expensive to construct 
than conventional biological sewage treatment facilities, and is 
not sensitive to toxic constituents in the wastewater. An 
additional benefit accruing from this process is the ability to 
safely treat hazardous inorganic and organic chemicals in the 
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sewage s l u d g e  by i n c i n e r a t i n g  them a t  e l eva ted  t e m p e r a t u r e s ;  t h e  
r e s i d u e s  a re  s u b s e q u e n t l y  e n t r a i n e d  i n  a ceramic m a t r i x .  

CASE STUDY 42 

Chevron  U S A ,  I n c . ,  m a i n t a i n s  a p e t r o l e u m  p r o d u c t  w a r e h o u s e  
i n  L o u i s v i l l e ,  K e n t u c k y .  A s h i p p i n g - d r u m  r e c o n d i t i o n i n g  
f a c i l i t y ,  where u s e d  drums a re  c l e a n e d  a n d  r e p a i n t e d  f o r  r e u s e ,  
i s  o p e r a t e d  o n - s i t e .  P r i o r  c l e a n i n g  p r a c t i c e s  g e n e r a t e d  a 
c o m p l e x  h a z a r d o u s  waste stream, composed o f  c a u s t i c ,  o i l ,  water,  

h i g h - p r e s s u r e ,  h o t - w a t e r  c l e a n i n g  s y s t e m  was i n s t a l l e d  t o  r e p l a c e  
t h e  c a u s t i c  c l e a n i n g  s y s t e m .  The  new s y s t e m  i s  a c l o s e d - l o o p  
wastewater p r o c e s s  w h i c h  r e u s e s  t h e  f i l t e r e d  c l e a n i n g  water a n d  

s u b s t i t u t i o n  of  o i l - b a s e d  p a i n t s  w i t h  a wat-er-base p r o c e s s ,  u s i n g  
s t a t e - o f - t h e - a r t  o v e r s p r a y  f i l t r a t i o n  e q u i p m e n t ,  c o n s e r v e s  p a i n t  
a n d  e l i m i n a t e s  t h e  g e n e r a t i o n  of  h a z a r d o u s  waste p a i n t  r e s i d u e .  
T h e  t o t a l  s a v i n g s  t o  C h e v r o n  from t h e s e  two  m o d i f i c a t i o n s  exceed 
$ 8 0 , 0 0 0  p e r  yea r ,  a f t e r  t h e  3 - y e a r  p a y b a c k  p e r i o d .  

a n d  p a i n t  w h i c h  c o s t  Chevron  $ 5 0 , 0 0 0  p e r  year t o  manage .  A 

e n s u r e s  t h e  r e c y c l i n g  o f  o i l  c l e a n e d  f r o m  t h e  d rums .  A 

CASE STUDY 43 

A f i l m  d e v e l o p i n g  u n i t  a t  3M's E l e c t r o n i c s  P r o d u c t s  D i v i s i o n  

t r i c h l o r o e t h a n e .  I n  o r d e r  t o  r e c y c l e  t h e  s o l v e n t  a n d  t o  c o n t i n u e  
i n  c o m p l i a n c e  w i t h  p rocess  water d i s c h a r g e  r e g u l a t i o n s ,  3M 
i n s t a l l e d  a d e c a n t e r  s y s t e m  t h a t  p r o v i d e s  g r a v i t y  s e p a r a t i o n  of  
t h e  s o l v e n t  f r o m  t h e  water. T h i s  m o d i f i c a t i o n  s a v e d  t h e  company 
$ 1 2 , 0 0 0  i n  i t s  f i r s t  year  o f  o p e r a t i o n  by r e d u c i n g  t h e  amoun t  o f  
new s o l v e n t  a n d  makeup water r e q u i r e d  f o r  t h e  d e v e l o p i n g  u n i t .  

was d i s c h a r g i n g  wastewater c o n t a m i n a t e d  w i t h  l , l , l -  
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I n  t h i s  c h a p t e r ,  t h e  case s t u d i e s '  a b s t r a c t s  a r e  a r r a n g e d  
a c c o r d i n g  t o  t h e  p r o c e s s e s  u s e d  t o  a c h i e v e  t h e  m i n i m i z a t i o n  o r  
e l i m i n a t i o n  o f  a waste stream. 

T h i s  a r r a n g e m e n t  i l l u s t r a t e s  how t h e  p r o c e s s e s  e x a m i n e d  i n  
t h e s e  s t u d i e s  c a n  b e  u s e d  t o  r e d u c e  waste e c o n o m i c a l l y ,  i n  a 
v a r i e t y  o f  a p p l i c a t i o n s ,  a n d  i n  d i f f e r e n t  i n d u s t r i e s .  Making  t h e  
i n f o r m a t i o n  a v a i l a b l e  i n  t h i s  f o r m a t  s h o u l d  h e l p  i n d u s t r i a l i s t s  t o  
see  a p p l i c a t i o n s  f o r  t h e s e  p r o c e s s e s  t h a t  would  b e  a p p r o p r i a t e  i n  
t h e i r  own f a c i l i t i e s .  The ma te r i a l s  t o  which  t h e  p r o c e s s e s  a r e  
a p p l i e d  a r e  s i m i l a r l y  c r o s s - r e f e r e n c e d  i n  C h a p t e r  5 .  

T h e  c a t e g o r i e s  a r e  r e p r e s e n t a t i v e  o f  t h e  p r o c e s s  g r o u p i n g s  
which  were u n d e r l i n e d  as  key  w o r d s  a l o n g  w i t h  t h e  mater ia l  i n  t h e  
case s t u d i e s '  a b s t r a c t s  f r o m  C h a p t e r  4 .  I n  t h i s  c h a p t e r  o n l y  t h e  
ma te r i a l  i s  u n d e r l i n e d  t o  g i v e  t h e  a p p r o p r i a t e  c o n t e x t  f o r  each 
a b s t r a c t .  

I n  some cases ,  t h e  e n t i r e  p r o c e s s  c a t e g o r y  name is n o t  
i n c l u d e d  i n  t h e  a b s t r a c t ,  i n  o r d e r  t o  e n h a n c e  t h e  r e a d a b i l t y .  F o r  
e x a m p l e ,  r e u s e  o r  r e c o v e r y  i n d i c a t e s  t h e  c a t e g o r y :  r e c y c l i n g ,  
r e c o v e r y ,  -5iiTTreuse. 

The  process  c a t e g o r i e s  p r e s e n t l y  i n c l u d e d  i n  t h i s  compendium 
are:  

A D S O R P T I O N  

D I S T I L L A T I O N  

ELECTROLYTIC R E A C T I O N S  

EQUIPMENT DESIGN A N D  O P E R A T I O N  

FILTRATION 

HOUSEKEEPING 

INCINERATION/HEAT-ENERGY R E C O V E R Y  

I O N  E X C H A N G E  

L A N D  A P P L I C A T I O N  

M A N A G E M E N T  I N I T I A T I V E S  

MATERIALS S U B S T I T U T I O N  

R E C Y C L I N G ,  R E C O V E R Y ,  A N D  REUSE 
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CASE STUDY 35 

Rexham C o r p o r a t i o n  does  h i g h - t e c h n o l o g y  p r i n t i n g  a n d  c o a t i n g  
f o r  t h e  p h o t o g r a p h y  i n d u s t r y  a t  t h e i r  Mat thews ,  Nor th  C a r o l i n a ,  
f a c i l i t y  . The h a v e  i n s t a l l e d  a c a r b o n - a d s o r p t i o n - b a s e d ,  a i r  
p o l l u t i o n  c o n t r o l  s y s t e m  which  c a p t u r e s  v a p o r s  from o i l -based  
s o l v e n t s .  The reclaimed s o l v e n t  i s  t h e n  s o l d  f o r  u s e  i n  t h e  
c o a t i n g s  i n d u s t r y .  The r e c o v e r y  s y s t e m  h a s  s i g n i f i c a n t l y  r e d u c e d  
e m i s s i o n s ,  a n d  h a s  a l lowed  t h e  company t o  e x p a n d  w i t h o u t  e x c e e d i n g  
a i r  p o l l u t i o n  limits. 
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CASE S T U D Y  9 

Rexham C o r p o r a t i o n  m a n u f a c t u r e s  a n d  p r i n t s  p r o d u c t  l a b e l s  a t  
t h e i r  G r e e n s b o r o ,  Nor th  C a r o l i n a ,  p l a n t .  They  h a v e  i n s t a l l e d  a 
d i s t i l l a t i o n  u n i t  t o  r e c e i v e  a s o l v e n t  b l e n d  o f  n o r m a l  p r o p y l  
a l c o h o l  a n d  n o r m a l  p r o p y l  a ce t a t e .  T o t a l  c o s t  f o r  t h e  
d i s t i l l a t i o n  u n i t  a n d  f o r  t h e  s t r u c t u r a l  m o d i f i c a t i o n s  was 
a p p r o x i m a t e l y  $ 1 6 , 0 0 0 .  The u n i t  r e c o v e r s  85 p e r c e n t  o f  t h e  
s o l v e n t  i n  t h e  waste stream, r e s u l t i n g  i n  a n n u a l  s a v i n g s  of  
$ 1 5 , 0 0 0  i n  v i r g i n  s o l v e n t  c o s t s ,  a n d  of  $ 2 2 , 8 0 0  i n  h a z a r d o u s  waste 
d i s p o s a l  c o s t s .  The reclaimed a l c o h o l / a c e t a t e  m i x t u r e  i s  
r e b l e n d e d  w i t h  v i r g i n  mater ia ls  t o  p r o v i d e  t h e  r e q u i r e d  
c o m p o s i t i o n  f o r  new b a t c h e s  a n d  f o r  c l e a n u p  u s e .  Rexham p l a n s  t o  
a d d  a f u r t h e r  d i s t i l l a t i o n  u n i t  i n  o rde r  t o  recover  t h e  r e m a i n i n g  
15 p e r c e n t  of  t h e  s o l v e n t s  i n  s l u d g e  wastes. 

CASE STUDY 13 

Amer ican  Enka  i s  a n y l o n  y a r n  p r o d u c t i o n  a n d  research  
f a c i l i t y .  They h a v e  f o u n d  i t  e c o n o m i c a l l y  p r o f i t a b l e  a n d  
e n v i r o n m e n t a l l y  s o u n d  t o  r e c y c l e  t h i e r  waste i s o p r o p y l  a l c o h o l  
s o l v e n t  i n - h o u s e ,  r a t h e r  t h a n  h a v i n g  i t  r e c y c l e d  by a n  o u t s i d e  
f i r m .  They p u r c h a s e d  a u s e d  d i s t i l l a t i o n  u n i t ,  a n d ,  w i t h  
a p p r o p r i a t e  m o d i f i c a t i o n s ,  A m e r i c a n  Enka  i s  now s a v i n g  $ 9 0 , 0 0 0  p e r  
y e a r .  They  h a v e  a l s o  b e e n  a b l e  t o  r e u s e  t h e  s t i l l  bot tom r e s i d u e s  
as  a n  a s p h a l t  e m u l s i f i e r  i n  a n o t h e r  p r o d u c t  l i n e .  

CASE S T U D Y  18  

I C 1  Americas, I n c . ,  ope ra t e s  a n  a g r i c u l t u r a l  chemical 
research a n d  d e v e l o p m e n t  l a b  i n  G o l d s b o r o ,  N o r t h  C a r o l i n a .  As a 
r e s e a r c h  f a c i l i t y ,  i t  does  n o t  p r o d u c e  a l a r g e  amoun t  of waste. A 
management  i n i t i a t i v e ,  u n d e r t a k e n  i n  1 9 8 1 ,  formed a n  E n v i r o n m e n t a l  
C o m p l i a n c e  Committee t o  r e v i e w  i s s u e s  a n d  a c t i v i t i e s  a t  IC1 t h a t  
a f f e c t  t h e  e n v i r o n m e n t .  The Commit tee 's  p r i m a r y  e m p h a s i s  is on 
e a r l y  p l a n n i n g  t o  m i n i m i z e  waste p r o d u c t i o n ;  a n d ,  s e c o n d a r i l y ,  on  
a t t e m p t i n g  t o  r e c y c l e  o r  t r e a t  t h e  waste, w h e n e v e r  p o s s i b l e ,  s o  
t h a t  n o n e  i s  d i s c h a r g e d .  M e a s u r e s  recommended by  t h e  committee, 
a n d  t h e n  i m p l e m e n t e d  i n c l u d e :  h o u s e k e e p i n g  i m p r o v e m e n t s ,  a n d  t h e  
i n i t i a t i o n  of waste s o l v e n t  r e c o v e r y  by d i s t i l l a t i o n .  The 
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Committee's recommendations saved the company an estimated $37,000 
in waste disposal costs in 1984. 

CASE STUDY 29 

Scovill uses l,l,l-trichloroethane solvent to degrease metal 
stampings produced in their manufacturing process. Waste solvent 
is collected in 55-gallon drums and housed in a storage building 
designed to contain spills, should they occur. The drums are 
picked up by a company that distills the solvent from the waste 
and returns it to Scovill for reuse. The recycled solvent costs 
about half as much as virgn solvent. 

CASE STUDY 35 

Rexham Corporation does high-technology printing and coating 
for the photography industry at their Matthews, North Carolina, 
facility. Off-site distillation of spent solvent mixtures has 
allowed reuse of methyl-ethyl ketone solvent for washup 
operat ions. 
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CASE STUDY 2 

C l imax  Molybdenum m i l l s  o r e  f o r  t h e  p r o d u c t i o n  of 
molybdenum. I n  o r d e r  t o  r e d u c e  t h e  amoun t  o f  water t h a t  had  t o  
be t r e a t e d  b e f o r e  d i s c h a r g e  a n d  t o  r e c o v e r  t h e  s o l u b l e  molybdenum 
from t h e  t a i l i n g s  stream, Cl imax  Molybdenum Company s t u d i e d  t h e  
n a t u r a l  d r a i n a g e  s y s t e m  s u r r o u n d i n g  t h e  t a i l i n g  impoundment  area.  
They t h e n  i n s t a l l e d  i n t e r c e p t o r  c a n a l s  t o  c h a n n e l  u p s t r e a m  r u n o f f  
waters from a r o u n d  t h e  t a i l i n g  s y s t e m  i n t o  n a t u r a l  streams. The 
t a i l i n g s  r u n o f f  water i s  p a s s e d  t h r o u g h  a c o u n t e r c u r r e n t  i o n  
e x c h a n g e  u n i t  i n  o r d e r  t o  r emove  t h e  molybdenum, w h i c h  is 
r e c o v e r e d  a n d  s o l d .  O t h e r  h e a v y - m e t a l  s e p a r a t i o n  f r o m  p r o c e s s  
water i s  a c c o m p l i s h e d  by  t h e  S w i f t  L e c t r o  Clear p r o c e s s ,  which  
r emoves  o v e r  9 0  p e r c e n t  o f  t h e  i r o n ,  m a n g a n e s e ,  z i n c ,  a n d  c o p p e r  
f r o m  t h e  t a i l i n g s  stream by a c o a g u l a t i v e  e l e c t r o l y t i c  p rocess .  
C y a n i d e ,  u s e d  as  a c o p p e r  d e p r e s s a n t  i n  t h e  r e g r i n d  p l a n t ,  i s  
9 6 - p e r c e n t  r emoved .  

CASE S T U D Y  25 

E l k h a r t  P r o d u c t s ,  I n c . ,  m a n u f a c t u r e s  p i p e  f i t t i n g s .  Under  
t h e  g u i d a n c e  o f  Lancy  I n t e r n a t i o n a l ,  t h e y  have  m o d i f i e d  t h e i r  
b r i g h t - d i p p i n g  a n d  p a s s i v a t i n g - l i n e  wastewater t r e a t m e n t  s y s t e m .  
I t  was r ep laced  w i t h  a newly  d e v e l o p e d  p i c k l i n g  p r o c e s s  t h a t  
u s e s  s u l f u r i c  ac id  a n d  a p r o p r i e t a r y ,  s t a b i l i z e d  h y d r o g e n  
p e r o x i d e .  By m o d i f y i n g  t h e  e q u i p m e n t  o p e r a t i o n ,  E l k h a r t  was a b l e  
t o  remove  a c y a n i d e  d i p  a n d  c h r o m i c  a c i d  d i p  from t h e  p r o c e s s  
l i n e .  They  a l s o  r e c o v e r  metal w i t h  a n  e l e c t r o l y t i c  c e l l ,  w h i c h  
c u r r e n t l y  r e c o v e r s  c o p p e r  a t  t h e  r a t e  o f  1 , 0 0 0  t o  1 , 5 0 0  p o u n d s  p e r  
month.  

CASE STUDY 30 

GTE m a n u f a c t u r e s  e l e c t r o n i c  t e l e p h o n e  s w i t c h i n g  e q u i p m e n t .  
Wi th  s t r i c t e r  r e g u l a t i o n s  c o n c e r n i n g  c o p p e r  e f f l u e n t s  s o o n  t o  be  
e n f o r c e d ,  G T E ,  a i d e d  by Lancy  I n t e r n a t i o n a l ,  d e c i d e d  t o  m o d i f y  t h e  
t r e a t m e n t  of  p r o c e s s  water from t h e i r  c o p p e r - e t c h i n g  r i n s e  stream 
b y  i n s t a l l i n g  a n  e l e c t r o l y t i c  m e t a l - r e c o v e r y  c e l l .  The 
e l e c t r o l y t i c  c e l l  i s  p a r t  o f  a c l o s e d - l o o p  s y s t e m  t h a t  f o l l o w s  
t h e  e t c h i n g  o p e r a t i o n s  o n  t h e  E l e c t r o l e s s  c o p p e r - p l a t i n g  l i n e .  
T h e  c e l l  was i n s t a l l e d  d o w n s t r e a m  f r o m  t h e  r i n s e  t a n k ,  where it  
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r e c o v e r s  c o p p e r  t h a t  would  h a v e  e n d e d  up as a l a n d f i l l e d  s l u d g e .  
Af t e r  t h e  c o p p e r  i o n s  a re  removed ,  t h e  r i n s e  water i s  r e c i r c u l a t e  
b a c k  t o  t h e  r i n s e  t a n k .  T h e  c o p p e r  i s  p e r - i o d i c a l l y  removed from 
t h e  c e l l ' s  c a t h o d e  a n d  s o l d  as  No. 1 c o p p e r  scrap.  I n  i t s  f i r s t  
y e a r  o f  o p e r a t i o n ,  t h i s  s y s t e m  p r o d u c e d  $ 2 , 0 0 0  f r o m  t h e  s a l e  of  
r e c y c l e d  c o p p e r  s c r a p ,  a n d  s a v e d  $ 4 , 0 0 0  i n  a v o i d e d  waste d i s p o s a l  
c o s t s .  

CASE STUDY 33 

D i g i t a l  E q u i p m e n t  C o r p o r ' a t i o n ' s  new, p r i n t e d  w i r i n g  b o a r d  
m a n u f a c t u r i n g  o p e r a t i o n  i n c l u d e s  s e v e r a l  r e s o u r c e  c o n s e r v a t i o n  a n d  
r e c o v e r y  m e t h o d s  i n  i t s  Drocess water t r e a t m e n t  system. T h e  " 

s y s t e m ,  d e s i g n e d  by  Lancy  i n c l u d e s  r e c o v e r y  
c t r o l y  t i c  b y  e l e c t r o l y t i c  c e l l  a n  i o n .  Th 

r e a c t i o n  r e c o v e r s  92  p e r c e n t  o f  t h e  d i s s o l v e d  c o p p e r  f r o m  d r a g o u t  
r i n s e s .  

CASE S T U D Y  34 

Modine  p repa res  brass  p a r t s  f o r  r a d i a t o r s  by d i p p i n g  them i n  
a s e r i e s  of  chemical s o l u t i o n s .  T h e  h y d r o g e n  p e r o x i d e / s u l f u r i c  
a c i d  b r i g h t  d i p  was c a u s i n g  them s e v e r a l  p r o b l e m s ,  i n c l u d i n g  t h e  
b u i l d u p  o f  c o p p e r  s u l f a t e  p e n t a h y d r a t e  c r y s t a l s  t h a t  were t h e n  
d e p o s i t e d  i n  a h a z a r d o u s  waste l a n d f i l l .  There was, i n  a d d i t i o n ,  
a s i g n i f i c a n t  d r a g o u t  of c o p p e r  i o n s  i n t o  t h e  s u b s e q u e n t  r i n s e  
t a n k s .  Rather t h a n  i n c u r  t h e  i n i t i a l  a n d  l o n g - t e r m  l a n d f i l l i n g  
c o s t s  f o r  t h e  h a z a r d o u s  wastes, Modine  e l e c t e d  t o  e l i m i n a t e  t h e  
f o r m a t i o n  o f  t h e  c r y s t a l s  by c o n t i n u o u s l y  r e c i r c u l a t i n g  t h e  
h y d r o g e n  p e r o x i d e / s u l f u r i c  a c i d  b r i g h t  d i p  s o l u t i o n  t h r o u g h  a n  i o n  
e x c h a n g e  co lumn.  The co lumn s e l e c t i v e l y  r e m o v e s  t h e  metal. The 
p u r i f i e d  d i p  s o l u t i o n  is  r e c y c l e d  t o  t h e  b a t h .  Once t h e  i o n  
e x c h a n g e  r e s i n  becomes s a t u r a t e d ,  t h e  c o p p e r  i o n s  a r e  e x c h a n g e d  
a g a i n  i n  t h e  r e g e n e r a t i o n  p r o c e s s ,  a n d  a r e  s u b j e c t e d  t o  a n  
e l e c t r o l y t i c  r e a c t i o n  t o  r emove  them from t h e  s o l u t i o n .  T h e  
p l a t e d  c o p p e r  is s o l d  a s  No. 1 c o p p e r  sc rap .  

CASE S T U D Y  44 

PCA I n t e r n a t i o n a l  i s  a c o l o r  p o r t r a i t  p r o c e s s i n g  company.  An 
e l e c t r o l y t i c  metal  s y s t e m  i s  u s e d  t o  r e c o v e r  s i l v e r  f r o m  c o l o r  
negat ive-f i lm-ing s o l u t i o n s  a n d  from t h e  p a p e r  b l e a c h - f i x  
s o l u t i o n s .  The s i l v e r  r ecove ry  s y s t e m  a l l o w s  r e u s e  o f  t h e  f i l m  
f i x e r ,  a n d  t h e  s i l v e r  c h i p  o b t a i n e d  is  a b o u t  9 6 - p e r c e n t  p u r e .  
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CASE STUDY 45 

A m e r i c a n  F o t o k e m i ,  I n c . ,  e s t a b l i s h e d  a c e n t r a l  p r o c e s s i n g  
p l a n t  f o r  r e c o v e r i n g  s i l v e r  from f i l m s  a n d  s p e n t  f i x e r  s o l u t i o n s  
u s e d  i n  f i l m  p r o c e s s i n g .  C o n v e n t i o n a l  a p p r o a c h e s  t o  s i l v e r  
r e c o v e r y  i n  t h e  f i l m  p r o c e s s i n g  i n d u s t r y  h a v e  loca t ed  c a n i s t e r  a n d  
e l e c t r o l y t i c  r e c o v e r y  e q u i p m e n t  a t  each i n d i v i d u a l  f i l m - p r o c e s s i n g  
s i t e .  T h i s  d e c e n t r a l i z e d  a p p r o a c h  r e s u l t s  i n  a l e s s  t h a n  o p t i m a l  
r e c o v e r y  o f  s i l v e r .  A m e r i c a n  F o t o k e m i  h a s  d e v e l o p e d  chemical 
t r e a t m e n t  p r o c e s s e s ,  u s e d  i n  c o n j u n c t i o n  w i t h  e l e c t r o l y t i c  
r e c o v e r y ,  t h a t  i n c r e a s e  s i l v e r  r e c o v e r y  t o  n e a r l y  1 0 0  p e r c e n t  -- 
a n  i n c r e a s e  of  10 t o  15 p e r c e n t  f r o m  t h a t  a c h i e v e d  by 
c o n v e n t i o n a l ,  d e c e n t r a l i z e d  t e c h n o l o g y .  F u r t h e r m o r e ,  o t h e r  t o x i c  
metals,  which  wou ld  o t h e r w i s e  be d i s c h a r g e d  as  p o l l u t a n t s  by t h e  
small, i n d e p e n d e n t  s i l v e r - r e c o v e r y  o p e r a t i o n s ,  a r e  a l s o  r e c o v e r e d .  
T h e  h i g h  e f f i c i e n c y  of  t h i s  c e n t r a l i z e d  r e c o v e r y  method h a s  
i n c r e a s e d  t h e  d o l l a r / s i l v e r  r e t u r n  f o r  e v e r y o n e  who h a s  c o n v e r t e d  
t o  i t  from i n - h o u s e  c a n i s t e r  a n d / o r  c o n v e n t i o n a l  e l e c t r o p l a t i n g  
r e c o v e r y .  
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C A S E  S T U D Y  3 

C a l i f o r n i a  C a n n e r s  a n d  G r o w e r s  ( C C G )  c a n s  p r o d u c e .  They  
p r e v i o u s l y  o p e r a t e d  t h e i r  a t m o s p h e r i c  c o o k e r s  o n e - h a l f  t o  two- 
t h i r d s  f u l l  o f  water. Any steam t h a t  d i d  n o t  c o n d e n s e  i n  t h e  
water escaped t h r o u g h  t h e  c a n  i n - f e e d  a n d  d i s c h a r g e  p o r t s  a n d  was 
wasted. To u t i l i z e  t h i s  wasted f o o d - p r o c e s s i n g  e n e r g y ,  C C G ,  
a i d e d  by  Pardee E n g i n e e r i n g ,  d e v i s e d  a m o d i f i c a t i o n  t o  t h e  
e x i s t i n g  e q u i p m e n t  d e s i g n  w h i c h  a l l o w e d  t h e  r e t e n t i o n  of  steam i n  
t h e  c o o k e r .  T h e y  a l s o  removed t h e  water i n  t h e  c o o k e r  s o  t h a t  
t h e  steam now c o n d e n s e s  d i r e c t l y  on  t h e  c a n s .  T h i s  has r e s u l t e d  
i n  c o n s i d e r a b l e  e n e r g y ,  water, a n d  l a b o r  s a v i n g s .  

CASE S T U D Y  6 

Hampshi re  H o s i e r y  m a n u f a c t u r e s  women's p a n t y h o s e .  They  
rep laced  a n  e x i s t i n g  o i l - f i r e d  b o i l e r  s y s t e m  f o r  steam g e n e r a t i o n  
w i t h  a w o o d - f i r e d  s y s t e m  capable  o f  u s i n g  s a w d u s t  f rom n e a r b y  
l u m b e r m i l l s  as f u e l .  The new b o i l e r  o p e r a t i o n  s a v e s  t h e  firm 
$200,000 p e r  year .  

CASE S T U D Y  10 

Exxon Chemical i n s t a l l e d  f l o a t i n g  roofs o v e r  i t s  t a n k s  o f  
v o l a t i l e  s o l v e n t .  T h i s  h a s  p r e v e n t e d  t h e  loss of  more  t h a n  $1.5 
m i l l i o n  of  s o l v e n t s .  C o n c u r r e n t l y ,  t h e y  i n s t a l l e d  
c o n s e r v a t i o n  v e n t s  on  t h e  p l a n t ' s  l a r g e  h y d r o c a r b o n  t a n k s ,  w h i c h  
r e d u c e d  a i r  e m i s s i o n s  from t h e  t a n k s  by  30 t o  75 p e r c e n t .  I n  
a d d i t i o n  t o  r e d u c i n g  a i r  p o l l u t i o n ,  t h e s e  two e q u i p m e n t  d e s i g n  
m o d i f i c a t i o n s  h a v e  c o n s e r v e d  a s i g n i f i c a n t  amount  o f  r e s o u r c e s .  A 
management  i n i t i a t i v e  c rea ted  a s t e w a r d s h i p  p r o g r a m  t o  r e d u c e  
f l u c t u a t i o n s  i n  t h e  wastewater t r e a t m e n t  s y s t e m .  S a m p l i n g  
s t a t i o n s  were e s t a b l i s h e d  t o  m o n i t o r  c o n c e n t r a t i o n s  o f  o r g a n i c  
chemicals ;  a s  a r e s u l t ,  o p e r a t o r s  c a n  t r a c e  a n y  f l u c t u a t i o n s  t o  
t h e i r  o r i g i n  a n d  q u i c k l y  remedy t h e  p r o b l e m .  The  i n f o r m a t i o n  
g a i n e d  f r o m  t h e  m o n i t o r i n g  i s  a l s o  u s e d  t o  c h a r g e  each p r o c e s s  
w i t h  a p o r t i o n  o f  t h e  c o s t s  of  t h e  wastewater t r e a t m e n t  s y s t e m ,  
a n d  t o  s e t  t a r g e t s  f o r  waste r e d u c t i o n  f o r  each p r o c e s s .  T h i s  
p r o g r a m  r e s u l t e d  i n  a 7 5 - p e r c e n t  r e d u c t i o n  i n  t h e  q u a n t i t y  o f  
o r g a n i c  wastes e n t e r i n g  t h e  wastewater t r e a t m e n t  p l a n t .  
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CASE STUDY 12  

B o r d e n  Chemical Company r e d u c e d  t h e  amoun t  of  o r g a n i c  p h e n o l  
r e s i n s  t h e y  d i s c h a r g e d  by 9 5  p e r c e n t ,  m a i n l y  t h r e e  
p r o c e s s  m o d i f i c a t i o n s :  

1 )  P h e n o l i c  r e s i n s  a r e  p a s s e d  t h r o u g h  a f i l t r a t i o n  p r o c e s s  
t h a t  r e m o v e s  t h e  l a r g e  r e s i n o u s  p a r t i c l e s .  P r e v i o u s l y ,  t h e  
f i l t e r e d  mater ia l s  were d i s p o s e d  of  by r i n s i n g  t h e m  i n t o  t h e  
wastewater t r e a t m e n t  s y s t e m .  They  a r e  now r i n s e d  i n t o  l a r g e  
t a n k s  a n d  r ecyc led  i n t o  t h e  p r o c e s s  as raw mater ia l .  

2 )  R e a c t o r  ves se l s  were c l e a n e d  by f i l l i n g  them w i t h  water. 
T h i s  p r o d u c e d  a l a r g e  amoun t  o f  p h e n o l i c  r e s i n  waste t h a t  h a d  t o  
b e  p rocessed  t h r o u g h  t h e  wastewater t r e a t m e n t  s y s t e m .  N e w  
e q u i p m e n t  o p e r a t i o n  p r o c e d u r e  h a s  r e d u c e d  t h e  i n i t i a l  r i n s e  t o  
o n l y  5 p e r c e n t  of  t h e  p r e v i o u s  v o l u m e ,  r e s u l t i n g  i n  a more 
c o n c e n t r a t e d  s o l u t i o n  of p h e n o l i c  r e s i n s .  T h i s  s o l u t i o n  is  s t o r e d  
a n d  r e c y c l e d  i n t o  t h e  p r o c e s s  l i n e  as a raw ma te r i a l .  T h e  r e a c t o r  
v e s s e l s  a r e  t h e n  r i n s e d  a s e c o n d  time. T h e  waste stream from t h i s  
r i n s e  c o n t a i n s  a low c o n c e n t r a t i o n  of p h e n o l i c  r e s i n s .  

3 )  The B o r d e n  Company has  made employees aware t h a t  small  
a m o u n t s  of chemical waste c a n  s t r o n g l y  a f f e c t  o v e r a l l  waste 
g e n e r a t i o n .  A s  a r e s u l t ,  management  a n d  workers  h a v e  i d e n t i f i e d  
w a y s  o f  r e d u c i n g  wastes.  

CASE STUDY 1 4  

R i k e r  L a b o r a t o r i e s  was c o a t i n g  m e d i c i n e  t a b l e t s ,  u s i n g  
s e v e r a l  o r g a n i c  s o l v e n t s .  C o n s e q u e n t l y ,  t h e y  h a d  t h e  p o t e n t i a l  
f o r  e x c e e d i n g  a i r  p o l l u t i o n  limits s e t  by a new, C a l i f o r n i a  
e n v i r o n m e n t a l  r e g u l a t i o n .  A water-based s o l v e n t  was d e v e l o p e d  t o  
r ep lace  t h e  o r g a n i c  s o l v e n t ,  a n d  d i f f e r e n t  s p r a y  e q u i p m e n t  was 
i n s t a l l e d  i n  o r d e r  t o  h a n d l e  t h e  new s o l v e n t .  T h i s  c o m b i n a t i o n  of 
r e s o u r c e  s u b s t i t u t i o n  o f  t h e  water-based s o l v e n t  f o r  t h e  o r g a n i c  
s o l v e n t ,  a n d  o f  e q u i p m e n t  d e s i g n  m o d i f i c a t i o n  s a v e s  $15 ,000  p e r  
y e a r  i n  s o l v e n t  c o s t s ,  a n d  p r e v e n t s  t h e  p r o d u c t i o n  of 2 4  t o n s  of  
a i r  p o l l u t i o n  p e r  y e a r ,  S u b s e q u e n t l y ,  t h e  company d e t e r m i n e d  t h a t  
$ 1 8 0 , 0 0 0  i n  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  f o r  o r g a n i c  s o l v e n t  v a p o r s  
was no  l o n g e r  r e q u i r e d .  

- 

CASE STUDY 16 

USS Chemica ls  h a s  r e d u c e d  t h e  o r g a n i c  chemical e m i s s i o n s  from 
t h e i r  p h e n o l  m a n u f a c t u r i n g  p r o c e s s e s  by a s e r i e s  of  e q u i p m e n t  
d e s i g n  m o d i f i c a t i o n s  i n c l u d i n g :  
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1 )  Adding  a r e f r i g e r a t e d  c o n d e n s e r  u n i t ,  i n  c o m b i n a t i o n  w i t h  
a r e s i n  a d s o r p t i o n  s y s t e m ,  a t  a c o s t  o f  $ 5 9 0 0 0 .  T h i s  r e d u c e d  
e m i s s i o n s  by  80 p e r c e n t ,  a n d  saves  2 3 7 , 0 0 0  pound  of cumene p e r  
y e a r .  The  cumene s a v i n g s  i s  wor th  $ 6 0 , 0 0 0  p e r  y e a r .  

2 )  Adding  a scrap  c o n d e n s e r  t h a t  r e t u r n s  t h e  e m i s s i o n s  t o  
t h e  p r o c e s s .  T h i s  s a v e d  4 0 0 , 0 0 0  pound o f  cumene ,  w o r t h  $ 1 0 0 , 0 0 0 ,  
i n  i t s  f i r s t  y e a r  o f  o p e r a t i o n .  

3 )  Adding  f l o a t i n g  r o o f s  t o  a c e t o n e  s t o r a g e  t a n k s ,  a n d  a n  
a d s o r b e r  u n i t  f o r  a c e t o n e  r e c o v e r y .  

M o d i f i c a t i o n  #2 a r o s e  f r o m  e m p l o y e e  i d e a s  s u b m i t t e d  t o  t h e  
USS Chemicals '  " S u g g e s t i o n s  f o r  C o s t  R e d u c t i o n * '  (SCORE) e SCORE is 
a management  i n i t i a t i v e  w h i c h  p r o v i d e s  p l a n t  e m p l o y e e s  w i t h  a 
d i r e c t  f i n a n c i a l  i n c e n t i v e  f o r  i d e n t i f y i n g  c o s t - c u t t i n g  p r a c t i c e s ;  
t h e  p r o g r a m  rewards them w i t h  a p e r c e n t a g e  of  t h e  s a v i n g s  t h a t  
h a v e  r e s u l t e d  f r o m  t h e  i m p l e m e n t a t i o n  of  th 'e i r  i deas .  E m p l o y e e s  
h a v e  r e c e i v e d  a t o t a l  o f  $ 7 0 , 0 0 0  f o r  s u c c e s s f u l  s u g g e s t i o n s  t h a t  
h a v e  s a v e d  t h e  f i rm  $ 5 0 0 , 0 0 0  i n  c o s t s .  

CASE STUDY 1 9  

Da l y  -Her r i n g  Company ma nu f ac  t u  r es  p e s t i c i d e s  a n d  
i n s e c t i c i d e s ,  They a l t e r e d  t h e i r  d u s t  c o l l e c t i o n  e q u i p m e n t  s o  
t h a t  waste s t reams coming  f rom v a r i o u s  p r o d u c t i o n  a r e a s  a re  now 
c o l l e c t e d  s e p a r a t e l y ,  r a t h e r  t h a n  m i x e d  i n  a s i n g l e  b a g h o u s e .  Th 
c o l l e c t e d  m a t e r i a l s  a r e  no  l o n g e r  c o n t a m i n a t e d  by a l t e r n a t e  waste 
s t reams,  a n d  e a c h  ma te r i a l  i s  r e c y c l e d  b a c k  t o  t h e  p r o c e s s  w h e r e  
i t  o r i g i n a t e d .  The  f i r m  h a s  e l i m i n a t e d  o v e r  $ 9 , 0 0 0  i n  a n n u a l  
d i s p o s a l  c o s t s ,  a n d  e s t ima tes  t h a t  t h e  r e c o v e r e d  ma te r i a l  i s  wort  
more t h a n  $ 2 , 0 0 0  p e r  y e a r .  

CASE STUDY 24 

S t a n a d y n e ,  I n c .  , m a n u f a c t u r e s  p l u m b i n g  p r o d u c t s  t h a t  r e q u i r e  
c l e a n i n g  a n d  e l e c t r o p l a t i n g  o p e r a t i o n s  w h i c h  g e n e r a t e  h a z a r d o u s  
wastes. A s  p a r t  o f  a c o m p r e h e n s i v e  r e v i e w  of t h e i r  p r o c e s s e s  
u n d e r t a k e n  t o  r e d u c e  o r  e l i m i n a t e  waste p r o d u c t i o n ,  s e v e r a l  
e q u i p m e n t  d e s i g n  a n d  o p e r a t i o n  m o d i f i c a t i o n s  were made. T h e  
company f o u n d  t h e y  c o u l d  o p e r a t e  t h e i r  c o p p e r -  a n d  ch rome-  
e l e c t r o p l a t i n g  b a t h  e q u i p m e n t  a t  a l o w e r  c y a n i d e  c o n c e n t r a t i o n ,  
s a v i n g  b o t h  raw mater ia l  a n d  s l u d g e  h a n d l i n g  c o s t s .  O t h e r  
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c h a n g e s  r e d u c e d  d r a g o u t  v o l u m e s  a n d  rack r e c o a t i n g  c o s t s ,  w h i l e  
a l s o  i m p r o v i n g  p l a t i n g  e f f i c i e n c y .  T a n k s  were i n s t a l l e d ,  b e f o r e  
t h e  r i n s i n g  o p e r a t i o n ,  t o  r e c y c l e  v a l u a b l e  metals b a c k  t o  t h e  
p l a t i n g  b a t h s .  A c h a n g e  i n  t h e  o p e r a t i o  p l a t i n g  b a t h  
f i l t r a t i o n  e q u i p m e n t  d r a s t i c a l l y  r e d u c e d  s o l u t i o n  l o s s e s ,  a n d  
r e s u l t e d  i n  a 9 3 - p e r c e n t  c o s t  r e d u c t i o n  i n  f i l t e r  m e d i a .  A f i l t e r  
p ress  o p e r a t i o n  f o r  s l u d g e  d e w a t e r i n g  h a s  m i n i m i z e d  t h e  c o s t  o f  
s l u d g e  t r a n s p o r t  a n d  d i s p o s a l .  A new wastewater f i l t r a t i o n  s y s t e m  
h a s  i m p r o v e d  t h e  q u a l i t y  o f  t r e a t e d  p r o c e s s  water.  

CASE STUDY 25 

E l k h a r t  P r o d u c t s ,  I n c . ,  m a n u f a c t u r e s  p i p e  f i t t i n g s .  Under  
t h e  g u i d a n c e  o f  Lancy  I n t e r n a t i o n a l ,  t h e y  h a v e  m o d i f i e d  t h e i r  
b r i g h t - d i p p i n g  a n d  p a s s i v a t i n g - l i n e  wastewater t r e a t m e n t  s y s t e m .  
I t  was r e p l a c e d  w i t h  a newly  d e v e l o p e d  p i c k l i n g  p r o c e s s  t h a t  
u ses  s u l f u r i c  a c i d  a n d  a p r o p r i e t a r y ,  s t a b i l i z e d  h y d r o g e n  
p e r o x i d e .  By m o d i f y i n g  t h e  e q u i p m e n t  o p e r a t i o n ,  E l k h a r t  was a b l e  
t o  remove  a c y a n i d e  d i p  a n d  c h r o m i c  a c i d  d i p  from t h e  p r o c e s s  
l i n e .  T h e y  a l s o  recover metal w i t h  a n  e l e c t r o l y t i c  c e l l  w h i c h  
recovers  c o p p e r  a t  t h e  r a t e  , 0 0 0  t o  1 , 5 0 0  p o u n d s  p e r  mon th .  

CASE S T U D Y  26 

P i o n e e r  was u s i n g  a s i n g l e - p a s s  s y s t e m  t o  t r e a t  t h e i r  
p l a t i n g  wastewaters. B e c a u s e  t h e  s y s t e m  h a d  no  l a r g e  e n d - t a n k  t o  
c o r r e c t  m i n o r  u p s e t s  i n  t h e  s y s t e m ,  c o n c e n t r a t i o n s  o f  metals a n d  
o t h e r  i n o r g a n i c  c h e m i c a l s  i n  t h e  e f f l u e n t  r e g u l a r l y  e x c e e d e d  
water q u a l i t y  r e g u l a t i o n s .  T h e  e f f l u e n t s  were k i l l i n g  many 
s p e c i e s  o f  p l a n t s  a n d  a n i m a l s  i n  t h e  r e c e i v i n g  marsh.  P i o n e e r  
s o l v e d  t h i s  p r o b l e m  by r e m o v i n g  t h e  o l d ,  s i n g l e - p a s s  p r o c e s s  water  
t r e a t m e n t  s y s t e m  a n d  i n s t a l l i n g  a c l o s e d - l o o p  b a t c h  s y s t e m  
m a n u f a c t u r e d  by Z e r p o l .  A s  a r e s u l t  o f  t h e  new e q u i p m e n t  d e s i g n ,  
t h e  company now u s e s  o n l y  500  g a l l o n s  of  water p e r  d a y  (makeup  
d u e  t o  e v a p o r a t i o n ) ,  r a t h e r  t h e n  t h e  p r e v i o u s  1 2 , 0 0 0  g a l l o n s  p e r  
d a y ,  a n d  h a s  e x p e r i e n c e d  a 2 0 - p e r c e n t  r e d u c t i o n  i n  t h e  amoun t  o f  
s l u d g e  p r o d u c e d .  P l a n s  a r e  b e i n g  made t o  s e l l  t h e  s l u d g e  t o  a 
company f o r  u s e  as  a f i l l e r  i n  t h e  m a n u f a c t u r e  o f  c o n c r e t e  
p r o d u c t s .  

CASE S T U D Y  28 

Emerson  E l e c t r i c  Company m a n u f a c t u r e s  s t a t i o n a r y  power  
t o o l s ,  which  r e q u i r e  b o t h  metal f i n i s h i n g  a n d  p a i n t i n g  
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op  e r a t  i o n s  e They i n s t a l l e d  a n  a u t o m a t e d  m e t a l - e l e c t r o p l a t i n g  
s y s t e m  t o  r ep lace  t h e i r  m a n u a l  o p e r a t i o n ,  a n d  i n c r e a s e d  a n n u a l  
p r o d u c t i v i t y  by $ 2 0 0 , 0 0 0 .  T h e  s u b s t i t u t i o n  o f  a water-based p a i n t  
s y s t e m ,  w h i c h  u s e s  a n o d i c  e l e c t r o s t a t i c  i m m e r s i o n ,  f o r  t h e  
e x i s t i n g  o r g a n i c  s o l v e n t - b a s e d  p a i n t  s y s t e m  i m p r o v e d  a n n u a l  
p r o d u c t i v i t y  by $ 1  . T h e  water-based s y s t e m  a l l o w s  99.5-  
p e r c e n t  r e c o v e r y  a n d  r e u s e  o f  p a i n t .  H a z a r d o u s  waste d i s p o s a l  
c o s t s  h a v e  b e e n  r e d u c e d  f r o m  $ 1 0 , 0 0 0  p e r  y e a r  t o  o n l y  # 3 0 0  p e r  
y e a r .  E q u i p m e n t  m o d i f i c a t i o n s  i n  a d i e - c a s t  sump a n d  pumping  
f a c i l i t y  a l lowed  t h e  r e c o v e r y  o f  65 g a l l o n s  of  waste o i l  p e r  w e e k .  
A steam c l e a n e r  was p u r c h a s e d  f o r  $ 5 , 0 0 0 ,  a n d  d e g r e a s i n g  i s  
a c c o m p l i s h e d  by u s i n g  a n  a l k a l i n e  d e t e r g e n t  a n d  steam, ra ther  t h a n  
c h l o r i n a t e d  o r g a n i c  s o l v e n t s .  Adding  c h l o r i n a t o r s  t o  t h e  p l a n t ' s  
c o o l i n g  t o w e r s  e l i m i n a t e d  t h e  i n f l u x  o f  z i n c  chromate a l g i c i d e  
i n t o  t h e  s t o r m  d r a i n s .  F i n a l l y ,  a c o m p u t e r i z e d  e n e r g y  management  
sys tem was i n s t a l l e d  i n  t h e  p l a n t ,  w h i c h  saves t h e  company 
a p p r o x i m a t e l y  $ 1 4 7 , 0 0 0  p e r  y e a r .  

CASE S T U D Y  31 

Data G e n e r a l  C o r p o r a t i o n  g e n e r a t e s  s e v e r a l  h a z a r d o u s  waste 
streams d u r i n g  t h e  m a n u f a c t u r e  o f  p r i n t e d  c i r c u i t  b o a r d s .  T h e i r  
h a z a r d o u s  waste management  m o d i f i c a t i o n s  h a v e  f o c u s e d  on s e l l i n g  
t h e i r  wastes f o r  r e u s e  o r  r e c o v e r y .  S e v e r a l  e q u i p m e n t  
m o d i f i c a t i o n s  h a v e  made some o f  t h e i r  wastes more marketable. 
M o d i f i c a t i o n  o f  t h e i r  e x i s t i n g  water p u r i f i c a t i o n  f i l t e r s  allowed 
q u i c k e r ,  e a s i e r  c l e a n i n g .  When c o u p l e d  w i t h  a p r o c e s s  c h e m i s t r y  
c h a n g e ,  t h e  r e s u l t i n g  s l u d g e  c o u l d  b e  s u c c e s s f u l l y  p r o c e s s e d  f o r  
coppe r  r e c o v e r y .  An a i r  blow-down l i n e  was a d d e d  t o  t h e i r  
e x i s t i n g  f i l t e r  p r e s s  t o  i n c r e a s e  t h e  s l u d g e  s o l i d s  c o n t e n t ,  a n d  
r e u s a b l e  p o l i s h i n g  f i l t e r s  were d e v e l o p e d  f o r  t r e a t i n g  t h e  water 
e f f l u e n t .  

CASE STUDY 32 

3M's m i c r o e l e c t r o n i c s  p l a n t  m a k e s  f l e x i b l e  e l e c t r o n i c  
c i r c u i t s  f r o m  c o p p e r  s h e e t i n g .  B e f o r e  u s e ,  t h e  metal was c l e a n e d  
by  s p r a y i n g  i t  w i t h  ammonium p e r s u l f a t e ,  p h o s o p h o r i c  a c i d ,  a n d  
s u l f u r i c  a c i d .  T h i s  p rocess  p r o d u c e d  h a z a r d o u s  wastes t h a t  were 
e x p e n s i v e  t o  manage p r o p e r l y .  An a l t e r n a t i v e  e q u i p m e n t  d e s i g n  was 
i n t r o d u c e d  t o  r e p l a c e  t h e  chemical c l e a n i n g  p r o c e s s .  The new 
p r o c e s s  f e a t u r e s  a m a c h i n e  w i t h  r o t a t i n g  b r u s h e s  t h a t  
m e c h a n i c a l l y  c l e a n  t h e  metal w i t h  p u m i c e .  The f i n e ,  a b r a s i v e  
pumice  l e a v e s  a s l u d g e  t h a t  i s  n o t  h a z a r d o u s  a n d  t h a t  c a n  be 
p l a c e d  i n  a c o n v e n t i o n a l  s a n i t a r y  l a n d f i l l .  T h i s  new method 
r e d u c e d  3M's p r o d u c t i o n  o f  h a z a r d o u s  waste by 4 0 , 0 0 0  p o u n d s  a 
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year. It also saved $15,000 in its first year by reducing raw 
material, disposal, and labor costs, 

CASE STUDY 37 

Duke Power Company is one of the major electric utilities in 
North Carolina. The Company assembled a team of staff members to 
pursue low-level radioactive waste reduction strategies. Improved 
compactor equipment was installed to reduce the volume of wastes 
requiring disposal. Decontamination equipment was purchased to 
allow cleanup and reuse rather than disposal of contaminated tools 
and equipment. Existing evaporator equipment, originally designed 
for processing non-recyclable waste, was extensively modified to 
process recyclable liquid wastes. The conversion improved 
evaporator performance and minimized boron and tritium release to 
the environment. Filtration equipment was modified to improve 
filter performance and to minimize replacement and disposal costs. 
The filter modifications required a $60,000 investment, but they 
have saved $200,000 per year. 

CASE STUDY 41 

The chemical and coordinate bond and adsorbtion system (CCBA) 
is a process for treating a municipal waste (raw sewage). The 
equipment design and operation is based on chemical processes 
rather then tradi t i ona 1 biological decomposition and 
stabilization. Common clay, alum, and polyacrylic acid are added 
to the sewage influent. The chemical interaction of these 
compounds with the dissolved and solid sewage waste is effective 
in removing of 9 1  percent of the suspended solids, and 88 percent 
of the biological oxygen demand from the waste water. Remaining 
organics in the plant effluent are water-soluble and easily 
biodegradable. Sludge, resulting from the cleaning of the 
influent wastewater, is mixed with sufficient clay and then baked 
in a kiln to produce a lightweight aggregate suitable for reuse in 
the building industry. Additional processing of the treated 
wastewater permits significant removal of nutrient wastes. The 
processing facility is significantly less expensive to construct 
than conventional biological sewage treatment facilities, and is 
not sensitive to toxic constituents in the wastewater. An 
additional benefit accruing f rom this process is the ability to 
safely treat hazardous inorganic and organic chemicals in the 
sewage sludge by incinerating them at elevated temperatures; the 
residues are subsequently entrained in a ceramic matrix. 
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CASE STUDY 46 

V u l c a n  A u t o m o t i v e  E q u i p m e n t  L t d .  r e m a n u f a c t u r e s  u s e d  
a u t o m o t i v e  e n g i n e s .  The  c l e a n i n g  p r o c e s s  was m o d i f i e d  t o  r e p l a c e  
t h e  i n o r g a n i c  c a u s t i c  c l e a n s e r  w i t h  a h i g h - v e l o c i t y  "a luminum 
s h o t "  s y s t e m .  T h i s  m o d i f i c a t i o n  i n  t h e  c l e a n s e r ,  a n d  i n  
a s s o c i a t e d  e q u i p m e n t  d e s i g n ,  r e s u l t e d  i n  s u b s t a n t i a l  s a v i n g s  t o  
t h e  company d u e  t o  d e c r e a s e d  c o s t s  of  raw mater ia l s  a n d  l a b o r ,  a n d  
t o  a v o i d e d  waste management  c o s t s .  The  new, a luminum s h o t  s y s t e m  
i n c r e a s e s  p r o d u c t i v i t y  a n d  i m p r o v e s  t h e  f i n a l  p r o d u c t .  A l l  
b y - p r o d u c t s  o f  t h e  new p r o c e s s  a r e  r e c y c l e d .  
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CASE STUDY 12  

B o r d e n  Chemical Company r e d u c e d  t h e  amount  o f  o r g a n i c  p h e n o l  
r e s i n s  i t  d i s c h a r g e d  by 95 p e r c e n t ,  m a i n l y  t h r o u g h  t h r e e  p r o c e s s  
m o d i f i c a t i o n s ,  o n e  of w h i c h  o n e  was f i l t r a t i o n ,  

P h e n o l i c  r e s i n s  a r e  p a s s e d  t h r o u g h  a f i l t r a t i o n  p r o c e s s  t h a t  
r e m o v e s  t h e  l a r g e  r e s i n o u s  p a r t i c l e s .  P r e v i o u s l y ,  t h e  f i l t e r e d  
mater ia l s  were d i s p o s e d  o f  by r i n s i n g  them i n t o  t h e  wastewater 
t r e a t m e n t  s y s t e m .  They  a r e  now r i n s e d  i n t o  l a r g e  t a n k s  a n d  
r e c y c l e d  i n t o  t h e  p r o c e s s  as raw ma te r i a l .  

CASE S T U D Y  28 

Emerson  E l e c t r i c  Company m a n u f a c t u r e s  s t a t i o n a r y  power 
t o o l s  w h i c h  r e q u i r e  b o t h  metal  f i n i s h i n g  a n d  p a i n t i n g  o p e r a t i o n s .  
T h e  a d d i t i o n  of a $ 6 5 , 0 0 0  o i l  s k i m m e r  a n d  u l t r a f i l t r a t i o n  s y s t e m  
t o  t h e i r  e x i s t i n g  wastewater t r e a t m e n t  s y s t e m  h a s  a l l o w e d  r e c o v e r y  
o f  o i l  a n d  c l e a n i n g  s o l u t i o n .  T h e  u n i t  h a s  c u t  water t r e a t m e n t  
c o s t s  by $ 1 0 , 0 0 0  p e r  year .  

CASE S T U D Y  31 

Data G e n e r a l  C o r p o r a t i o n  g e n e r a t e s  s e v e r a l  h a z a r d o u s  waste 
streams d u r i n g  t h e  m a n u f a c t u r e  of p r i n t e d  c i r c u i t  b o a r d s .  
P r o c e s s  water f r o m  c i r c u i t  b o a r d  f a b r i c a t i o n ,  a s s e m b l y ,  a n d  
t e s t i n g  is  t r e a t e d  by water p u r i f i c a t i o n  s y s t e m  w h i c h  u s e s  
c r o s s - f l o w  f i l t r a t i o n .  The f i l t r a t i o n  e f f l u e n t  is  d i s p o s e d  o f  by 
a p p l i c a t i o n  t o  f o r e s t l a n d  owned by t h e  company.  
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CASE STUDY 18 

I C 1  Americas, I n c .  o p e r a t e s  a n  a g r i c u l t u r a l  chemical 
research  a n d  d e v e l o p m e n t  l a b o r a t o r y  i n  Go ldsboro ,  N o r t h  C a r o l i n a .  
The c o m p a n y ' s  p r i m a r y  e m p h a s i s  is on  e a r l y  p l a n n i n g  t o  m i n i m i z e  
waste p r o d u c t i o n ,  a n d ,  s e c o n d a r i l y ,  on a t t e m p t i n g  t o  r e c y c l e  o r  
t r e a t  t h e  waste, w h e n e v e r  p o s s i b l e ,  s o  t h a t  n o n e  is  d i s c h a r g e d .  
H o u s e k e e p i n g  m e a s u r e s  a n d  i m p r o v e m e n t s  a r e  i m p o r t a n t  b e c a u s e  I C 1  
does  n o t  g e n e r a t e  l a r g e  q u a n t i t i e s  of  wastes,  a n d  c a n n o t  j u s t i f y  
l a r g e  c a p i t a l  e x p e n d i t u r e s  f o r  t h e i r  management .  H o u s e k e e p i n g  
i n n o v a t i o n s  a n d  s o l v e n t  r e c o v e r y  by d i s t i l l a t i o n  s a v e d  t h e  company 
a n  es t imated  $ 3 7 , 0 0 0  i n  waste d i s p o s a l  c o s t s  i n  1 9 8 4 .  

CASE STUDY 24 

S t a n a d y n e ,  I n c . ,  i s  a m a n u f a c t u r e r  of p l u m b i n g  p r o d u c t s  w h i c h  
r e q u i r e  e l e c t r o p l a t i n g  a n d  c l e a n i n g  o p e r a t i o n s  t h a t  g e n e r a t e  
h a z a r d o u s  waste. When t h e  company u n d e r t o o k  a c o m p r e h e n s i v e  
r e v i e w  of t h e i r  p r o c e s s e s  i n  o r d e r  t o  e l i m i n a t e  u n n e c e s s a r y  waste,  
o n e  ou tcome  o f  t h e i r  a n a l y s i s  was i m p r o v e d  h o u s e k e e p i n g .  
P r e i n s p e c t i o n  of  p a r t s ,  t o  e l i m i n a t e  o b v i o u s  r e j e c t s  b e f o r e  
p l a t i n g ,  a n d  a leak  e l i m i n a t i o n  p r o g r a m  were i n s t i t u t e d  t o  r e d u c e  
p l a t i n g  s o l u t i o n  a n d  d r a g o u t  wastes.  

CASE STUDY 28  

Emerson  E l e c t r i c  Company m a n u f a c t u r e s  s t a t i o n a r y  power  
t o o l s  r e q u i r i n g  b o t h  metal f i n i s h i n g  a n d  p a i n t i n g  o p e r a t i o n s .  
S e v e r a l  new h o u s e k e e p i n g  p r o c e d u r e s  were i n s t i t u t e d  t o  r e d u c e  
waste g e n e r a t i o n .  They i n c l u d e d  t h e  c e s s a t i o n  o f  u n a u t h o r i z e d  
dumping  o f  waste chemicals  i n  t h e  o n - s i t e  wastewater t r e a t m e n t  
s y s t e m ,  a n d  i m p r o v e d  drum s t o r a g e  a n d  h a n d l i n g  p r o c e d u r e s  f o r  
wastes s t o r e d  o n - s i t e .  T h e s e  c h a n g e s  e l i m i n a t e d  t h e  r i s k  of  
e n v i r o n m e n t a l  damage  f r o m  h i g h  c o n c e n t r a t i o n s  o f  metals  i n  t h e  
t r e a t e d  e f f l u e n t  a n d  f r o m  i m p r o p e r l y  p r o t e c t e d  wastes s t o r e d  o n -  
s i t e .  
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CASE S T U D Y  35 

Rexham C o r p o r a t i o n  does  h i g h - t e c h n o l o g y  p r i n t i n g  a n d  coating 
f o r  t h e  p h o t o g r a p h i c  i n d u s t r y  a t  t h e i r  f a c i l i t y  i n  Mat thews ,  Nor th  
C a r o l i n a .  A new h o u s e k e e p i n g  p r o c e d u r e ,  i n  which  c l e a n i n g  s o l v e n t  
i s  s e g r e g a t e d  by t h e  c o l o r  a n d  t y p e  of  i n k  c o n t a m i n a n t ,  h a s  
a l l o w e d  almost  1 0 0 - p e r c e n t  r e u s e  of t h e  s o l v e n t .  

CASE STUDY 37 

Duke Power Company i s  o n e  o f  t h e  m a j o r  e l e c t r i c  u t i l i t i e s  i n  
Nor th  C a r o l i n a .  A team o f  s t a f f  members was assembled t o  d e v e l o p  
c o m p r e h e n s i v e  s t r a t e g i e s  f o r  l o w - l e v e l  r a d i o a c t i v e  waste 
r e d u c t i o n .  The r e s u l t i n g  p r o g r a m  i n c l u d e d  a n  e f f o r t  t o  i m p r o v e  
h o u s e k e e p i n g  a c t  i v i  t i e s  . C o m p a c t i b l e  ma te r i a l s  s u s p e c t e d  o f  
r a d i o a c t i v e  c o n t a m i n a t i o n  were s e g r e g a t e d  i n  d i f f e r e n t  areas i n  
t h e  p l a n t  as  " p o t e n t i a l l y  c o n t a m i n a t e d f 1  a n d  " n o t  c o n t a m i n a t e d " .  
S i n c e  much of t h e  m a t e r i a l  was f r e e  of  r a d i o a c t i v i t y ,  t h i s  
p r o c e d u r e  s i g n i f i c a n t l y  r e d u c e d  t h e  amoun t  o f  h a z a r d o u s  waste 
r e q u i r i n g  d i s p o s a l .  
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CASE STUDY 6 

H a m p s h i r e  H o s i e r y  m a n u f a c t u r e s  women's p a n t y h o s e .  They  h a v e  
i n s t a l l e d  a hea t  e x c h a n g e r  t o  c a p t u r e  hea t  f r o m  s p e n t  d y e  
s o l u t i o n s  a n d  t o  p rehea t  s u b s e q u e n t  d y e  o p e r a t i o n s .  I n  a d d i t i o n  
t o  e n e r g y  s a v i n g s ,  t h e  e x c h a n g e r  s y s t e m  lowers t h e  t e m p e r a t u r e  o f  
t h e  e f f l u e n t  e n t e r i n g  t h e  m u n i c i p a l  sewer s y s t e m  from 130 degrees  
F t o  70  degrees  F ;  t h i s  i m p r o v e s  t r e a t m e n t  p e r f o r m a n c e .  

CASE STUDY 7 

U n i t e d  G l o b e  g e n e r a t e s  two m a j o r  waste streams d u r i n g  t h e i r  
f u r n i t u r e  m a n u f a c t u r i n g  o p e r a t  i o n s .  They p u r c h a s e d  a n  
i n c i n e r a t o r  a n d  u s e d  t h e i r  t r e a t e d  waste streams a s  f u e l  f o r  
p r o d u c i n g  steam a n d  hea t .  S o l i d s  f r o m  t h e  ragwash a n d  s p r a y b o o t h  
p r o c e s s  water a r e  t h i c k e n e d  u s i n g  d i s s o l v e d  a i r  f l o t a t i o n ,  mixed  

s, d r i e d ,  a n d  f e d  t o  t h e  i n c i n e r a t o r .  S e m i - s o l i d  
a n d  l i q u i d  f i n i s h i n g  wastes,  i n c l u d i n g  high-BTU s o l v e n t s ,  a r e  
a l s o  f e d  t o  t h e  i n c i n e r a t o r ,  The i n c i n e r a t o r  h a s  r e d u c e d  U n i t e d  
G l o b e ' s  waste vo lume  by 9 5  p e r c e n t ,  a n d  t h e  a s h  p r o d u c e d  i s  n o t  
h a z a r d o u s .  D i scha rge  l o a d i n g  t o  t h e  m u n i c i p a l  sewer s y s t e m  h a s  
decreased d r a m a t i c a l l y ,  a s  h a v e  h a z a r d o u s  waste t r a n s p o r t  a n d  
d i s p o s a l  c o s t s .  

CASE S T U D Y  15 

T h e  Co ty  D i v i s i o n  o f  P f i z e r ,  I n c . ,  h a s  d e v e l o p e d  a method f o r  
r e c o v e r i n g  hea t  f r o m  waste h y d r o - a l c o h o l i c  p r o d u c t s .  T h e  
i g n i t a b l e  wastes a r e  m i x e d  w i t h  f u e l  o i l  a n d  b u r n e d  t o  p r o d u c e  
steam a n d  h o t  water. T h e  company s a v e s  more t h a n  1 , 0 0 0  g a l l o n s  o f  
f u e l  o i l  a y e a r ,  a n d  h a s  e l i m i n a t e d  t h e  c o s t s  o f  h a z a r d o u s  waste 
d i s p o s a l .  

CASE STUDY 35 

T h e  Rexham C o r p o r a t i o n  f a c i l i t y  i n  M a t t h e w s ,  N o r t h  C a r o l i n a ,  
l a m i n a t e s  a n d  c o a t s  s p e c i a l i z e d  p a p e r ,  f i l m ,  a n d  f o i l  s u b s t r a t e s  
f o r  t h e  p h o t o g r a p h y  i n d u s t r y .  A management  i n i t i a t i v e  t o  d e v e l o p  
a c o m p r e h e n s i v e  waste management  p l a n  f o r  t h e  f i rm h a s  r e s u l t e d  
i n  s e v e r a l  p o l l u t i o n  p r e v e n t i o n  m o d i f i c a t i o n s .  O f f  -sit e 
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d i s t i l l a t i o n  o f  s p e n t  s o l v e n t  m i x t u r e s  has a l l o w e d  t h e  r e u s e  o f  
m e t h y l - e t h y l - k e t o n e  s o l v e n t  f o r  washup o p e r a t i o n s .  M e t h y l - e t h y l -  
k e t o n e  v a p o r s  a r e  removed from t h e  a i r  a n d  a r e  i n c i n e r a t e d  f o r  
hea t  r e c o v e r y  e 

CASE S T U D Y  37 

Duke Power Company is o n e  o f  t h e  m a j o r  g e n e r a t o r s  of  
e l e c t r i c  power i n  N o r t h  C a r o l i n a .  T h e i r  e f f o r t s  t o  r e d u c e  t h e  
amoun t  o f  p o l y c h l o r i n a t e d  b i p h e n y l  ( P C B )  wastes r e q u i r i n g  
h a z a r d o u s  waste d i s p o s a l  a r e  p a r t  o f  a n  o v e r a l l  p r o g r a m  t o  p h a s e  
o u t  P C B  c o n t a m i n a t i o n  f r o m  t h e i r  e l e c t r i c a l  d i s t r i b u t i o n  s y s t e m .  
I n s u l a t i n g  f l u i d  c o n t a m i n a t e d  w i t h  P C B s  is  b u r n e d  as a 
s u p p l e m e n t a l  f u e l  f o r  heat  r e c o v e r y  a t  a s t e a m - e l e c t r i c  
g e n e r a t i n g  s t a t i o n .  T h e  P C B s  a r e  t o t a l l y  d e s t r o y e d ,  a n d  t h e  
Company h a s  s a v e d  a b o u t  $ 8 4 , 0 0 0  i n  h a z a r d o u s  waste d i s p o s a l  c o s t s  
i n  each o f  t h e  p a s t  few y e a r s .  
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CASE STUDY 2 

Cl imax  Molybdenum Company m i l l s  o r e  t o  p r o d u c e  molybdenum. 
I n  o r d e r  t o  r e d u c e  t h e  amount  o f  water t h a t  had  t o  b e  t r e a t e d  
be fo re  d i s c h a r g e  a n d  t o  r e c o v e r  t h e  s o l u b l e  molybdenum from t h e  
t a i l i n g s  stream, Cl imax  Molybdenum Company s t u d i e d  t h e  n a t u r a l  
d r a i n a g e  s y s t e m  s u r r o u n d i n g  t h e  t a i l i n g  impoundment  a rea .  They 
t h e n  i n s t a l l e d  i n t e r c e p t o r  c a n a l s  t o  c h a n n e l  u p s t r e a m  r u n o f f  
waters f r o m  a r o u n d  t h e  t a i l i n g  s y s t e m  i n t o  n a t u r a l  s treams. T h e  
t a i l i n g s  r u n o f f  water i s  p a s s e d  t h r o u g h  a c o u n t e r c u r r e n t  i o n  
e x c h a n g e  u n i t  i n  o r d e r  t o  r emove  t h e  molybdenum, w h i c h  i s  
r e c o v e r e d  a n d  s o l d .  O t h e r  h e a v y  metal s e p a r a t i o n  f r o m  p r o c e s s  
water i s  a c c o m p l i s h e d  by t h e  S w i f t  L e c t r o  Clear p r o c e s s ,  wh ich  
Femoves  over  9 0  p e r c e n t  of t h e  i r o n ,  m a n g a n e s e ,  z i n c ,  a n d  copper  
from t h e  t a i l i n g s  stream by a c o a g u l a t i v e  e l e c t r o l y t i c  p r o c e s s .  
C y a n i d e ,  u s e d  as  a c o p p e r  d e p r e s s a n t  i n  t h e  r e g r i n d  p l a n t ,  is 96-  
p e r c e n t  removed.  

CASE STUDY 34 

Modine p r e p a r e s  b ra s s  p a r t s  f o r  r a d i a t o r s  by d i p p i n g  t h e m  i n  
a s e r i e s  of  chemical  s o l u t i o n s .  T h e  h y d r o g e n  p e r o x i d e / s u l f u r i c  
a c i d  b r i g h t  d i p  was c a u s i n g  them s e v e r a l  p r o b l e m s ,  i n c l u d i n g  t h e  
b u i l d u p  of c o p p e r  s u l f a t e  p e n t a h y d r a t e  c r y s t a l s  t h a t  were t h e n  
d e p o s i t e d  i n  a h a z a r d o u s  waste l a n d f i l l .  The re  was, i n  a d d i t i o n ,  
a s i g n i f i c a n t  d r a g o u t  o f  c o p p e r  i o n s  i n t o  t h e  s u b s e q u e n t  r i n s e  
t a n k s .  Rather t h a n  i n c u r  t h e  i n i t i a l  a n d  l o n g - t e r m  l a n d f i l l i n g  
c o s t s  f o r  t h e  h a z a r d o u s  metal wastes,  Modine  e l e c t e d  t o  e l i m i n a t e  
t h e  f o r m a t i o n  of  t h e  c r y s t a l s  b y  c o n t i n u o u s l y  r e c i r c u l a t i n g  t h e  
h y d r o g e n  p e r o x i d e / s u l f u r i c  a c i d  b r i g h t  d i p  s o l u t i o n  t h r o u g h  a n  i o n  
e x c h a n g e  co lumn.  T h e  co lumn s e l e c t i v e l y  removes t h e  metal. T h e  
p u r i f i e d  d i p  s o l u t i o n  is  r e c y c l e d  t o  t h e  b a t h .  Once t h e  i o n  
e x c h a n g e  r e s i n  becomes s a t u r a t e d ,  t h e  c o p p e r  i o n s  a re  e x c h a n g e d  
a g a i n  i n  t h e  r e g e n e r a t i o n  p r o c e s s ,  a n d  a r e  s u b j e c t e d  t o  a n  
e l e c t r o l y t i c  r e a c t i o n  t o  r emove  t h e m  from t h e  s o l u t i o n .  T h e  
p l a t e d  c o p p e r  is  s o l d  as No. 1 c o p p e r  s c rap .  

CASE S T U D Y  44 

PCA I n t e r n a t i o n a l  i s  a c o l o r  p o r t r a i t  p r o c e s s i n g  company.  
T h e y  i n s t a l l e d  a n  i o n  e x c h a n g e  s y s t e m  w h i c h  r e m o v e s  b romide  f rom 
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c o l o r  d e v e l o p e r  s o l u t i o n  a n d  a l l o w s  r e g e n e r a t i o n  a n d  r e u s e  of  t h e  
d e v e l o p e r .  T h e  s y s t e m  has a l l o w e d  9 9 - p e r c e n t  r e u s e  o f  t h e  c o l o r  
d e v e l o p e r  s o l u t i o n .  
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CASE STUDY 4 

Dunbar  F o o d s  processes  c a n n e d  p e p p e r s  a n d  sweet p o t a t o e s .  
They d e v e l o p e d  t h e  f i r s t  l a n d  a p p l i c a t i o n  s y s t e m  f o r  i n d u s t r i a l  
wastewater i n  N o r t h  C a r o l i n a .  Process  water c o n t a i n i n g  v e g e t a b l e  
wastes i s  a p p l i e d  b y  s p r a y  i r r i g a t i o n  t o  g r a s s l a n d  owned by t h e  
company ., 

CASE STUDY 5 

Mi l l e r  B r e w i n g  Company i s  a beer  m a n u f a c t u r e r  i n  E d e n ,  N o r t h  
C a r o l i n a .  Food p r o c e s s i n g  wastes g e n e r a t e d  d u r i n g  t h e  b r e w i n g  
o p e r a t i o n  a r e  t r e a t e d  a n d  made a v a i l a b l e  f o r  l a n d  a p p l i c a t i o n .  
The wastes h a v e  v a l u e  f o r  l i m i n g  a n d  as a n i t r o g e n  s u p p l e m e n t .  
The  r e u s e  o f  t h i s  p r e v i o u s l y  l a n d f i l l e d  ma te r i a l  h a s  e l i m i n a t e d  
d i s p o s a l  c o s t s  f o r  Mi l l e r ,  p r o v i d e d  a v i r t u a l l y  c o s t - f r e e  
s u b s t i t u t e  f o r  s t a n d a r d  a g r i c u l t u r a l  l i m i n g  ma te r i a l  a n d  
f e r t i l i z e r ,  a n d  p r e s e r v e d  v a l u a b l e  l a n d f i l l  c a p a c i t y .  

CASE STUDY 31 

Data G e n e r a l  C o r p o r a t i o n  m a n u f a c t u r e s  p r i n t e d  c i r c u i t  b o a r d s  
f o r  c o m p u t e r s .  P r o c e s s  water c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  o f  
h e a v y  metals i s  p a s s e d  t h r o u g h  a f i l t e r - b a s e d  water p u r i f i c a t i o n  
s y s t e m ,  a n d  i s  t h e n  d i s p o s e d  o f  by l a n d  a p p l i c a t i o n  t o  f o r e s t l a n d  
owned by  t h e  company.  T h i s  was t h e  f i r s t  s i t e  i n  Nor th  C a r o l i n a  
f o r  l a n d  a p p l i c a t i o n  o f  p r e t r e a t e d  m e t a l p l a t i n g  waste. 
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CASE STUDY 1 

The Choplin Family Farm raises swine and various field 
crops. In 1982, the Choplin farm saved $8,000 in fertilizer 
costs; they reduced organic material losses by 1,670 percent, 
total nitrogen losses by 490 percent, and total phosphorus losses 
by 525 percent. The management initiative to incorporate 
conservation practices in the farm operation resulted in corn 
crop yields that were 300 percent above the county average. 

CASE STUDY 8 

West Point Pepperell is one of the major textile 
manufacturers in the nation. They established a Toxic Chemicals 
Committee, in 1975, to review products in use or under 
consideration, and to evaluate them according to a wide range of 
health and environmental impact criteria. The company believes 
that the Committee 
o f  hazardous waste 
impacts. 

CASE 

from 

STUDY 16 

USS Chemicals 
their phenol 

has helped them to minimize their production 
and its accompanying costs and environmental 

has reduced the oraanic chemical emissions v 

manufacturing processes by a series of 
equipment design modifications, many of which arose through 
employee ideas submitted to USS Chemicals' "Suggestions for Cost 
Reduction" (SCORE). SCORE is a management initiative which 
provides plant employees with a direct financial incentive for 
identifying cost cutting practices; the program rewards them with 
a percentage of the savings that have resulted from the 
implementation of their ideas. Employees have received a total 
of $70,000 for successful suggestions that have saved the firm 
$500,000 in costs. 

CASE STUDY 18 

IC1 Americas, Inc., operates an agricultural chemical 
research and development laboratory in Goldsboro, North Carolina. 
The company's primary emphasis is on early planning to minimize 
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waste p r o d u c t i o n ,  a n d ,  s e c o n d a r i l y ,  on a t t e m p t i n g  t o  r e c y c l e  o r  
t r e a t  t h e  waste, w h e n e v e r  p o s s i b l e  s o  t h a t  t h e r e  n o n e  i s  
d i s c h a r g e d .  H o u s e k e e p i n g  m e a s u r e s  a n d  i m p r o v e m e n t s  a r e  i m p o r t a n t  
b e c a u s e  I C 1  d o e s  n o t  g e n e r a t e  l a r g e  q u a n t i t i e s  of  wastes,  a n d  
c a n n o t  j u s t i f y  l a r g e  c a p i t a l  e x p e n d i t u r e s  f o r  t h e i r  management .  
H o u s e k e e p i n g  i n n o v a t i o n s  a n d  s o l v e n t  r e c o v e r y  by  d i s t i l l a t i o n  
s a v e d  t h e  company a n  es t imated $37,ooo i n  waste d i s p o s a l  c o s t s  i n  
1984 .  

CASE STUDY 24 

S t a n a d y n e ,  I n c . ,  m a n u f a c t u r e s  p l u m b i n g  p a r t s .  T h e i r  
o p e r a t i o n  r equ i r e s  c l e a n i n g  a n d  e l e c t r o p l a t i n g  p r o c e s s e s  t h a t  
g e n e r a t e  h a z a r d o u s  wastes. The  management  a t  S t a n a d y n e  h a s  a 
c o m p r e h e n s i v e  p r o g r a m  f o r  r e d u c i n g  waste p r o d u c t i o n ;  t h e y  b e l i e v e  
t h e  key  t o  t h e  s u c c e s s  o f  t h e  p r o g r a m  i s  e m p l o y e e  e d u c a t i o n  a n d  
p a r t i c i p a t i o n .  R e p r e s e n t a t i v e s  f r o m  S t a n a d y n e  h a v e  p a r t i c i p a t e d  
i n  numerous  s t a t e  a n d  l o c a l  p r o g r a m s  t o  e d u c a t e  o t h e r  i n d u s t r i e s  
a n d  t h e  g e n e r a l  p u b l i c  a b o u t  h a z a r d o u s  wastes a n d  p o l l u t i o n  
p r e v e n t  i o n .  

CASE STUDY 27  

Deere a n d  Company r e d u c e d  i t s  h a z a r d o u s  waste by 8 0  p e r c e n t  
i n  vo lume  a n d  o v e r  99 p e r c e n t  i n  l e v e l  o f  r i s k  t h r o u g h  two k e y  
a c t i o n s :  

I )  I m p l e m e n t a t i o n  o f  a c o m p r e h e n s i v e  h a z a r d o u s  waste 
management  i n i t i a t i v e  a t  each m a n u f a c t u r i n g  u n i t .  

2 )  C o n s t r u c t i o n  of a n  o n - s i t e  h a z a r d o u s  l i q u i d  waste 
t r e a t m e n t  f a c i l i t y  t h a t  reclaims waste o r g a n i c  o i l  compounds  a n d  
metals from p r o c e s s  water,  a n d  p r o d u c e s  a n o n - h a z a r d o u s  s l u d g e .  
T h e - r e c o v e r e d  o i l  i s  s o l d  t o  a n  o i l  r e c y c l i n g  f i r m  o r  is  r e u s e d  - 
f o r  m a c h i n i n g  p r o c e s s e s .  

CASE STUDY 28 

Emerson  E l e c t r i c  Company m a n u f a c t u r e s  s t a t i o n a r y  power 
t o o l s  w h i c h  r equ i r e  b o t h  metal f i n i s h i n g  a n d  p a i n t i n g .  T h e  
p r e s i d e n t  a n d  v i c e  p r e s i d e n t  o f  o p e r a t i o n s  d e v e l o p e d  a n d  l e d  a 
b road-  based waste management  p r o g r a m .  D a i l y  l o g  s h e e t s  a r e  
m a i n t a i n e d  t o  i n s u r e  t h a t  t h e  s t a t e d  p r o c e d u r e s  a r e  f o l l o w e d .  The 
Company a l s o  m a i n t a i n s  a n  i n c e n t i v e  awards p r o g r a m  t o  e n c o u r a g e  
e m p l o y e e  s u g g e s t i o n s  f o r  c o s t  s a v i n g s  a n d  waste r e d u c t i o n .  
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MANAGEMENT I N I T I A T I V E S ,  C O N T I N U E D  

CASE S T U D Y  29 

S c o v i l l  C o r p o r a t i o n  m a n u f a c t u r e s  small a p p l i a n c e s .  T h e i r  
c l e a n i n g  a n d  d e g r e a s i n g  o p e r a t i o n s  g e n e r a t e  h a z a r d o u s  wastes. 
They  h a v e  i n s t i t u t e d  a n  i n c e n t i v e  awards p r o g r a m  t o  e n c o u r a g e  
e m p l o y e e  i deas  f o p  c o s t  s a v i n g s  a n d  waste r e d u c t i o n .  M o n e t a r y  
awards a r e  g i v e n  each year  t o  t h e  team o f  e m p l o y e e s  mak ing  t h e  
g r e a t e s t  c o n t r i b u t i o n s  i n  t h e s e  a reas .  

CASE S T U D Y  31 

Data G e n e r a l  C o r p o r a t i o n  m a n u f a c t u r e s  p r i n t e d  c i r c u i t  b o a r d s  
f o r  c o m p u t e r  s . I n  1 9 8 1 ,  t h e  company i n i t i a t e d  a management  
p o l i c y  s t a t i n g  t h a t  l a n d f i l l  d i s p o s a l  o f  wastes s h o u l d  b e  u s e d  
o n l y  a s  a l a s t  r e s o r t .  I n  o r d e r  t o  r e d u c e  t h e i r  r e l i a n c e  on 
l a n d f i l l i n g ,  p r i m a r y  emphas i s  was p l a c e d  on  t h e  s a l e  of  s p e n t  
chemicals a n d  s l u d g e s ,  r a t h e r  t h a n  on r e d u c i n g  o r  e l i m i n a t i n g  t h e  
p r o d u c t i o n  o f  t h e s e  wastes. Data G e n e r a l ' s  p r o g r a m  t o  r e d u c e  
wastes h a s  i n c l u d e d  m a r k e t i n g  a c t i v i t i e s  t o  f i n d  b u y e r s  f o r  t h e i r  
wastes, o p e r a t i o n a l  r e v i s i o n s ,  a n d  d e v e l o p m e n t  o f  new process  
c h e m i s t r y  t o  m a k e  t h e i r  wastes more s a l a b l e .  

CASE S T U D Y  35 

T h e  Rexham C o r p o r a t i o n  f a c i l i t y  i n  Mat thews ,  Nor th  C a r o l i n a ,  
l a m i n a t e s  a n d  c o a t s  s p e c i a l i z e d  p a p e r ,  f i l m ,  a n d  f o i l  s u b s t r a t e s  
f o r  t h e  p h o t o g r a p h y  i n d u s t r y .  A management  initiative t o  d e v e l o p  
a c o m p r e h e n s i v e  waste management  p l a n  f o r  t h e  f i r m  h a s  r e s u l t e d  
i n  s e v e r a l  p o l l u t i o n  p r e v e n t i o n  m o d i f i c a t i o n s .  O f f  -s i t  e 
d i s t i l l a t i o n  of  s p e n t  s o l v e n t  m i x t u r e s  h a s  a l l o w e d  t h e  r e u s e  of 
m e t h y l - e t h y l - k e t o n e  s o l v e n t  f o r  washup o p e r a t i o n s .  M e t h y l - e t h y l -  
k e t o n e  v a p o r s  a r e  removed f r o m  t h e  a i r  a n d  a r e  i n c i n e r a t e d  f o r  
heat  r e c o v e r y .  

CASE S T U D Y  37 

Duke Power Company i s  o n e  of t h e  major e l e c t r i c  u t i l i t i e s  i n  
N o r t h  C a r o l i n a .  A team of s t a f f  members h a s  b e e n  a s s e m b l e d  a t  
each o f  D u k e ' s  power s t a t i o n s  t o  o v e r s e e  waste management  
a c t i v i t i e s .  A t  t h e  McGuire  N u c l e a r  S t a t i o n ,  a s p e c i a l  s e c t i o n  i n  
t h e  Company's  e m p l o y e e  handbook  s t r e s ses  t h e  i m p o r t a n c e  of  
r e d u c i n g  wastes t h r o u g h  a v a r i e t y  o f  a c t i v i t i e s .  Management  
p o l i c y  e m p h a s i z e s  t h a t  wastes s h o u l d  b e  r e d u c e d  as  much as  i s  
o p e r a t i o n a l l y  p o s s i b l e ,  n o t  j u s t  t o  t h e  p o i n t  of  s a t i s f y i n g  
p r e d e t e r m i n e d  l e g a l  l i m i t s .  
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MATERIAL SUBSTITUTION 

CASE STUDY 9 

L 
4 
h 

Rexham C o r p o r a t i o n  m a n u f a c t u r e s  a n d  p r i n t s  p r  
t h e i r  G r e e n s b o r o ,  Nor th  C a r o l i n a ,  p l a n t .  T h e y  i ~ l ~ . .  

r e p l a c i n g  a l c o h o l / a c e t a t e - b o r n e  i n k s  w i t h  w a t e r b o r n e  i n K a  
s i g n i f i c a n t l y  r e d u c e d  s p e n t  s o l v e n t  v o l u m e s  a n d  a i r  emiss ions .  

CASE STUDY 1 4  

R i k e r  L a b o r a t o r i e s  was c o a t i n g  m e d i c i n e  t a b l e t s ,  u s i n g  
s eve ra l  o r g a n i c  s o l v e n t s .  C o n s e q u e n t l y ,  t h e y  c o u l d  p o t e n t i a l l y  
e x c e e d  a i r  p o l l u t i o n  limits s e t  by  a new, C a l i f o r n i a  
e n v i r o n m e n t a l  r e g u l a t i o n .  A water-based s o l v e n t  was d e v e l o p e d  t o  
rep lace  t h e  o r g a n i c  s o l v e n t ,  a n d  d i f f e r e n t  s p r a y  e q u i p m e n t  was 
i n s t a l l e d  i n  o r d e r  t o  h a n d l e  t h e  new s o l v e n t .  T h i s  c o m b i n a t i o n  
o f  t h e  r e s o u r c e  s u b s t i t u t i o n  of water-based s o l v e n t  f o r  o r g a n i c  
s o l v e n t ,  a n d  o f  e q u i p m e n t  d e s i g n  m o d i f i c a t i o n  s a v e s  $ 1 5 , 0 0 0  p e r  
y e a r  i n  s o l v e n t  c o s t s ,  a n d  p r e v e n t s  t h e  p r o d u c t i o n  of 24  t o n s  of  
a i r  p o l l u t i o n  p e r  y e a r .  S u b s e q u e n t l y ,  t h e  company d e t e r m i n e d  
t h a t  $ 1 8 0 , 0 0 0  i n  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  f o r  o r g a n i c  s o l v e n t  
v a p o r s  was no  l o n g e r  r e q u i r e d .  

CASE S T U D Y  17  

I A C  m a n u f a c t u r e s  t r a c e - e l e m e n t  compounds f o r  f e r t i l i z e r  
f o r m u l a t i o n s .  They u s e  ma te r i a l s  s u b s t i t u t i o n  t o  r e d u c e  t h e i r  
raw m a t e r i a l  c o s t s .  S u i t a b l e  i n o r g a n i c  chemical wastes  a r e  
rece ived  f r o m  firms t h a t  would o t h e r w i s e  p a y  t o  l a n d f i l l  t h e m .  

CASE S T U D Y  24 

S t a n a d y n e ,  I n c . ,  m a n u f a c t u r e s  p l u m b i n g  p r o d u c t s .  T h e i r  
c l e a n i n g  a n d  e l e c t r o p l a t i n g  o p e r a t i o n s  g e n e r a t e  h a z a r d o u s  wastes. 
T h e  s u b s t i t u t i o n  of a s u l f u r i c / p e r o x i d e  b r i g h t - d i p p i n g  s o l u t i o n  
f o r  a chromic a c i d - b a s e d  b r i g h t  d i p  r e d u c e d  t h e  amoun t  o f  
h a z a r d o u s  s l u d g e  p r o d u c e d  by t h i s  p r o c e s s .  
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A I A L  SUBSTITUTION, CONTINUED 

CASE STUDY 29 

Scovill, Inc., manufactures small appliances and uses 1,1 ,1-  
trichloroethane cleaning solvent. They found that, by 
substituting water-soluble synthetic cleaner f o r  some of their 
degreasing applications, they could reduce the volume of spent 
organic solvent they generated. The substitution has saved the 
company approximately $12,000 per year. 
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RECYCLING, RECOVERY, AND REUSE 

CASE STUDY 1 

The  C h o p l i n  F a m i l y  Farm r a i s e s  s w i n e  a n d  v a r i o u s  f i e l d  
c r o p s .  I n  1 9 8 2 ,  t h e  C h o p l i n  farm saved  $ 8 , 0 0 0  i n  f e r t i l i z e r  
c o s t s  by s p r a y i n g  s w i n e  wastes on c r o p s  w i t h  a s t a n d a r d  
i r r i g a t i o n  gun .  The r e u s e  of  t h e s e  a g r i c u l t u r a l  wastes a n d  t h e  
i n c o r p o r a t i o n  of c o n s e r v a t i o n  p r a c t i c e s  i n  t h e  farm o p e r a t i o n  
r e s u l t e d  i n  c o r n  c r o p  y i e l d s  t h a t  were 300 p e r c e n t  a b o v e  t h e  
c o u n t y  a v e r a g e .  

CASE STUDY 4 

Dunbar  F o o d s ,  I n c . ,  processes c a n n e d  p e p p e r s  a n d  sweet 
p o t a t o e s .  T h e  d e v e l o p m e n t  o f  a s p r a y  i r r i g a t i o n  s y s t e m  f o r  t h e  
l a n d  a p p l i c a t i o n  of  t h e i r  waste p r o c e s s  water h a s  a l l o w e d  them t o  
r e u s e  t h e  water f o r  i r r i g a t i o n  a n d  f e r t i l i z a t i o n .  T h e  s y s t e m  a l s o  
e l i m i n a t e d  d i s p o s a l  t o  t h e  m u n i c i p a l  sewer s y s t e m .  

CASE S T U D Y  5 

M i l l e r  B r e w i n g  Company g e n e r a t e s  a c t i v a t e d  waste s l u d g e  a s  a 
b y - p r o d u c t  o f  t h e i r  beer  b r e w i n g  o p e r a t i o n .  T h e  t r e a t e d  s l u d g e  
i s  made a v a i l a b l e  f o r  l a n d  a p p l i c a t i o n  as  a l i m i n g  a g e n t  a n d  
n i t r o g e n  s u p p l e m e n t .  The r e u s e  of  t h i s  p r e v i o u s l y  l a n d f i l l e d  
material  h a s  e l i m i n a t e d  d i s p o s a l .  c o s t s  f o r  Mi l le r  a n d  h a s  
p r e s e r v e d  v a l u a b l e  l a n d f i l l  c a p a c i t y .  

CASE STUDY 1 1  

A l l i e d  C o r p o r a t i o n  m a n u f a c t u r e s  chemicals .  A $4.5 m i l l i o n  
i n v e s t m e n t  i n  r e c y c l i n g  e q u i p m e n t  is p a y i n g  o f f  a t  t h e  r a t e  of $ 1  
m i l l i o n  a year  f o r  A l l i e d  C o r p o r a t i o n .  A l l i e d ' s  M e t r o p o l i s ,  
I l l i n o i s ,  p l a n t  r e c o v e r s  8 , 0 0 0  t o n s  o f  c a l c i u m  f l u o r i d e  a n n u a l l y .  
The  i n o r g a n i c  chemical i s  t h e n  u s e d  a s  a raw ma te r i a l  i n  
a n h y d r o u s  h y d r o f l u o r i c  a c i d  p r o d u c t i o n  a t  a n o t h e r  f a c i l i t y .  
S i n c e  1 9 8 2 ,  o v e r  1 , 0 0 0  c u b i c  y a r d s  of  h a z a r d o u s  c a l c i u m  f l u o r i d e  
wastes h a v e  b e e n  r e c y c l e d  m o n t h l y ,  s a v i n g  a b o u t  $300 ,000  a y e a r  
i n  d i s p o s a l  a n d  s t o r a g e  c o s t s  a l o n e .  The  p r o c e s s  a l s o  r e c o v e r s  
a b o u t  1 , 0 0 0  t o n s  of  lime a n n u a l l y .  
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RECYCLING, RECOVERY AND REUSE, CONTINUED 

CASE STUDY 12 

Borden Chemical Company reduced the amount of organic phenol 
resins it discharged by 95 percent, mainly through process 
modifications: 

1 )  Phenolic resins are passed through a filtration process 
that removes the large resinous particles. Previously, the 
filtered materials were disposed of by rinsing them into the 
wastewater treatment system. They are now rinsed into large 
tanks and recycled into the process as raw material. 

2) Reactor vessels were cleaned by filling them with water. 
This produced a large amount of phenolic resin waste that had to 
be processed through the wastewater treatment system. New 
procedures for equipment operation have reduced the initial rinse 
to only 5 percent of the previous volume, resulting in a more 
concentrated solution of phenolic resins. This solution is 
stored and then recycled into the process line as a raw material. 
The reactor vessels are then rinsed a second time. The waste 
stream from this rinse contains a low concentration of phenolic 
resins. 

3) The Borden Company has made employees aware that small 
amounts of chemical waste can strongly affect overall waste 
generation. As a result, management and workers have identified 
ways of reducing wastes. 

CASE STUDY 13 

American Enka is a nylon yarn production and research 
facility. They have found it economically profitable and 
environmentally sound to recycle their waste isopropyl alcohol 
solvent in-house rather than having it recycled' by an outside 
firm. They purchased a used distillation unit and, with 
appropriate modifications, American Enka is now saving $90,000 
per year. They also reuse the still bottom residues as an 
asphalt- emulsifier in another product line. 

CASE STUDY 17 

IAC manufactures trace-element compounds for fertilizer. By 
substituting suitable inorganic waste chemicals received from 
other firms for some of their virgin raw materials, they have 
they have been able to seduce their production costs and prevent 
the landfilling of useable material. 
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RECYCLING, RECOVERY, AND REUSE, CONTINUED 

CASE STUDY 18 

IC1 Americas, Inc., operates an agricultural chemical 

management initiative was undertaken, in 1981, to form an 
Environmental Compliance Committee to review issues and 
activities at IC1 that affect the environment. Primary emphasis 
is on early planning to minimize waste production, and, 
secondarily, on attempting to recycle or treat the waste, 
whenever, possible so that none is discharged, The Committee's 
recommendations saved the company an estimated $37,000 in waste 
disposal costs in 1984. 

research and development lab in Goldsboro, North Carolina. A 

CASE STUDY 19 

Daly-Herring Company manufactures organic pesticides and 
insecticides. By segregating dust waste streams, they have been 
able to recycle each dust-type back to the process where it 
originated. The firm has eliminated over $9,000 in annual 
disposal costs, and estimates that the recovered material is 
worth more than $2,000 per year. 

CASE STUDY 20 

Texasgulf manufactures phosphate products. In designing 
their new, defluorinated phosphate plant to meet EPA regulations 
pertaining to the release of fluorides into the air and water, 
they decided to implement a closed-loop process water system to 
remove inorganic fluorides from the discharge stream. Other 
alternatives considered included releasing the partially treated 
wastewater to the Saltville, Virginia, municipal sewage system, or 
discharging it into the nearby Holton river. Benefits of their 
decision to implement a closed-loop rather than a single-pass 
system to recycle process water include: 

1 )  Savings of  approximately 280,000 gablons of  water per 
day e 

2) Combined annual savings from water purchases and 
treatment of $930,000 per year. 

3 )  Compliance with all effluent guidelines without a NPDES 
permit, since there is no industrial discharge. 
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R E C Y C L I N G ,  R E C O V E R Y ,  A N D  R E U S E ,  C O N T I N U E D  

CASE S T U D Y  22 

F l o r i d a  S t e e l  C o r p o r a t i o n  p r o d u c e s  s t e e l  i n  two e l e c t r i c - a r c  
f u r n a c e s .  Metal d u s t  c o l l e c t e d  f rom t h e  f u r n a c e  fumes  is  s o l d  t o  
a z i n c  smel te r  f o r  metal r e c o v e r y .  T h i s  p r a c t i c e  has r e d u c e d  
t h e i r  d i s p o s a l  c o s t s  by a l m o s t  50  p e r c e n t ,  a n d  p r e v e n t s  b u r i a l  of 
a v a l u a b l e ,  r ecove rab le  r e s o u r c e .  

CASE S T U D Y  24 

S t a n a d y n e ,  I n c . ,  i s  a m a n u f a c t u r e r  o f  p l u m b i n g  p r o d u c t s .  
T h e i r  e l e c t r o p l a t i n g  a n d  c l e a n i n g  o p e r a t i o n s  g e n e r a t e  h a z a r d o u s  
waste. The company a l t e r e d  t h e i r  n i c k e l  e l e c t r o p l a t i n g  process  
s o  t h a t  d r a g o u t  i s  c a p t u r e d  i n  s t i l l  t a n k s  b e f o r e  t h e  r i n s i n g  
s t e p  i s  begun .  T h e  d r a g o u t  is  r e t u r n e d  t o  t h e  p l a t i n g  t a n k s ,  
t h u s  s a v i n g  v a l u a b l e  chemicals a n d  r e d u c i n g  t h e  t r e a t m e n t  a n d  
d i s p o s a l  c o s t s  o f  r e m o v i n g  h i g h  c o n c e n t r a t i o n s  o f  metals from t h e  
r i n s e  water. The  r e c o v e r e d  n i c k e l  s a v e s  Stanad-4,200 p e r  
year a n d  r e d u c e s  t h e  n i c k e l  s l u d g e  vo lume  by 9 , 5 0 0  p o u n d s  p e r  
year .  

CASE S T U D Y  25  

E l k h a r t  P r o d u c t s ,  I n c . ,  m a n u f a c t u r e s  p i p e  f i t t i n g s .  Under  
t h e  g u i d a n c e  o f  Lancy  I n t e r n a t i o n a l ,  t h e y  h a v e  m o d i f i e d  t h e i r  
b r i g h t - d i p p i n g  a n d  p a s s i v a t i n g - l i n e  wastewater t r e a t m e n t  s y s t e m .  
I t  was r ep laced  w i t h  a newly  d e v e l o p e d  p i c k l i n g  p r o c e s s  t h a t  
u s e s  s u l f u r i c  a c i d  a n d  a p r o p r i e t a r y ,  s t a b i l i z e d  h y d r o g e n  
p e r o x i d e .  By m o d i f y i n g  t h e  e q u i p m e n t  o p e r a t i o n ,  E l k h a r t  was a b l e  
t o  r emove  a c y a n i d e  d i p  a n d  c h r o m i c  a c i d  d i p  f r o m  t h e  p r o c e s s  
l i n e .  They  a l s o  r e c o v e r  metal w i t h  a n  e l e c t r o l y t i c  c e l l  which  
c u r r e n t l y  r e c o v e r s  c o p p e r  a t  t h e  r a t e  o f  1 , 0 0 0  t o  1 , 5 0 0  p o u n d s  
p e r  month .  

CASE S T U D Y  26 

P i o n e e r  was u s i n g  a s i n g l e - p a s s  s y s t e m  t o  t r e a t  t h e i r  
p l a t i n g  wastewaters. B e c a u s e  t h e  s y s t e m  h a d  no  l a r g e  e n d - t a n k  t o  
c o r r e c t  m i n o r  u p s e t s  i n  t h e  s y s t e m ,  c o n c e n t r a t i o n s  of  metals  a n d  
o t h e r  i n o r g a n i c  chemicals i n  t h e  e f f l u e n t  r e g u l a r l y  e x c e e d e d  
water q u a l i t y  r e g u l a t i o n s .  T h e  e f f l u e n t s  were k i l l i n g  many 
spec ie s  o f  p l a n t s  a n d  a n i m a l s  i n  t h e  r e c e i v i n g  marsh. P i o n e e r  
s o l v e d  t h i s  p r o b l e m  by r e m o v i n g  t h e  o l d ,  s i n g l e - p a s s  p rocess  
water t r e a t m e n t  s y s t e m  a n d  i n s t a l l i n g  a c l o s e d - l o o p  b a t c h  s y s t e m  
m a n u f a c t u r e d  by  Z e r p o l .  A s  a r e s u l t  o f  t h e  new e q u i p m e n t  
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d e s i g n ,  t h e  company now u s e s  o n l y  500  g a l l o n s  of water p e r  d a y  
(makeup d u e  t o  e v a p o r a t i o n ) ,  r a t h e r  t h e n  t h e  p r e v i o u s  1 2 , 0 0 0  
g a l l o n s  p e r  d a y ,  a n d  has  r e d u c e d  t h e  amoun t  o f  s l u d g e  p r o d u c e d  by 
20  p e r c e n t .  P l a n s  a r e  b e i n g  made t o  s e l l  t h e  s l u d g e  t o  a company 
f o r  u s e  as a f i l l e r  i n  t h e  m a n u f a c t u r e  of  c o n c r e t e  p r o d u c t s .  

CASE STUDY 27 

Deere a n d  Company r e d u c e d  i t s  h a z a r d o u s  waste by 80 p e r c e n t  
i n  volume a n d  o v e r  99 p e r c e n t  i n  l e v e l  o f  r i s k  t h r o u g h  two k e y  
a c t i o n s :  

1 )  I m p l e m e n t a t i o n  of a c o m p r e h e n s i v e  h a z a r d o u s  waste 
management  i n i t i a t i v e  a t  each m a n u f a c t u r i n g  u n i t .  

2 )  C o n s t r u c t i o n  o f  a n  o n - s i t e  h a z a r d o u s  l i q u i d  waste 
t r e a t m e n t  f a c i l i t y  t h a t  reclaims waste o r g a n i c  o i l  compounds  a n d  
metals from p rocess  water, a n d  p r o d u c e s  a n o n - h a z a r d o u s  s l u d g e .  
The  recovered o i l  i s  s o l d  t o  a n  o i l  r e c y c l i n g  f i rm o r  i s  r e u s e d  
f o r  m a c h i n i n g  p r o c e s s e s .  

CASE STUDY 30 

GTE S y l v a n i a  m a n u f a c t u r e s  m i c r o e l e c t r o n i c  t e l e p h o n e  
s w i t c h i n g  e q u i p m e n t .  W i t h  s t r i c t e r  r e g u l a t i o n s  c o n c e r n i n g  c o p p e r  
e f f l u e n t s  s o o n  t o  be  e n f o r c e d ,  GTE,  a i d e d  by L a n c y  I n t e r n a t i o n a l ,  
d e c i d e d  t o  m o d i f y  t h e  p r o c e s s  water t r e a t m e n t  from t h e i r  c o p p e r -  
e t c h i n g  r i n s e  stream by i n s t a l l i n g  a n  e l e c t r o l y t i c  metal  r e c o v e r y  
c e l l .  T h e  e l e c t r o l y t i c  c e l l  is  p a r t  o f  a c l o s e d - l o o p  s y s t e m  t h a t  
f o l l o w s  t h e  e t c h i n g  o p e r a t i o n s  on t h e  E l e c t r o l e s s  c o p p e r p l a t i n g  
l i n e .  The c e l l  was i n s t a l l e d  d o w n s t r e a m  f r o m  t h e  r i n s e  t a n k ,  
where i t  r e c o v e r s  c o p p e r  t h a t  would h a v e  e n d e d  up a s  a l a n d f i l l e d  
s l u d g e .  A f t e r  t h e  coppe r  i o n s  a r e  r e m o v e d ,  t h e  r i n s e  water i s  
r e c i r c u l a t e d  back t o  t h e  r i n s e  t a n k .  The coppe r  is  p e r i o d i c a l l y  
removed f r o m  t h e  c e l l ' s  c a t h o d e  a n d  s o l d  as No. 1 c o p p e r  s c r a p .  
I n  i t s  f i r s t  y e a r  o f  o p e r a t i o n ,  t h i s  s y s t e m  p r o d u c e d  $ 2 , 0 0 0  f r o m  
t h e  s a l e  o f  t h e  r e c y c l e d  c o p p e r  s c r a p ,  a n d  s a v e d  $ 4 , 0 0 0  i n  
a v o i d e d  waste d i s p o s a l  c o s t s .  

CASE STUDY 33 

D i g i t a l  E q u i p m e n t  C o r p o r a t i o n ' s  new p r i n t e d  w i r i n g  b o a r d  
m a n u f a c t u r i n g  o p e r a t i o n  i n c l u d e s  s e v e r a l  r e s o u r c e  c o n s e r v a t i o n  
a n d  recovery methods  i n  t h e i r  p r o c e s s  water t r e a t m e n t  s y s t e m .  
The  s y s t e m ,  d e s i g n e d  by Lancy  I n t e r n a t i o n a l ,  i n c l u d e s  metal 
r e c o v e r y  by e l e c t r o l y t i c  c e l l  a n d  by e v a p o r a t i o n .  
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e l e c t r o l y t i c  r e a c t i o n  r e c o v e r s  9 2  p e r c e n t  o f  t h e  d i s s o l v e d  c o p p e r  
f rom d r a g o u t  r i n s e s ,  a n d  t h e  a t m o s p h e r i c  e v a p o r a t o r  r e c o v e r s  95 
p e r c e n t  o f  t h e  c h r o m i c  a c i d  d r a g o u t .  The  c h r o m i c  a c i d  i s  
recyc led  i n t o  t h e  e t c h  p r o c e s s  l i n e .  The company a l s o  u s e s  a 
l ime s l u r r y  b y - p r o d u c t  f r o m  a l o c a l  a c e t y l e n e  gas m a n u f a c t u r e r  as 
a n  a c i d  n e u t r a l i z e r .  

CASE S T U D Y  34 

Modine p repa res  b ra s s  p a r t s  f o r  r a d i a t o r s  by d i p p i n g  t h e m  i n  
a s e r i e s  of  chemical  s o l u t i o n s .  The h y d r o g e n  p e r o x i d e / s u l f u r i c  
a c i d  b r i g h t  d i p  was c a u s i n g  them s e v e r a l  p r o b l e m s ,  i n c l u d i n g  t h e  
b u i l d u p  o f  c o p p e r  s u l f a t e  p e n t a h y d r a t e  c r y s t a l s  t h a t  were t h e n  
d e p o s i t e d  i n  a h a z a r d o u s  waste l a n d f i l l .  The re  was, i n  a d d i t i o n ,  
a s i g n i f i c a n t  d r a g o u t  of  coppe r  i o n s  i n t o  t h e  s u b s e q u e n t  r i n s e  
t a n k s .  Rather  t h a n  i n c u r  t h e  i n i t i a l  a n d  l o n g - t e r m  l a n d f i l l i n g  
c o s t s  f o r  t h e  h a z a r d o u s  wastes, Modine e l e c t e d  t o  e l i m i n a t e  t h e  
f o r m a t i o n  o f  t h e  c r y s t a l s  by c o n t i n u o u s l y  r e c i r c u l a t i n g  t h e  
h y d r o g e n  p e r o x i d e / s u l f u r i c  a c i d  b r i g h t  d i p  s o l u t i o n  t h r o u g h  a n  
i o n  e x c h a n g e  co lumn.  T h e  co lumn s e l e c t i v e l y  r e m o v e s  t h e  metal ,  
The  p u r i f i e d  d i p  s o l u t i o n  i s  r e c y c l e d  t o  t h e  b a t h .  Once t h e  i o n  
e x c h a n g e  r e s i n  becomes  s a t u r a t e d ,  t h e  c o p p e r  i o n s  a r e  e x c h a n g e d  
a g a i n  i n  t h e  r e g e n e r a t i o n  p r o c e s s ,  a n d  a r e  s u b j e c t e d  t o  a n  
e l e c t r o l y t i c  r e a c t i o n  t o  r emove  them f r o m  t h e  s o l u t i o n .  The 
p l a t e d  c o p p e r  is s o l d  as  No. 1 c o p p e r  sc rap .  

CASE S T U D Y  35 

Rexham C o r p o r a t i o n  d o e s  h i g h - t e c h n o l o g y  p r i n t i n g  a n d  c o a t i n g  
f o r  t h e  p h o t o g r a p h y  i n d u s t r y  a t  t h e i r  Matthews, N o r t h  C a r o l i n a ,  
f a c i l i t y .  The s e g r e g a t i o n  of  waste t o l u e n e ,  u s e d  f o r  p r i n t  a n d  
r o l l e r  c l e a n u p ,  by  c o l o r  a n d  t y p e  of i n k  c o n t a m i n a n t  h a s  a l l o w e d  
a l m o s t  c o m p l e t e  r e u s e  of t h e  s o l v e n t .  

CASE S T U D Y  36 

C a r o l i n a  Power  a n d  L i g h t  Company i s  a major g e n e r a t o r  o f  
e l e c t r i c  power i n  Nor th  C a r o l i n a .  T h e y  h a v e  b e e n  s e l l i n g  waste 
f l y  a s h  a n d  bo t tom a s h  f r o m  t h e i r  c o a l - f i r e d  p l a n t s  s i n c e  1973. 
The Company u s e s  a n o t h e r  f i r m ,  M o n i e r  R e s o u r c e s ,  I n c . ,  t o  o v e r s e e  
t h e  m a r k e t i n g  o f  t h e  a s h .  P r i o r  t o  t h i s  a r r a n g e m e n t ,  a l l  o f  t h e  
a s h  was s l u i c e d  t o  o n - s i t e  a s h  p o n d s  f o r  p e r m a n e n t  d i s p o s a l .  The  
Company h a s  now r e d u c e d  i t s  d i s p o s a l  c o s t s  a n d  p r e v e n t e d  t h e  
b u r i a l  of  u s e a b l e  mater ia l .  
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CASE STUDY 37 

Duke Power  Company i s  o n e  of  t h e  m a j o r  e l e c t r i c  u t i l i t i e s  i n  
Nor th  C a r o l i n a .  S i n c e  t h e  l a t e  1 9 6 0 s ,  t h e y  h a v e  b e e n  m a r k e t i n g  
waste f l y  a s h  a n d  b o t t o m  a s h  f r o m  t h e i r  c o a l - f i r e d  power p l a n t s .  
T h e  as e e n  o n c r e t e  p r o d u c t i o n ,  a s p h a l t  f i l l e r ,  
a n d  p l a s t i c s  f i l l e r .  T h e  Company i s  e x p l o r i n g  o t h e r  u s e s  f o r  t h e  
a s h ,  p a r t i c u l a r l y  t h e  p o s s i b i l i t y  o f  u s i n g  i t  as s t r u c t u r a l  
b a c k f i l l  o r  t o  s t a b i l i z e  roadbases .  

CASE STUDY 38 

N a t u r a l  Power i s  a small  g e n e r a t o r  of  e l e c t r i c i t y  o p e r a t i n g  
f rom t h e  Gresham L a k e  L a n d f i l l  i n  R a l e i g h ,  N o r t h  C a r o l i n a ,  They 
h a v e  i m p l e m e n t e d  a l a n d f i l l  g a s  r e c o v e r y  s y s t e m  f o r  c o n v e r t i n g  
b i o g a s  t o  e l e c t r i c  power,  w h i c h  is  t h e n  s o l d  t o  t h e  l o c a l  

y .  The gas i s  c o l l e c t e d ,  f i l t e r e d ,  a n d  f e d  d i r e c t l y  i n t o  
two  d i e s e l  g e n e r a t o r s  m o d i f i e d  t o  use a m e t h a n e  f u e l  s o u r c e .  The 
e l e c t r i c a l  e n e r g y  g e n e r a t e d  a t  t h e  l a n d f i l l  is  metered a n d  f e d  
i n t o  t h e  l o c a l  u t i l i t y ' s  t r a n s m i s s i o n  l i n e s .  

CASE STUDY 39 

A s y s t e m  f o r  c o m p o s t i n g  m u n i c i p a l  waste s l u d g e  is  p l a n n e d  
f o r  t h e  H i c k o r y / N e w t o n / C o n o v e r  Complex i n  Catawba C o u n t y ,  N o r t h  
C a r o l i n a .  The f a c i l i t y  i s  i n  t h e  f i n a l  d e s i g n  p h a s e ,  a n d  i s  
s c h e d u l e d  f o r  c o n s t r u c t i o n  i n  1 9 8 6 .  R e u s i n g  waste s l u d g e  a s  
c o m p o s t i n g  ma te r i a l  i s  e x p e c t e d  t o  s a v e  t h e  c o u n t y  as  much as 
$ 8 2 7 , 0 0 0  i n  a n n u a l  d i s p o s a l  c o s t s .  

CASE STUDY 40 

T h e  m u n i c i p a l  wastewater t r e a t m e n t  f a c i l i t y  i n  M o r g a n t o n ,  
N o r t h  C a r o l i n a ,  i m p l e m e n t e d  t h e  f i r s t ,  f u l l - s c a l e ,  s l u d g e  
c o m p o s t i n g  o p e r a t i o n  i n  t h e  s t a t e .  They  p u r c h a s e  b a r k  as  a 
b u l k i n g  ma te r i a l ,  a n d  compost t h e  s l u d g e  u s i n g  t h e  s t a t i c - p i l e  
me thod .  T h e  c o m p o s t  i s  s o l d  t o  t h e  p u b l i c ,  a n d  t h e  r e s p o n s e  h a s  
b e e n  s o  f a v o r a b l e  t h a t  t h e  c i t y  h a s  b e e n  u n a b l e  t o  k e e p  up w i t h  
t h e  demand. They h a v e  e l i m i n a t e d  t h e  n e e d  t o  l a n d f i l l  t h e  waste 
s l u d g e ,  a n d  h a v e  c r ea t ed  a s y s t e m  t o  r e u s e  a n  o t h e r w i s e  
u n d e s i r a b l e  mater ia l .  
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CASE STUDY 4 1  

T h e  chemical a n d  c o o r d i n a t e  bond a n d  a d s o r b t i o n  s y s t e m  
( C C B A )  i s  a p r o c e s s  f o r  t r e a t i n g  a m u n i c i p a l  waste (raw s e w a g e ) .  
T h e  e q u i p m e n t  d e s i g n  a n d  o p e r a t i o n  is  b a s e d  on chemical p r o c e s s e s  
r a the r  t h e n  t r a d i t i o n a l  b i o l o g i c a l  d e c o m p o s i t i o n  a n d  
s t a b i l i z a t i o n .  Common c l a y ,  a l u m ,  a n d  p o l y a c r y l i c  a c i d  a r e  a d d e d  
t o  t h e  sewage i n f l u e n t .  T h e  chemical i n t e r a c t i o n  o f  t h e s e  
compounds  w i t h  t h e  d i s s o l v e d  a n d  s o l i d  s e w a g e  waste i s  e f f e c t i v e  
i n  r e m o v i n g  o f  91  p e r c e n t  o f  t h e  s u s p e n d e d  s o l i d s ,  a n d  88 p e r c e n t  
o f  t h e  b i o l o g i c a l  o x y g e n  demand f r o m  t h e  waste water.  R e m a i n i n g  
o r g a n i c s  i n  t h e  p l a n t  e f f l u e n t  a r e  w a t e r - s o l u b l e  a n d  e a s i l y  
b i o d e g r a d a b l e .  S l u d g e ,  r e s u l t i n g  f r o m  t h e  c l e a n i n g  of  t h e  
i n f l u e n t  wastewater,  is  mixed  w i t h  s u f f i c i e n t  c l a y  a n d  t h e n  b a k e d  
i n  a k i l n  t o  p r o d u c e  a l i g h t w e i g h t  a g g r e g a t e  s u i t a b l e  f o r  r e u s e  
i n  t h e  b u i l d i n g  i n d u s t r y .  A d d i t i o n a l  p r o c e s s i n g  o f  t h e  t r e a t e d  
wastewater p e r m i t s  s i g n i f i c a n t  r e m o v a l  o f  b u t r i e n t  wastes. T h e  
p r o c e s s i n g  f a c i l i t y  is  s i g n i f i c a n t l y  l e s s  e x p e n s i v e  t o  c o n s t r u c t  
t h a n  c o n v e n t i o n a l  b i o l o g i c a l  s e w a g e  t r e a t m e n t  f a c i l i t i e s ,  a n d  i s  
n o t  s e n s i t i v e  t o  t o x i c  c o n s t i t u e n t s  i n  t h e  wastewater. An 
a d d i t i o n a l  b e n e f i t  a c c r u i n g  from t h i s  p r o c e s s  i s  t h e  a b i l i t y  t o  
s a f e l y  t r e a t  h a z a r d o u s  i n o r g a n i c  a n d  o r g a n i c  chemicals i n  t h e  
s e w a g e  s l u d g e  by i n c i n e r a t i n g  them a t  e l e v a t e d  t e m p e r a t u r e s ;  t h e  
r e s i d u e s  a r e  s u b s e q u e n t l y  e n t r a i n e d  i n  a ceramic m a t r i x .  

CASE STUDY 42 

Chevron  U S A ,  I n c . ,  m a i n t a i n s  a p e t r o l e u m  p r o d u c t  w a r e h o u s e  
i n  L o u i s v i l l e ,  K e n t u c k y .  A s h i p p i n g - d r u m  r e c o n d i t i o n i n g  
f a c i l i t y ,  where u s e d  drums a r e  c l e a n e d  a n d  r e p a i n t e d  f o r  r e u s e ,  
is  o p e r a t e d  o n - s i t e .  P r i o r  c l e a n i n g  p r a c t i c e s  g e n e r a t e d  a 
complex h a z a r d o u s  waste stream, composed  of c a u s t i c ,  o i l ,  water,  

h i g h - p r e s s u r e ,  h o t - w a t e r  c l e a n i n g  s y s t e m  was i n s t a l l e d  t o  r e p l a c e  
t h e  c a u s t i c  c l e a n i n g  s y s t e m .  The  new s y s t e m  i s  a c l o s e d - l o o p  
wastewater process  w h i c h  r e u s e s  t h e  f i l t e r e d  c l e a n i n g  water a n d  

s u b s t i t u t i o n  o f  o i l - b a s e d  p a i n t s  w i t h  a water-base p r o c e s s ,  u s i n g  
s t a t e - o f - t h e - a r t  o v e r s p r a y  f i l t r a t i o n  e q u i p m e n t ,  c o n s e r v e s  p a i n t  
a n d  e l i m i n a t e s  t h e  g e n e r a t i o n  o f  h a z a r d o u s  waste p a i n t  r e s i d u e .  
The t o t a l  s a v i n g s  t o  C h e v r o n  f r o m  these  two m o d i f i c a t i o n s  e x c e e d s  
$ 8 0 , 0 0 0  p e r  y e a r ,  a f t e r  t h e  3 - y e a r  p a y b a c k  p e r i o d .  

a n d  p a i n t  w h i c h  c o s t  Chevron  $ 5 0 , 0 0 0  p e r  y e a r  t o  manage .  A 

e n s u r e s  t h e  r e c y c l i n g  o f  o i l  c l e a n e d  f r o m  t h e  d rums .  A - 

CASE STUDY 43 

A f i l m  d e v e l o p i n g  u n i t  a t  3M's E l e c t r o n i c s  P r o d u c t s  D i v i s i o n  

t r i c h l o r o e t h a n e .  I n  o r d e r  t o  r e c o v e r  u s e d  s o l v e n t  a n d  t o  
c o n t i n u e  i n  c o m p l i a n c e  w i t h  p r o c e s s  water d i s c h a r g e  r e g u l a t i o n s ,  

was d i s c h a r g i n g  wastewater c o n t a m i n a t e d  w i t h  l , l , l -  
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R E C Y C L I N G ,  R E C O V E R Y ,  A N D  REUSE,  C O N T I N U E D  

3M i n s t a l l e d  a d e c a n t e r  s y s t e m  t h a t  p r o v i d e s  g r a v i t y  s e p a r a t i o n  
o f  t h e  s o l v e n t  from t h e  water. T h i s  m o d i f i c a t i o n ,  s a v e d  t h e  
company $ 1 2 , 0 0 0  i n  i t s  f i r s t  y e a r  o f  o p e r a t i o n  by r e d u c i n g  t h e  
amount  o f  new s o l v e n t  a n d  makeup water r e q u i r e d  f o r  t h e  
d e v e l o p i n g  u n i t .  

CASE S T U D Y  4 4  

PCA I n t e r n a t i o n a l  i s  a c o l o r  p o r t r a i t  p r o c e s s i n g  company.  
They h a v e  i n s t a l l e d  s e v e r a l  new e q u i p m e n t  s y s t e m s  w h i c h  a l l o w  
them t o  r e u s e  l a r g e  v o l u m e s  of  p rocess  water a n d  p rocess  
chemicals .  A r e v e r s e  o s m o s i s ,  water p u r i f i c a t i o n  s y s t e m  p e r m i t s  
t h e  r e c y c l i n g  o f  90  p e r c e n t  o f  t h e  p r o c e s s  water ,  a n d  i o n  
e x c h a n g e  c o l u m n s ,  w h i c h  r emove  e x c e s s  b r o m i d e  from t h e  c o l o r  
d e v e l o p e r  s o l u t i o n ,  a l l o w  9 9 - p e r c e n t  r e u s e  of t h e  s o l u t i o n .  

CASE S T U D Y  45  

A m e r i c a n  F o t o k e m i ,  I n c . ,  e s t a b l i s h e d  a c e n t r a l  p r o c e s s i n g  
p l a n t  f o r  r e c o v e r i n g  s i l v e r  f r o m  f i l m s  a n d  s p e n t  f i x e r  s o l u t i o n s  
u s e d  i n  f i l m  p r o c e s s i n g .  C o n v e n t i o n a l  a p p r o a c h e s  t o  s i l v e r  
r e c o v e r y  i n  t h e  f i l m  p r o c e s s i n g  i n d u s t r y  h a v e  l o c a t e d  c a n i s t e r  
a n d  e l e c t r o l y t i c  r e c o v e r y  e q u i p m e n t  a t  each i n d i v i d u a l  f i l m  
p r o c e s s i n g  s i t e .  T h i s  d e c e n t r a l i z e d  a p p r o a c h  r e s u l t s  i n  l e s s  
t h a n  o p t i m a l  r e c o v e r y  o f  s i l v e r  d u e  t o  s u b - i d e a l  p r o c e s s  
m o n i t o r i n g  a n d  t o  t h e  o p e r a t i n g  e c o n o m i c s  of  smal l  i n d e p e n d e n t  
r e c o v e r y  u n i t s .  There i s  a comple te  l o s s  o f  s i l v e r  by small 
p r o c e s s o r s  who c a n n o t  e c o n o m i c a l l y  j u s t i f y  r e c o v e r y  u n i t s .  
A m e r i c a n  F o t o k e m i  h a s  d e v e l o p e d  chemical t r e a t m e n t  processes  t h a t  
i n c r e a s e  s i l v e r  r e c o v e r y  t o  n e a r l y  1 0 0 - p e r c e n t  -- a n  i n c r e a s e  of  
10 t o  15  p e r c e n t  f rom t h a t  a c h i e v e d  by c o n v e n t i o n a l  d e c e n t r a l i z e d  
t e c h n o l o g y  F u r t h e r m o r e ,  o t h e r  t o x i c  metals ,  w h i c h  wou ld  
o t h e r w i s e  be  d i s c h a r g e d  as p o l l u t a n t s  by t h e  small ,  i n d e p e n d e n t ,  
s i l v e r  r e c o v e r y  o p e r a t i o n s ,  a r e  a l s o  r e c o v e r e d .  T h e  h i g h  
e f f i c i e n c y  of  t h i s  c e n t r a l i z e d  r e c o v e r y  method h a s  i n c r e a s e d  t h e  
d o l l a r / s i l v e r  r e t u r n  f o r  e v e r y o n e  who h a s  c o n v e r t e d  t o  i t  f r o m  
i n - h o u s e  c a n i s t e r  a n d / o r  e l e c t r o p l a t i n g  r e c o v e r y .  
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GOALS A N D  OBJECTIVES FOR WASTE MINIMIZATION T~ROUGHOUT SOCIETY 

A s  our society moves beyond sole reliance on end-of-pipe 
pollution control approaches toward system-wide pollution 
prevention, waste minimization, and toxicity reduction 
procedures, an array of technical, economic, policy, and 
ecological factors must be addressed. To that end, the authors 
hope this book will help to stimulate interest in preventative 
approaches to waste management. We suggest the following goals 
and objectives as helpful for making this transition: 

( 1 )  Develop an awareness within the minds of our political, 
industrial, academic, and civic leaders of the 
ecological and economic advantages of managing our 
wastes through Pollution Prevention-Waste Minimization 
(PP-WM) approaches. 

(2) Educate o u r  citizens to view all wastes as resources. 

( 3 )  Reduce or eliminate the production of hazardous and non- 
hazardous wastes (resources). 

( 4 )  Reduce human and environmental risks due to exposure to 
toxic substances and hazardous wastes. 

(5) Inform citizens in all sectors of society about 
successful waste reduction and waste elimination 
processes already being used by various industries 
worldwide (The economic benefits, technological 
feasibility, and environmental assets of each procedure 
should be described in detail.) 

(6) Develop, test, and utilize safe methods for converting 
wastes into useful products. 

(7) Design new products and/or redesign old products to 
minimize the materials and energy used in their 
manufacture. The products should be designed to be 
energy- and materials-efficient throughout their life 
cycle; to release minimal quantities of wastes during 
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operation; and, to be easily and safely reusable, 
recyclable, or incineratable at the end of their useful 
life. 

( 8 )  Develop and implement processes for- sharing ~ o n c e p t s ~  
approaches, and results, both within and across 
industrial groups. Each industrial category should also 
identify those problems for which there are currently no 
solutions. Governments should establish high priorities 
for researching these problems. These research results 
should be disseminated internationally. 

It is our considered opinion that, by implementing these and 
other appropriate goals and objectives in the next decade, our 
nation's industrial firms will become more efficient and 
profitable. They will produce and release fewer pollutants, and 
the earth will be a safer place for all species. 

A D I S C U S S I O N  OF IMPEDIMENTS TO THE IMPLEMENTATION OF POLLUTION 
PREVENTION-WASTE MINIMIZATION (PP-WM) APPROACHES 

What impediments or barriers to the more extensive 
implementation of PP-WM currently exist? The following 
categories appear to us to be the most salient in resisting PP-WM 
approaches: 

1 )  Regulatory officials. They have become accustomed to 
mandating end-of-pipe pollution controls, and are frequently 
unaware or unwilling to consider PP-WM approaches to attaining 
environmental quality goals. 

2) Industry. The leaders and workers both have a tendency 
to resist change and to continue to insist that the regulators 
demand that they use pollution controls. 

3) Academic circles. Professors, who were educated 10 to 
30 years ago, learned pollution control philosophies and 
processes. Many of them have not heard about PP-WM approaches, 
o r  are not convinced that they are technically and economically 
sound. Consequently, they continue to teach new generations of  
students pollution control concepts, not PP-WM concepts. 

4 )  Consulting engineers. For decades, they have been 
trained to design and have been designing pollution control 
installations. They are comfortable with these processes, and 
are usually unfamiliar and uncomfortable with PP-WM approaches. 

5 )  Active environmental citizen organizations. Many of 
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their members are suspicious of government and industry. They 
frequently react to the concepts of PP-WM as "too good to be 
t ruet1. It is encouraging to note, however, that some 
environmentalists are actively promoting PP-WM approaches. They 
are doing so because they are convinced that governmental, 
industrial, and environmental interests can be brought together 
in non-competitive, mutually beneficial interactions, rather than 
in the typical, competitive, mutually harmful standoff. 

Regulatory Barriers 

Most of the environmental laws, rules, and regulations 
enacted during the last 15 years have focused on pollution 
control as the way to achieve the desired environmental quality 
goals. With a few exceptions, the laws have seldom focused on 
prevention. With this bias in the laws, regulators believe they 
have no choice but to enforce the laws through pollution control 
approaches. Additional regulatory barriers include: 

1 )  Piecemeal coverage and inconsistent exemptions. F o r  
example, small-quantity generators are presently exempted from 
certain formal parts of RCRA accounting. Consequently, much of 
the hazardous residuals produced by small-quantity generators are 
known to be be mismanaged. 

2) Fragmented jurisdictions. 

3) Inconsistent enforcement. 

All three of these barriers decrease the likelihood that PP- 
WM approaches will be implemented by companies large and small, 
in all parts of this country, or in all countries. 

Additionally, the RCRA regulations themselves still make the 
recycling of potentially salvageable resources very difficult. 
Because of the morass of stipulations designed to prevent any 
unforeseen regulatory loopholes, hazardous by-product streams 
which are "sometimes discarded" can not be exempted from 
regulation, even if a buyer stands ready. This kind of non- 
discretionary and sweeping bureaucratic proclamation is seriously 
impeding the development of direct llwastetl exchanges from 
generators to parties who can use the by-product as a resource. 

The legislative and judicial branches of the government 
frequently act as major barriers to the implementation of PP-WM. 
This appears to be due to their commitment to uphold the letter 
of the environmental laws presently on the books. 
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The 1984 R C R A  amendments do focus on waste reduction and, as 
such, are encouraging harbingers of a new regulatory era. 

Economic Barriers 

The first and foremost economic barrier to comprehensive 
implementation of PP-WM is the present availability of 
inappropriately low-cost land disposal for hazardous waste in 
pits, ponds, lagoons, landfills, and by deep-well injection. As 
a consequence, most industries have traditionally TTdisposedTT of 
their wastes, rather than looking for ways to avoid producing 
them in the first place. Recently, as the public has become 
aware of the environmental risks associated with these methods, 
the price of disposing of the wastes has begun to rise rapidly. 
In many states and nations, these approaches are banned, or are 
being phased out in favor of other, more ecologically sound 
management approaches. 

Informational Barriers 

Because PP-WM concepts are comparatively new and innovative, 
many governmental, industrial, academic, and civic leaders have 
little or no information about them. The problems appear to be 
in the following areas: 

1) Lack of sufficient theoretical and philosophical 
information about PP-WM concepts. 

2 )  Lack of sufficient "provenTf technical information about 
PP-WM approaches. 

3) Lack of sufficient short- and long-run economic 
information about PP-WM concepts. 

4) Lack of sufficient short- and long-run human health 
information about PP-WM approaches. 

5) Lack of sufficient short- and long-run ecological 
information about the consequences of implementing PP-WM 
approaches. 

Product Acceptability Barriers 

Many citizens have an aversion to using products that 
contain reclaimed or recycled constituents. As a consequence, 
there are frequently barriers to the assembling, processing, and 
sale of recycled materials. 
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In addition, manufacturers inclined to use non- virgin 
materials are often confronted with an array of standards that 
virtually mandate the use of new materials. 

In summation, an array of barriers is presently slowing down 
the implementation of PP-WM approaches in industries around t h e  
in industries around the world. Some of these barriers are more 
important than others, and will vary from country to country, and 
from industry to industry. The authors welcome your ideas and 
suggestions about any additional barriers to the implementation 
of PP-WM approaches e 

PROPOSED STRATEGY FOR OVERCOMING THE BARRIERS A N D  ACCELERATING 
THE GLOBAL IMPLEMENTATION OF BP-WM APPROACHES 

In relation to the goals and objectives outlined above, 
we wish to propose the following for your consideration as 
initial approaches to speed the global implementation of PP-WM. 

First, and foremost in importance, is the need to focus on 
attitudinal barriers. One way to break through these barriers is 
to provide appropriately concise or technically detailed 
information for different audiences, be they citizens, educators, 
governmental officials, or industrial leaders. The information 
should document the PP-WM concepts and clarify how they differ 
from pollution control concepts. 

The information should also explain the PP-WM technologies 
involved, the economic benefits to be gained, as well as the 
human health and environmental advantages. This information 
should be assembled on a case study basis for each PP-WM example. 
These case studies should be grouped by SICS and cross-indexed 
according to the problem addressed and the approach to solving 
it. This information could be made available in a loose-leaf 
format so that additional examples could be added at a later 
time. The information could also be made accessible by 
computer. 

Such an assemblage of technical information, based on 
examples, and selected on a worldwide basis, would be a valuable 
educational tool f o r  industrial leaders, government officials and 
university educators. The U.N. Low-Waste, Non-Waste Compendium 

Other (1982) is an excellent steD in this direction. 
publications that also contain ialuable information on pollution 
prevention approaches include Campbell (1982), Chazelon (19821, 
Huisingh (1982), and Royston (1979). (These publications are 
listed in full in the "Literature Cited" section.) 
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The appropriately written and targeted information should 
then be widely disseminated to: 

o Media 
o Government agencies (federal, state, and local) 
o Associations or groups of consulting engineers 
o Industrial trade associations 
o Educational institutions 
o Citizen environmental organizations 
o Business associations and chambers of commerce 

Establish an International Journal of Waste-Reduction 

In order to establish and maintain lines of communication 
between technologists and scientists developing new PP-WM 
solutions, an international journal on pollution prevention and 
waste minimization should be initated. It would provide a forum 
for presenting successful PP-WM case studies, results of waste 
utilization or reduction technologies, and for discussing facets 
of currently unsolved problems. 

Establish an Annual Worldwide Symposium Series on Pollution 
Prevention-Waste Minimization Issues and Successes 

Worldwide symposia should be planned by representatives from 
many nations and should include members and participants from 
government, industry, academia, and environmentally concerned 
citizen groups. Participants should also be drawn from these 
same diverse groups. The media should be invited to cover all 
symposia. 

Since the cost of worldwide travel severely limits the 
number of people who can attend these symposia, we propose that 
global communications satellite networks be utilized to allow the 
symposia to be held simultaneously at several conference centers 
around the world. 

This type of multi-location conference is especially 
effective if the conferees have received and read the 
informational materials well in advance of the meetings. 

Incentives for Industry to - Implement PP-WM Approaches 

Tax breaks, loans, and the like may be needed to encourage 
more industries to hasten their incorporation of these 
approaches. The following incentives might be helpful: 
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1 )  Tax breaks for industries that install and utilize PP-WM 
approaches and demonstrate llrealll reductions in the production 
or toxicity of wastes. 

2) Tax-exempt industrial revenue bonds for underwriting 
industrial changeover to PP-WM approaches. 3 )  Encourage on-site 
reuse, incineration, and cogeneration of energy from wastes. 

4) Support the use of waste exchanges. 

5) Offer awards to industries that have made outstanding 
strides in reducing or eliminating waste production. 

Disincentives f o r  Industry to Continue Unsatisfactory 
Management of Residuals 

In order to further hasten the conversion of industries to 
PP-WM approaches, the following actions should serve as 
disincentives to continuing unsafe practices: 

o Ban the use of landfills and deep-well injection 
o Enact and enforce strict liability laws 
o Enact and enforce "waste-endfl taxes 
o Enact and enforce victim compensation laws 
o Enact and enforce worker and citizen right-to-know laws 
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CONCLUSION 
In summary, we have addressed an array of goals and 

objectives t h a t  we believe we should strive to achieve. T h e r e  
are barriers to rapidly achieving these goals, but we are 
confident that this combination of educational, research, 
legislative, and economic approaches will be a useful starting 
point for a global effort to foster the accelerated 
implementation of pollution prevention-waste minimization 
throughout all industries and throughout society. 

In doing so, our air, water, land, and food will be cleaner 
and freer of toxic substances, and our people's health will be 
improved. 

We welcome your comments, suggestions, and willingness to 
w o r k  toward the common g o a l  of a safe, clean environment for the 
present and for the future. 
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A P P E N D I X  1 

The Questionnaire 17sed In Gathering Data For The Compendium, 

Proven Profit from Pollution Prevention, 

Dear Respondent: 

The information requested in this questionnaire, along with 
similar types o f  information from other industrial firms, will be 
used to develop a compendium of case studies that will illustrate 
the benefits to industries and the environment from the 
utilization of pollution prevention approaches. 

In filling out this form, please add attachments if more 
space is needed and, where applicable, please include tables, 
photographs, or flow diagrams. If there is sensitive 
information you would prefer not to divulge, we will honor 
whatever limits of confidentiality or anonymity you desire. If 
you have any questions about anything relating to this project o r  
this questionnaire, please contact one of us. 

I .  

2. 

4. 

5 .  

6 .  

7. 

8. 

9. 

Name of Firm: 

Contact Person: 

Dr. Don Huisingh (919)-737-2470 
Ms. Helene Hilger (7041-597-4175 
Mr. Sven Thesen (919)-737-2479 

3. Title: 

Address: (please include county) 

Telephone: 

Type of Industry: 

Standard Industrial Classification: 

Length of time the firm has been at i-ts current location: 

Approximate number of employees: 

10. Type o f  Pollution Prevention Modification: 
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1 1 .  I n  a n a r r a t i v e  a n d / o r  diagrammatic f o r m ,  c o n t r a s t  t h e  
p o l l u t i o n  p r e v e n t i o n  p r o c e s s  w i t h  t h e  p r e v i o u s l y  u s e d  method.  

1 2 .  P lease  c o m p l e t e  t h e  f o l l o w i n g  t a b l e  i n  o r d e r  t o  compare t h e  
p r e v i o u s  p r o c e s s  t o  t h e  p o l l u t i o n  p r e v e n t i o n  p rocess ,  

M E T H O D  P R E V I O U S L Y  USED/POLLUTION PREVENTION METHOD 

R a w  m a t e r i a l  
c o s t s  
Water: 
c o s t s  & v o l u m e s  

E n e r g y  c o s t s  

Wastes g e n e r a t e d :  
h a z a r d o u s  & non-  
h a z a r d o u s  

Waste 
management /  
d i s p o s a l  c o s t s  

P o l l u t i o n  c o n t r o l  
c o s t s  
P e r s o n n e l  
m a i n t e n a n c e  c o s t s  

Q u a l i t y  of 
p r o d u c t  

P r o d u c t i v i t y  

Down-t ime 

Environments 1 
i m p a c t  

Heal th  h a z a r d s  

O t h e r  

13. What were t h e  c a p i t a l  c o s t s  o f  i m p l e m e n t i n g  t h e  p o l l u t i o n  
p r e v e n t i o n  p r o c e s s ?  

a. F a c i l i t i e s :  

b .  E q u i p m e n t :  
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14. What are the annual net cost savings and the payback period 
due to the new process? 
15. What time was required to plan and implement the 
modification? 

16. How have the following factors encouraged, inhibited, o r  
otherwise influenced the implementation of the pollution 
prevention process? 

a. Federal programs/regulations: (including influences 
from RCRA, NPDES, OSHA, the Air Quality Act, etc.) 

b. State environmental programs/regulations: 

c. Economic Factors: 

d .  Other Factors: 

17. Please list the cosultants and equipment suppliers needed to 
install the pollution prevention process. 

18. Please provide any overall comments o r  recommendations about 
this particular modification that might be useful to others in 
this industry o r  related industries. 

19.  Does your firm have an incentive awards program that 
encourages employees to submit suggestions of additional 
pollution prevention approaches? If so, please describe y o u r  
incentive awards program. 

20. Are there any problem areas associated with y o u r  pollution 
prevention process that need to be addressed at the State o r  
Federal level? 
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21. Narrative Summary: Please summarize the general process(es), 
the description of the modification(s), and the rewards in terms 
of residues (wastes) not produced, raw materials not used, 
decreased environmental and human health risks, energy and money 
saved. 

Please return this completed form to: 

Dr. Don Huisingh 
Division of University Studies 
PO Box 7107 
North Carolina State University 
Raleigh, North Carolina 27695-7107 
( 9 1 9 )  737-2470 

Thank you for your valuable contribution to the POLLUTION 
P REVENT I ON COMPENDIUM. 

316 






	Borden Chemical Company
	American Enka Company e l
	Minnesota Mining and Manufacturing (3M)
	The Coty Division of Pfizer Inc l
	Industrial and Agricultural Chemicals Inc
	IC1 Americas Inc e
	Elkhart Products Division Inc
	Pioneer Metal Finishing Inc e
	Case Study 28: Emerson Electric Company (Also 3600) l

