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1. INTRODUCTION 

The Clean A i r  Ac t  Amendments o f  1977 r e q u i r e  each S t a t e  i n  which 

t h e r e  a re  areas i n  which t h e  n a t i o n a l  ambient a i r  q u a l i t y  s tandards 

(NAAQS) a r e  exceeded t o  adopt and submi t  r e v i s e d  S t a t e  Implementat ion 

Plans ( S I P ' s )  t o  EPA. Revised S I P ' s  were r e q u i r e d  t o  be submi t ted  t o  

EPA b y  January 1, 1979. S ta tes  t h a t  were unable  t o  demonstrate a t t a i n -  

ment w i t h  t h e  NAAQS f o r  ozone by t h e  s t a t u t o r y  dead l i ne  o f  December 31, 

1982, c o u l d  reques t  ex tens ions  f o r  a t t a i nmen t  o f  t h e  s tandard.  S ta tes  

g ran ted  such an ex tens ion  a re  r e q u i r e d  t o  submi t  a f u r t h e r  r e v i s e d  SIP 

by J u l y  1, 1982. 

Sec t ions  172(a)(2) and ( b ) ( 3 )  o f  t h e  Clean A i r  A c t  r e q u i r e  t h a t  

nonat ta inment  area S IP ' s  i n c l u d e  reasonably  a v a i l a b l e  c o n t r o l  techno logy  

(RACT) requi rements  f o r  s t a t i o n a r y  sources. As exp la i ned  i n  t h e  "General 

Preamble f o r  Proposed Rulemaking on Approval  o f  S t a t e  Implementat ion 

P lan Rev is ions  f o r  Nonat ta inment  Areas," (44 FR 20372, A p r i l  4,  1979) 

f o r  ozone S IP ' s ,  EPA p e r m i t t e d  S ta tes  t o  d e f e r  t h e  adop t i on  o f  RACT 

r e g u l a t i o n s  on a ca tego ry  o f  s t a t i o n a r y  sources o f  v o l a t i l e  o rgan ic  

compounds (VOC) u n t i l  a f t e r  EPA p u b l i s h e d  a c o n t r o l  techniques g u i d e l i n e  

(CTG) f o r  t h a t  VOC source ca tegory .  See a l s o  44 FR 53761 (September 17, 

1979). Th i s  de lay  a l l owed  t h e  S ta tes  t o  make more t e c h n i c a l l y  sound 

dec i s i ons  rega rd i ng  t h e  a p p l i c a t i o n  o f  RACT. 

A l though CTG documents r ev i ew  e x i s t i n g  i n f o r m a t i o n  and da ta  

concern ing  t h e  techno logy  and c o s t  o f  va r i ous  c o n t r o l  techniques t o  

reduce emiss ions,  t h e y  a re ,  o f  n e c e s s i t y ,  genera l  i n  na tu re  and do n o t  

f u l l y  account f o r  v a r i a t i o n s  w i t h i n  a s t a t i o n a r y  source ca tegory .  

Consequently, t h e  purpose o f  CTG documents i s  t o  p r o v i d e  S t a t e  and l o c a l  

a i r  p o l l u t i o n  c o n t r o l  agencies w i t h  an i n i t i a l  i n f o r m a t i o n  base f o r  

p roceed ing  w i t h  t h e i r  own assessment o f  RACT f o r  s p e c i f i c  s t a t i o n a r y  

sources. 





2. PETROLEUM DRY CLEANING INDUSTRY 

The o b j e c t i v e  o f  t h i s  s e c t i o n  i s  t o  desc r i be  t h e  domest ic pe t ro leum 

d r y  c l e a n i n g  i n d u s t r y .  The d r y  c l e a n i n g  process i s  d iscussed as a re  

s o l v e n t  c h a r a c t e r i s t i c s ,  emiss ions,  and t h e  major  pe t ro leum d r y  c l e a n i n g  

equipment. Model p l a n t s  a r e  p resen ted  t h a t  w i l l  be used i n  l a t e r  chap te rs  

t o  eva lua te  t h e  env i ronmenta l  and c o s t  impacts o f  reasonably  a v a i l a b l e  

c o n t r o l  techno logy  (RACT). 

2 . 1  INDUSTRY DESCRIPTION 

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

c l e a n i n g  and/or r e n t i n g  o f  a r t i c l e s  r ang ing  f rom personal  c l o t h i n g  t o  

mops and mats. The t o t a l  i n d u s t r y  i s  subd i v i ded  accord ing  t o  t h e  t ype  

o f  s o l v e n t  used and t h e  t ype  o f  s e r v i c e s  o f f e r e d .  The s o l v e n t s  used a r e  

ca tego r i zed  i n t o  t h r e e  b road  groups: pe t ro leum so l ven t s ,  pe r ch lo ro -  

e thy l ene  (perc ) ,  and t r i c h l o r o t r i f l u o r o e t h a n e  (F-113, a  r e g i s t e r e d  

trademark).  The i n d u s t r y  a l s o  i s  composed o f  t h r e e  s e c t o r s  which a r e  

d e l i n e a t e d  by  t h e  t ype  o f  se r v i ces  o f f e r e d .  These are:  (1) t h e  s e l f -  

s e r v i c e  o r  co in -opera ted  s e c t o r ,  (2)  t h e  commercial d r y  c l e a n i n g  s e c t o r ,  

and (3) t h e  i n d u s t r i a l  d r y  c l e a n i n g  sec to r .  T h i s  r e p o r t  i s  concerned 

o n l y  w i t h  l a r g e  f a c i l i t i e s  t h a t  use pe t ro leum d r y  c l e a n i n g  so l ven t s .  

Petroleum d r y  c l e a n i n g  rep resen t s  about  30 pe rcen t  o f  t h e - t o t a l  

q u a n t i t y  o f  a r t i c l e s  c leaned by t h e  d r y  c l e a n i n g  i n d u s t r y .  Petroleum 

d r y  c l e a n i n g  se rv i ces  a re  o f f e r e d  o n l y  by  t h e  commercial and i n d u s t r i a l  

sec to r s  o f  t h e  i n d u s t r y ,  and rep resen t  about 70 and 30 pe rcen t ,  

r e s p e c t i v e l y ,  o f  t h e  t o t a l  c l o t h e s  th roughpu t  f o r  t h e  i n d u s t r y  ( F i s h e r ,  

1980b; S l u i z e r ,  1981). Coin-operated o r  s e l f - s e r v i c e  pe t ro leum d r y  

c l e a n i n g  p l a n t s  a r e  p r o h i b i t e d  by Nat i o n a l  F i r e  P r o t e c t i o n  Assoc ia t  i o n- .  

codes due t o  t h e  h i g h l y  v o l a t i l e  and f lammable na tu re  o f  pe t ro leum 

so l ven t s  (NFPA, 1979). Consequent ly,  most commercial and i n d u s t r i a  1 



petro leum d r y  c l e a n i n g  p l a n t s  a r e  l o c a t e d  away f rom densely  popul  a t e d  

r e s i d e n t i a l  areas and shopping cen te r s .  

I n d u s t r i a l  d r y  c l e a n i n g  es tab l i shments  a r e  g e n e r a l l y  l a r g e r  than  

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

customers. A r t i c l e s  such as work un i fo rms ,  mats, mops, and rugs genera l  l y  

a r e  c leaned by i n d u s t r i a l  d r y  c l eane rs ,  o f t e n  i n  c o n j u n c t i o n  w i t h  r e n t a l  

opera t ions .  There a re  approx imate ly  1,000 i n d u s t r i a l  es tab l i shments  

na t ionw ide .  I n  1979, approx imate ly  230 o f  these i n d u s t r i a l  p l a n t s  used 

pe t ro leum d r y  c l e a n i n g  s o l v e n t s  i n  some p o r t i o n  o f  t h e i r  c l e a n i n g  

ope ra t i ons .  A t y p i c a l  i n d u s t r i a l  pe t ro leum d r y  c l e a n i n g  p l a n t  processes 

rough l y  515 megagrams o f  a r t i c l e s  each yea r  ( S l u i z e r ,  1981). Thus, t h e  

i n d u s t r i a l  pe t ro leum d r y  c l e a n i n g  s e c t o r  processes approx imate ly  

120,000 megagrams o f  a r t i c l e s  each year .  

2.2 PROCESS DESCRIPTION 

Petro leum d r y  c l e a n i n g  ope ra t i ons  a re  s i m i l a r  t o  de te rgen t  and 

water  wash opera t ions .  U n l i k e  pe rch lo roe thy l ene  d r y  c l ean ing ,  which can 

have b o t h  washing and d r y i n g  ope ra t i ons  i n  t h e  same machine (d r y - t o -d r y ) ,  

pe t ro leum d r y  c l e a n i n g  i s  a ba t ch  o p e r a t i o n  where a r t i c l e s  a re  washed 

and d r i e d  i n  separate  machines. F i gu re  2 - 1  d e p i c t s  a t y p i c a l  pe t ro leum 

d r y  c l e a n i n g  ope ra t i on .  A r t i c l e s  t o  be d r y  c leaned a re  s o r t e d  i n t o  l o t s  

acco rd i ng  t o  c o l o r ,  f a b r i c ,  degree o f  s o i l i n g ,  e t c . ,  and a re  p l aced  i n  

t h e i r  a p p r o p r i a t e  washers. For  example, one l o t  m igh t  c o n s i s t  o f  l i g h t  

co l o red ,  l i g h t  weave, casual  c l o t h i n g  which can be p l aced  i n  one washer, 

w h i l e  ano ther  l o t  m igh t  be made up o f  heavy weave, h e a v i l y  s o i l e d  i n d u s t r i a l  

un i fo rms  p l aced  i n  ano ther  washer. A r t i c l e s  a r e  t hen  a g i t a t e d  i n  t h e  

so l ven t .  The more h e a v i l y  s o i l e d  a r t i c l e s  go th rough  two o r  more wash 

cyc l es :  t h e  f i r s t  w i t h  r ecyc l ed ,  s o i l e d  s o l v e n t  and t h e  second w i t h  

c l ean  so l ven t .  

Large d r y  c l eane rs  o f t e n  use a c l e a n i n g  process where wa te r - so l ub le  

m a t e r i a l s  a re  removed from a r t i c l e s  i n  a  wa te r  and de te rgen t  wash. T h i s  

process,  sometimes c a l l  ed a "dua l "  o r  "double  phase" process (see 

F igu re  2-2b),  i s  c h a r a c t e r i s t i c  o f  many o f  t h e  modern pe t ro leum s o l v e n t  

washer /ex t rac to rs  ( p a r t i c u l a r l y  those  w i t h  l a r g e  c a p a c i t i e s )  and i s  

employed t o  some e x t e n t  i n  most l a r g e  pe t ro leum d r y  c l eane rs  ( S l u i z e r ,  

1981). 
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A f t e r  comp le t i on  o f  t h e  wash c y c l e ,  a r t i c l e s  a re  spun a t  h i g h  

speeds t o  remove excess so l ven t .  Th i s  s p i n  c y c l e  u s u a l l y  occurs  i n  t h e  

same equipment used f o r  washing; however, some e x i s t i n g  p l a n t s  ( o l d e r  

pe t ro leum p l a n t s )  have separate ,  h i g h  speed c e n t r i f u g a l  e x t r a c t o r s  which 

remove and recover  s o l v e n t  f rom washed a r t i c l e s  (Watts and F i s h e r ,  

1975). When t h e  s p i n  c y c l e  has t e rm ina ted ,  a r t i c l e s  a r e  t r a n s f e r r e d  

f rom t h e  washer /ex t rac to r  t o  a  d r y e r  ( tumb le r ) .  I n s i d e  t h e  d r y e r ,  

rema in ing  s o l v e n t  i s  removed f rom t h e  a r t i c l e s  by  evapo ra t i on  i n  a  

heated a i r  s t ream and vented t o  t h e  atmosphere. 

I n  some sma l l e r  p l a n t s ,  s o i l e d  s o l v e n t  e x t r a c t e d  d u r i n g  t h e  s p i n  

c y c l e  i s  passed th rough  a  f i l t e r  t o  remove i n s o l u b l e  s o i l s  and o t h e r  

suspended p a r t i c l e s .  When t h e  s o i l  l o a d  i n  t h e  s o l v e n t  i s  excess ive,  as 

i n  most l a r g e r  p l a n t s ,  s o i l - l a d e n  s o l v e n t  i s  t r a n s f e r r e d  d i r e c t l y  f rom 

t h e  washer t o  a  vacuum s t i l l  o r  t o  a  s e t t l i n g  t a n k  p r i o r  t o  d i s t i l l a t i o n .  

A f t e r  s e t t l i n g  ( u s u a l l y  o v e r n i g h t ) ,  t h e  heavy o i l s ,  d i r t ,  and grease a re  

decanted and t h e  s o l v e n t  i s  sen t  t o  a  vacuum s t i l l  where i t  i s  p u r i f i e d .  

The d i s t i l l e d  s o l v e n t  i s  pumped i n t o  ano ther  h o l d i n g  t ank  o r  i s  r e t u r n e d  

t o  t h e  washer /ex t rac to r .  When o i l  and grease l o a d i n g  i s  low,  o r  when 

c a r t r i d g e  f i l t r a t i o n  i s  used, d i s t i l l a t i o n  i s  o f t e n  bypassed and f i l t r a t i o n  

serves as t h e  o n l y  means o f  s o l v e n t  rep len ishment .  

2 . 2 .1  Pet ro leum Dry C lean ing  Sol ven ts  

The Na t i ona l  F i r e  P r o t e c t i o n  Assoc ia t i on  (NFPA) c l a s s i f i e s  pe t ro leum 

d r y  c l e a n i n g  p l a n t s  by t h e  t y p e  o f  s o l v e n t  used. So lven ts ,  i n  t u r n ,  a re  

c l a s s i f i e d  b y  t h e i r  f l a s h  p o i n t s .  Class I 1  and I I I A  so l ven t s  a re  t h e  

p r i m a r y  s o l v e n t s  used i n  t h e  pe t ro leum d r y  c l e a n i n g  i n d u s t r y .  The NFPA 

number 32-1979 d r y  c l e a n i n g  s o l v e n t  c l a s s i f i c a t i o n  i s  as f o l l o w s  (NFPA, 

1979) : 

0 Class ISolven ts  - L i q u i d s  hav ing  f l a s h  p o i n t s  below 38OC 

(lOO°F) such as 50°F f l a s h  p o i n t  naphtha. 

0 Class I 1  So lven ts  - L i q u i d s  hav ing  f l a s h  p o i n t s  f rom 38OC t o  

5g°C (lOO°F t o  13g°F) such as q u i c k  d r y i n g  so l ven t s .  

0 Class I I I A  So lven ts  - L i q u i d s  hav ing  f l a s h  p o i n t s  r ang ing  f rom 

60°C t o  93OC (140°F t o  19g°F) such as 140°F " s a f e t y "  so l ven t .  

Petroleum so l ven t s  a re  a  m i x t u r e  o f  ma in l y  Cg t o  CIP hydrocarbons 

t h a t  a re  s i m i l a r  t o  kerosene. These hydrocarbons can be f u r t h e r  subd iv ided  



i n t o  t h r e e  mo lecu la r  s t r u c t u r e s :  a l i p h a t i c s ,  a l i c y c l i c s ,  and a romat i cs .  

Table  2 - 1  g i v e s  t h e  chemical  p r o p e r t i e s  o f  severa l  types o f  pe t ro leum 

so l ven t s  i n c l u d i n g  t h e i r  a romat i c  con ten ts .  I n  r e c e n t  years ,  t h e  a romat i cs  

con ten t  o f  pe t ro leum s o l v e n t s  has been reduced t o  about 2 pe rcen t  i n  

many s t a t e s  i n  o rde r  t o  c o n t r o l  these  atmospher ic emiss ions.  T h i s  

r e d u c t i o n  has somewhat reduced t h e  c l e a n i n g  e f f i c i e n c y  o f  t h e  s o l v e n t ,  

acco rd i ng  t o  an i n d u s t r y  t r a d e  a s s o c i a t i o n  because t h e  a romat i cs  c o n t e n t  

has a d i r e c t  i n f l u e n c e  on t h e  c l e a n i n g  r a t e  and performance ( S l  u i z e r ,  

1981). 

2.3 EMISSION SOURCES 

T h i s  s e c t i o n  i d e n t i f i e s  d r ye rs ,  s o l v e n t  f i l t r a t i o n  and d i s t i l l a t i o n  

systems, and misce l laneous  ( f u g i t i v e )  sources as t h e  major  c o n t r i b u t o r s  

o f  VOC emissions i n  a d r y  c l e a n i n g  p l a n t .  The ope ra t i ons  o f  these  

sources, t h e i r  emiss ions,  and t h e  development o f  a b a s e l i n e  emiss ion 

es t ima te  a re  d iscussed below. 

2 .3 .1  Dryers  

Pet ro leum d rye rs  c o n s i s t  o f  t h r e e  p a r t s  t h a t  a re  housed i n  a s i n g l e  

u n i t :  t h e  tumb le r ,  b lower ,  and steam c o i l s  (see F i g u r e  2-2a). The 

tumb le r  i s  a p e r f o r a t e d ,  r o t a t i n g  baske t  i n  which so l ven t - l aden  a r t i c l e s  

a r e  p laced.  The b lower  f o r c e s  a i r  over  steam-heated c o i l s ,  where i t  

reaches temperatures t h a t  range f rom 43OC t o  88OC ( l lO°F t o  190°F), and 

t hen  i n t o  t h e  tumb le r .  Optimum d r y i n g  temperatures range f rom 60°C t o  

66OC (140°F t o  150°F) (Marvel e t  a1 . , 1980). So lven t  i n  t h e  a r t i c l e s  i s  

removed o r  v o l a t i l i z e d  by t h e  heated a i r  stream. The v o l a t i l i z e d  s o l v e n t  

and heated a i r  t hen  a re  con t i nuous l y  vented t o  t h e  atmosphere d u r i n g  t h e  

d r y i n g  c y c l e  a t  an a i r  f l o w  r a t e  o f  f rom 28 t o  340 cub i c  meters p e r  

m inu te  (1,000 t o  12,000 cub i c  f e e t  p e r  minute)  and a vapor c o n c e n t r a t i o n  

o f  f rom 200 t o  9,000 p a r t s  p e r  m i l l i o n  (ppm) o f  s o l v e n t  by  volume 

( Je rn i gan  and Lu tz ,  1979; Lu tz  e t  a l . ,  1980; Marvel  e t  a l . ,  1980). 

E x i s t i n g  pe t ro leum d r y  c l e a n i n g  d r ye rs  range i n  c a p a c i t y  f rom 22 kg 

t o  180 kg (50 t o  400 l b )  (Marvel  e t  a l .  , 1980). Emissions f rom these  

d r ye rs  va r y  depending on t h e  e x t r a c t i o n  e f f i c i e n c y  o f  t h e  washer /ex t rac to r  

and t h e  we igh t  o f  a r t i c l e s  p e r  d r y e r  load .  The t ype  o f  a r t i c l e s  i n  t h e  

d r y e r  a l s o  have an e f f e c t  on emiss ion r a t e s  and emiss ion c o n c e n t r a t i o n  
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l e v e l s .  Wools have a tendency t o  absorb more s o l v e n t  and, consequent ly ,  

g i v e  up more s o l v e n t  d u r i n g  e x t r a c t i o n  t han  an equal we igh t  o f  s i l k s  

( I F I ,  1973). T h i s  b a s i c  p r o p e r t y  may be a t t r i b u t e d  t o  t h e  loose  weave 

o f  wools i n  comparison w i t h  t h e  t i g h t  weave o f  s i l k s .  Thus, l o o s e l y  

woven m a t e r i a l s  t e n d  t o  absorb and g i v e  up s o l v e n t  more r e a d i l y  t han  

t i g h t l y  woven m a t e r i a l .  

I n  an EPA demons t ra t ion  t e s t  o f  an add-on carbon adsorber  a t  a 

pe t ro leum d r y  c l e a n i n g  p l a n t  i n  Anaheim, C a l i f o r n i a ,  a 180 kg (400 I b )  

s tandard  d r y e r  loaded w i t h  115 kg (250 l b s )  o f  work un i fo rms ,  shop 

towe ls ,  and fender  covers  e m i t t e d  14 kg VOC p e r  100 kg d r y  we igh t  o f  

a r t i c l e s  c leaned (Lu t z  e t  a l . ,  1980). Approx imate ly  28 kg VOC p e r  

100 kg d r y  we igh t  o f  a r t i c l e s  c leaned was e m i t t e d  d u r i n g  an EPA t e s t  o f  

a 50 kg (100 l b )  s tandard  d r y e r  a t  a pe t ro leum d r y  c l e a n i n g  p l a n t  i n  

P i co  R ive ra ,  C a l i f o r n i a  ( Je rn i gan  and Lu tz ,  1980). T h i s  d r y e r  was 

loaded t o  10  pe rcen t  ove r - capac i t y  w i t h  l e a t h e r  and c o t t o n  work g loves ,  

e x c l u s i v e l y .  A s t udy  by  a d r y  c l e a n i n g  t r a d e  a s s o c i a t i o n  i n d i c a t e d  t h a t  

s tandard  pe t ro leum s o l v e n t  d r ye rs  em i t  approx imate ly  14 kg VOC p e r  

100 kg d r y  we igh t  o f  genera l  appare l  c leaned (F i she r ,  1975). The nominal 

emiss ion r a t e  f rom a s tandard  d r y e r ,  based on these t h r e e  da ta  sources, 

i s  18 kg VOC p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned. T h i s  average 

emiss ion  r a t e  i s  h e a v i l y  dependent on t h e  washer e x t r a c t i o n  e f f i c i e n c y  

and t h e  s o l v e n t  a b s o r p t i v i t y  o f  t h e  f a b r i c  d r i e d  and c o u l d  va ry  

s i g n i f i c a n t l y  between i n d i v i d u a l  d r y  c l e a n i n g  p l a n t s .  

2.3.2 F i  1  t e r s  

F i l t r a t i o n ,  i n  d r y  c l e a n i n g  ope ra t i ons ,  i s  a  process used t o  remove 

most i n s o l u b l e  contaminants ( d i r t  and l i n t ) ,  as w e l l  as c e r t a i n  wa te r -

s o l u b l e  contaminants ( p e r s p i r a t i o n  and food  s t a i n s )  f rom d r y  c l e a n i n g  

so l ven t s .  Th i s  i s  accompl ished by r a p i d l y  pass ing  l a r g e  volumes o f  

s o l v e n t  th rough  a porous medium t h a t  t r a p s  and thus  removes contaminants 

suspended i n  t h e  s o l v e n t .  

A l l  d r y  c l e a n i n g  f i l t r a t i o n  systems a re  composed o f  two p a r t s :  t h e  

f i l t e r  medium and t h e  s t r u c t u r e  t h a t  ho lds  t h e  f i l t e r  medium, known as 

t h e  septum (see F i g u r e  2-2c). The f i l t e r  medium, u s u a l l y  diatomaceous 

e a r t h  ( d i a t o m i t e )  mixed w i t h  a c t i v a t e d  carbon, i s  used t o  remove i n s o l u b l e  

contaminants by en t rapp ing  them i n  i t s  porous sur face .  The septum i s  a 



r i g i d ,  porous su r f ace  (screen,  c l o t h ,  o r  w i r e  mesh) t o  which t h e  f i l t e r  

medium adheres, the reby  a l l o w i n g  p r e s s u r i z e d  s o l v e n t  t o  f l o w  th rough  

w h i l e  s imu l taneous ly  b l o c k i n g  t h e  passage o f  p a r t i c l e s .  F i l t e r s  a r e  

s i z e d  by  t h e  volume o f  s o l v e n t  processed and range i n  s i z e  f rom 5,700 t o  

56,800 l i t e r s  p e r  hour  (1,500 t o  15,000 g a l l o n s  p e r  hour)  (Washex, 

1974). 

Du r i ng  a wash c y c l e ,  a r t i c l e s  a re  a g i t a t e d  i n  a  b a t h  o f  so l ven t .  

A f t e r  t h e  wash c y c l e ,  t h e  s o i l e d  s o l v e n t  i s  pumped t o  a f i l t e r  f o r  

f i l t r a t i o n .  F i l t e r s  va r y ,  based on t h e i r  mode o f  ope ra t i on ,  septum 

type ,  and c o n s t r u c t i o n  m a t e r i a l .  S ing le-charge f i l t e r s  ( r i g i d  tube  o r  

d i s c  septums) have a s i n g l e  mass o r  "charge" o f  f i l t e r  medium which i s  

r ep laced  a f t e r  each wash l o a d  i s  completed. W i t h  mu l t i - cha rge  f i l t e r s  

(bag, screen, and r i g i d  tube  septums) f i l t e r  medium i s  added t o  t h e  

i n i t i a l  charge f o r  each l o a d  o f  a r t i c l e s  washed. Regenerat ive f i l t e r s  

( f l e x i b l e  tube  septums) have an i n i t i a l  mass o f  f i l t e r  medium which i s  

r e d i s t r i b u t e d  on t h e  septum f o r  each l o a d  o f  a r t i c l e s  washed, w i t h o u t  

subsequent a d d i t i o n  o f  f i l t e r  medium. As o f  1980, about  50 pe rcen t  o f  

t h e  pe t ro leum d r y  c l e a n i n g  p l a n t s  t h a t  u t i l i z e  f i l t r a t i o n  used mu l t i - cha rge  

d i a t o m i t e  f i1  t e r s  , t h e  remai n i  ng 50 pe rcen t  employed c a r t r i d g e  f i1  t e r s  

(see Sec t i on  3.3) f o r  s o l v e n t  f i l t r a t i o n  (F i she r ,  1980a). A t r a d e  

a s s o c i a t i o n  s tudy  has shown t h a t  i n i t i a l  masses o f  d i a t o m i t e  (p recoa ts )  

average about  1 kg ( 2  l b s )  p e r  3,800 l i t e r s  (1,000 g a l )  o f  f i l t e r  c a p a c i t y ,  

w i t h  d i a t o m i t e  b e i n g  added d u r i n g  t h e  o p e r a t i o n  a t  a r a t e  o f  0 .5  kg (1 

l b )  p e r  45 kg (100 l b s )  of a r t i c l e s  c leaned (Leonhardt ,  1966). 

F i l t e r  medium i s  rep laced  when t h e  p ressu re  across t h e  f i l t e r ,  due 

t o  t h e  b u i l d u p  o f  contaminants  on t h e  medium, reaches a predetermined 

l e v e l  (up t o  40 p s i  o r  270 k i l o p a s c a l s ) .  Spent f i l t e r  medium ( f i l t e r  

muck) i s  u s u a l l y  a l l owed  t o  d r a i n  i n  t h e  f i l t e r  hous ing o v e r n i g h t  o r  f o r  

24 hours be fo re  i t  i s  d iscarded.  An i n d u s t r y  t r a d e  a s s o c i a t i o n  determined 

t h a t  d i sca rded  f i l t e r  medium t h a t  has been a l lowed t o  d r a i n  f o r  24 hours  

may c o n t a i n  f rom 5  t o  10 kg s o l v e n t  p e r  100 kg d r y  we igh t  o f  a r t i c l e s  

c leaned f o r  r e g e n e r a t i v e  and mu l t i - cha rge  f i l t e r s ,  r e s p e c t i v e l y  (NID, 

1971). Thus, a f t e r  a 24-hours d r a i n  t ime ,  an average o f  j u s t  under ' 8  kg 

o f  s o l v e n t  p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned i s  r e t a i n e d  i n  t h e  

d iscarded  f i l t e r  muck. T h i s  average can va ry  based on t h e  s o i l  l o a d i n g  



and f i l t e r  muck d ra inage  procedure employed i n  i n d i v i d u a l  p l a n t s .  Also,  

dev ices such as c e n t r i f u g a l  separa to rs ,  and p ressure  vacuum muck s t r i p p e r s  

have been used by  a few l a r g e  pe t ro leum d r y  c l e a n i n g  p l a n t s  t o  recover  

s o l v e n t  f rom d i a t o m i t e  f i l t e r  muck (F i she r ,  1981). However, these 

dev ices a re  n o t  w i d e l y  d i s t r i b u t e d  th rough  t h e  i n d u s t r y  and t h e r e  i s  

l i t t l e  c u r r e n t  da ta  on t h e i r  performance as an emisson c o n t r o l  techn ique .  

2 .3 .3  S e t t l  i n g  Tanks 

Large i n d u s t r a l  f a c i l i t i e s  w i t h  heavy s o i l  l oad ings  and h i g h  

th roughpu ts  t y p i c a l l y  o m i t  f i l t r a t i o n ,  r e l y i n g  i n s t e a d  on s e t t l i n g  tanks  

t o  p a r t i a l l y  remove s o l  ds and nonso lven t  s o l u b l e  contaminants f rom t h e  

s o i l e d  s o l v e n t  stream. I n  these tanks ,  heav ie r  components o f  t h e  used 

s o l v e n t  f rom t h e  washer a re  a l lowed t o  s e t t l e  t o  t h e  bot tom o f  t h e  t ank  

w h i l e  r e l a t i v e l y  contam n a n t - f r e e  s o l v e n t  i s  pumped f rom t h e  t o p  o f  t h e  

t a n k  t o  t h e  vacuum s t i l  . P e r i o d i c a l l y ,  depending on t h e  t ank  c a p a c i t y  

and t h e  p l a n t  th roughpu t ,  t h e  heav ie r  components a re  pumped f rom t h e  

bot tom o f  t h e  tank .  

There i s  no t e s t  da ta  a v a i l a b l e  on t h e  s o l v e n t  r e t e n t i o n  o f  s e t t l i n g  

t a n k  waste. A vacuum s t i l l  manufacturer  s t a t e d ,  however, t h a t  approx imate ly  

2 kg o f  s o l v e n t  i s  l o s t  w i t h  every  k i l og ram o f  s e t t l i n g  t a n k  waste 

(Landon, 1981). An i n d u s t r i a l  t r a d e  a s s o c i a t i o n  r e p r e s e n t a t i v e  s t a t e d  

t h a t  t h e  s o l v e n t  con ten t  o f  s e t t l i n g  t ank  waste can range f rom 80 t o  

200 pe rcen t  by we igh t  o f  t h e  t o t a l  waste ( S l u i z e r ,  1981). 

The o p e r a t i o n  o f  a s e t t l i n g  t ank  i s  dependent upon t h e  mode o f  

operat'ion o f  t h e  p l a n t ,  t h e  p l a n t ' s  c a p a c i t y  f o r  s t o r i n g  t h e  r e s i d u e  and 

t h e  p l a n t ' s  s e t t l i n g  t ank  and vacuum s t i l l  c a p a c i t i e s .  Most d r y  c l eane rs  

use a t  l e a s t  one o f  t h r e e  approaches t o  remove t h e i r  s e t t l i n g  t ank  

res i due ;  burn  i t  as a b o i l e r  f u e l  supplement, d i s c a r d  i t  w i t h  genera l  

d r y  c l e a n i n g  waste o r  s e l l  i t  t o  a s o l v e n t  reprocessor .  Trade a s s o c i a t i o n  

and i n d u s t r y  r e p r e s e n t a t i v e s  were unable t o  g i v e  any percentages o f  d r y  

c l eane rs  t h a t  use any o f  these t h r e e  approaches, b u t  one r e p r e s e n t a t i v e  

s t a t e d  t h a t  t h e  r es i due  i s  u s u a l l y  t o o  contaminated o r  v i scous  t o  d i s t i l l  

i n  a d r y  c l e a n i n g  vacuum s t i l l  ( S l u i z e r ,  1981; Landon, 1981). 

2 . 3 .4  Vacuum S t i l l s  

D i s t i l l a t i o n  o f  s o l v e n t  i s  used t o  remove contaminants ,  such as 

b a c t e r i a ,  de te rgen ts ,  wa te r ,  o i l s ,  and dyes, t h a t  a re  n o t  removed by 



f i l t r a t i o n  o r  s e t t l i n g .  Petroleum d r y  c l e a n i n g  so l ven t s  have b o i l i n g  

ranges o f  f rom 150°C t o  215OC (300 t o  415OF). A steam pressure  o f  

670 k i l o p a s c a l s  (100 p s i )  o r  more i s  r e q u i r e d  t o  b o i l  pe t ro leum so l ven t s  

under atmospher ic c o n d i t i o n s .  Consequently, d i s t i l l a t i o n  o f  pe t ro leum 

so l ven t s  i s  done under a vacuum o f  f rom 75 t o  92 kPa (22 t o  27 inches 

Hg). Th i s  lowers  t h e  b o i  1  i n g  range f o r  pe t ro leum so l ven t s  t o  107OC t o  

113OC (225OF-235OF) and reduces r e q u i r e d  steam pressures  t o  t h e  range o f  

235 t o  600 k i l o p a s c a l s  (35 t o  90 p s i )  (Washex, 1973). Vacuum s t i l l s  a r e  

s i z e d  by  t h e  volume o f  s o l v e n t  t o  be processed and range i n  s i z e  f rom 

190 t o  5,700 l i t e r s  p e r  hour  (50 t o  1,500 g a l l o n s  p e r  hour)  (Washex, 

1973). 

Spent s o l v e n t  f rom a washer o r  f i l t e r  i s  pumped t o  t h e  b o i l i n g  

chamber o f  a s t i l l  on a cont inuous bas is . .  I n  t h e  b o i l i n g  chamber, steam 

heated c o i l s  v o l a t i l i z e  t h e  so l ven t ,  l e a v i n g  beh ind  s t i l l  r es i due  ( h i g h  

b o i l e r s )  composed o f  o i l s ,  grease, and d i r t .  So lven t  vapor and m o i s t u r e  

pass con t i nuous l y  f rom t h e  b o i l i n g  chamber i n t o  a wa te r -coo led  condenser 

where t h e  vapors condense t o  a m i x t u r e  o f  l i q u i d  s o l v e n t  and wate r  (see 

F igu re  2-2d). Th i s  m i x t u r e  i s  c o n s t a n t l y  p i p e d  t o  a g r a v i m e t r i c  sepa ra to r ,  

where t h e  s o l v e n t  and wate r  a re  separated by  t h e  d i f f e r e n c e s  i n  t h e i r  

d e n s i t i e s .  F i n a l l y ,  t h e  s o l v e n t  i s  pumped t o  a  t ank  c o n t a i n i n g  c o t t o n  

rags o r  s a l t  p e l l e t s  which absorb any rema in ing  water .  

When t h e  c o n c e n t r a t i o n  o f  h i g h  b o i l e r s  has reached a s p e c i f i e d  

l e v e l ,  as i n d i c a t e d  by a v i s u a l  i n s p e c t i o n  o f  s o l v e n t  f l o w  i n  a s i g h t  

g l a s s  between t h e  condenser and separa to r  ( i n d i c a t i n g  t h a t  t h e  e v o l u t i o n  

and condensat ion of s o l v e n t  vapors i s  s e r i o u s l y  impeded o r  h a l t e d ) ,  t h e  

s o l v e n t  f l o w  t o  t h e  s t i l l  i s  manual ly  shu t  o f f  and steam f l o w  i s  inc reased  

t o  t h e  maximum a v a i l a b l e  l e v e l .  The l i q u i d  con ta i ned  i n  t h e  b o i l i n g  

chamber i s  a l lowed t o  b o i l  f o r  5 t o  15 minutes i n  a process commonly 

c a l l e d  "bo i ldown"  i n  which most o f  t h e  rema in ing  s o l v e n t  i s  removed by 

b o i l i n g .  A f t e r  bo i ldown,  t h e  l i q u i d  r es i due  i s  d ra i ned  f rom t h e  b o i l i n g  

chamber and cont inuous s t i l l  ope ra t i ons  a re  resumed. T y p i c a l l y ,  s t i l l  

bo i ldown i s  r e q u i r e d  when t h e  s o l v e n t  and wate r  f l o w  f rom t h e  condenser 

a re  reduced by 75 pe rcen t  (Washex, 1973; Rosenthal , 1980). Th i s  f 1  ow 

r e d u c t i o n  i s  s u b j e c t i v e l y  determined based on t h e  o p e r a t i o n  o f  a p a r t i c u l a r  

s t i l l .  



Depending on t h e  des ign  o f  t h e  s t i l l ,  i t s  ope ra t i on ,  and f requency 

o,f bo i ldown,  as much as 90 pe rcen t  by we igh t  o f  s o l v e n t  i s  decanted w i t h  

s t i l l  r es i due  ( e q u i v a l e n t  t o  7 kg s o l v e n t  p e r  100 kg d r y  we igh t  o f  

a r t i c l e s  c leaned)  as i n d i c a t e d  by an EPA vacuum s t i l l  t e s t  o f  an i n d u s t r i a l  

d r y  c l e a n i n g  p l a n t  i n  Anaheim, C a l i f o r n i a  ( Je rn i gan  and Kezer le ,  1980). 

The s t i l l  t e s t e d  a t  t h i s  f a c i l i t y ,  however, was designed i n  a manner 

t h a t  seve re l y  l i m i t e d  t h e  removal o f  s o l v e n t  f rom t h e  waste d u r i n g  

bo i ldown,  and t h e  f requency o f  bo i ldown was based on a d a i l y  r o u t i n e  

r a t h e r  t han  on t h e  f l o w  r a t e  o f  d i s t i l l e d  s o l v e n t .  A vacuum s t i l l  t e s t ,  

conducted by a f i r m  t h a t  r e n t s  and d r y  c leans  appa re l ,  a l s o  i n d i c a t e d  

t h a t  more than  80 pe rcen t  by volume o f  s o l v e n t  i s  decanted w i t h  t h e i r  

s t i l l  r e s i d u e  (Bu rne t t ,  1980). A t r a d e  a s s o c i a t i o n  s tudy  has found t h a t  

approx imate ly  1 kg o f  s o l v e n t  p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned 

i s  decanted w i t h  t h e  r es i due  f o r  a  we l l -ma in ta i ned  and opera ted  vacuum 

s t i l l  ( N I D ,  1971). An i n d u s t r y  t r a d e  a s s o c i a t i o n  a n a l y s i s  o f  s t i l l  

wastes f rom 43 separate  commercial pe t ro leum d r y  c l e a n i n g  p l a n t s  r evea led  

t h a t  w e l l  opera ted  p l a n t s  can reduce t h e  s o l v e n t  con ten t  o f  s t i l l  r es i due  

t o  3 1  t o  38 pe rcen t  s o l v e n t  by  we igh t .  (Three o f  these samples had 

s o l v e n t  con ten t s  t h a t  were below 3 1  pe rcen t  s o l v e n t  by we igh t . )  A l though 

t h e  t r a d e  a s s o c i a t i o n  was unable t o  g i v e  t h e  number o f  samples t h a t  

ach ieved t h e  v a r i o u s  l e v e l s  o f  s o l v e n t  r e t e n t i o n ,  t h e  average range o f  

s o l v e n t  r e t e n t i o n  f o r  a l l  t h e  samples was 39 t o  42 pe rcen t  s o l v e n t  by 

we igh t .  Samples w i t h  a s o l v e n t  r e t e n t i o n  range o f  43 t o  5 1  pe rcen t  were 

cons idered  moderate ly  h i g h  i n . s o l v e n t  c o n t e n t  by  t h e  t r a d e  a s s o c i a t i o n ,  

and samples w i t h  s o l v e n t  con ten t s  t h a t  exceeded 5 1  pe rcen t  were cons idered  

ex t reme ly  h i gh ,  i n d i c a t i n g  a p o o r l y  operated s t i l l  (Andras ik ,  1981). 

Thus, c o n s i d e r i n g  v a r i a t i o n s  i n  o p e r a t i n g  procedures (bo i ldowns)  and 

s t i l l  des ign,  t h e  assumed s o l v e n t  con ten t  o f  d isposed s t i l l  waste would 

be between 1 and 7  kg s o l v e n t  p e r  100 kg d r y  we igh t  o f  a r t i c l e s  d r y  

c leaned,  w i t h  a va lue  o f  3 kg s o l v e n t  p e r  100 kg a r t i c l e s  r e p r e s e n t i n g  

t h e  s o l v e n t  con ten t  o f  t h e  d isposed waste f rom a t y p i c a l  s t i l l .  

2 . 3 . 5  F u g i t i v e  Emission Sources 

There a re  a number o f  sources o f  f u g i t i v e  emiss ions i n  a d r y  c l e a n i n g  

ope ra t i on .  F u g i t i v e  sources i n c l u d e  emissions f rom t h e  e x t r a c t i o n  c y c l e  

o f  a washer, emissions g i v e n  o f f  d u r i n g  t h e  t r a n s f e r  o f  so l ven t - l aden  



a r t i c l e s  f rom washers o r  d r y e r s ,  l i q u i d  and vapor l eaks  i n  tanks  and 

p i p i n g ,  and t h e  evapo ra t i on  o f  s o l v e n t  f rom open con ta i ne rs .  A lso  

i n c l u d e d  a r e  f u g i t i v e  emissions f rom f i l t e r  muck and s t i l l  r es i due  

s to rage  tanks.  A l though  sources o f  f u g i t i v e  emiss ions can be i d e n t i f i e d  

and t h e  VOC concen t ra t i ons  w i t h i n  t h e  v i c i n i t y  o f  these  sources can be 

q u a n t i f i e d ,  t h e r e  i s  no d i s c r e t e  f l o w r a t e  assoc ia ted  w i t h  these sources 

and, t h e r e f o r e ,  i t  i s  v i r t u a l l y  imposs ib l e  t o  es t ima te  an emissions r a t e  

f o r  f u g i t i v e  sources. 

An a t t emp t  was made t o  q u a n t i f y  f u g i t i v e  emissions i n  an EPA t e s t  

a t  a d r y  c l e a n i n g  p l a n t  i n  Anaheim, C a l i f o r n i a .  It was found t h a t  more 

t han  0 .8  kg VOC p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned was e m i t t e d  

f rom t h e  r o o f  exhaust ven t  which c o l l e c t e d  emiss ions f rom va r i ous  f u g i t i v e  

sources w i t h i n  t h e  p l a n t  (Je rn igan  and Kezer le ,  1980). Emissions were 

expected t o  be h i g h e r  t han  those  recorded  because t h e  doorways and 

windows (pathways th rough  which emiss ions escaped t o  t h e  atmosphere) 

remained open d u r i n g  f u g i t i v e  t e s t i n g .  

I t  i s  t e c h n i c a l l y  and economica l l y  i n f e a s i b l e  t o  q u a n t i f y  a l l  

sources o f  emiss ions i n  a d r y  c l e a n i n g  p l a n t  because c e r t a i n  emiss ions 

a r e  p r e v a l e n t  o n l y  d u r i n g  t h e  o p e r a t i o n  o f  t h e  d r y  c l e a n i n g  equipment, 

w h i l e  o t h e r  l o w - l e v e l  sources e m i t  con t i nuous l y .  A d r y  c l e a n i n g  i n d u s t r y  

t r a d e  a s s o c i a t i o n  p u b l i c a t i o n  assumes, however, t h a t  misce l laneous 

( f u g i t i v e )  emiss ions would be approx imate ly  1 kg  o f  VOC emissions p e r  

100 kg d r y  we igh t  o f  a r t i c l e s  c leaned  (F i she r ,  1975). 

2 . 4  FACILITIES AND THEIR  EMISSIONS 

A summation o f  t y p i c a l  emiss ions f rom t h e  f o u r  major  sources i n  a 

pe t ro leum d r y  c l e a n i n g  p l a n t  y i e l d s  a range o f  f rom 15.5 kg t o  46 kg VOC 

p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned, depending on t h e  p l a n t  

th roughpu t  and t h e  equipment c o n f i g u r a t i o n .  O f  t h e  15.5 t o  46 kg o f  

t o t a l  p l a n t  emiss ions,  60 t o  90 pe rcen t  o r i g i n a t e s  a t  t h e  d r ye r ,  22 pe rcen t  

i s  e m i t t e d  f rom f i l t e r  muck (4  pe rcen t  f rom d isposed c a r t r i d g e  f i l t e r s ) ,  

s t i l l  r e s i d u e  c o n t r i b u t e s  7 t o  15 pe rcen t ,  and 3 t o  6  pe rcen t  i s  

a t t r i b u t a b l e  t o  f u g i t i v e  emiss ions.  Us ing 15 .5  t o  46 kg VOC pe r  100 kg 

o f  c l o t h e s  c leaned as a b a s e l i n e  emiss ion range, a r e p r e s e n t a t i v e  pe t ro leum 

p l a n t  m igh t  have a breakdown o f  emissions s i m i l a r  t o  t h e  va lues shown 

be1 ow: 



Range o f  emiss ion r a t e s  Nominal emiss ion r a t e s  
(kg  VOC p e r  100 kg d r y  (kg  VOC p e r  100 kg d r y  

Source we igh t  o f  a r t i c l e s  c leaned) we igh t  o f  a r t i c l e s  c leaned)  

Dryer  14- 28 18 

F i  1  t e r  
D i a t o m i t e  
C a r t r i  dge 

S t i l l  

F u g i t i v e  sources 

T o t a l  
T o t a l s  w i t h  

D i a t o m i t e  f i l t e r  
C a r t r i d g e  f i1  t e r  
S e t t l  ing tanks  

2.5  MODEL PLANTS 

Two model p l a n t s  - Model p l a n t  I and model p l a n t  I1 - have been 

developed t o  r ep resen t  t h e  l a r g e  pe t ro leum d r y  c l e a n i n g  i n d u s t r y .  

Throughputs o f  e x i s t i n g  p l a n t s  va r y  w i d e l y  i n  b o t h  magnitude and con ten t ,  

and t h e  models do n o t  r ep resen t  a  c l e a r  d i s t i n c t i o n  as t o  a c t u a l  p l a n t  

s i z e s  o r  equipment c o n f i g u r a t i o n s .  Rather,  these models were developed 

t o  s i m p l i f y  t h e  c l a s s i f i c a t i o n  o f  e x i s t i n g  d r y  c l e a n i n g  p l a n t s  and t h e i r  

equipment, th roughpu ts ,  and cos t s .  The da ta  used i n  t h e  development o f  

these model p l a n t s  were d e r i v e d  f rom p l a n t  v i s i t s ,  d r y  c l e a n i n g  t r a d e  

a s s o c i a t i o n  survey da ta ,  and i n p u t  f rom i n d u s t r y  r e p r e s e n t a t i v e s  ( F i s h e r ,  

1975; Marvel  e t  a l . ,  1980; S l u i z e r ,  1981). 

The model d r y  c l e a n i n g  p l a n t s  a re  c l a s s i f i e d  by t h e i r  th roughpu ts ,  

which a re  r e f l e c t e d  i n  t h e  t ype  and s i z e  o f  equipment p resen t .  Larger  

d r y  c leaners  u s u a l l y  have l a r g e r  th roughpu ts ;  b u t  i n  b o t h  model p l a n t s ,  

revenues a re  based p r i m a r i l y  on r e n t a l  i tems which a r e  c leaned r e g u l a r l y  

as p a r t  o f  t h e  r e n t a l  process. Table  2-2 l i s t s  t h e  c h a r a c t e r i s t i c s  o f  

each model p l a n t ,  t h e i r  th roughpu t ,  and emiss ions.  The p l a n t  and na t ionw ide  

emissions l i s t e d  a re  based on nominal emiss ion r a t e s ,  and may n o t  be 

r e p r e s e n t a t i v e  o f  a l l  p l a n t s  w i t h  a  g i ven  annual throughput .  

2 . 5 . 1  Model P l a n t  I 

Model p l a n t  I rep resen ts  d r y  c leaners  hav ing  a  d a i l y  th roughpu t  of 

1,100 kg (2,400 l b )  o f  s o i l e d  a r t i c l e s  r ang ing  f rom r e n t a l  un i fo rms  t o  

mops, rugs and mats. T y p i c a l l y ,  a  s i n g l e ,  l a r g e  washer and severa l  



Table 2-2. MODEL PLANT PARAMETERS 
( E x i s t i n g  Equipment) 

Model p l a n t  Model P l a n t  I Model P l a n t  I1 

Number o f  e x i s t i n g  p l a n t s  
na t ionwide  i n  1979 

Annual p l a n t  throughput ,  
i n  kg ( l b s )  

Throughput d e s c r i p t i o n  i n d u s t r i a l  i n d u s t r i a l  
a r t i c l e s  a r t i c l e s  

Number o f  washers 

Washer capac i t y  (each), 
kg ( l b s )  

Number o f  s tandard d r ye rs  

Dryers  c a p a c i t y  (each), 
kg ( l b s )  

Number o f  d i a t o m i t e  f i l t e r s  

D ia tom i te  f i l t e r  capac i t y  
(each), L/hr ( ga l / h r )  

T o t a l  vacuum s t i  11 capac i t y  
L/hr ( ga l / h r )  

Number o f  loads d r i e d  pe r  day 

Average l o a d  we igh t  p e r  d r y e r  
kg (1bs) 

Days o f  ope ra t i on  p e r  yea r  

Wash c y c l e  t ime,  minutes 

Dry c y c l e  t ime,  minutes 

Average o r  range o f  base l i ne  
emissions pe r  p l a n t ,  megagrams, 
VOC/year ( tons  VOC/year) 

Average o r  range o f  base l i ne  
emissions nat ionwide,  megagrams 
VOC/year ( tons  VOC/year) 



medium-capacity d r ye rs  a re  used t o  f a c i l i t a t e  t h e  sepa ra t i on  o f  j o b  

loads and t o  a v o i d  downtime caused by equipment breakdowns. There a re  

an es t ima ted  60 model p l a n t  I pet ro leum d r y  c l eane rs  i n  t h e  U n i t e d  

S ta tes  (approx imate ly  25 pe rcen t  of a1 1  l a r g e  pe t ro leum d r y  c l e a n i n g  

f a c i l i t i e s )  ( S l u i z e r ,  1980). Data on model I p l a n t s  a r e  summarized i n  

Table  2-2. 

2.5.2 Model P l a n t  I1 

F a c i l i t i e s  represen ted  by  model p l a n t  I 1  process t h e  same types  o f  

a r t i c l e s  as model Ip l a n t s ,  b u t  have much l a r g e r  throughputs  and equipment 

Model I 1  p l a n t s  have a  th roughpu t  o f  2,400 kg/day (5,400 lb /day)  o r  more 

o f  heavy f a b r i c s  t h a t  a re  h e a v i l y  s o i l e d .  Because these p l a n t s  have 

h i g h  th roughpu ts ,  t h e y  r e q u i r e  s t u r d y  equipment w i t h  l a r g e  c a p a c i t i e s  

f o r  a lmost  con t inuous  ope ra t i on .  There a re  an es t ima ted  170 model I1  

pe t ro leum d r y  c l eane rs  i n  t h e  U n i t e d  S ta tes  r e p r e s e n t i n g  75 pe rcen t  o f  

t h e  t o t a l  number o f  l a r g e  p l a n t s  ( S l u i z e r ,  1980). Table  2-2 p resen t s  

a d d i t i o n a l  i n f o r m a t i o n  on model I1  p l a n t s .  

2.6 REFERENCES FOR CHAPTER 2  

Andras ik ,  I. 1981. I n t e r n a t i o n a l  Fab r i ca re  I n s t i t u t e  ( I F I ) .  L e t t e r  t o  
Q. Corey, TRW I n c . ,  J u l y  20. So l ven t  con ten t  o f  s t i l l  waste. 

B u r n e t t ,  E. 1980. Ara tex ,  I n c . ,  Telecon w i t h  Q. Corey, TRW I n c . ,  
November 25. So l ven t  con ten t  o f  s t i l l  wastes. 

F i s h e r ,  W. 1975. ABC's o f  So lven t  Mi leage,  P a r t  1. I F I .  J o l i e t ,  
I l l i n o i s .  Spec ia l  Repor te r  Vol .  3, No. 4. Ju ly-August .  

F i s h e r ,  W. 1980a. I F I ,  Meet ing w i t h  S. P la isance ,  TRW I n c . ,  December 
9. Number o f  c a r t r i d g e  f i l t e r s  i n  use. 

F i s h e r ,  W. 1980b. I F I ,  Te lecon w i t h  Q. Corey, TRW I n c . ,  January 16. 
Comments on t h e  s i z e  o f  t h e  commercial pe t ro leum d r y  c l e a n i n g  
i n d u s t r y  and t h e  th roughpu t  f rom a  t y p i c a l  p l a n t .  

F i she r ,  W. 1981. I F I ,  Telecon w i t h  S. P la isance ,  TRW I n c . ,  Oct.  16. 
Comments on a l t e r n a t i v e  methods o f  f i l t r a t i o n  waste s o l v e n t  con ten t  
r e d u c t i o n .  

I n t e r n a t i o n a l  F a b r i c a r e  I n s t i t u t e  ( I F I ) ,  1973. An I n t r o d u c t i o n  t o  
I n d u s t r i a l  Dry  C lean ing  Methods, P a r t  One. I F 1  Spec ia l  Repor ter .  
Volume One, Number Three. J o l i e t ,  I l l i n o i s .  



Jern igan ,  R. and J .  Kezer le ,  1980. E v a l u a t i o n  o f  t h e  P o t e n t i a l  f o r  
Reduct ion o f  So l ven t  Losses th rough  a  Washex Petroleum Vacuum S t i l l  
Sump. TRW I n c .  Research T r i a n g l e  Park,  No r t h  C a r o l i n a  (EPA Con t rac t  
No. 68-03-2560, Task No. T5013). 

Je rn igan ,  R. and S. Lu tz .  1979. An E v a l u a t i o n  o f  t h e  Emission Reduc t io r  
P o t e n t i a l  o f  a  So l ven t  Recovery Dry  C lean ing  Dryer .  TRW I n c .  
Research T r i a n g l e  Park,  N o r t h  C a r o l i n a  (EPA Con t rac t  No. 68-03-2560). 

Landon, S. 1981. Washex Machinery I n c . ,  Te lecon w i t h  Q. Corey, TRW 
I n c . ,  J u l y  20. The use and o p e r a t i o n  o f  s o l v e n t  vacuum s t i l l s .  

Leonhardt ,  G. 1966. F i l t e r  A ids.  Na t i ona l  I n s t i t u t e  o f  Dry  Cleaning.  
S i l v e r  Spr ing ,  Maryland. (NID) B u l l e t i n ,  p .  75. J u l y .  

Lu tz ,  S . ,  S. M u l l i g a n ,  and A. Nunn. 1980. Demonst ra t ion o f  Carbon 
Adso rp t i on  Technology f o r  Petroleum Dry C lean ing  P lan t s .  EPA 
P u b l i c a t i o n  No. EPA-600/2-80-145. EPA/IERL. C i n c i n n a t i ,  Ohio. 

Marvel  Manufac tu r ing  Co., Washex Machinery,  I n c . ,  American Laundry 
Machinery,  W.M. C i s s e l  Manufac tu r ing  Co. , VIC Manufac tu r ing  Co. and 
Challenge-Cook B ro the rs ,  I n c .  1980. Telecon Survey w i t h  Q. Corey, 
TRW Inc . ,  March 1 8 - A p r i l  25. S izes o f  pe t ro leum d r y  c l e a n i n g  
equipment and expected sa les  f o r  1980. 

Na t i ona l  F i r e  P r o t e c t i o n  Assoc ia t i on .  1979. Repor t  No. 32, Dry C lean ing  
P lan t s ,  Boston, Massachusetts. 

NID. 1971. E s t i m a t i o n  o f  So lven t  Vapor Emission f rom Petroleum Dry 
C lean ing  P lan t s .  Na t i ona l  I n s t i t u t e  o f  Dryc lean ing .  P u b l i c a t i o n  
No. T-486. S i  1  ve r  Spr ing ,  Maryland. February.  

Rosentha l ,  S. 1980. Washex Machinery I n c . ,  Telecon w i t h  S. P la isance ,  
TRW I n c . ,  November 18. The use o f  s o l v e n t  f i l t r a t i o n  systems and 
vacuum s t i l l s .  

S l u i z e r ,  M. 1981. I n s t i t u t e  o f  I n d u s t r i a l  Launderers,  Meet ing  w i t h  
S. P la isance ,  TRW I n c . ,  January 8.  S i ze  o f  t h e  i n d u s t r i a l  pe t ro leum 
d r y  c l e a n i n g  i n d u s t r y  and t h e  th roughpu t  o f  a  t y p i c a l  p l a n t .  

S l u i z e r ,  M. 1981. I n s t i t u t e  o f  I n d u s t r i a l  Launderers,  Te lecon w i t h  
S. P la isance ,  TRW I n c . ,  A p r i l  10. S ize  o f  t h e  i n d u s t r i a l  pe t ro leum 
d r y  c l e a n i n g  i n d u s t r y  and t h e  th roughpu t  o f  a  t y p i c a l  p l a n t .  

Washex. 1973. I n s t a l l a t i o n ,  Opera t ion  and Maintenance Manual f o r  
Washex Vacuum S t i l l s .  P u b l i c a t i o n  No. T-513d. W i c h i t a  F a l l s ,  
Texas. J u l y .  

Washex. 1974. I n s t r u c t i o n  Manual f o r  Washex MAB-Type Tube F i l t e r s .  
P u b l i c a t i o n  No. T-605. W i c h i t a  F a l l s ,  Texas. September. 



Watts, A. and A. F i she r .  1975. Resu l t s  o f  Membership Survey o f  Dry 
C lean ing  Operat ions.  J o l i e t ,  I l l i n o i s .  I F 1  Spec ia l  Repor ter  3-1.  
January- February.  



3. EMISSION CONTROL TECHNIQUES 

Equipment and procedures s e l e c t e d  as r e p r e s e n t i n g  reasonably  

a v a i l a b l e  c o n t r o l  techno logy  (RACT) f o r  t h e  pe t ro leum d r y  c l e a n i n g  

i n d u s t r y  a re  descr ibed  i n  t h i s  chap te r .  P a r t i c u l a r  a t t e n t i o n  i s  g i v e n  

t o  t h e  des ign,  ope ra t i on ,  and VOC em iss i on - reduc t i on  performance o f  RACT 

equipment, w i t h  v e r i f i c a t i o n  o f  these  c r i t e r i a  b e i n g  suppor ted,  where 

p o s s i b l e ,  by eng inee r i ng  analyses and f i e l d  t e s t  da ta  (see Appendix A) .  

The e f f e c t s  o f  v a r i a t i o n s  i n  and d e v i a t i o n s  f rom t h e  equipment c o n f i g u r -  

a t i o n s  and o p e r a t i n g  procedures c h a r a c t e r i s t i c  o f  t h e  two model p l a n t s  

developed i n  Chapter 2 a re  analyzed i n  r e l a t i o n  t o  t h e i r  impacts on VOC 

emiss ion r e d u c t i o n  and o v e r a l l  equipment performance. 

3 . 1  RECOVERY DRYER 

A s o l v e n t  recovery  d r y e r  i s  e s s e n t i a l l y  a  s tandard  d r y e r  t h a t  has 

been f i t t e d  w i t h  a condenser t o  remove s o l v e n t  vapor f rom t h e  d r y e r  

exhaust by  condensat ion (see F igu re  3-1). I n  t h e  c u r r e n t  c o n f i g u r a t i o n  

o f  t h i s  machine, a steam-heated a i r  stream i s  d i r e c t e d  around and th rough  

a t umb l i ng  l o a d  o f  d r y i n g  a r t i c l e s  by  a  b lower  t h a t  f o r c e s  t h e  so l ven t -

laden a i r  stream th rough  a l i n t  f i l t e r  and t hen  t o  a condenser. A f t e r  

p a r t i a l  removal o f  b o t h  s o l v e n t  and wate r  vapors i n  t h e  condenser, t h e  

a i r  stream i s  ducted f rom t h e  condenser t o  a steam ches t  where i t  i s  

reheated and t hen  passes t o  t h e  tumb le r  where t h e  c y c l e  o f  s o l v e n t  

evapo ra t i on  repea ts .  

The most impo r tan t  component o f  t h i s  s o l v e n t  recovery  system i s  t h e  

condenser, which g r a d u a l l y  reduces t h e  concen t ra t i ons  o f  b o t h  s o l v e n t  

and water  vapors i n  t h e  a i r  stream d u r i n g  every  evaporat ion-condensat ion 

cyc l e .  The c u r r e n t l y  marketed recovery  d r y e r  employs a condenser t o  

remove b o t h  s o l v e n t  and wate r  f rom t h e  incoming vapor stream by stead'ily 

r educ ing  t h e  vapor temperature (under t h e  e x i s t i n g  c o n d i t i o n s  o f  vapor 
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Figure 3-1. Solvent Vapor Flow Diagram for a Recovery Dryer. 



f l o w  and pressure).  As t h e  vapor stream i s  fo rced through the  condenser, 

c h i l l e d  water c i r c u l a t e s  downward through the  tube s t r u c t u r e  and cools 

t h e  vapor stream u n t i l  a l i q u i d  so lvent  and water m ix tu re  condenses (as 

heat i s  t r a n s f e r r e d  from the  vapor stream t o  the  c h i l l e d  water).  This  

m ix tu re  f lows t o  the  bottom o f  the  condenser where i t  i s  p iped t o  a  

so lvent /  water separator.  Because petroleum so lvent  has a  s p e c i f i c  

g r a v i t y  o f  about 0.75, the  water conta ined i n  the  condenser r u n o f f  forms 

the  bottom l i q u i d  phase which i s  removed from the  bottom o f  t he  u n i t  

w h i l e  so l ven t  f lows from the  top. 

To prevent  the  excessive w r i n k l i n g  o f  c lo thes ,  the  recovery dryer  

has a  second, exhaust/cool-down phase s i m i l a r  t o  t h a t  found i n  some o f  

t he  more soph is t i ca ted  standard dryers.  I n  t he  so lvent  recovery phase 

(F igure 3-2a), t he  a i r  stream f lows [ a t  a  manufacturer- rated vo lumet r ic  

f l ow  r a t e  o f  17.7 m3/min (Hoyt, 1979)l  from the  steam chest  through the  

tumbler,  t o  t he  condenser, and then back t o  the  steam chest.  The c o o l i n g  

water f l ow  du r ing  t h i s  phase i s  from the  coo le r  t o  a  storage tank, t o  

t he  condenser, and then back t o  the  coo ler .  Solenoid valves,  c o n t r o l l i n g  

bo th  steam and cool ing-water  f lows,  are i n t e r m i t t e n t l y  opened i n  response 

t o  thermostats t h a t  ma in ta in  bo th  a  tumbler temperature s u f f i c i e n t l y  

h igh  enough t o  promote so lvent  evaporat ion from tumbl ing f a b r i c s  and a  

condenser water i n l e t  f l ow  r a t e  g rea t  enough t o  ensure adequate condenser 

heat-removal f o r  optimum VOC emission reduct ion/recovery.  A t  the  onset 

o f  t he  exhaust/cool-down phase (see Figure 3-Zb), both the  steam and 

c o o l i n g  water so lenoids c lose  w h i l e  atmospheric a i r  and vapor stream 

dampers d i v e r t  vapor f l o w  from the  condenser loop, thereby p e r m i t t i n g  

t h e  i n take  o f  atmospheric a i r  which i s  fo rced over the  tumbl ing  a r t i c l e s  

and exhausted t o  the  atmosphere. 

Contro l  o f  t he  du ra t i on  o f  these two phases i s  accomplished by two 

t imers  t h a t  can be i n d i v i d u a l l y  s e t  f o r  a  wide range o f  recovery and 

exhaust/cool-down per iods.  T y p i c a l l y ,  t he  du ra t i on  o f  t he  recovery 

phase ranges from 20 t o  45 minutes, w h i l e  t h a t  o f  the  exhaust/cool-down 

phase ranges from 2  t o  6 minutes (Plaisance e t  a l .  , 1981). 

Thermosta t ica l l y  c o n t r o l l e d  s h u t o f f  valves t h a t  govern tumbler 

temperatures (steam f low)  and condenser water i n l e t  temperatures (water 

f low)  can be ad jus ted  t o  p r o t e c t  d ry ing  a r t i c l e s  from overheat ing and t o  
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m a i n t a i n  optimum VOC emiss ion reduc t ion / recovery .  A manua l l y -ad jus tab le  

va l ve  i n  t h e  condenser wa te r  i n l e t  l i n e  p e r m i t s  r e g u l a t i o n  o f  t h e  wa te r  

f l o w  r a t e .  A manua l l y -ad jus tab le  p ressure  c o n t r o l  i n  t h e  steam ches t  

i n l e t  p rov i des  a c o n t r o l l e d  steam pressure  f o r  t h e  h e a t i n g  o f  t h e  vapor 

stream. 

I n  t h e  even t  o f  an exp los i on  i n  t h e  d r y e r ,  t h e  p ressure  o f  t h e  

b l a s t  i s  r e l eased  upward f rom t h e  tumb le r  th rough  vents  s p e c i f i c a l l y  

designed f o r  t h i s  purpose, w h i l e  steam i s  a u t o m a t i c a l l y  i n j e c t e d  i n t o  

t h e  tumb le r .  I n  a d d i t i o n ,  a f u s i b l e  w i r e  spanning t h e  condenser vapor 

i n l e t  w i l l  m e l t  above a predetermined temperature,  s h u t t i n g  down t h e  

e l e c t r i c a l  system and t e r m i n a t i n g  d r y e r  ope ra t i ons .  

The l e v e l  o f  emiss ion r e d u c t i o n  a t t a i n e d  by t h e  recovery  d r y e r  i s  

based on t h e  assumption t h a t  a l l  s o l v e n t . e n t e r i n g  t h e  d r y e r  i n  garments 

i s  e i t h e r  recovered o r  e m i t t e d  t o  t h e  atmosphere d u r i n g  t h e  cool-down/ 

exhaust phase ( i n  c o n t r a s t  t o  s tandard  d r y e r s  which e m i t  t h e i r  e n t i r e  

s o l v e n t  con ten t  t o  t h e  atmosphere). Thus, t h e  VOC emiss ion r e d u c t i o n  i s  

equal  t o  t h e  s o l v e n t  recovery .  Fur thermore,  i t  i s  assumed t h a t  garments 

l e a v i n g  t h e  d r y e r  a r e  "d r y "  ( c o n t a i n  no s o l v e n t ) ,  and t h a t  t h e r e  a re  no 

random o r  u n s p e c i f i e d  losses  w i t h i n  t h e  evaporat ion-condensat ion system. 

(Resu l t s  o f  recovery  d r y e r  f i e l d  t e s t s  a r e  i n c o n c l u s i v e  concern ing  t h e  

s o l v e n t  con ten t  o f  d r i e d  i tems;  however, t h e r e  a r e  i n d i c a t i o n s  t h a t  

d r y i n g  t ime,  l o a d  we igh t ,  f a b r i c  t ype ,  and condenser temperature and 

f l o w  (bo th  vapor and l i q u i d )  a l l  cause v a r i a t i o n s  i n  t h e  s o l v e n t  c o n t e n t  

o f  d r i e d  a r t i c l e s . )  Based on these  assumptions, t h e  recovery  d r y e r  

performance parameters o f  p r ima ry  impor tance a r e  VOC emiss ion r e d u c t i o n  

and s o l v e n t  recovery .  

Three EPA t e s t  programs have been completed a t  f a c i l i t i e s  o p e r a t i n g  

d o m e s t i c a l l y  manufactured 48 kg (105 l b )  c a p a c i t y  recovery  d ryers .  The 

f i r s t  t e s t  was conducted a t  a l a r g e  i n d u s t r i a l  d r y  c l e a n i n g  f a c i l i t y  

(see Appendix A, Tes t  1) i n  P i co  R i ve ra ,  C a l i f o r n i a  t h a t  processes 

approx imate ly  1,300 kg (2,900 I b s )  o f  heavy work g loves  each day. 

Resu l t s  f rom t h e  measurement o f  t h e  vapor c o n c e n t r a t i o n  and f l o w  r a t e  

d u r i n g  t h e  exhaust/cool-down phase were an average ( f o r  t h e  e n t i r e  t e s t  

p e r i o d )  d r y e r  VOC emiss ion o f  0.96 kg VOC p e r  100 kg d r y  we igh t  o f  



a r t i c l e s  cleaned, and a range f rom 0.68 t o  1.25 kg VOC p e r  100 kg a r t i c l e s  

cleaned. The condenser rec la imed an average o f  23.4 kg  o f  s o l v e n t  p e r  

100 kg a r t i c l e s  c leaned, w i t h  a range o f  15.5 t o  29.2 kg. Furthermore, 

t h e  d r y e r  appeared, a t  t imes ,  t o  operate a t  o r  above 90 pe rcen t  o f  t he  

10,000 p a r t s  p e r  m i l l i o n  LEL concen t ra t i on  f o r  pet ro leum s o l v e n t  (measured 

a t  t h e  condenser i n l e t  d u r i n g  t h e  recovery  phase), a l though t h e  ex i s tence  

and e x t e n t  o f  t h e  excurs ions  above 90 pe rcen t  were n o t  v e r i f i e d  because 

t h e  s o l v e n t  concen t ra t i ons  exceeded t h e  c a p a c i t y  o f  t h e  d e t e c t i o n  

ins t rument .  Poss ib l e  exp lana t i ons  f o r  t h i s  apparent excurs ion  c e n t e r  

around t h e  f a c t  t h a t  t h e  d r y e r  was t y p i c a l l y  loaded beyond manufac tu re r ' s  

s p e c i f i c a t i o n s  (by as much as 20 percen t ) ,  w i t h  a r t i c l e s  (g loves)  hav ing  

t h e  unusua l l y  h i g h  s o l v e n t  r e t e n t i o n  o f  as much as 30 pe rcen t  by we igh t  

(Je rn igan  and Lu tz ,  1979). 

A second EPA recovery  d r y e r  t e s t  was undertaken a t  a l a r g e  commercial 

p l a n t  i n  Lakeland, F l o r i d a  (see Appendix A,  Tes t  2) t h a t  processes 

approx imate ly  180 kg (400 pounds) o f  general  appare l  each day. Again, 

s o l v e n t  vapor concen t ra t i ons  i n  t h e  condenser vapor i n l e t  and atmospheric 

exhaust were moni tored,  as were t h e  f l o w  r a t e  and mass o f  recovered 

so l ven t .  The average (over  t h e  t e s t  pe r i od )  VOC d r y e r  emissions vented 

d u r i n g  t h e  exhaust/cool-down phase was found t o  be 3.85 kg VOC p e r  

100 kg d r y  we igh t  o f  a r t i c l e s  c leaned and ranged from 9.45 t o  2.34 kg 

VOC p e r  100 kg a r t i c l e s  cleaned. The condenser rec la imed an average of 

10.4 kg  o f  s o l v e n t  p e r  100 kg  a r t i c l e s  c laimed, w i t h  a range o f  9 t o  

14.3 kg. So lven t  vapor concen t ra t i ons  i n  t h e  condenser i n l e t  stream 

never exceeded 95 pe rcen t  o f  t h e  s o l v e n t  LEL and ranged f rom 4,410 t o  

9,425 ppmv as so l ven t .  The reduced VOC emiss ion r e d u c t i o n  va lue  was 

p o s s i b l y  due t o  t h e  p rocess ing  o f  smal l  loads ( t y p i c a l l y  50-60 pe rcen t  

o f  d r y e r  capac i t y )  o f  garments ( p r i n c i p a l l y  s y n t h e t i c s )  hav ing  a  low 

s o l v e n t  r e t e n t i o n .  A lso ,  recovery  pe r i ods  were r e l a t i v e l y  b r i e f  ( u s u a l l y  

l a s t i n g  no more than  30 minutes) ,  r e s u l t i n g  i n  t h e  premature t e r m i n a t i o n  

o f  t h e  recovery  phase and a  corresponding inc rease  i n  t h e  s o l v e n t  con ten t  

o f  d r i e d  a r t i c l e s  (Jern igan  e t  a l . ,  1981). 

A t h i r d  EPA recovery  d r y e r  t e s t  was conducted a t  a l a r g e  commerical 

p l a n t  i n  West Warwick, Rhode I s l a n d  (see Appendix A ,  Tes t  3) t h a t  c leans  

about 2,700 kg (6,000 I b )  o f  personal  c l o t h i n g  p e r  week (P la isance  e t  

a l . ,  1981). Both d r y e r  condenser vapor i n l e t  and d r y e r  atmospheric 



exhaust  concen t ra t i ons  were moni tored,  and da ta  on t h e  volume and f l o w  

r a t e  o f  recovered  s o l v e n t  were c o l l e c t e d .  The average ( f o r  t h e  t e s t  

p e r i o d )  d r y e r  VOC emiss ions vented d u r i n g  t h e  exhaust/cool-down phase 

was 3.47 kg VOC p e r  100 kg o f  a r t i c l e s  d r y  c leaned, w i t h  a range o f  

1.2 kg t o  7.2 kg. The condenser rec la imed an average o f  13 kg pe r  

100 kg o f  a r t i c l e s  c leaned w i t h  a range o f  9 .5  t o  17.7 kg. The average 

maximum s o l v e n t  c o n c e n t r a t i o n  i n  t h e  d r ye r ,  d u r i n g  t h e  recovery  c y c l e  

was measured as 3,100 ppmv, w i t h  a range o f  2,800 t o  3,500 ppmv. Dryer  

o p e r a t i n g  parameters such as l o a d  we igh t ,  f a b r i c  compos i t i on ,  recovery  

d u r a t i o n ,  and c o o l i n g  wa te r  f l o w  r a t e  were v a r i e d  t o  examine t h e i r  

e f f e c t s  on emiss ions,  concen t ra t i ons ,  and recovery .  The we igh t  o f  t h e  

wet a r t i c l e s  p l aced  i n  t h e  d r y e r  and t h e  decrease i n  t h e  vapor stream 

temperature i n  t h e  condenser were found t o  have t h e  g r e a t e s t  i n f l u e n c e  

on s o l v e n t  recovery  and VOC emiss ions,  w i t h  l a r g e r  loads  and g r e a t e r  

condenser temperature decreases r e s u l t i n g  i n  lower  emiss ions and h i ghe r  

recovery .  I n  a d d i t i o n ,  i n c r e a s i n g  t h e  d r y i n g  temperature i n s i d e  t h e  

tumb le r  d u r i n g  recovery  was found t o  i nc rease  t h e  magnitude o f  t h e  

maximum s o l v e n t  c o n c e n t r a t i o n  i n  t h e  exhaust.  The measurement o f  these  

concen t ra t i ons ,  however, was hampered by problems w i t h  b o t h  p l a n t  and 

t e s t i n g  equipment r e s u l t i n g  f rom ve ry  low ambient temperatures,  and t h e  

abso lu te  magnitudes o f  these concen t ra t i ons ,  when compared w i t h  p rev i ous  

t e s t  da ta ,  were ex t reme ly  low and p robab l y  i naccu ra te .  

The i n s t a l l a t i o n  o f  cu r ren t l y -manu fac tu red  recovery  d r y e r s  i n  

e x i s t i n g  pe t ro leum d r y  c l e a n i n g  p l a n t s  would i n v o l v e  t h e  replacement o f  

s tandard  d r y e r s  w i t h  recovery  u n i t s .  A l though steam (2.5 b o i l e r  horsepower 

a t  410 k i l o p a s c a l s )  and e l e c t r i c a l  (1 .5  motor horsepower a t  230 v o l t s )  

demands and connec t ions  would be s i m i l a r  f o r  b o t h  u n i t s ,  t h e  recovery  

d r y e r  would  r e q u i r e  a d d i t i o n a l  connect ions o f  p r e s s u r i z e d  a i r  (0.04 cub i c  

meters p e r  m inu te  a t  275 k i l o p a s c a l s )  and c o o l i n g  water .  The demand f o r  

c o o l i n g  water  i n  t h e  48 kg (105 l b )  recovery  d r y e r  i s  t y p i c a l l y  s a t i s f i e d  

by  mun i c i pa l  wa te r ,  a  c o o l i n g  tower ,  o r  a c h i l l e r  w i t h  a minimum o u t p u t  

c a p a c i t y  o f  11 .4  l i t e r s  p e r  minute (3  ga l /min) ,  and a temperature o f  

13OC (55OF) (Hoyt,  1979). Meet ing these  c o o l i n g  wa te r  s p e c i f i c a t i o n s  i n  

c o o l ,  d r y  c l i m a t e s  may i n v o l v e  o n l y  a connec t ion  t o  mun i c i pa l  wa te r  o r  

t h e  i n s t a l l a t i o n  o f  a r e l a t i v e l y  inexpens ive  c o o l i n g  tower ;  however, 



h o t t e r ,  humid c l imates  may r e q u i r e  t h e  lower temperatures associated 

w i t h  a  c h i l l e r ,  which i s  i n h e r e n t l y  more expensive t o  buy and operate 

( cos t i ng  up t o  250 percent  more than a  c o o l i n g  tower). 

Proper opera t ion  o f  a  c u r r e n t l y  manufactured recovery d rye r  would 

be based p r i m a r i l y  on main ta in ing  h igh  VOC emission reduct ion/recovery.  

Adherence t o  d ryer  manufacturer 's  s p e c i f i c a t i o n s  i n  t he  areas o f  steam 

pressure, condenser water i n l e t  f l o w  r a t e  and temperature, tumbler 

d r y i n g  temperature, and tumbler  load weight should ensure adequate 

performance and sa fe ty .  Operat ing w i t h i n  t h e  range o f  manufacturer 's  

s p e c i f i c a t i o n s ,  t e s t s  have shown t h a t  VOC emission reduct ion/recovery 

can be maximized by d ry ing  l a r g e r  load weights (up t o  the  r a t e d  capac i ty )  

w h i l e  o p t i m i z i n g  heat t r a n s f e r  w i t h i n  the  condenser f o r  a more complete 

removal o f  so lvent  from d r y i n g  a r t i c l e s  (Plaisance e t  a l . ,  1981). 

Heat t r a n s f e r  i n  t he  recovery d rye r  condenser was found t o  be a t  

i t s  maximum (def ined as the  h ighes t  average VOC emission reduct ion /  

recovery per  d r y  weight o f  a r t i c l e s  cleaned) when the  temperature decrease 

o f  t h e  condenser vapor stream was a t  i t s  maximum (Plaisance e t  a l . ,  

1981). For a  g iven d r y i n g  temperature and c o o l i n g  water f l o w  r a t e ,  t h i s  

optimum opera t ing  c o n d i t i o n  cou ld  be i n d i c a t e d  by the  temperature 

d i f f e r e n c e  between the  condenser c o o l i n g  water i n l e t  and o u t l e t  which 

should no t  exceed about 15OC (27OF) du r ing  the  recovery cyc le ,  accord ing 

t o  the  dryer  manufacturer. 

F igure  3-3 i l l u s t r a t e s  a  t y p i c a l  recovery phase t h a t  meets the  

cond i t i ons  s t a t e d  prev ious ly .  The i n i t i a l  r a p i d  so l ven t  recovery g radua l l y  

decreases t o  a  near constant  value ( l i t t l e  o r  no a d d i t i o n a l  recovery 

w i t h  t ime). Dur ing t h i s  d rye r  load, t he  average condenser water i n l e t  

and o u t l e t  temperatures are  21°C (70°F) and 30°C (86OF). The concent ra t ion  

o f  so lvent  vapor i n  the  condenser gas i n l e t  a l s o  i s  shown f o r  t he  same 

recovery phase. I n i t i a l  h igh  concentrat ions correspond t o  r a p i d  increases 

i n  t he  volume o f  recovered so lvent ;  however, as the  du ra t i on  o f  t he  

recovery phase increases, t he  concent ra t ion  o f  so lvent  vapor tends t o  

l e v e l  o f f ,  thus i n d i c a t i n g  a minimum recovery phase d u r a t i o n  necessary 

f o r  o p t i m i z a t i o n  o f  VOC emission reduct ion/recovery.  

The recovery d rye r  so lvent  recovery r a t e  data c o l l e c t e d  i n  t he  

second la rge  commercial p l a n t  recovery d rye r  t e s t  (Plaisance e t  a l . ,  





1981) was analyzed by EPA t o  evaluate the  r e l a t i o n s h i p  between the  f l o w  

r a t e  o f  recovered so lvent  and the  dryer  emissions measured du r ing  the  

exhaust cyc le .  These data were se lec ted  f o r  ana lys is  because cond i t i ons  

o f  f a b r i c s ,  l oad  weights, recovery dura t ions ,  and opera t ing  parameters 

va r ied  over a range t h a t  might  be t y p i c a l  i n  a l a r g e  segment o f  the  

i ndus t r y .  The f l o w  r a t e  o f  recovered so lvent  a t  t he  end o f  each recovery 

cyc le  was ca lcu la ted .  A comparison o f  these r e s u l t s  i n d i c a t e d  t h a t  a 

f i n a l  recovered so lvent  f l o w  r a t e  o f  0.05 l i t e r s  per  minute was the  

h ighes t  value encountered i n  any o f  t he  loads examined. A1 though t h i s  

value cou ld  n o t  be c o r r e l a t e d  w i t h  a d e f i n i t i v e  VOC emissions value f o r  

t he  exhaust cyc le ,  an ana lys i s  o f  graphs o f ' t h e  recovered so lvent  f l o w  

r a t e  i n d i c a t e d  t h a t  t h i s  0.05 l i t e r  per  minute f l ow  r a t e  cou ld  be used 

t o  i n d i c a t e  a p o i n t  o f  d im in i sh ing  re tu rns  (see Figure 4-2). Beyond 

t h i s  l e v e l  a d d i t i o n a l  recovery cyc le  t ime would produce o n l y  minmal 

increases i n  the  volume o f  recovered solvent .  This  eva lua t i on  i nd i ca tes  

t h a t  t h e  0.05 l i t e r  per  minute recovered so lvent  f l o w  r a t e  cou ld  be used 

as an i n d i c a t i o n  o f  a minimum recovery c y c l e  durat ion.  Whi le t h e  ac tua l  

exhaust c y c l e  VOC emissions would cont inue t o  vary as a f u n c t i o n  o f  l oad  

composit ion, weight,  and opera t ing  parameters, t he  0.05 l i t e r  per  minute 

r a t e  cou ld  prov ide  a bas is  f o r  e s t a b l i s h i n g  recovery cyc le  durat ions 

t h a t  r e f l e c t  v a r i a t i o n s  i n  load ing  and opera t ing  parameters. 

F loo r  and overhead space requirements are  s i m i l a r  f o r  standard and 

recovery dryers  and present  1  ittle d i f f i c u l t y  f o r  smal ler  f a c i  1  it i e s ;  

however, the  replacement o f  a  .s ing le  180 kg (400 l b )  capac i ty  standard 

d rye r  w i t h  f o u r  48 kg (105 I b )  capac i ty  recovery dryers ( c u r r e n t l y ,  

recovery dryers are  made i n  on l y  23 and 48 kg capac i t i es )  would necess i ta te  

i nc reas ing  the  f l o o r  area requ i red  f o r  d ryers  by approximately 30 percent  

from approximately 28 t o  37 square meters (300 t o  400 square f e e t ) .  The 

need f o r  a d d i t i o n a l  f l o o r  space cou ld  fo rce  some la rge  i n d u s t r i a l  p l a n t  

operators t o  r e s t r u c t u r e  t h e  l a y o u t  o f  t h e i r  d ry  c lean ing  equipment, and 

may r e q u i r e  an a d d i t i o n  t o  an e x i s t i n g  b u i l d i n g  o r  the  a c q u i s i t i o n  o f  

a d d i t i o n a l  space by lease, purchase, o r  cons t ruc t ion .  Most o f  these 

f a c i l i t i e s ,  however, should have s u f f i c i e n t  space i n  t h e i r  e x i s t i n g  

p l a n t s  t o  accommodate the  recovery dryers.  



3 .2  RECOVERY DRYER SAFETY 

So l ven t  recovery  by c h i l l e d  condensat ion i s  a new technology as 

a p p l i e d  t o  pe t ro leum d r y  c lean ing .  W i t h  o n l y  one domest ic manufacturer  

p roduc ing  recovery  d r ye rs  s i nce  1978, t h e r e  a re  fundamental ques t ions  o f  

s a f e t y  t o  be addressed. These ques t ions  cen te r  on t h r e e  major  t o p i c s  

which w i l l  be d iscussed below: t h e  c o n c e n t r a t i o n  o f  s o l v e n t  i n  t h e  

d r y e r  tumb le r  d u r i n g  recovery ,  t h e  i g n i t i o n  sources assoc ia ted  w i t h  t h e  

d r y e r  and t h e  e f f e c t s  o f  an exp los i on ,  and t h e  a c c e p t a b i l i t y  o f  t h e  

d r y e r  t o  agencies such as f i r e  marshals and insurance  unde rw r i t e r s .  

Measurement o f  t h e  maximum s o l v e n t  c o n c e n t r a t i o n  i n  t h e  recovery  

d r y e r  tumb le r  d u r i n g  t h e  recovery  c y c l e  was one o f  t h e  o b j e c t i v e s  i n  a l l  

t h r e e  EPA f i e l d  t e s t s  o f  t h e  u n i t .  U n f o r t u n a t e l y ,  d i f f i c u l t i e s  assoc ia ted  

w i t h  measur ing h i g h  concen t ra t i ons  o f  pe t ro leum s o l v e n t  i n  a vapor 

stream c a s t  doubts on t h e  v a l i d i t y  o f  much o f  t h e  da ta  ob ta ined ,  and t h e  

o n l y  t e s t  w i t h  reasonably  accura te  maximum c o n c e n t r a t i o n  measurements 

was conducted i n  a p l a n t  t h a t  d r i e d  smal l  l oads  o f  s y n t h e t i c s ,  a t y p i c a l  

o f  most o f  t h e  i n d u s t r y .  Furthermore, i n  t h e  o n l y  t e s t  o f  a  recovery  

d r y e r  i n  an i n d u s t r i a l  p l a n t ,  t h e  concen t ra t ion -measur ing  i ns t r umen t  

(FIA) became s a t u r a t e d  w i t h  s o l v e n t  and con t inued  t o  r e g i s t e r  a concen-

t r a t i o n  o f  9,000 ppmv w h i l e  t h e  a c t u a l  c o n c e n t r a t i o n  i n  t h e  d r y e r  appa ren t l y  

con t i nued  t o  i nc rease  and p robab l y  exceeded t h e  s o l v e n t  lower  e x p l o s i v e  

l i m i t  (LEL) o f  10,000 ppmv (Ashland, 1980). I n  t h e  t h i r d  t e s t ,  t h e  

d i f f i c u l t y  o f  p r e v e n t i n g  s o l v e n t  vapor condensat ion i n  t h e  FIA sample 

l i n e s  produced u n r e a l i s t i c a l l y  low read ings  o f  maximum concen t ra t i ons .  

Thus, w h i l e  t h e r e  a r e  no t e s t  da ta  showing d r y e r  concen t ra t i ons  i n  

excess o f  t h e  s o l v e n t  LEL, an examinat ion o f  t h e  e x i s t i n g  da ta  i n d i c a t e s  

t h a t  t h e r e  i s  a h i g h  p r o b a b i l i t y ,  depending on t h e  we igh t  o f  a r t i c l e s  

be ing  d r i e d  and t h e  d r y i n g  temperature,  t h a t  t h e  c o n c e n t r a t i o n  o f  s o l v e n t  

i n  t h e  tumb le r  does, indeed, exceed t h e  s o l v e n t  LEL a t  some p o i n t  i n  t h e  

recovery  cyc l e .  And w h i l e  t h i s  c o n d i t i o n  would n o t  occur  i n  every  

d r y i n g  load ,  i t  would t end  t o  occur  i n  l a r g e r  f a c i l i t i e s  where l a r g e  

loads  would be d r i e d  a t  h i g h e r  temperatures t o  decrease t h e  o v e r a l l  

d r y i n g  t ime.  



Possib le sources o f  i g n i t i o n  i n  t he  recovery d rye r  are l i m i t e d  t o  

s t a t i c  e l e c t r i c i t y  and flammable ob jec ts  (matches and l i g h t e r s )  contained 

i n  the  d r y i n g  a r t i c l e s .  Dryer w i r i n g  and c o n t r o l s  are conta ined i n  

enclosures t h a t  meet o r  exceed Nat iona l  F i r e  P ro tec t i on  Assoc ia t ion  

(NFPA) regu la t i ons  f o r  d ry  c lean ing  dryers.  Also, the  d rye r  tumbler i s  

f i t t e d  w i t h  a grounding system which, when p rope r l y  grounded, should 

d i s p e l 1  s t a t i c  e l e c t r i c i t y .  As a consequence o f  these design fea tures ,  

t h e  pr imary source o f  i g n i t i o n  would be flammable ob jec ts ,  which should 

be removed from a r t i c l e s  p r i o r  t o  washing. While flammable ob jec ts  

cou ld  be a s i g n i f i c a n t  problem i n  smal ler  p l a n t s  t h a t  process personal 

a r t i c l e s  o r  uniforms, s t a t i c  e l e c t r i c a l  spark would present  t he  g rea tes t  

problem i n  l a r g e  p l a n t s  t h a t  might  process l a r g e  volumes o f  s ta t i c -p rone  

ma te r ia l  such as f e l t  o r  syn the t ics .  

Based on the  assumptions t h a t  t he  so lvent  concent ra t ion  i n  t he  

recovery dryer  tumbler reaches and exceeds the  so lvent  LEL and t h a t  an 

i g n i t i o n  source i s  p resent  and a c t i v e ,  what, i n  theory,  occurs du r ing  a 

recovery dryer  "explos ion"? F i r s t ,  t he  so l ven t  vapor around the  p o i n t  

o f  i g n i t i o n  burns very r a p i d l y  ( f lashes) ,  and the  l i n e  o f  vapor combustion 

( o r  flame f r o n t )  spreads r a p i d l y  through the  tumbler.  The extremely 

r a p i d  pressure increase brought about by the  vapor combustion opens the  

sp r ing  loaded explos ion dampers on t h e  t o p  o f  t he  tumbler,  and, a f t e r  

the  excess pressure i s  instantaneously released, t he  dampers c lose  t o  

p revent  i n f l o w  o f  a i r  t h a t  would support f u r t h e r  combustion. A t  t he  

same t ime, a s e t  o f  weights at tached t o  one o f  t he  dampers a c t i v a t e s  

bo th  a  va lve  t h a t  i n j e c t s  steam i n t o  the  tumbler and a sw i t ch  t h a t  stops 

the  vapor c i r c u l a t i o n  blower. Thus, w h i l e  t h e  fo rce  o f  t he  vapor exp los ion  

i s  re leased and d i r e c t e d  upward away from personnel and o ther  equipment, 

the  occurrence of a f i r e  i n  the  tumbler i s  prevented by t h e  e l i m i n a t i o n  

o f  combustion a i r  and the  i n j e c t i o n  o f  steam i n t o  the  tumbler.  ( I n  

con t ras t ,  the  i g n i t i o n  o f  so lvent  vapors i n  a non-recovery d rye r  o f t e n  

r e s u l t s  i n  f i r e s  which a re  fed  by the  cont inuous i n f l o w  o f  ambient a i r . )  

Two recovery d rye r  explosions have been documented s ince product ion  

o f  t he  u n i t  began approximately two years ago, and these have been 

examined as t o  t h e i r  causes and consequences. (Other explos ions have 

been repo r ted  b u t  s p e c i f i c  de ta i  1  s  are unavai 1  able. ) The f ir s t  exp los ion  



occur red  i n  December o f  1979 a t  a commercial d r y  c l e a n i n g  p l a n t .  Accord ing  

t o  t h e  owner, t h e  exp los i on  t ook  p l a c e  d u r i n g  t h e  d r y i n g  o f  a 45 kg 

(100 l b )  l o a d  o f  s y n t h e t i c  f a b r i c s .  The owner s a i d  t h e r e  was a l o u d  

no i se  f rom t h e  t o p  o f  t h e  d r y e r ,  and t h e  tumb le r  baske t  was knocked o u t  

o f  a l i gnment .  The owner f u r t h e r  exp la i ned  t h a t  t h e  d r y e r  may n o t  have 

been p r o p e r l y  grounded, and t h a t  t h e  s y n t h e t i c  f a b r i c ' s  h i g h  p o t e n t i a l  

f o r  s t a t i c  may have combined w i t h  t h e  ex t reme ly  low h u m i d i t y  a t  t h e  t ime  

t o  produce a s t a t i c  spark.  Damage r e s u l t i n g  f rom t h e  event  was l i m i t e d  

t o  t h e  d r y i n g  a r t i c l e s  which were scorched and t o  t h e  d r y e r  ( tumb le r  

baske t )  which was rep laced  by t h e  manufacturer .  

The second recovery  d r y e r  e x p l o s i o n  occu r red  i n  March 1981 a t  a  

smal l  i n d u s t r i a l  d r y  c leaner .  A l o a d  o f  f e l t  g r a i n  m i l l  f i l t r a t i o n  bags 

was b e i n g  d r i e d  a t  t h e  t i m e  and a member o f  t h e  p l a n t  management exp la i ned  

t h a t  t h e  comb ina t ion  o f  t h e  h i g h  s t a t i c  p o t e n t i a l  o f  t h e  f e l t  m a t e r i a l  

and t h e  presence o f  g r a i n  d u s t  p robab l y  combined t o  produce t h e  exp los ion .  

Th i s  i n d i v i d u a l  was s tand ing  about  f o u r  f e e t  f rom t h e  d r y e r  when i t  

exploded, and he desc r i bed  t h e  e f f e c t  as be ing  l i k e  t h e  son i c  boom from 

a j e t  a i r p l a n e .  No persona l  i n j u r i e s  r e s u l t e d  f rom t h e  exp los i on ,  and 

damage t o  t h e  p l a n t  was l i m i t e d  t o  two p l a t e - g l a s s  windows which were 

broken. The o n l y  damage t o  t h e  d r y e r  was d i sa l i gnmen t  o f  t h e  tumb le r  

baske t  s h a f t  which was q u i c k l y  r e a l i g n e d  by  p l a n t  personnel  and t e a r i n g  

o f  t h e  l i n t  f i l t e r  bag which was rep laced .  O f  t h e  12  bags i n  t h e  tumb le r ,  

o n l y  f i v e  had t o  be rep laced  due t o  minor  scorch ing .  The manager s a i d  

t h a t  he i n t ended  t o  improve t h e  d r y e r  g round ing  and t o  ven t  t h e  d r y e r  

e x p l o s i o n  dampers t o  t h e  ou t s i de .  F i n a l l y ,  he s a i d  he was p leased w i t h  

t h e  des ign,  performance, and s a f e t y  o f  t h e  d r ye r .  

Because t h e  techno logy  o f  condensat ion recovery  o f  pe t ro leum d r y  

c l e a n i n g  s o l v e n t  i s  r e l a t i v e l y  new, t h e  EPA conducted an examinat ion o f  

t h e  des ign ,  performance, and s a f e t y  o f  s o l v e n t  recovery  d r ye rs  i n  Japan 

(Je rn igan ,  1981). These d r ye rs  have been i n  use t h e r e  f o r  over  f i v e  

years ,  and t h e i r  des ign  and performance i s  ve r y  s i m i l a r  t o  t h a t  o f  t h e  

u n i t s  manufactured i n  t h e  U n i t e d  S ta tes .  I n  b o t h  u n i t s ,  steam heated 

a i r  evaporates s o l v e n t  f rom d r y i n g  a r t i c l e s ,  and t h e  s o l v e n t  vapor i s  

l i q u i f i e d  and recovered  by a r e f r i g e r a n t - c h i l l e d  condenser. The main 

d i f f e r e n c e  between t h e  Japanese and doniest ic recovery  d r y e r  i s  t h e  d r y e r  



c a p a c i t y  which i s  1i m i  t e d  t o  23 kg (50 1 b) i n  Japan, w i t h  u n i t s  hav ing  

c a p a c i t i e s  of 10 kg (22 1b) be ing  most p r e v a l e n t .  Throughout Japan, 

t h e r e  a r e  about 1,800 recovery  d r ye rs  and 5,900 s tandard (nonrecovery) 

d ryers .  A d d i t i o n a l l y ,  accord ing  t o  Japanese d r y e r  manufacturers ,  t h e r e  

have been about 17 recovery  d r y e r  exp los ions  and 50 s tandard d r y e r  f i r e s  

i n  t h e  p a s t  f i v e  years .  Thus, t h e  f requency o f  exp los ions  i n  Japanese 

recovery  d r ye rs  has been a lmost  i d e n t i c a l  t o  t h a t  o f  f i r e s  i n  s tandard 

d r ye rs  (about one occurrence p e r  1,000 d rye rs  i n  t h e  p a s t  f i v e  years ) .  

The p r ima ry  concern i n v o l v e d  i n  t h e  acceptance and approval  o f  t h e  

recovery  d r y e r  by f i r e  c o n t r o l  agencies and insurance unde rwr i t e r s  i s  

t h e  l e v e l  o f  f i r e  hazard i n h e r e n t  i n  t h e  o p e r a t i o n  o f  t h e  d r ye r .  I n  

o rde r  t o  g a i n  t h i s  approva l ,  t h e  manufacturer  has submi t ted  t h e  d r y e r  

f o r  examinat ion by  Fac to r y  Mutual  ( a  f i r m  s p e c i a l i z i n g  i n  performance 

and s a f e t y  t e s t i n g )  which has approved t h e  u n i t  and has i nc l uded  i t  i n  

t h e  1981 pub l i shed  approval  l i s t i n g  as t h e  pet ro leum s o l v e n t  d r y e r  w i t h  

c u r r e n t  approval  (Fac to ry  Mutual  System, 1981). I n  a d d i t i o n ,  t h e  d r y e r  

has rece i ved  t h e  genera l  approval  o f  t h e  Los Angeles F i r e  Department 

(Los Angeles F i r e  Department, 1981). 

A survey o f  d r y  c l e a n i n g  p l a n t s  t h a t  have i n s t a l l e d  t h e  recovery  

d r y e r  i n d i c a t e s  t h a t  t h e r e  have been no problems w i t h  insurance companies 

r e s u l t i n g  f rom t h e  ope ra t i on  o f  t h e  recovery  d r y e r  (Corey, 1981). I n  

genera l ,  these companies view t h e  u n i t  as another  p i e c e  o f  d r y  c l ean ing  

process equipment and as such, insurance r a t e s  u s u a l l y  inc rease  somewhat 

based on t h e  a d d i t i o n  o f  t h e  d r y e r  va lue  t o  t h e  o v e r a l l  f a c i l i t y .  When 

unde rwr i t e r s  i n s u r i n g  t h e  d r y e r  were quest ioned about t h e  i n s u r a b i l i t y  

o f  t h e  u n i t ,  t h e y  g e n e r a l l y  s a i d  t h a t  approval  by  one o f  t h e  major  

t e s t i n g  l a b o r a t o r i e s  (Fac to ry  Mutual ) ,  t oge the r  w i t h  approval  by s t a t e  

and l o c a l  f i r e  o f f i c i a l s ,  was s u f f i c i e n t  t o  i n d i c a t e  t h a t  t h e  d r y e r  

r e q u i r e s  no s p e c i a l i z e d  insurance  coverage. 

A t  t h e  l o c a l  l e v e l ,  a survey o f  f i r e  marshals i n  areas where recovery  

d r ye rs  have been i n s t a l l e d  i n d i c a t e s  t h a t  t h e  u n i t ' s  approval  by Fac to ry  

Mutual has r e s u l t e d  i n  i n i t i a l  acceptance by f i r e  marshals who were 

aware o f  t h e  d r y e r ' s  presence (Corey, 1981). I n  most cases, however, 

t h e  c o n t i n u a t i o n  of t h i s  i n i t i a l  approval  was con t i ngen t  on t h e  frequency 



o f  exp los i ons  and acc i den t s  assoc ia ted  w i t h  t h e  d r y e r ,  and an i nc rease  

i n  t h e  number o f  d r y e r  acc i den t s  c o u l d  r e s u l t  i n  r e v o c a t i o n  o f  t h i s  

approva l .  

I n  summation, t h e  i n i t i a l  approva l  o f  t h e  recovery  d r y e r  by i n d i v i d u a l  

d r y  c l eane rs ,  f i r e  marshals ,  and insurance  u n d e r w r i t e r s  was based on t h e  

u n i t ' s  approva l  by Fac to r y  Mutual  and on i t s  r e c o r d  o f  s a f e t y  s i nce  

1978. Fac to ry  Mutua l ,  i n  t u r n ,  has based i t s  approva l  o f  t h e  u n i t  on 

i t s  a b i l i t y  t o  s a f e l y  c o n t a i n  and c o n t r o l  an exp los i on ,  w i t h  t h e  assumption 

t h a t  t h e  s o l v e n t  c o n c e n t r a t i o n  i n  t h e  d r y e r  reaches and exceeds t h e  

s o l v e n t  LEL and t h a t  an i g n i t i o n  source i s  p resen t  and a c t i v e  i n  t h e  

d r y e r  (Kennes, 1981). I n d u s t r y  r e p r e s e n t a t i v e s  have expressed concern 

t h a t  t h e  requ i rement  f o r  i n s t a l l a t i o n  and o p e r a t i o n  o f  s o l v e n t  recovery  

d r ye rs  cou ld  c o n f l i c t  w i t h  l o c a l  f i r e  s a f e t y  codes o r  c r e a t e  s i t u a t i o n s  

i n  which pe t ro leum d r y  c l e a n i n g  p l a n t s  c o u l d  n o t  be i n s u r e d  (Vanderver,  

1982). Even though Fac to r y  Mutual  has c e r t i f i e d  t h e  one U.S.-made 

recovery  d r y e r ,  agencies shou ld  a s c e r t a i n  whether t h i s  i s  s u f f i c i e n t  i n  

t h e i r  s t a t e  o r  l o c a l i t y .  A l though  EPA has found no ins tances  i n  which a 

f i r e  marshal o r  insurance  u n d e r w r i t e r  p r o h i b i t e d  t h e  i n s t a l l a t i o n  o f  a  

s o l v e n t  recovery  d r y e r ,  a p p r o p r i a t e  f i r e  s a f e t y  o f f i c i a l s  and insurance  

i n d u s t r y  r e p r e s e n t a t i v e s  shou ld  be i n v o l v e d  e a r l y  i n  t h e  process o f  

deve l  o p i  ng any r e g u l a t i o n s .  

3.3 CARTRIDGE FILTRATION 

C a r t r i d g e  f i l t r a t i o n  i s  a con t inuous ,  two-stage process o f  f i l t r a t i o n  

i n  which s o i l - l a d e n  l i q u i d  i s  f o r c e d  under p ressure  f i r s t  through a 

paper f i l t e r  t o  remove e n t r a i n e d  s o l i d s  and then  th rough  a l a y e r  o r  

l a y e r s  o f  a c t i v a t e d  carbon which s e l e c t i v e l y  en t rap  molecu les o f  i m p u r i t i e s  

i n  t h e i r  porous sur face .  The te rm " c a r t r i d g e "  i s  used t o  denote r ep laceab le  

u n i t s  o r  c a r t r i d g e s  c o n t a i n i n g  f i l t r a t i o n  paper and carbon o r  o n l y  

carbon. C u r r e n t l y ,  i t  i s  es t ima ted  t h a t  50 p e r c e n t  o f  t h e  pe t ro leum d r y  

c l e a n i n g  p l a n t s  u s i n g  s o l v e n t  f i l t r a t i o n  employ c a r t r i d g e  f i l t r a t i o n  o r  

approx imate ly  3,000 p l a n t s  (F i she r ,  1980). 

C a r t r i d g e  f i l t r a t i o n ,  as a p p l i e d  t o  t h e  pe t ro leum s o l v e n t  d r y  

c l e a n i n g  i n d u s t r y ,  i s  a process i n  which s o i l - l a d e n  s o l v e n t  i s  pumped 

f rom a washer t o  a vesse l  c o n t a i n i n g  f i l t e r  c a r t r i d g e s  (see F igu re  3-4). 





Th i s  vessel  no rma l l y  has a removable, p ressure -sea led  l i d  o r  t o p  and can 

c o n t a i n  f rom 2 t o  36 c a r t r i d g e s .  S o i l - l a d e n  s o l v e n t  i s  i n i t i a l l y  f o r c e d  

under p ressure  th rough  dual-component c a r t r i d g e s  t h a t  c o n t a i n  b o t h  

f i l t e r  paper and carbon. I n  t h i s  process,  s o l i d  p a r t i c l e s  o f  l i n t  and 

d i r t  a r e  t r apped  i n  t h e  paper ,  and t h e  i n c l u d e d  a c t i v a t e d  carbon serves 

t o  remove s o l u b l e  i m p u r i t i e s  such as f a b r i c  dyes. Next ,  t h e  s o l v e n t  i s  

d i v e r t e d  t o  one o r  more f i l t e r  c a r t r i d g e s  c o n t a i n i n g  o n l y  a c t i v a t e d  

carbon which con t i nue  t h e  i n i t i a l  removal o f  s o l u b l e  i m p u r i t i e s .  A f t e r  

pass ing  th rough  t h i s  f i n a l  s tage ,  t h e  s o l v e n t  i s  t r a n s f e r r e d  t o  s to rage  

t o  a w a i t  d i s t i l l a t i o n  and reuse ( P u r i t a n ,  1980). 

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

ca tego r i es :  carbon-core c a r t r i d g e s  and a l l - c a r b o n  c a r t r i d g e s .  Carbon-core 

c a r t r i d g e s  (see F igu re  3-4) a r e  encased i n  an o u t e r  m e t a l l i c  hous ing 

t h a t  i s  p e r f o r a t e d  around i t s  c i r cumference  t o  p e r m i t  s o l v e n t  i n f l o w .  

Beneath t h i s  o u t e r  r i g i d  s t r u c t u r e  l i e s  a c i r c u m f e r e n t i a l  l a y e r  o f  

f i l t r a t i o n  paper t h a t  i s  f o l d e d  a c c o r d i a n - s t y l e  i n t o  a deep ly -co r ruga ted  

c y l i n d e r  su r round ing  t h e  i n n e r  core.  T h i s  f i b r o u s  paper,  s i m i l a r  t o  

t h a t  found i n  an automot ive o i l  f i l t e r ,  p e r m i t s  t h e  p r e s s u r i z e d  s o l v e n t  

t o  f l o w  inward  t o  t h e  co re  w h i l e  t r a p p i n g  p a r t i c l e s  o f  d i r t  and l i n t  

a l ong  i t s  ex tens i ve  su r face .  Beneath t h i s  l a y e r  o f  f i l t e r  paper l i e s  

t h e  s l o t t e d  metal  su r f ace  o f  t h e  co re  tube  which c o n t a i n s  g r a n u l a r  

a c t i v a t e d  carbon ( P u r i t a n ,  1980). I n  pass ing  th rough  t h i s  m a t e r i a l ,  t h e  

l a r g e r  molecu les o f  i m p u r i t i e s  such as f a b r i c  dyes a r e  adsorbed by t h e  

carbon g ranu les .  The a l l - c a r b o n  c a r t r i d g e  (see F i g u r e  3-4) con t inues  

t h e  p u r i f i c a t i o n  o f  t h e  s o l v e n t  which began a t  t h e  carbon-core c a r t r i d g e .  

So l ven t  f l o w i n g  th rough  t h e  s l o t s  o f  t h e  meta l  c a n i s t e r  i s  f o r c e d  th rough  

t h e  enc losed a c t i v a t e d  carbon, r e s u l t i n g  i n  a d d i t i o n a l  removal of 

i m p u r i t i e s  and t h e  o u t f l o w  o f  a s o l i d - f r e e ,  p u r i f i e d  so l ven t .  

A l though t h e  process f l o w  o f  carbon-core t o  a l l - c a r b o n  i s  t y p i c a l  

o f  most c a r t r i d g e  f i l t e r  i n s t a l l a t i o n s ,  t h e  conta inment ,  number, and 

p h y s i c a l  arrangement o f  t h e  c a r t r i d g e s  v a r i e s  w i d e l y  as a f u n c t i o n  o f  

t h e  system's  capac i t y .  C a r t r i d g e  f i l t r a t i o n  systems a r e  "s i zed"  by 

t h e i r  manufacturer ,  based on t h e  d ry -we igh t  l o a d  c a p a c i t y  o f  t h e  e x i s t i n g  

washer ( P u r i t a n ,  1980). The s i z e  of t h e  system u s u a l l y  r e f e r s  t o  t h e  

t o t a l  number o f  f i l t e r  c a r t r i d g e s  i t  con ta ins .  The a c t u a l  d i s t r i b u t i o n  



o f  these c a r t r i d g e s  ranges from a group o f  smal l ,  in terconnected vessels 

con ta in ing  one o r  two c a r t r i d g e s  t o  one o r  more c y l i n d r i c a l  tanks con-

t a i n i n g  as many as 36 carbon-core c a r t r i d g e s  t h a t  are connected t o  an 

a d d i t i o n a l  vessel o r  vessels con ta in ing  m u l t i p l e  a l l - ca rbon  c a r t r i d g e s  

(Pur i tan ,  1980). 

The opera t ion  o f  a c a r t r i d g e  f i l t r a t i o n  system can be based on 

e i t h e r  t he  continuous (du r ing  washer operat ion)  o r  batch ( a t  predeter-  

mined i n t e r v a l s )  processing o f  spent so lvent .  I n  continuous operat ions,  

t h e  spent so lvent  i n  the  washer i s  pumped through the  f i l t e r  and back t o  

a f i l t e r e d  so lvent  tank. As t h i s  process cont inues on a day-to-day 

bas is ,  the  ou ter  surfaces o f  t he  f i l t e r  paper i n  each carbon-core c a r t r i d g e  

become clogged w i t h  d i r t  and l i n t ,  w h i l e  the  carbon granules conta ined 

i n  bo th  types o f  c a r t r i d g e s  become coated w i t h  dyes and p a r t i c l e s  u n t i l  

they no longer p u r i f y  t he  so l ven t  stream. Dry c lean ing  t rade assoc ia t i on  

t e s t s  have shown t h a t ,  under t y p i c a l  commercial cond i t i ons  o f  s o i l - l o a d i n g  

and throughput,  t he  " l i f e "  o f  a f i l t e r  c a r t r i d g e  i s  somewhere between 

450 kg (1,000 l b s )  and 500 kg (1,100 Ibs )  o f  a r t i c l e s  washed (Bee and 

Fisher ,  1976). Under cond i t i ons  o f  heavy s o i l  loading,  however, t he  

need f o r  c a r t r i d g e  replacement i s  bes t  i nd i ca ted  by the  bu i l dup  o f  

so l ven t  pressure i n  t he  vessel due t o  the  f l o w  r e s t r i c t i o n  posed by the  

clogged ca r t r i dges .  

Atmospheric emissions from c a r t r i d g e  f i l t e r s  a re  l i m i t e d  t o  f u g i t i v e  

emissions t h a t  evolve from leaks and f i l t e r  c a r t r i d g e  replacement, as 

w e l l  as from the  evaporat ion o f  so l ven t  contained i n  disposed ca r t r i dges .  

An EPA t e s t  o f  t h e  amount o f  so l ven t  conta ined i n  discarded f i l t e r  

c a r t r i d g e s  was conducted a t  a  Wilmington, North Caro l ina  petroleum 

so l ven t  d ry  c lean ing  p l a n t  t h a t  processes approximately 180 kg (400 I b s )  

o f  general apparel per  day i n  a s i n g l e  27 kg (60 l b )  capac i ty  washer 

(Plaisance, 1981). A 14-element c a r t r i d g e  f i l t r a t i o n  system was operated 

w i t h o u t  c a r t r i d g e  replacement over a p e r i o d  o f  t ime when the  p l a n t  had a 

throughput o f  approximately 8,600 kg (19,000 l b s . )  o f  c l o thes  washed. 

Resul ts  o f  t h i s  t e s t  i n d i c a t e d  t h a t  d r a i n i n g  the  f i l t e r  c a r t r i d g e s  i n  

t h e i r  c losed housing f o r  a t  l e a s t  8 hours would r e s u l t  i n  an average 

so l ven t  emission pe r  c a r t r i d g e  o f  1.6 kg (3.4 Ibs) .  Based on an assumed 

c a r t r i d g e  l i f e  of 450 kg (1,000 l b s )  o f  throughput,  t h i s  would r e s u l t  i n  



0.35 kg o f  s o l v e n t  be ing  e m i t t e d  pe r  100 kg o f  c l o t h i n g  th roughpu t  

(P la isance ,  1981). F i g u r e  3-5 i l l u s t r a t e s  t h e  e f f e c t  o f  dra inage t ime  

on VOC emiss ions f rom d i sca rded  f i l t e r  c a r t r i d g e s .  The m a j o r i t y  o f  t h e  

d ra inage  takes p l a c e  d u r i n g  t h e  i n i t i a l  few minutes when l i q u i d  s o l v e n t  

i s  r unn ing  f r e e l y  f rom t h e  c a n i s t e r s .  A f t e r  8 hours o f  dra inage,  t h e  

c a r t r i d g e s  have 1  o s t  37 '  pe r cen t  o f  t h e i r  undra i  ned s o l  ven t  con ten t .  

A f t e r  an a d d i t i o n a l  4 hours,  t hey  have l o s t  o n l y  3 pe rcen t  more, thus  

i l l u s t r a t i n g  t h a t  extended d ra inage  p e r i o d s  a re  unnecessary. 

The va lue  o f  c a r t r i d g e  VOC emiss ions p e r  100 kg d r y  we igh t  o f  

a r t i c l e s  c leaned, ob ta i ned  above, i s  i n  genera l  agreement w i t h  a d r y  

c l e a n i n g  t r a d e  a s s o c i a t i o n  es t ima te  o f  0.75 kg p e r  100 kg o f  a r t i c l e s  

c leaned  (NID, 1971). However, t h e  p r e v i o u s l y  desc r i bed  EPA-sponsored 

t e s t  c o u l d  have been more i n  agreement w i t h  t h e  i n d u s t r y  es t ima te  i f  t h e  

emiss ions f rom carbon-core c a r t r i d g e s  a lone  had been cons idered.  A lso,  

i n  t h e  de te rm ina t i on  o f  c a r t r i d g e  we igh t  losses ,  i t  was assumed t h a t  a l l  

we igh t  losses  were due t o  s o l v e n t  evapora t ion ,  thus  i g n o r i n g  t h e  presence 

o f  wa te r  and i t s  evapora t ion .  However, t h i s  i s  cons idered  i n s i g n i f i c a n t .  

The emiss ion  reduc t i on / r ecove ry  e f f i c i e n c y  o f  t h e  c a r t r i d g e  f i l t e r  

compared w i t h  t h e  d i a t o m i t e  f i l t e r  i s  88 pe rcen t ,  based on average VOC 

emiss ions f o r  c a r t r i d g e  and d i a t o m i t e  f i l t e r s  o f  l e s s  than  1 kg and 

8 kg, r e s p e c t i v e l y ,  p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned. Th i s  

major  emiss ion r e d u c t i o n  p r i m a r i l y  r e s u l t s  f rom d i a t o m i t e  f i l t e r  emiss ions 

t h a t  t y p i c a l l y  occur  d a i l y ,  w h i l e  c a r t r i d g e  f i l t e r  emiss ions r e s u l t  f rom 

i n f r e q u e n t  c a r t r i d g e  element replacement.  

I n s t a l l a t i o n  o f  a c a r t r i d g e  f i l t r a t i o n  system would r e q u i r e  t h e  

removal o f  t h e  e x i s t i n g  f i l t r a t i o n  system ( u s u a l l y  a d i a t o m i t e  f i l t e r )  

and t h e  connec t ion  o f  t h e  c a r t r i d g e  vessel  t o  e x i s t i n g  l i n e s .  No u t i l i t y  

connect ions (steam o r  e l e c t r i c i t y )  a r e  norma l l y  r e q u i r e d ,  and t h e  o n l y  

r e t r o f i t  problems t h a t  m igh t  be encountered concern t h e  a l l o c a t i o n  o f '  

space ( l a r g e r  c a r t r i d g e  systems can occupy a s u b s t a n t i a l  area)  and t h e  

p o s s i b i l i t y  o f  r e p l a c i n g  t h e  f i l t e r  f eed  pump (ma in ta ins  s o l v e n t  p ressure  

t o  t h e  f i l t e r ) .  

There i s  a c u r r e n t  c on t rove rsy  i n  t h e  d r y  c l e a n i n g  i n d u s t  ry concern ing  

t h e  c a r t r i d g e  f i l t e r ' s  ab i l i t y  t o  e l i m i n a t e  t h e  need f o r  d i s t i  l l a t i o n .  

A l though  some p l a n t s  have ceased t h e i r  vacuum s t i l l  ope ra t i ons  a f t e r  t h e  





i n s t a l l a t i c n  o f  c a r t r i d g e  systems (P la isance ,  1981),  b o t h  c a r t r i d g e  

f i l t e r  manufacturers  ( P u r i t a n ,  1980) and d r y  c l e a n i n g  t r a d e  assoc ia t i ons  

(Bee and F i s h e r ,  1976) m a i n t a i n  t h a t  d i s t i l l a t i o n  i s  a necessary p a r t  o f  

t h e  process o f  s o l v e n t  r e j u v e n a t i o n  and t h a t  i t  i s  t h e  o n l y  method f o r  

removing s o l v e n t - s o l u b l e  i m p u r i t i e s  such as grease and o i l .  The i n s t a l -

l a t i o n  o f  c a r t r i d g e  f i l t r a t i o n  equipment cou ld ,  however, decrease t h e  

f requency o f  s o l v e n t  d i s t i l l a t i o n ,  and t hus  reduce n o t  o n l y  f i l t r a t i o n  

emiss ions,  b u t  a l s o  emiss ions assoc ia ted  w i t h  s t i l l  wastes. Small 

p l a n t s  w i t h  l i g h t  s o i l  l oad ings ,  i n  p a r t i c u l a r ,  c o u l d  reduce t h e i r  

f requency o f  d i s t i l l a t i o n  by  u s i n g  c a r t r i d g e  f i l t e r s  t o  m a i n t a i n  t h e  

c l a r i t y  o f  t h e i r  s o l v e n t .  

3 .4  VACUUM DISTILLATION 

Atmospheric emiss ions r e s u l t i n g  f r o m ' t h e  o p e r a t i o n  o f  vacuum s t i l l s  

(see Sec t i on  2.3.4 f o r  a d i s t i l l a t i o n  process d e s c r i p t i o n )  a re  a  f u n c t i o n  

o f  t h e  s t i l l  des ign ,  ope ra t i on ,  and t h e  f requency o f  s t i l l  u t i l i z a t i o n .  

To m a i n t a i n  t h e  c o l o r  ( p u r i t y )  o f  t h e  s o l v e n t  used i n  washing, a d r y  

c l e a n i n g  p l a n t  ope ra to r  w i l l  o f t e n  adhere t o  a s t i l l  bo i ldown schedule 

t h a t  r e q u i r e s  s o l v e n t  d i s t i l l a t i o n  a t  i n t e r v a l s  r ang ing  f rom d a i l y  t o  

weekly. A lso,  t h e  des ign  o f  some s t i l l s  i s  such t h a t ,  r ega rd l ess  o f  t h e  

bo i ldown p e r i o d ,  t h e r e  w i l l  be a f i x e d  volume o f  so l ven t - l aden  r e s i d u e  

a t  t h e  end o f  t h e  ope ra t i on .  

S p e c i f i c  o p e r a t i n g  and maintenance parameters cannot  be e s t a b l i s h e d  

t h a t  produce commensurate VOC emissions l e v e l s  due t o  t h e  v a r i a b i l i t y  o f  

s t i l l  des ign,  th roughpu t ,  and s o i l  l oad ings .  However, genera l  parameters 

i n d i c a t i v e  o f  accep tab le  o p e r a t i n g  c o n d i t i o n s  w i l l  be d e l i n e a t e d  as a 

g u i d e l i n e  t o  m i n i m i z i n g  VOC.emissions f rom s t i l l  r es i due .  

Accord ing t o  a s t i l l  manufacturer ,  one o f  t h e  p r i n c i p a l  i n f l u e n c e s  

on t h e  s o l v e n t  con ten t  o f  s t i l l  r e s i d u e  i s  t h e  f requency o f  s t i l l  bo i ldown.  

A l though many e x i s t i n g  p l a n t s  b o i l  down t h e i r  s t i l l s  on a r o u t i n e  o r  

conven ien t  schedule,  t h e  s t i l l  manufacturer  recommends t h a t  bo i ldown be 

undertaken o n l y  a f t e r  t h e  f l o w  r a t e  o f  condensed l i q u i d  ( s o l v e n t  and 

wate r )  between t h e  condenser and mo i s tu re  sepa ra to r  has been reduced by 
-

approx imate ly  75 pe rcen t  (Washex, 1973). Ihe d u r a t i o n  o f  bo i ldown 

shou ld  con t i nue  u n t i l  t h e  f l o w  r a t e  o f  condensed l i q u i d  has been aga in  



reduced by 75 percent ,  w i t h  the  f u l l  a v a i l a b l e  steam pressure o f  

390 k i l opasca ls  (100 p s i )  being used t o  evaporate so lvent  from the  

res idue.  Thus, t h e  75 percent  condensate f l o w  reduc t i on  c r i t e r i u m  can 

be app l i ed  t o  bo th  normal d i s t i l l a t i o n  opera t ion  and t o  the  optimum 

du ra t i on  o f  boildown. 

Factors a f f e c t i n g  the  r a t e  o f  d i s t i l l a t i o n  inc lude the  so lvent  

b o i l i n g  range, t he  l e v e l  o f  so l ven t  contaminat ion, the  q u a n t i t y  o f  

res idue i n  t h e  s t i l l ,  and the  steam pressure. Under a t y p i c a l  vacuum 

range o f  42 k i l opasca ls  t o  52 k i l opasca ls  (22 inches t o  27 inches o f  

mercury), petroleum so lvents  w i t h  f l a s h  p o i n t s  o f  41°C, 52OC, and 60°C 

b o i l  under recommended steam pressure ranges. o f  136 k i l opasca ls  t o  

234 k i l opasca ls  (35 t o  60 p s i ) ,  195 k i l opasca ls  t o  253 k i l opasca ls  

(50 t o  65 p s i ) ,  and 292 k i l opasca ls  t o  351 k i l opasca ls  (75 t o  90 p s i ) ,  

r e s p e c t i v e l y  (Washex, 1973). However, these steam pressure ranges w i l l  

increase s i g n i f i c a n t l y  w i t h  an increase i n  the  q u a n t i t y  o f  contaminants 

i n  t he  incoming so lvent .  The l e v e l  o f  res idue i n  t he  s t i l l  b o i l i n g  

chamber may a l so  necess i ta te  h igher  steam pressures i n  order  t o  overcome 

t h e  poor heat  t r a n s f e r  o f  t he  accumulated residue. 

A s t i l l  manufacturer l i s t s  the  f o l l o w i n g  t y p i c a l  opera t ing  parameters 

f o r  s a t i s f a c t o r y  s t i l l  opera t ion  (Washex, 1973): 

Steam Supply = 390 k i l opasca ls  (100 p s i )  
Condenser Water Supply = 78 k i l opasca ls  @ 18OC (20 p s i  @ 65OF) 
Condenser Water O u t l e t  Temperature = 60°C t o  71°C (140°F t o  
160°F) 

Condenser Solvent  o u t l e t  Temperature = 24OC t o  3Z°C (75OF t o  
90°F) 

Whi le these parameters w i l l  va ry  as a f u n c t i o n  o f  the  g iven s t i l l ,  p l a n t  

throughput,  and s o i l  loading,  they nevertheless form a general range 

which can be i n d i c a t i v e  o f  proper  s t i l l  operat ion.  They are even more 

e f f e c t i v e  when combined w i t h  the  p rev ious l y  discussed gu ide l ines  on 

s t i l l  boi ldown du ra t i on  and procedures. P r i n c i p a l  maintenance procedures 

are  a l so  o u t l i n e d  by the  s t i l l  manufacturer and inc lude removal and 

c lean ing  o f  t he  steam c o i l s  a f t e r  about 1,000 hours o f  opera t ion  and 

f requent  l u b r i c a t i o n  o f  t h e  condensate pump (Washex, 1973). 

The a p p l i c a t i o n  o f  the  p r e v i o u s l y  discussed opera t ing  and maintenance 

recommendations cou ld  r e s u l t  i n  s i g n i f i c a n t  VOC emission reduct ions due 



t o  t h e  r e s u l t a n t  decrease i n  t h e  s o l v e n t  con ten t  o f  d isposed s t i l l  

waste. However, no s p e c i f i c  da ta  a r e  a v a i l a b l e  on reduc t i ons  i n  s t i l l  

waste s o l v e n t  con ten t  as a f u n c t i o n  o f  t h e  imp lementa t ion  o f  these  

procedures.  Consequent ly,  VOC emiss ions f rom vacuum s t i l l  waste s t o r e d  

i n  a g i v e n  d r y  c l e a n i n g  p l a n t  a r e  i n c l u d e d  i n  t h e  genera l  ca tegory  o f  

f u g i t i v e  emissions. 

3.5 MISCELLANEOUS FUGITIVE EMISSION SOURCES 

Misce l laneous  f u g i t i v e  emissions e s s e n t i a l l y  encompass sources 

where in  l i q u i d  s o l v e n t  o r  so l ven t - l aden  wastes a r e  exposed t o  t h e  

atmosphere w i t h i n  t h e  p l a n t .  The EPA-sponsored t e s t  program conducted 

a t  t h e  Anaheim, C a l i f o r n i a  d r y  c l e a n i n g  f a c i l i t y  i n c l u d e d  a sampl ing and 

e v a l u a t i o n  o f  VOC concen t ra t i ons  i n  t h e  genera l  d r y  c l e a n i n g  environment.  

S i g n i f i c a n t  concen t ra t i ons  o f  s o l v e n t  vapor,  a t  t imes  approaching 70 

pe rcen t  o f  t h e  s o l v e n t  LEL, were found around b o t h  t h e  s e t t l i n g  t a n k  and 

t h e  new s o l v e n t  t ank  vents .  Another s i g n i f i c a n t  source o f  VOC emissions 

was t h e  washer which produced concen t ra t i ons  nea r i ng  10 pe rcen t  o f  t h e  

s o l v e n t  LEL i n  i t s  immediate v i c i n i t y .  A d d i t i o n a l  measurements o f  VOC 

concen t ra t i ons  i n  d r y  c l e a n i n g  room r o o f  exhaust ven ts  y i e l d e d  a VOC 

emiss ion  r a t e  o f  0.5 kg s o l v e n t  p e r  100 kg o f  a r t i c l e s  c leaned ( Je rn i gan  

and Kezer le ,  1980). 

So l ven t  vapor losses  f rom s e t t l i n g  and s to rage  tanks  occur  as a 

r e s u l t  o f  " b rea th i ng "  and "work ing"  losses .  B r e a t h i n g  losses  occur  when 

s to rage  tanks  expand o r  c o n t r a c t  d u r i n g  changes i n  temperature,  r e s u l t i n g  

e i t h e r  i n  a i r  b e i n g  drawn i n t o  t h e  t a n k  (vapor c o n t r a c t i o n )  o r  s o l v e n t  

vapor b e i n g  e x p e l l e d  t o  t h e  atmosphere (vapor expansion).  I n  c o n t r a s t ,  

work ing  losses  r e s u l t  f rom changes i n  t h e  vented f r e e  volume above t h e  

s t o r e d  l i q u i d  so l ven t ,  which expe ls  s o l v e n t  vapor when t h e  t a n k  i s  

f i l l e d  and draws i n  atmospher ic a i r  when t h e  t ank  i s  d ra ined ,  the reby  

p roduc ing  a d d i t i o n a l  b r e a t h i n g  losses  as t h e  a i r  becomes s a t u r a t e d  w i t h  

s o l  ven t  vapor. 

The broad ca tegory  o f  " l eaks "  can c o n t r i b u t e  s i g n i f i c a n t l y  t o  

m isce l laneous  f u g i t i v e  VOC emiss ions.  L i q u i d  s o l v e n t  d r i p s  f rom p ipes ,  

f i t t i n g s ,  va l ves ,  hoses, coup l i ngs ,  and pumps add t o  t h e  cons tan t  back-

ground of  s o l v e n t  vapor i n h e r e n t  t o  many d r y  c l e a n i n g  p l a n t s .  Vapor 



l eaks  from dryers ,  exhaust duc ts ,  f i l t e r  housings, s t i l l s ,  and open o r  

improper ly  sealed con ta ine rs  o f  s o l v e n t  a l l  c o n t r i b u t e  t o  t h e  q u a n t i t y  

o f  s o l v e n t  e n t e r i n g  t he  environment. 

The o n l y  way t o  e l i m i n a t e  t h e  genera l  c l a s s  o f  f u g i t i v e  emissions 

i s  w i t h  an e f f e c t i v e  program o f  maintenance and t r a i n i n g .  A d r y  c l e a n i n g  

t r a d e  a s s o c i a t i o n  has es t imated  t h a t  approx imate ly  1 .0  kg o f  VOC a r e  

e m i t t e d  by misce l laneous f u g i t i v e  sources f o r  every  100 kg  o f  a r t i c l e s  

c leaned i n  a t y p i c a l  d r y  c l e a n i n g  f a c i l i t y  (F i she r ,  1975). T h i s  l e v e l  

o f  VOC emissions cou ld  be reduced by e f f e c t i n g  a  maintenance program 

t h a t  would e f f e c t i v e l y  c o n t r o l  l i q u i d  leaks  and e l i m i n a t e  buckets  and 

b a r r e l s  o f  s o l v e n t  s tand ing  open t o  t h e  atmosphere, w h i l e  a l s o  s t r i v i n g  

t o  e r a d i c a t e  vapor leaks  by  r e p a i r i n g  gaskets and sea l s  t h a t  o b v i o u s l y  

expose s o l v e n t - r i c h  environments t o  t h e  atmosphere. I n s p e c t i o n  o f  

s o l v e n t  pumps, s to rage  and s e t t l i n g  tanks,  wa te r  separa to rs ,  and t h e  

genera l  s o l v e n t  p i p i n g  system c o u l d  r e s u l t  i n  s u b s t a n t i a l  VOC emissions 

reduc t i ons  th rough c o n t r o l  o f  l i q u i d  and vapor leaks .  A lso,  t r a i n i n g  o f  ' 

d r y  c l e a n i n g  personnel  c o u l d  h e l p  i n  a t t a i n i n g  t h i s  r educ t i on ,  p a r t i c u l a r l y  

by d iscourag ing  t h e  p r a c t i c e  o f  a l l o w i n g  so l ven t - l aden  loads o f  a r t i c l e s  

t o  be exposed t o  t h e  atmosphere w h i l e  a w a i t i n g  d r y i ng .  

3 .6  COMBINED CONTROL TECHNIQUES 

A combinat ion o f  t h e  p r e v i o u s l y  d iscussed c o n t r o l  techniques would 

r e s u l t  i n  an optimum emiss ion r e d u c t i o n  t h a t  c o u l d  be achieved by employing 

c u r r e n t l y  a v a i l a b l e  equipment and methods. The f o l l o w i n g  l i s t  t a b u l a t e s  

t h e  c o n t r o l  techniques and t h e  a n t i c i p a t e d  range o f  c o n t r o l l e d  emissions. 

The nominal emissions va lues a re  l i s t e d  i n  o r d e r  t o  form a b a s i s  f o r  

comparison w i t h  es t imates  o f  u n c o n t r o l l e d  emissions, and these va lues 

may va ry  w i d e l y  as a f u n c t i o n  o f  i n d i v i d u a l  p l a n t  th roughput  and ope ra t i on .  

Nominal va lue  o f  
R a n g e o f  emissions i n  kgVOC/ e m i s s i o n i n  kgVOC/ 

Emission Cont ro l  100 kg d r y  we igh t  o f  a r t i c l e s  100 kg d r y  we igh t  
source technique c leaned o f  a r t i c l e s  c leaned 

Dryer  Recovery 0.7-9.5 3.5 
d r y e r  

D i a t o m i t e  C a r t r i d g e  0.5-1.0 1.0 
f i l t e r  f i l t e r  



Nominal va lue  o f  
Range o f  emiss ions i n  kg VOC/ emiss ion i n  kg VOC/ 

Emiss ion Con t ro l  100 kg d r y  we igh t  o f  a r t i c l e s  100 kg d r y  w e i g h t  
source techn ique  c l  eaned o f  a r t i c l e s  c leaned  

Vacuum Improved 1 . 0 - 7 . 0  3 .0  
s t i  11 o p e r a t i  on 

M isce l laneous  Improved 0.5-1.0  
f u g i t i v e  ope ra t  ion 

T o t a l  Range 2.7-18.5 

T o t a l  s  w i t h  e x i s t i n g  

D i a t o m i t e  f i  1  t e r  

C a r t r i d g e  f i1  t e r  

S e t t l i n g  t ank  

Imp lementa t ion  o f  t h e  above processe's and methods i n  t h e  two model 

p l a n t s ,  as i l l u s t r a t e d  i n  Tab le  3-1, would r e s u l t  i n  an o v e r a l l  d r y  

c l e a n i n g  p l a n t  emiss ion  r e d u c t i o n  o f  72 t o  66 pe rcen t  over  t h e  e x i s t i n g  

l e v e l s  d iscussed i n  Chapter 2. Model p l a n t  11, w i t h  a s e t t l i n g  t a n k  i n  

b o t h  e x i s t i n g  and c o n t r o l l e d  c o n f i g u r a t i o n s ,  does n o t  b e n e f i t  f rom t h e  

88 pe rcen t  VOC emiss ion  r e d u c t i o n  r e s u l t i n g  f rom t h e  replacement o f  

d i a t o m i t e  w i t h  c a r t r i d g e  f i l t e r s .  

3.7 EVALUATION OF CONTROL TECHNOLOGY TRANSFER 

Con t ro l  o f  d r y e r  emissions i n  t h e  pe rch lo roe thy l ene  (perc )  d r y  

c l e a n i n g  i n d u s t r y  has been accompl ished f o r  many yea rs  by  a p p l i c a t i o n  o f  

e x i s t i n g  carbon a d s o r p t i o n  technology.  C u r r e n t l y ,  35 pe rcen t  o f  pe r c  

d r y  c l e a n i n g  p l a n t s  (5,400) use carbon a d s o r p t i o n  (EPA, 1980). The 

a p p l i c a t i o n  o f  t h i s  techno logy  t o  pe t ro leum d r y  c l e a n i n g  d r y e r  VOC 

emiss ions r e d u c t i o n  c o u l d  r e s u l t  i n  sav ings due t o  r educ t i ons  i n  development 

and t e s t i n g  t i m e  and cos t s .  

An EPA demons t ra t ion  program was under taken a t  an Anaheim, C a l i f o r n i a  

i n d u s t r i a l  pe t ro leum d r y  c l e a n i n g  f a c i l i t y  ( Lu t z  e t  a l . ,  1980) t o  eva lua te  

t h e  performance o f  carbon a d s o r p t i o n  as a means o f  r educ ing  VOC emiss ions 

f rom a s tandard  pe t ro leum s o l v e n t  d r y e r  (see Appendix A ,  Tes t  7) .  An 

a d s o r p t i o n  system w i t h  two carbon vesse ls  was connected . t o  t h e  exhaust 

o f  a 180 kg (400 l b )  c a p a c i t y  s tandard  d r y e r ,  and t h e  VOC concen t ra t i ons  

a t  t h e  adsorber i n l e t  and exhaust were mon i to red  th roughou t  t h e  course 



Table 3-1. MODEL PLANT PARAMETERS 
(Contro l  Equiment) 

Mode 1 

Model p l a n t  p l a n t  I 


Number o f  e x i s t i n g  p l a n t s  6 0 
nat ionwide i n  1979 


Annual p l a n t  throughput ,  182,000 
i n  kg ( l b s )  (4OO,OOO) 

Throughput d e s c r i p t i o n  i n d u s t r i a l  
a r t i c l e s  

Number o f  washers 1 


Washer capac i t y  (each), 115 

kg ( l b s )  (250) 

Number o f  recovery d ryers  3 


Dryers capac i t y  (each), 48 

kg ( l b s )  (105) 

F i l t r a t i o n  op t ions  
c a r t r i d g e  f i l t e r ,  number o f  c a r t r i d g e s  6 3 

s e t t l i n g  tanks,  number pe r  p l a n t  1 


T o t a l  vacuum s t i  11 capac i ty  1,900 
L/hr (ga l  /hr )  (500 

Number o f  loads d r i e d  pe r  day 2 0 

Average l oad  weight  pe r  d rye r  35 

kg (1bs) (80) 

Days o f  ope ra t i on  pe r  year  260 


Wash cyc le  t ime, minutes 40 


Dry c y c l e  t ime,  minutes 4 0 

Average o r  range o f  base l ine  13.7-15.5 
emissions per  p l a n t ,  megagrams (15-17) 
VOC/year ( tons VOC/year) 

Average o r  range o f  base1 ine 819-930 

emissions nat ionwide,  megagrams (900- 1,020) 
VOC/year ( tons VOC/year) 

Model 
p l a n t  I1 

170 


635,000 
(1,400,000) 

i n d u s t r i a l  
a r t i c l e s  

2 


225 

(500) 

8 


48 

(105) 

0 
1 


5,700 
(1,500) 

50 


48 

(105) 

260 


40 


40 


47.7 
(52.5) 

8,100 
(8,905) 



o f  normal d a i l y  ope ra t i ons  i n  which approx imate ly  1,600 kg (3,500 lbs)  

o f  genera l  appare l  was cleaned. Resu l t s  o f  t h e  t e s t  program i n d i c a t e d  

t h a t  t h e  average d i f f e r e n c e  i n  VOC concen t ra t i ons  between t h e  adsorber  

i n l e t / d r y e r  exhaust (2,100 ppm as s o l v e n t )  and o u t l e t  (100 ppm as s o l v e n t )  

over  t h e  d u r a t i o n  o f  t y p i c a l  d r y i n g  c y c l e s  represen ted  an o v e r a l l  r e d u c t i o n  

i n  VOC c o n c e n t r a t i o n  o f  95 percen t .  

A comparat ive a n a l y s i s  o f  t h e  o v e r a l l  p o t e n t i a l  f o r  reduc ing  d r y e r  

VOC emiss ions f rom t h e  carbon adsorber and t h e  recovery  d r y e r  i n d i c a t e s  

t h a t  t h e  carbon adsorber  produces approx imate ly  t h e  same amount o f  VOC 

emissions as t o  t h e  recovery  d r ye r .  And, a l t hough  t h e  adsorber u n i t  

produces a  95 pe rcen t  r e d u c t i o n  i n  t h e  VOC c o n c e n t r a t i o n  e m i t t e d  t o  t h e  

atmosphere, t h e  s o l v e n t  recovery  e f f i c i e n c y  has been l i m i t e d  t o  

approx imate ly  75 percen t ,  t he reby  i n d i c a t i n g  t h a t  t h e  sav ings r e s u l t i n g  

f rom s o l v e n t  recovery  would be lower  w i t h  t h e  carbon adsorber.  The 

d isc repancy  between t h e  recovery  and emiss ion r e d u c t i o n  e f f i c i e n c y  has 

been found t o  be caused by  vapor l eaks  i n  d u c t  work b e f o r e  t h e  carbon 

beds. There fo re ,  t h e  a c t u a l  amount o f  recovered  s o l v e n t  i s  l e s s  t han  

t h e  removal e f f i c i e n c y  across t h e  beds. Th i s  v a r i a t i o n  between emissions 

and recovery ,  t o g e t h e r  w i t h  t h e  h i g h  c a p i t a l  cos t s  o f  t h e  adsorber 

system, r e s u l t s  i n  t h e  adso rbe r ' s  be ing  cons idered  l e s s  d e s i r a b l e  than  

t h e  recovery  d r y e r  as a VOC emiss ions c o n t r o l  technique.  
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4. ENVIRONMENTAL ANALYSIS OF RACT 

The i n s t a l l a t i o n  o f  RACT equipment and t h e  implementat ion o f  RACT 

procedures i n  a t y p i c a l  d r y  c l e a n i n g  p l a n t  i n v o l v e  t h e  replacement o f  

e x i s t i n g  d r ye rs  w i t h  recovery  d r ye rs ,  t h e  replacement o f  e x i s t i n g  d i a t o m i t e  

f i  1  t r a t i o n  systems w i t h  a c a r t r i d g e  f i  1  t r a t i o n  system, and improved 

o p e r a t i n g  and maintenance procedures t o  i d e n t i f y  and r e p a i r  l i q u i d  and 

vapor 1  eaks. 

The env i ronmenta l  impacts o f  RACT implementat ion on a i r ,  water ,  and 

so l id -was te  d isposa l  a re  d iscussed i n  t h i s  sec t i on .  I n  a d d i t i o n ,  t h e  

e f f e c t s  o f  RACT equipment ope ra t i on  on o v e r a l l  energy consumption a r e  

d e t a i l e d ,  based on t h e  two model p l a n t s  t h a t  were d iscussed i n  Chapter 

2, and these va lues a re  compared w i t h  those o f  u n c o n t r o l l e d  model p l a n t s .  

F i n a l l y ,  b e n e f i c i a l  and adverse e f f e c t s  f rom t h e  i n s t a l l a t i o n  o f  RACT 

equipment a re  assessed i n  r e l a t i o n  t o  emissions and energy consumption 

i n  these model p l a n t s .  

4 . 1  A I R  POLLUTION 

Tab1e 4 - 1  l i s t s  t h e  es t imated  u n c o n t r o l l e d  VOC emissions f o r  each 

emiss ion p o i n t  and i n d i c a t e s  t h e  range ( o r  nominal va lue)  o f  c o n t r o l l e d  

emissions p e r  100 kg o f  a r t i c l e s  cleaned. Because t h e  u n c o n t r o l l e d  

d r y e r  p rov ides  f rom 60 t o  80 pe rcen t  o f  t h e  t o t a l  emissions, e f f e c t i v e  

c o n t r o l  and r e d u c t i o n  ( 8 1  percen t )  o f  VOC emissions f rom t h i s  source 

p rov ides  t h e  g r e a t e s t  d i r e c t  impact  on o v e r a l l  p l a n t  emissions. 

F i l t r a t i o n  system VOC emissions i n  d r y  c l e a n i n g  f a c i l i t i e s  w i t h  

e x i s t i n g  non-RACT d i a t o m i t e  f i1  t e r s  account f o r  about 25 pe rcen t  o f  t h e  

t o t a l  u n c o n t r o l l e d  emissions. F i l t r a t i o n  emissions i n  these f a c i l i t i e s  

w i l l  be reduced by as much as 88 pe rcen t  as a d i r e c t  r e s u l t  o f  c a r t r i d g e  

f i l t e r  i n s t a l l a t i o n .  However, RACT w i l l  p rov ide  no r e d u c t i o n  i n  f i l t r a t i o n  

system VOC emissions i n  f a c i l i t i e s  t h a t  have e x i s t i n g  s e t t l i n g  tanks o r  



Table 4-1. NOMINAL EMISSIONS FACTORS FOR EXISTING AND RACT EQUIPMENT 

( i n  kg VOC emitted per  100 kg dry  weight o f  a r t i c l e s  cleaned) 

Ex i s t i ng  RACT VOC emission Percent 
Source equipment equipment reduct ion reduct ion 

emissions emissions 

Dryer 18 3.5 14.5 81  

F i  1 t e r  
Diatomite 8 1 
Cartr idge 1 1 

S t i l l  3 3 0 0 

1
Fug i t i ve  sources -1 - -b -b 

Total  22- 30 7.5-8.5 14.5-21.5 

a ~ x is t i  ng equipment emission estimates are based on indus t ry  associat ion 
data and €PA p l a n t  tes ts ,  and represent approximate midrange f o r  most 
sources. See Section 2.0 f o r  complete explanations o f  con t ro l led  
emissions sources and leve ls .  

b~ndeterminate quant i ty .  



c a r t r i d g e  f i l t e r s .  I n  a d d i t i o n ,  t h e  VOC emiss ions r e s u l t i n g  f rom f u g i t i v e  

sources cou ld  be d i r e c t l y  reduced by  improvements i n  maintenance and 

o p e r a t i n g  procedures.  Thus, RACT equipment and procedures would produce 

average VOC emiss ions r e d u c t i o n s  r ang ing  f rom 66 t o  72 percen t .  

Table  4-2 i l l u s t r a t e s  t h e  VOC emiss ions reduc t i ons  t h a t  r e s u l t  f rom 

t h e  i n s t a l l a t i o n  o f  RACT equipment and t h e  adop t i on  o f  RACT o p e r a t i n g  

and maintenance procedures i n  two model p l a n t s .  Based on t h r e e  uncon-

t r o l l e d  emissions r a t e s  r e p r e s e n t i n g  t h e  t h r e e  f i l t r a t i o n  a l t e r n a t i v e s  

i n  model p l a n t  I and two RACT emiss ions r a t e s ,  t h e  model p l a n t s  show a  

66 t o  70 pe rcen t  r e d u c t i o n  i n  model p l a n t  I and a  66 pe rcen t  r e d u c t i o n  

i n  VOC emiss ions i n  t h e  model p l a n t  11. The s p e c i f i c  r e d u c t i o n s  i n  VOC 

emissions range f rom 26 Mg t o  39 Mg p e r  yea r  i n  a  model p l a n t  I and 

approx imate ly  92 Mg p e r  yea r  i n  a  l a r g e  model p l a n t .  

4.2 WATER POLLUTION 

Inc reases  i n  wa te r  p o l l u t i o n ,  due t o  RACT imp lementa t ion  i n  pe t ro leum 

d r y  c l e a n i n g  p l a n t s ,  would r e s u l t  p r i m a r i l y  f rom i n e f f i c i e n t  sepa ra t i on  

of condensed s o l v e n t  and water .  Recovery d r y e r s  employ g r a v i m e t r i c  

separa to rs  t o  remove wate r  f rom t h e  rec la imed su l ven t .  T h i s  u n i t  uses 

t h e  d i f f e r e n c e  i n  d e n s i t y  between pe t ro leum s o l v e n t  and wate r  t o  separate  

and d i v e r t  them. T y p i c a l l y ,  wa te r  c o l l e c t e d  i n  t h i s  manner i s  dumped 

i n t o  a sewer. The l e v e l i n g  o f  t h e  sepa ra to r  i s  c r i t i c a l  t o  t h e  

o p t i m i z a t i o n  o f  i t s  performance. I f  i t  i s  n o t  l e v e l  a t  i n s t a l l a t i o n  o r  

i s  bumped d u r i n g  maintenance, t h e  q u a n t i t y  o f  s o l v e n t  i n  t h e  sewered 

wate r  c o u l d  i nc rease  t o  t h e  p o i n t  o f  becoming a s i g n i f i c a n t  source o f  

water  p o l l u t i o n .  

I n s u f f i c i e n t  d ra inage  a f  RACT f i l t e r  c a r t r i d g e s  c o u l d  prove t o  be a  

source o f  groundwater p o l l u t i o n ,  e s p e c i a l l y  i f  t h e  c a r t r i d g e s  were 

b u r i e d  i n  an imp rope r l y  l o c a t e d  o r  ma in ta ined  l a n d f i l l  o r  dump. RACT 

procedures f o r  c a r t r i d g e  dra inage would decrease t h e  o v e r a l l  volume o f  

s o l v e n t  exposed t o  groundwater and would,  t h e r e f o r e ,  reduce water  

p o l l u t i o n  by pe t ro leum so l ven t .  Furthermore, based on a  maximum 

s o l u b i l i t y  o f  100 kg (Saary,  1981) o f  pe t ro leum s o l v e n t  i n  1,000,000 kg 

o f  recovered  wate r  and an average recovery  d r y e r  wa te r  recovery  r a t e  

o f  3 .4  kg wa te r  p e r  100 kg o f  a r t i c l e s  d r i e d  (P la isance  e t  a l . ,  1981), 



Table 4-2. NOMINAL ANNUAL VOC EMISSIONS FOR TWO MODEL PLANTS 
EMPLOYING EXISTING AND RACT EQUIPMENT AND PROCEDURES 

Nominal emission fac to rs  
i n  kg VOC emitted Nominal annual VOC 

P lant  per 100 kg dry  weight Nominal VOC emissions, emission reductions 
throughput, o f  a r t i c l e s  cleaned megagramdyr (tons/yr) r esu l t i ng  from 

Type 
o f  p l a n t  

kg/yr 
( I b / ~ r )  

Ex i s t i ng  
equipment 

RACT 
equipment 

Ex is t ing  
equipment 

RACT 
equipment 

RACT imp1 ementati on, 
megagrams/yr (tons/yr) 

Model p l a n t  I 182,000 
, (400,000) 

f
b 

w i t h  ex is t ing :  
Diatomite f i l t e r  30 

Cartr idge f i1 t e r  23 

S e t t l i n g  tank 22 

Model p l a n t  I 1  635,000 22 
(1,400,000) 



model p l a n t  I and model p l a n t  I 1  would 1ose about 0 .5  kg and 1 . 5  kg pe r  

yea r ,  r e s p e c t i v e l y ,  f rom s o l v e n t  d i s s o l v e d  i n  t h e  recovered water .  

4 .3  SOLID-WASTE DISPOSAL 

Imp lementa t ion  o f  RACT i n  e x i s t i n g  pe t ro leum d r y  c l e a n i n g  f a c i l i t i e s  

would r e s u l t  i n  a n e t  r e d u c t i o n  i n  b o t h  t h e  mass and s o l v e n t  con ten t  o f  

s o l i d  wastes. I n s t a l l a t i o n  o f  RACT c a r t r i d g e  f i l t e r s  would produce a 

d ramat i c  decrease i n  emissions f rom s o l i d  wastes i n  pe t ro leum d r y  c l e a n i n g  

p l a n t s .  C a r t r i d g e  f i l t e r s ,  when compared w i t h  d i a t o m i t e  f i l t e r s ,  have 

been shown t o  reduce s o l v e n t  c o n t e n t  o f  d isposed f i l t e r  wastes by 80 t o  

90 pe rcen t  (P la isance ,  1981), the reby  decreas ing  t h e  o v e r a l l  q u a n t i t y  o f  

so l ven t - l aden  s o l i d s  i n t r oduced  t o  t h e  environment.  I n  a d d i t i o n ,  t h e  

replacement o f  d i a t o m i t e  w i t h  c a r t r i d g e  f i l t e r s  w i l l  reduce t h e  mass o f  

s o l i d  waste generated by  60 pe rcen t ,  based on an average i n d u s t r y  es t ima te  

o f  3.57 kg o f  waste generated p e r  100 kg o f  th roughpu t  w i t h  a d i a t o m i t e  

f i l t e r  (F i she r ,  1975) and 1.47 kg  s o l i d  waste p e r  100 kg o f  th roughpu t  

f o r  a c a r t r i d g e  f i l t e r  (P la isance ,  1981). 

4 .4  ENERGY 

Energy sav ings r e s u l t  f rom t h e  imp lementa t ion  o f  RACT g u i d e l i n e s  i n  

b o t h  model p l a n t s .  W i t h  t h e  i n s t a l l a t i o n  o f  RACT recovery  d r ye rs  and 

c a r t r i d g e  f i l t e r s  i n  t h e  model p l a n t s ,  annual expend i tu res  f o r  b o t h  

steam and e l e c t r i c i t y  a re  reduced by a combined average o f  70 pe rcen t  

over  u t i l i t y  cos t s  f o r  e x i s t i n g  s tandard  d r ye rs  and d i a t o m i t e  f i l t e r s  

(see Sec t i on  5 .2  and 5.3). 

The energy va lue  o f  recovered s o l v e n t  i s  i n c l u d e d  i n  t h e  o v e r a l l  

a n a l y s i s  o f  pe t ro leum d r y  c l e a n i n g  p l a n t  energy consumption. One approach 

t o  t h i s  a n a l y s i s  t h a t  would be meaningfu l  t o  t h e  d r y  c l e a n i n g  i n d u s t r y  

i s  t o  assume t h a t  a l l  recovered s o l v e n t  i s  r e s o l d  a t  i t s  c u r r e n t  market  

va l ue  ($0.53 p e r  kg) and t h a t  t h e  proceeds a re  used t o  purchase e l e c t r i c i t y  

a t  i t s  c u r r e n t  market va l ue  o f  $0.0603 p e r  k i l o w a t t - h o u r  (Vatavuk, 

1980). Th i s  approach t o  energy conse rva t i on  by s o l v e n t  recovery  

i l l u s t r a t e s  a sav ings o f  energy accrued d i r e c t l y  t o  t h e  i n d i v i d u a l  

pe t ro leum d r y  c l e a n i n g  p l a n t .  

Table  4-3 d e l i n e a t e s  t h e  impact o f  RACT imp lementa t ion  on model 

p l a n t  energy consumption p e r  yea r  based on t h e  p r e v i o u s l y  d iscussed 



Table 4-3. ENERGY IMPACT OF EXISTING AND RACT EQUIPMENT~ 
( i n  Gigajoules per  year)  

-

E x i s t i n g  RACT Percent 
Model p l a n t  equipment equipment reduc t i on  

Model p l a n t  I 

Model p l a n t  I 1  

aBased on 0.00314 GJ/kg steam and 0.0036 GJ/kWh e l e c t r i c i t y  
(Baumei s t e r  e t  a1 . , 1978), and u t i  1  it y  consumption and so l  vent  recovery 
values c a l c u l a t e d  i n  Chapter 5. 

b~umbersin parenthesis  represent  o v e r a l l  energy savings, based on 
savings from so lvent  recovery ( a t  $0.53 per  kg) t o  purchase e l e c t r i c i t y  
a t  a cos t  o f  $0.0603 pe r  kwh. 



approach. Cons iderab le  energy sav ings (over  140 pe rcen t  f o r  b o t h  model 

p l a n t s )  a r i s e  f rom t h e  i n s t a l l a t i o n  o f  RACT equipment. A maximum annual 

energy sav ings o f  6,260 GJ takes  p l a c e  i n  t h e  model p l a n t  11, where 

s o l v e n t  reco  e r y  i n  t h e  d r ye rs  i s  op t im i zed  by t h e  p l a n t ' s  h i g h  

th roughpu t  w  t h o u t  t h e  a d d i t i o n a l  s o l v e n t  recovery  due t o  t h e  

i n s t a l  l a t i o n  o f  c a r t r i d g e  f i l t e r s .  Model p l a n t  I shows an annual energy 

sav ings o f  2  460 GJ, due t o  t h e  combined e f f e c t s  o f  s o l v e n t  recovery  on 

energy consumption. 
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5. CONTROL COST ANALYSIS OF RACT 

5 . 1  BASIS FOR CAPITAL COSTS 

Est imated c a p i t a l  cos t s  o f  RACT implementat ion a re  based on 

equipment s u p p l i e r s '  p r i c e s ,  as w e l l  as on EPA c o s t  f a c t o r s  f o r  taxes,  

f r e i g h t ,  i ns t rumen ta t i on ,  and i n s t a l l a t i o n  (Vatavuk, 1980). A l l  c o s t  

es t imates  a re  based on June 1980 p r i c e s  and va lues.  

Equipment cos ts  a r e  taken  from manufacturers  o r  s u p p l i e r s  and 

i n c l u d e  a l l  major  equipment (see Table 5 -1  f o r  a summary o f  e x i s t i n g  and 

RACT equipment cos ts ) .  I t  i s  assumed t h a t  recovery  d r y e r  condenser 

c o o l i n g  water  w i l l  be supp l i ed  by r e f r i g e r a t e d  c h i l l e r s ,  and t h e  cos t s  

o f  these  u n i t s  a r e  i n c l u d e d  i n  t h e  c a p i t a l  cos t s  o f  RACT equipment. 

Th i s  represen ts  a worst-case s i t u a t i o n ,  because some f a c i l i t i e s  m igh t  

r e q u i r e  no a d d i t i o n a l  water  c o o l i n g  equipment w h i l e  o the rs  m igh t  r e q u i r e  

o n l y  an evapo ra t i ve  c o o l i n g  tower a t  an average o f  40 pe rcen t  o f  t h e  

c o s t  o f  a r e f r i g e r a t e d  c h i l l e r .  

Taxes, f r e i g h t ,  and i n s t r u m e n t a t i o n  a re  lumped toge the r  as 

1 8  pe rcen t  o f  t h e  equipment cos ts  (Vatavuk, 1980). Whi le  t h i s  f a c t o r  

may be excess ive f o r  a s imple,  u n i t i z e d  dev ice  such as a recovery  d r y e r  

o r  c a r t r i d g e  f i l t e r ,  v a r i a t i o n s  i n  s h i p p i n g  d i s tance ,  method o f  t r ans -

p o r t a t i o n ,  and l o c a l  taxes c o u l d  inc rease  t h i s  p o r t i o n  o f  t h e  c a p i t a l  

cos t s  beyond t h i s  percentage. 

I n s t a l l a t i o n  ( r e t r o f i t )  cos t s  a re  es t imated  on t h e  bas i s  t h a t  a l l  

RACT-associated equipment w i l l  be i n s t a l l e d  by maintenance personnel a t  

a c o s t  o f  5 pe rcen t  o f  t h e  equipment c o s t ,  o r  by an o u t s i d e  c o n t r a c t o r  

a t  10 pe rcen t  o f  t h e  equipment cos t .  The d i f f e r e n c e  between these c o s t  

f a c t o r s  i s  r e l a t e d  t o  t h e  a v a i l a b i l i t y  o f  q u a l i f i e d  maintenance personnel .  

For  t h e  purpose o f  c o s t  es t ima t i on ,  a f a c t o r  o f  7 . 5  pe rcen t  o f  t h e  

equipment c o s t  has been used (Bunyard, 1980) t o  approximate t h e  cos t s  o f  

removing e x i s t i n g  equipment and r e p l a c i n g  i t  w i t h  RACT equipment. 



C 

Table 5-1. EQUIPMENT COSTS I N  TWO MODEL PLANTS 

(Costs i n  thousands o f  June 1980 dol lars)  

Equipment Model p lan t  I Model p lan t  I 1  

Exis t ing Equipment 

Standard dryer 15.16~ 68. Oob 
- - dDiatomite f i l t e r  8.4 

RACT Equipment 

Recovery dryer 44. 94e 119. 84e 

Cooling tower 2.18~ 4. 36f 

Refrigerated ch i  1 l e r  7. Oog 14. Oog 
h - - d

Cartr idge f i l t e r  9.0 

a~ardner ,  1980. 

b ~ o l e s ,  1980. 

Kel ly,  1980. 

d ~ o tapplicable. 

e ~ e t h e ,  1980. 

dams , 1980. 

g ~ h a ffee, 1981. 

h ~ i r k ,  1980. 



5.2 B A S I S  FOR ANNUALIZED COSTS 

Annualized opera t ing  cos ts  a re  the  sum o f  opera t ing  costs and 

c a p i t a l  charges. Operat ing cos ts  i nc lude  u t i l i t i e s ,  opera t ing  l abo r ,  

and maintenance ( l abo r  and ma te r ia l s ) .  Cap i ta l  charges inc lude c a p i t a l  

recovery,  as w e l l  as taxes,  insurance, and admin i s t ra t i on .  C red i t s  f o r  

t he  value o f  recovered so lvent  a re  inc luded i n  the  t o t a l  annual 

opera t ing  costs (Neve r i l ,  1978). 

Pr imary u t i l i t i e s  inc luded under annual opera t ing  cos ts  a re  steam 

and e l e c t r i c i t y .  Annual steam costs a re  based on equipment manufacturers'  

est imates o f  steam demand ( i n  b o i l e r  horsepower o r  weight o f  steam per  

hour), est imates o f  opera t ing  hours as a f u n c t i o n  o f  model p l a n t  

throughput,  and a cos t  o f  steam ( i n  d o l l a r s  per  k i logram generated) 

der ived from c u r r e n t  f u e l  cos t  est imates.(Vatavuk, 1980) (see Table 5-2, 

Equation 1). E l e c t r i c a l  requirements are d e r i  ved from manufacturers ' 
e l e c t r i c a l  demand s p e c i f i c a t i o n s  (usua l l y  i n  motor horsepower), opera t ing  

t ime est imates as a  f u n c t i o n  o f  model p l a n t  throughput,  and a na t i ona l  

average cos t  o f  e l e c t r i c i t y  ( i n  d o l l a r s  per  kwh) f o r  commercial customers 

(Vatavuk, 1980). An opera t ing  e f f i c i e n c y  o f  60 percent  i s  assumed f o r  

e l e c t r i c  motors (Neve r i l ,  1978) (see Equation 2) and e l e c t r i c a l  demand 

from r e f r i g e r a t e d  c h i l l e r s  i s  assumed t o  remain constant  over t he  same 

du ra t i on  as t h a t  o f  steam (6 hours per  day). 

Operat ing labor  cos t  est imates are  der ived from na t i ona l  s t a t i s t i c s  

f o r  average hou r l y  wages i n  the  "Wholesale and R e t a i l  Trade Category" 

w i t h  the  a d d i t i o n  o f  56 percent  f o r  p a y r o l l  and p l a n t  overhead (Vatavuk, 

1980). A work t ime o f  1worker-hour o f  opera t ing  l abo r  per  d rye r  per  

day (see Equation 3) i s  assumed (Jernigan and Lutz,  1979). 

Est imated annual maintenance cos ts  i nc lude  bo th  l abo r  and ma te r ia l s .  

Maintenance l abo r  cos ts  are ca l cu la ted  from hour l y  ra tes  t h a t  inc lude a 

26 percent  p l a n t  overhead f a c t o r ,  w i t h  hours based on f i e l d  t e s t  and 

p l a n t  survey data (Vatavuk, 1980). Maintenance ma te r ia l s  cos ts  a re  

determined as 100 percent  o f  annual maintenance l abo r  cos ts  (see Equation 

4) i n  the  absence of exact  ma te r i a l s  cos t  data (Vatavuk, 1980). I f  

ma te r ia l s  cos t  da ta  are a v a i l a b l e ,  maintenance cos ts  a re  represented as 

tw ice  the  cos t  o f  l abo r  o r  ma te r i a l s ,  whichever i s  h igher .  



Table 5-2. COST EQUATIONS 

Equation 1: STEAM 

= b o i l e r  34.5 l b s  steam/hr opera t ing  days opera t ing  hrs  cos t  
hp b o i l e r  hp Y r  day l b  steam 

Steam demand assumed cont inuous over a 6 hour day. 

Steam cos t  pe r  kg (pound) = $0.02 ($0.009). 

260 Operat ing days pe r  year .  

e 34.5 I b s  steam pe r  hour pe r  b o i l e r  horsepower i s  a constant  
o f  conversion (Babcock, 1978). 

Equation 2: ELECTRICITY 

motor 0.746 kW 1 opera t ing  h rs  opera t ing  days cos t  
hp hp 60% e f f i c i e n c y  day Y r  kwh 

Assuming lower value o f  t y p i c a l  motor e f f i c i e n c y  range o f  
60% t o  70%. 

Operat ing hours pe r  day based on model p l a n t  d ry -cyc le  t ime 
pe r  l oad  and number o f  loads per  day. 

Operat ing days pe r  year  same as steam (see above). 

E l e c t r i c i t y  c o s t  per  kwh = $0.06. 

0.746 kW pe r  horsepower i s  a constant  o f  conversion (Babcock, 
1978). 

Equation 3: OPERATING LABOR 

= 1 worker-hr ope ra t i ng  l abo r  X ope ra t i ng  days dryers  l abo r  c o s t  
dryer-day Y r  p l a n t  worker-hr 

Operat ing days per  year  same as steam (see above). 

0 Labor c o s t  per  worker-hour = $8.42. 

( c o n t i  nued) 



Tab1 e 5-2. Concl uded 

l a t i o n  4: ANNUAL MAINTENANCE 

1worker-hr  o p e r a t i n g  days pe r  yr d rye rs  maintenance l a b o r  c o s t  2.0 m a t e r i a l s  
dryer-week 5 days p e r  week p l a n t  worker-  h r  supplement 

0 Maintenance l a b o r  c o s t  p e r  worker-hour = $8.30. 

0 Maintenance l a b o r  and m a t e r i a l s  cos t s  a r e  equal (based on 
computed cos t s  o f  h o u r l y  l a b o r  o r  r e q u i r e d  m a t e r i a l s ,  whichever 
i s  g rea te r ) .  

a t i o n  5: TAXES, INSURANCE, AND ADMINISTRATION 

= (0.04) X ( t o t a l  c a p i t a l  c o s t )  

a t i o n  6: CAPITAL RECOVERY FACTOR 

-
- + i)n x ( t o t a l  c a p i t a l  c o s t )  

(1+ iln-1 

0 Assuming i n t e r e s t  r a t e  i = 10%. 

0 Assuming equipment 1 i f e  n = 30 y r s .  

a t i o n  7: RECOVERED SOLVENT VALUE (CREDIT) 

= t o t a l  emiss ion r e d u c t i o n  i n  
kg VOC/kg throughput  

kg  throughput  
Yr X $0.53-

kg 

r Assuming 84% r e d u c t i o n  o f  t o t a l  u n c o n t r o l l e d  emissions f o r  
t h e  recovery  d r y e r  (15.2 kg VOC p e r  100 kg d r y  we igh t  a r t i c l e s  
c leaned).  

0 Assuming 88% r e d u c t i o n  o f  t o t a l  u n c o n t r o l l e d  emissions f o r  
t h e  c a r t r i d g e  f i l t e r  (7  kg VOC p e r  100 kg d r y  we igh t  o f  
a r t i c l e s  c leaned).  



Capi ta l  cos ts  r e s u l t i n g  from p rope r t y  taxes and insurance costs a re  

each est imated as 1 percent  o f  t he  t o t a l  annual c a p i t a l  costs,  and 

admin i s t ra t i on  cos ts  a re  2 percent  o f  t o t a l  annual c a p i t a l  cos ts  (see 

Equation 5) (Never i l ,  1978). The c a p i t a l  recovery cos t  i s  based on an 

annual i n t e r e s t  r a t e  o f  10 percent  (Vatavuk, 1980) and a p r o j e c t e d  l i f e  

o f  30 years (see Equation 6) f o r  t h e  d r y  c lean ing  equipment. I n  t he  

case o f  e x i s t i n g  equipment, i t  i s  assumed t h a t  the  equipment has been 

p a i d  o f f .  Therefore, t he re  are no c a p i t a l  recovery charges f o r  e x i s t i n g  

equipment. 

Annual c r e d i t s  f o r  recovered so l  vent  a re  based on experimental l y  

determined so l ven t  recovery e f f i c i e n c i e s  f o r  RACT equipment. For example, 

t h e  emission reduc t i on  r e s u l t i n g  from the  i n s t a l l a t i o n  o f  RACT equipment 

i n  model p l a n t  Iw i t h  a d ia tom i te  f i l t e r  i s  t he  d i f f e r e n c e  between t h e  

e x i s t i n g  emission r a t e  o f  30 ki lograms o f  VOC emi t ted  per  100 ki lograms 

d r y  weight  o f  a r t i c l e s  cleaned and the  RACT equipment emission l e v e l  o f  

5.8 ki lograms o f  VOC per  100 ki lograms d r y  weight  o f  a r t i c l e s  cleaned 

w i t h  a c a r t r i d g e  f i l t e r .  Furthermore, i t  i s  assumed t h a t  a s p e c i f i e d  

percentage o f  t h e  30 ki lograms o f  VOC (so lvent )  per  100 ki lograms d r y  

weight  o f  a r t i c l e s  cleaned i s  recovered i n  a reusable form (Jern igan and 

Lutz, 1979). Solvent  cos ts  a re  taken from i n d u s t r y  quota t ions ,  t h e  

average being $1.55 per  g a l l o n  (see Equation 7) (Carson, 1980). The 

d i f f e r e n c e  from e x i s t i n g  c o n t r o l  cos ts  i s  computed as the  d i f f e r e n c e  i n  

t o t a l  annual opera t ing  cos ts  between e x i s t i n g  and RACT equipment. 

5.3 EMISSION CONTROL COSTS 

The cos ts  o f  RACT implementat ion i n  t he  two model p l a n t s  a re  based 

on t h e  i n s t a l l a t i o n  and opera t ion  o f  recovery dryers  (and t h e i r  asso-

c i a t e d  r e f r i g e r a t e d  c h i l l e r s )  and a c a r t r i d g e  f i l t r a t i o n  system where a 

d ia tom i te  f i l t e r  i s  i n  use. Tables 5-3 and 5-4 summarize the  r e s u l t s  o f  

app ly ing  the  p rev ious l y  de f ined cos t  equat ions t o  two model p l a n t s  w i t h  

bo th  e x i s t i n g  and RACT equipment, based on t h e  worst-case assumption o f  

an e x i s t i n g  d ia tom i te  f i l t e r  i n  model p l a n t  I. These t a b l e s  a l s o  show 

t h e  cos t  o f  RACT implementat ion w i t h  e x i s t i n g  c a r t r i d g e  f i l t e r s  and 

s e t t l i n g  tanks. 
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Whi le  i n s t a l  l e d  c a p i t a l  cos t s  o f  RACT equipment range from $77,000 

t o  $170,000, t h e  c o s t  c r e d i t s  ga ined f rom t h e  va lue  o f  recovered s o l v e n t  

r e s u l t  i n  t o t a l  annua l i zed  cos t s  r ang ing  from $8,870 (model p l a n t  Iw i t h  

an e x i s t i n g  d i a t o m i t e  f i l t e r )  t o  $19,340 (model p l a n t  11). 

The i n s t a l l a t i o n  o f  RACT equipment i n  a model Ip l a n t  i s  based on 

t h e  o p e r a t i o n  o f  t h r e e  48 kg (105 I b )  c a p a c i t y  recovery  d r ye rs  and 

(where a p p l i c a b l e )  a c a r t r i d g e  f i l t r a t i o n  system, i n s t e a d  o f  t h r e e  

s tandard d r ye rs  o f  t h e  same c a p a c i t y  w i t h  d i a t o m i t e  f i l t e r s .  Whi le 

o p e r a t i n g  cos t s  a re  reduced by t h e  recovery  d r y e r ' s  lower  demand f o r  

steam and t h e  c a r t r i d g e  f i l t e r ' s  reduced m a t e r i a l s  and l a b o r  o u t l a y s ,  

gross annual c a p i t a l  charges a r e  s u b s t a n t i a l  due t o  t h e  e f f e c t s  o f  h i g h  

c a p i t a l  cos ts .  T o t a l  annua l i zed  cos t s  f o r  model p l a n t  Iw i t h  e x i s t i n g  

d i a t o m i t e  f i l t e r s  a re  reduced by 70 pe rcen t  as a r e s u l t  o f  c r e d i t s  f o r  

recovered so l ven t ,  and model Ip l a n t s  w i t h  b o t h  e x i s t i n g  c a r t r i d g e  

f i l t e r s  and s e t t l i n g  tanks  have annua l i zed  c o s t  r educ t i ons  o f  about 

60 percen t .  

Two 180 kg (400 l b )  c a p a c i t y  s tandard d r ye rs  used i n  model I 1  

p l a n t s  a r e  rep laced  by e i g h t  RACT recovery  d r ye rs  a t  a c a p i t a l  c o s t  o f  

approx imate ly  $170,000. The annual c o s t  o f  steam i s  s i g n i f i c a n t l y  lower  

f o r  recovery  d r ye rs ,  b u t  t h e i r  l a b o r  and maintenance cos t s  a re  h i g h e r  

than  those o f  e x i s t i n g  equipment, w i t h  e i g h t  d r ye rs  r e q u i r i n g  more 

ope ra to r  and maintenance t ime.  High annual c a p i t a l  charges assoc ia ted  

w i t h  RACT equipment a r e  o f f s e t  by s u b s t a n t i a l  c o s t  r educ t i ons  from 

recovered s o l v e n t  c r e d i t s .  Thus, t h e  i n s t a l l a t i o n  o f  RACT equipment 

( recovery  d r ye rs )  i n  a model p l a n t  I 1  y i e l d s  a 64 pe rcen t  r e d u c t i o n  i n  

t o t a l  annua l i zed  cos t s  when compared w i t h  s tandard  d r y e r  annua l i zed  

cos ts .  

5.4 COST EFFECTIVENESS 

The c o s t  e f f e c t i v e n e s s  o f  RACT equipment i n s t a l l a t i o n  and o p e r a t i o n  

i s  d e f i n e d  as t h e  annual d o l l a r s  expended beyond t h e  cos t s  o f  e x i s t i n g  

equipment p e r  u n i t  mass o f  emiss ion r e d u c t i o n  achieved. A combinat ion 

o f  h i g h  emiss ion r e d u c t i o n  and low annual c o s t  ( h i gh  annual c r e d i t )  

r e s u l t s  i n  maximum c o s t  e f f ec t i veness .  



The cos t  e f fec t i veness  o f  e x i s t i n g  and RACT equipment i n  two model 

p l a n t s  i s  t abu la ted  i n  Table 5-5. The ac tua l  annual ized c o s t  o f  recovery 

dryers  ranges from about $9,000 per  year  i n  a  model p l a n t  I ( th ree  

recovery dryers  w i t h  r e f r i g e r a t e d  c h i l l e r s )  t o  about $19,000 per  year  i n  

a  model p l a n t  I I ( e i g h t  recovery dryers  w i t h  r e f r i g e r a t e d  c h i l l e r s ) .  

Based on standard d rye r  annual i z e d  ope ra t i ng  cos ts  o f  about $21,900 per  

year  i n  a  model p l a n t  I( th ree  45 kg capac i t y  dryers)  and about $53,600 

pe r  year  i n  a  model p l a n t  I 1  (two 225 kg capac i ty  dryers) ,  t he  d i f f e r e n c e  

i n  annual ized cos ts  r e s u l t i n g  from recovery d rye r  opera t ion  i n  model I 

and I1  p l a n t s  would be savings o f  about $12,700 and $34,000, respec t i ve l y .  

S i m i l a r l y ,  standard d rye r  VOC emissions i n  model Iand I 1  p l a n t s  o f  

about 32.8 and 114.3 megagrams VOC pe r  year  would be reduced by about 

26.4 and 92 megagrams VOC pe r  year,  respec t i ve l y ,  based on t h e  recovery 

d rye r  emissions o f  6.4 and 22 megagrams VOC per  year  i n  model I and I 1  

p lan ts .  Thus, t he  cos t  e f fec t i veness  o f  recovery dryers  i n  model Iand 

I1  p l a n t s  would be a  savings o f  $480 and $370, respec t i ve l y ,  pe r  megagram 

o f  VOC emission reduct ion.  

The replacement o f  d ia tom i te  f i l t e r s  w i t h  c a r t r i d g e  f i l t e r s  i n  a  

model p l a n t  I (model I1 p l a n t s  use on l y  s e t t l i n g  tanks) would r e s u l t  i n  

a  reduc t i on  i n  annual ized cos ts  o f  about $8,200, based on annual ized 

opera t ing  costs o f  about $7,900 per  year  f o r  d ia tom i te  f i l t e r s  (two 

11,400 L/hr f i l t e r s )  and an ac tua l  savings i n  annual ized cos ts  o f  about 

$300 per  year  f o r  c a r t r i d g e  f i l t e r s  (63 c a r t r i d g e  elements). S i m i l a r l y ,  

t h e  14.6 megagram annual VOC emisions from d ia tom i te  f i l t e r s  would be 

reduced t o  about 1.9 megagrams VOC per  year  w i t h  the  i n s t a l l a t i o n  of 

c a r t r i d g e  f i l t e r s ,  r e s u l t i n g  i n  a  f i l t r a t i o n  emission reduc t i on  o f  about 

12.7 megagrams VOC per  year .  Thus, t he  cos t  e f fec t i veness  o f  r e p l a c i n g  

e x i s t i n g  d ia tom i te  f i l t e r s  w i t h  c a r t r i d g e  f i l t e r s  i n  a  model I p l a n t  

would be a  savings of about $640 per  megagram o f  VOC emission reduct ion.  

The cos t  e f fec t i veness  o f  RACT implementat ion i n  two model p l a n t s  

i s  summarized i n  Table 5-6, which a l so  inc ludes  c o s t  e f fec t i veness  data  

f o r  f a c i l i t i e s  w i t h  e x i s t i n g  c a r t r i d g e  f i l t e r s  as w e l l  as those w i t h  

e x i s t i n g  so l  vent  s e t t l  ing tanks. 



I 

T a b l e  5-5. 

Equipment 


Standard dryer 


Recovery dryer (with 

refrigerated chiller) 


Diatomite filter 


m 

+ Cartridge f i 1ter 

COST EFFECTIVENESS OF EXISTING AND RACT EQUIPMENT I N  TWO MODEL PLANTS 
( c o s t s  a r e  i n  thousands of  June 1980 d o l l a r s )  

Model plant I Model plant I 1  

(182,000 Kg/y r) (635,000 Kg/yr) 


Emission reduction Annualized cost Cost effectiveness Emission reduction Annualized cost Cost effectiveness 

(Mg VOC/yr) ($103/yr) ($lo3/~g VOC) (Mg VOC/yr) ($lo3/yr) ($103/Mg VOC) 


0 21.86 c 0 53.57 


26.39 (12.71)~ (0.48)~ 


0 7.92 c c c c 


12.74 (8.19)~ (0. 641b c c c 


a~nnualized cost values tabulated for control equipment (recovery dryers or cartridge filters) are actually the difference between 

existing equipment (standard dryer or diatomite filter) annualized cost and the actual annualized cost for the particular item of 

control equipment. 


b~umbers in parenthesis represent thousands of dollars saved. 

'~ot applicable. 


c 



- - 

C 

Table 5-6. COST EFFECTIVENESS OF RACT IMPLEMENTATION I N  TWO MODEL PLANTS 
(cos ts  are i n  thousands o f  June 1980 d o l l a r s )  

bModel p l a n t  Model p l a n t  I 1  
Cost parameters (182,000 kg /y - l c  (635,000 kg/y-)' 

Emission reduc t i on  
(Mg VOC/yr) 

Annualized RACT c o s t  savings 
r e l a t i v e  t o  e x i s t i n g  equipment 

Cost e f fec t i veness  o f  RACT 
imp1 ementati on 
( d o l l a r s  saved/Mg o f  VOC 
emission reduct ion)  

Cost e f fec t i veness  o f  RACT 
implementat ion i n  p l a n t s  w i t h  
e x i s t i n g  c a r t r i d g e  f i l t e r s  
i n  $ saved/Mg VOC 

Cost e f fec t iveness  o f  RACT 
implementat ion i n  p l a n t s  w i t h  
e x i s t i n g  s e t t l i n g  tank  
i n  $ saved/Mg VOC 

a ~ a b u l a t e d  cos t  e f fec t i veness  f o r  a  model I p l a n t  i s  based on an e x i s t i n g  
d ia tom i te  f i l t e r .  

b ~ a b u l a t e d  c o s t  e f fec t i veness  ' f o r  a  model 11 p l a n t  i s  based on an e x i s t i n g  
s e t t l  ing tank. 

Annual ki lograms o f  a r t i c l e s  cleaned. 

d ~ o ta p p l  i cab le .  



The replacement o f  e x i s t i n g  equipment (s tandard  d r y e r  and d i a t o m i t e  

f i l t e r )  w i t h  RACT equipment i n  a  model Ip l a n t  would r e s u l t  i n  an annual 

c o s t  e f f e c t i v e n e s s  o f  $530 saved p e r  megagram o f  emiss ion r e d u c t i o n .  

T h i s  c o s t  e f f e c t i v e n e s s  i n c l u d e s  t h e  burden o f  h i g h  c a p i t a l  cos t s  r e s u l t i n g  

f rom t h e  i n s t a l l a t i o n  o f  t h r e e  recovery  d r ye rs  and one c a r t r i d g e  f i l t e r .  

The owner o f  a  model Ip l a n t  c o u l d  expect  t o  save about $21,000 p e r  yea r  

b y  r e p l a c i n g  e x i s t i n g  equipment w i t h  RACT equipment, w h i l e  reduc ing  t h e  

annual VOC emissions f rom t h e  p l a n t  by approx imate ly  40 megagrams. I n  

model Ip l a n t s  w i t h  e x i s t i n g  c a r t r i d g e  f i l t e r s ,  t h e  annual c o s t  

e f f e c t i v e n e s s  o f  RACT imp lementa t ion  would be $430 saved p e r  megagram, 

and t h a t  o f  model Ip l a n t s  w i t h  e x i s t i n g  s e t t l i n g  tanks  would be $480 

saved p e r  megagram o f  VOC emiss ion  r e d u c t i o n .  

The c o s t  e f f e c t i v e n e s s  o f  r e p l a c i n g  e x i s t i n g  equipment w i t h  RACT 

equipment i n  a  model I 1  p l a n t  y i e l d s  an annual sav ings o f  $370 p e r  

megagram o f  VOC emiss ion  r e d u c t i o n .  U n l i k e  t h e  model Ip l a n t ,  t h e  model 

I1 f a c i l i t y  has o n l y  a  s e t t l i n g  t a n k  f o r  f i l t r a t i o n  and t h e r e  a re  no 

a d d i t i o n a l  sav ings f rom s o l v e n t  recovery  b y  i n s t a l l a t i o n  o f  c a r t r i d g e  

f i l t e r s .  There fo re ,  t h e  owner o f  a l a r g e  i n d u s t r i a l  p l a n t  c o u l d  expect  

t o  save $34,000 p e r  yea r  a f t e r  i n s t a l l i n g  RACT recovery  d r y e r s ,  w h i l e  

expe r i enc ing  a  92 megagram r e d u c t i o n  i n  annual VOC emiss ions.  
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APPENDIX A 

SUMMARY OF FIELD TESTS 

Th i s  appendix p rov i des  d e t a i l e d  d e s c r i p t i o n s  o f  EPA t e s t s  conducted 

i n  suppor t  o f  pe t ro leum d r y  c l e a n i n g  new source performance s tandard 

(NSPS) and c o n t r o l  techn iques  g u i d e l i n e  (CTG) development. 

A. 1 TEST 1 (PIC0 RIVERA) 

EPA c o n t r a c t e d  an eng inee r i ng  a n a l y s i s  o f  a s o l v e n t  recovery  d r y e r  

t o  determine i t s  emiss ion r e d u c t i o n  p o t e n t i a l  and e s t a b l i s h  t h e  c a p i t a l  

and o p e r a t i n g  cos t s  assoc ia ted  w i t h  i t s  use (Lu t z  and Jern igan ,  1980). 

The t e s t  s i t e  f o r  t h i s  program was an i n d u s t r i a l  pe t ro leum d r y  c l e a n i n g  

p l a n t  l o c a t e d  i n  P i co  R ive ra ,  C a l i f o r n i a .  T e s t i n g  was conducted a t  t h e  

p l a n t  f rom October 9 t o  November 21, 1979. Th i s  d r y  c l e a n i n g  f a c i l i t y  

u t i l i z e d  b o t h  a C i s s e l l  s tandard  d r y e r  and a Hoyt  "Pet ro-miser"  s o l v e n t  

recovery  d r y e r  t o  process approx imate ly  6,350 kg (14,000 l b s )  o f  i n d u s t r i a l  

work g loves  p e r  week. The s tandard  d r y e r  had a d r y  we igh t  l o a d  c a p a c i t y  

o f  45 kg (100 l b s ) ,  and t h e  recovery  d r y e r  had a d r y  we igh t  l o a d  c a p a c i t y  

o f  48 kg (105 l b s ) .  To r e f l e c t  normal o p e r a t i n g  c o n d i t i o n s ,  each d r y e r  

was loaded an average o f  10 pe rcen t  over  i t s  r a t e d  c a p a c i t y  w i t h  work 

g loves  made o f  c o t t o n  and l e a t h e r .  The recovery  d r y e r  had t h r e e  o p e r a t i n g  

sequences - a Reclaim-Dry Cyc le ,  a Perma-Cool Cyc le ,  and a Deodor i z ing  

(exhaust)  Cycle.  So l ven t  emissions f rom t h e  recovery  d r y e r  were n o t  

r e s t r i c t e d  s o l e l y  t o  t h e  exhaust cyc l e .  Any t ime  t h e  d r y e r  l o a d i n g  door 

was open, an exhaust f a n  was a c t i v a t e d  and ambient room a i r  was p u l l e d  

i n t o  t h e  d r y e r  and exhausted t o  t h e  atmosphere v i a  t h e  exhaust duc t .  

T h i s  a l s o  occur red  when t h e  door t o  t h e  l i n t  f i l t e r  compartment was 

open. I n  comparison, t h e  s tandard  d r y e r  con t i nuous l y  exhausted t o  t h e  

atmosphere d u r i n g  t h e  d r y e r  cyc l e .  



The solvent  recovery d rye r ' s  emission reduction performance was 

established by comparing i t s  measured emission r a t e  with the  emission 

r a t e  of a standard dryer. During the  t e s t i ng  period,  both dryers were 

operated simultaneously and processed s imi lar  loads. The average flow 

r a t e  through the  exhaust ducts during the  recovery and standard dryer 

drying cycles was determined using EPA Method 2. The average solvent  

concentration i n  the  recovery and standard dryer exhausts was determined 

during each exhaust cycle by analyzing the  s t r i p  char t  recordings from a 

Beckman 400 flame ionization analyzer (FIA). The average concentration 

f o r  each dryer ,  mult ipl ied by the  t o t a l  gas volume throughput f o r  each 

dryer ,  yielded the  t o t a l  solvent  emitted f o r  each dryer in kilograms per 

cycle. Dividing t h i s  value by the  weight of gloves dr ied  f o r  each dryer 

cycle yielded the  solvent emissions f o r  the recovery and standard dryers 

expressed in kilograms of solvent  per 100 kilograms of gloves dried.  

The average emission r a t e s  f o r  the  recovery and standard dryers 

were determined and expressed in  kilograms of solvent  per 100 kilograms 

of a r t i c l e s  cleaned. Table A - 1  indicates  t h a t  the  recovery dryer had an 

average emission r a t e  per drying cycle of 0.96 kg solvent  per 100 kg dry 

weight of a r t i c l e s  cleaned, and the standard dryer had an average emission 

r a t e  per drying cycle of 30 kg solvent per 100 kg dry weight of a r t i c l e s  

cleaned. Recovery dryer solvent emissions per 100 kilograms of a r t i c l e s  

cleaned ranged from 0.68 t o  1.25 kilograms, and appeared t o  vary with 

the  load weight. The t o t a l  weight of solvent recovered ranged from 8 t o  

17 kilograms (18 t o  37 pounds) and did not appear t o  be a d i r e c t  function 

of the load weight. In con t r a s t ,  standard dryer solvent  emissions per 

100 kilograms of a r t i c l e s  cleaned ranged from 20.8 t o  47.2 kilograms, 

and appeared t o  increase with smaller load weights. The trend toward 

higher emissions per weight of a r t i c l e s  cleaned in  smaller loads held 

t rue  fo r  both,standard and recovery dryers ,  and indicated t h a t  the  r a t e  

a t  which fabr ics  re lease  solvent  could have a s i gn i f i c an t  e f f e c t  on 

overall  solvent  emissions. 

The annualized operating cos t  of the  recovery dryer was calcula ted 

t o  be $1,400, which represents a savings of $3,900 per year over the  

operating cos t  of the standard dryer.  This savings was due primari ly t o  

the val ue of the  recovered sol vent ,  estimated a t  $0.24/1 i t e r  ($0.92/gall on). 



-- 

Table  A-1 .  DRYER EMISSIONS DATA^ 

Recovery dryer  Standard Dryer 

Load 
dry Solvent kg so lvent  Solvent kg so lvent  Load Solvent k g s o l v e n t  

Load weight emi t ted emi t ted/100 kg recovered recovered/100 kg Run weight emi t ted emitted/100 kg 
Date # (kg) (kg) a r t i c l e s  cleaned (kg) a r t i c l e s  cleaned Oate # (kg) (kg) a r t i c l e s  cleaned 

10/09/79 

10/16/79 

10/17/79 

10/17/79 

10/17/79 

10/17/79 

10/17/79 

10/18/79 

10/18/79 

10/18/79 

10/18/79 

10/22/79 

10/22/79 

10/22/79 

Average 
-

a ~ a t atabulated only  f o r  dryer  loads i n  which a l l  re levan t  parameters were successfu l ly  monitored. 



The mass balance and hydrocarbon ana lys i s  from t h i s  t e s t  program 

demonstrated t h a t  recovery dryers  cou ld  achieve a 97 percent  reduc t i on  

i n  so l ven t  emissions as compared w i t h  a standard dryer .  The economic 

ana lys i s  o f  t h i s  type o f  c o n t r o l  system i n d i c a t e s  t h a t  i t  i s  a  cos t -

e f f e c t i v e  means o f  so lvent  emission c o n t r o l ,  p r o v i d i n g  an ac tua l  

reduc t i on  i n  opera t ing  costs. 

One problem t h a t  was n o t  reso lved du r ing  t h i s  t e s t  was whether t h e  

recovery d rye r  operated above the  lower exp los ive  l i m i t  (LEL) o f  t he  

so l ven t  (1percent  by volume o r  10,000 p a r t s  per  m i l l i o n ) .  FIA c h a r t  

record ings o f  t he  vapor concentrat ions i n  t he  recovery dryer  du r ing  the  

rec la im-dry  c y c l e  i n d i c a t e d  t h a t  t he  vapor concent ra t ion  rose u n t i l  i t  

peaked a t  9,000 t o  9,300 p a r t s  pe r  m i l l i o n  (ppm) as so lvent .  The vapor 

concent ra t ion  remained a t  t h i s  peak throughout most o f  the  d r y i n g  cyc le.  

A f t e r  t he  t e s t i n g  was completed, c a r e f u l  ana lys i s  o f  t he  c h a r t  record ings 

revealed t h a t  these peak readings were n o t  t he  maximum concent ra t ion  

l e v e l s ,  b u t  t h e  l e v e l  a t  which the  FIA became saturated;  thus,  i n d i c a t i n g  

o n l y  t h e  maximum moni to r ing  l e v e l s  o f  t h e  c a l i b r a t e d  FIA. Therefore, 

t h e  ac tua l  concentrat ions o f  t h e  so lvent  vapors i n  t h i s  p a r t i c u l a r  

recovery d rye r  may have exceeded the  peak range o f  9,000 t o  9,300 ppm. 

The h igh  vapor concentrat ions du r ing  the  rec la im  cyc le  may be 

a t t r i b u t e d  t o  a number o f  f ac to rs .  Overloading o f  t he  dryers,  as was 

t h e  case du r ing  t h i s  t e s t ,  may have caused t h e  h igh  concentrat ions.  

Fab r i c  w i t h  h igh  so l ven t  absorpt ion,  such as c o t t o n  and l ea the r ,  g i v e  

o f f  more so lvent  vapors than an equal weight  o f  s y n t h e t i c  f a b r i c s ,  

thereby c r e a t i n g  h igher  concentrat ions.  Also, h i g h  condenser i n l e t  

water temperatures may c o n t r i b u t e  t o  h igh  vapor concentrat ions d u r i n g  

t h e  rec la im  cyc le.  

A. 2 TEST 2 (LAKELAND) 

An EPA-sponsored t e s t i n g  program was performed a t  a commercial 

petroleum d ry  c lean ing  f a c i l i t y  t o  i n v e s t i g a t e  the  so l ven t  emissions and 

recovery, opera t iona l  costs,  and sa fe ty  o f  petroleum so l ven t  recovery 

dryers  (Jern igan e t  a l . ,  1981). The hos t  p l a n t  f o r  t h i s  t e s t  program 

was a l a r g e  commercial d r y  c lean ing  p l a n t  l oca ted  i n  Lakeland, F l o r i d a .  

Th is  f a c i l i t y  cleaned 1,100 kg (2,500 l b s )  o f  general apparel each week 



The d r y  c l e a n i n g  equipment c o n s i s t e d  o f  a 48 kg d r y  we igh t  (105 I b )  

c a p a c i t y  Hoyt  recovery  d r y e r ,  a 30 kg (65 l b )  c a p a c i t y  Washex washer/ 

e x t r a c t o r ,  an 11,000 l i t e r  p e r  hour (3,000 gph) Washex tube f i l t e r ,  and 

a 48,000 B t u  (50 MJ) R i t e  Temp r e f r i g e r a t e d  wate r  c h i l l e r .  T e s t i n g  was 

conducted a t  t h i s  f a c i l i t y  f rom J u l y  2 1  t o  August 8 ,  1980. 

Tes t  procedures i n c l u d e d  m o n i t o r i n g  exhaust gas and condenser gas 

i n l e t  s o l v e n t  concen t ra t i ons  us i ng  a Beckman 400 f lame i o n i z a t i o n  ana l yze r  

(FIA).  A lso ,  temperatures o f  condenser i n l e t  and o u t l e t  (wa te r  and gas) 

and d r y e r  exhaust  gas were mon i to red  d u r i n g  t h i s  program. C h i l l e r  

ou t1  e t  (condenser wa te r  i n l e t )  temperatures were inc reased  i n  5OF 

increments  w i t h  a cons tan t  r e c l a i m  c y c l e  d u r a t i o n  (28 minutes) ,  and 

s o l v e n t  recovery  r a t e  and c o n c e n t r a t i o n  da ta  were recorded  f o r  severa l  

c l o t h i n g  loads  a t  each o f  t h e  c h i l l e r  temperatures.  The t o t a l  recovery  

o f  b o t h  s o l v e n t  and water ,  as w e l l  as t h e  t o t a l  f l o w  o f  c o o l i n g  water  

th rough  t h e  condenser d u r i n g  t h e  r e c l a i m  c y c l e ,  were recorded  and a re  

l i s t e d  on Tab le  A-2. 

The mass ba lance and hydrocarbon a n a l y s i s  r e s u l t s  f rom t h i s  t e s t  

program i n d i c a t e d  t h a t  t h e  average VOC emissions r a t e  f rom t h e  recovery  

d r y e r  was 3.85 kg VOC p e r  100 kg d r y  we igh t  o f  a r t i c l e s  c leaned. The 

s o l v e n t  c o n c e n t r a t i o n  a t  t h e  condenser gas i n l e t  never exceeded 95 pe rcen t  

o f  t h e  s o l v e n t ' s  lower  e x p l o s i v e  l i m i t  (LEL) d u r i n g  t h e  p o r t i o n  o f  t h e  

t e s t  i n  which t h e  condenser wa te r  i n l e t  temperature was va r i ed .  

Data c o l l e c t e d  d u r i n g  t h e  t e s t  i s  summarized i n  Table  A-2. As 

condenser wa te r  i n l e t  temperatures were increased,  condenser vapor 

o u t l e t  temperatures inc reased  and s o l v e n t  emissions p e r  100 kg o f  

a r t i c l e s  c leaned decreased. U n c o n t r o l l e d  t h e o r e t i c a l  s o l v e n t  emissions 

(de f i ned  as t h e  sum o f  recovered and e m i t t e d  s o l v e n t )  p e r  100 kg o f  

a r t i c l e s  c leaned v a r i e d  f rom 23.73 kg  t o  11.59 kg, w i t h  an o v e r a l l  t e s t  

average o f  14.24 kg p e r  100 kg o f  a r t i c l e s  c leaned. Recovery d r y e r  

emiss ions p e r  100 kg o f  a r t i c l e s  c leaned, measured a t  t h e  d r y e r  exhaust  

by t h e  F I A ,  v a r i e d  f rom 9.45 kg t o  2.34 kg, w i t h  an o v e r a l l  t e s t  average 

o f  3.85 kg s o l v e n t  e m i t t e d  p e r  100 kg o f  a r t i c l e s  c leaned. Th i s  

r e l a t i v e l y  h i g h  emiss ion r a t e  may r e s u l t  f rom t h e  t y p i c a l l y  smal l  l o a d  

we igh ts  (25 kg average) o f  s y n t h e t i c  f a b r i c s  t h a t  have a low s o l v e n t  



Tab1 e A-2. RECOVERY DRYER DATA COMPILATION 

kg solvent 
Condenser Average "Dry" kg solvent recovePed/ 

Date i n l e t  condenser 1oad Sol.vent emi tted/100 kg 100 kg 
S t a r t  and water vapor o u t l e t  weight Recovery (kg) emit ted a r t i c l e s  a r t i c l e s  

t ime run temp ( O F )  temp (OF) (kg) Water Sol vent (kg) c l  eaned c l  eahed 

Averages 25.10 

a ~ a t a  not  used i n  computing averages. 



r e t e n t i o n .  A lso ,  t h e  t y p i c a l  recovery  phase d u r a t i o n  o f  28 minutes may 

be i n s u f f i c i e n t  t ime  f o r  a more complete recovery .  

F igures  A - 1 ,  A-2, and A-3 r ep resen t  a t y p i c a l  range o f  recovery  

d r y e r  loads and emiss ions.  A d r y e r  l oad  w i t h  r e l a t i v e l y  h i g h  emiss ions 

(approx imate ly  5.2 kg s o l v e n t  e m i t t e d  p e r  100 kg o f  a r t i c l e s  c leaned) i s  

i l l u s t r a t e d  i n  F i gu re  A - 1 .  The gradual  i n c rease  i n  t h e  volume o f  s o l v e n t  

i s  r e f l e c t e d  i n  t h e  narrow peak o f  t h e  s o l v e n t  recovery  r a t e .  S imu l taneous ly ,  

t h e  c o n c e n t r a t i o n  of s o l v e n t  vapor i n  t h e  condenser i n l e t  c l imbs  s t e a d i l y  

d u r i n g  t h e  f i r s t  7 minutes o f  recovery  and t hen  l e v e l s  o f f  a t  a near  

cons tan t  c o n c e n t r a t i o n  o f  4,400 p a r t s  p e r  m i l l i o n  (ppm) as so l ven t .  The 

curve ,  r e p r e s e n t i n g  t he  volume o f  recovered so l ven t ,  has a b r i e f  i n i t i a l  

p e r i o d  of r a p i d  recovery  t h a t  i s  f o l l owed  by  a  gradual  i n c rease  i n  t o t a l  

volume t h a t  r e f l e c t s  a low, n e a r l y  cons tan t  r a t e  o f  recovery .  

Recovery and c o n c e n t r a t i o n  curves i n  F i gu re  A-2 i l l u s t r a t e  a d r y e r  

l o a d  i n  which s o l v e n t  emiss ions were below those  o f  t h e  t e s t  average 

(approx imate ly  2.4 kg s o l v e n t  e m i t t e d  p e r  100 kg o f  a r t i c l e s  c leaned).  

The graph o f  condenser i n l e t  vapor c o n c e n t r a t i o n  shows a much h i g h e r  

(9,358 ppm as s o l v e n t )  and more pronounced peak t han  F i g u r e  A - 1 ,  i n  

a d d i t i o n  t o  much h i g h e r  concen t ra t i ons  th roughou t  t h e  e n t i r e  cyc l e .  

Concu r ren t l y ,  t h e  cu rve  i l l u s t r a t i n g  t h e  volume o f  recovered s o l v e n t  

shows an i n i t i a l  p e r i o d  o f  ve r y  r a p i d  recovery  t h a t  g r a d u a l l y  decreases 

t o  a  lower ,  near cons tan t  r a t e  l a t e r  i n  t h e  d r y i n g  c y c l e  t han  i n  t h e  

h igh-emiss ion  load .  F i n a l l y ,  t h e  cu rve  r e p r e s e n t i n g  t h e  s o l v e n t  recovery  

r a t e  shows a more gradual  decrease i n  recovery  r a t e  t han  t h a t  i l l u s t r a t e d  

i n  F i g u r e  A - 1 ,  a l t hough  t h e  peak r a t e  i s  approx imate ly  t h e  same. A t  t h e  

t e r m i n a t i o n  o f  t h e  recovery  c y c l e ,  t h e  r a t e  o f  s o l v e n t  recovery  had 

decreased t o  a f i n a l  va lue  o f  20 m i l  1ili t e r s  (0.02 1  i t e r s )  pe r  minute.  

The average condenser gas o u t l e t  temperature f o r  t h i s  d r y e r  l o a d  d i d  n o t  

exceed 34OC (94OF). 

F i gu re  A-3 i l l u s t r a t e s  a d r y e r  l o a d  t h a t  had t o t a l  s o l v e n t  emiss ions 

(3 .71  kg s o l v e n t  pe r  100 kg a r t i c l e s  c leaned) approx imate ly  equal  t o  t h e  

o v e r a l l  t e s t  average o f  3.85 kg s o l v e n t  pe r  100 kg a r t i c l e s  c leaned. 

The curve  r e p r e s e n t i n g  t h e  condenser i n l e t  vapor c o n c e n t r a t i o n  shows 

somewhat more o f  a peak t han  t h a t  o f  F i g u r e  A - 1 ,  b u t  a much l e s s  

pronounced and lower  (5,810 ppm as so l ven t )  peak t han  t h a t  o f  F i gu re  A-2. 
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Figure A-2 .  Recovery and Concentration Curves for  a Low-Ernl ssion Recovery Dryer Load. 





Simu l taneous ly ,  t h e  cu rve  i l l u s t r a t i n g  t h e  volume o f  s o l v e n t  recovered 

( F i g u r e  A-3) shows a r a p i d ,  sus ta i ned  i nc rease  i n  t o t a l  rec lamat ion .  

Th i s  r a t e  i s  f u r t h e r  i l l u s t r a t e d  i n  t h e  graph o f  t h e  recovery  r a t e  which 

s tays  a t  a h i g h e r  r a t e  over  t h e  t o t a l  c y c l e  due t o  t h e  heav ie r  we igh t  o f  

t h i  s  d r y e r  1  oad. 

The o v e r a l l  decrease i n  s o l v e n t  emissions p e r  we igh t  o f  a r t i c l e s  

c leaned t h a t  accompanied t h e  i nc rease  i n  condenser wa te r  i n l e t  temperature 

appeared t o  r e s u l t  f rom t h e  h i ghe r  s o l v e n t  vapor concen t ra t i ons  assoc ia ted  

w i t h  h i ghe r  temperatures i n  t h e  d r y e r  tumb le r .  The r a t e  o f  s o l v e n t  

condensat ion i n  t h e  condenser appeared more dependent on t h e  r a t e  a t  

which s o l v e n t  was evo lved  f rom t h e  d ry - ing  a r t i c l e s  t h a n  on t h e  temperature 

o f  t h e  c o o l i n g  water .  The 10' a c t u a l  i n c rease  i n  t h e  condenser wa te r  

i n l e t  temperature d i d  n o t  a p p r e c i a b l y  hamper s o l v e n t  condensat ion.  

Thus, emiss ion r e d u c t i o n  m igh t  be enhanced by i n c r e a s i n g  t h e  temperature 

w i t h i n  t h e  d r y e r ;  e i t h e r  by  i n c r e a s i n g  t h e  p ressure  ( temperature)  o f  t h e  

steam, o r  by i n c r e a s i n g  t h e  c o o l i n g  wa te r  temperature.  Th i s  d r y i n g  

temperature inc rease ,  however, c o u l d  r e s u l t  i n  s o l v e n t  concen t ra t i ons  i n  

t h e  tumb le r  r each ing  t h e  s o l v e n t  LEL of 1p e r c e n t  by  volume (10,000 ppmv). 

One o f  t h e  o b j e c t i v e s  o f  t h e  t e s t  was t o  determine a "un i f o rm  

dryness, "  a l e v e l  o f  s o l v e n t  c o n c e n t r a t i o n  t h a t  would  i n d i c a t e  s u f f i c i e n t  

dryness and s o l v e n t  recovery .  Th i s  goal  was n o t  a t t a i n e d  because o f  

d i f f i c u l t i e s  encountered i n  t h e  t e s t  c o n t r a c t o r ' s  equipment and t h e  l a c k  

o f  c o n t r o l  over  t h e  we igh t  and f a b r i c  compos i t i on  o f  d r y i n g  loads.  

A lso ,  t h e  de te rm ina t i on  o f  t h e  s o l v e n t  con ten t  o f  t h e  d r i e d  a r t i c l e s  was 

hampered by  t h e  l i m i t e d  accuracy o f  t h e  p l a n t  sca les  used t o  weigh t h e  

washed and d r i e d  1  oads. 

A.3 TEST 3  (RHODE ISLAND) 

Th i s  EPA-sponsored t e s t  program was i n i t i a t e d  w i t h  t h e  o v e r a l l  

o b j e c t i v e  o f  a n a l y z i n g  t h e  performance o f  t h e  pe t ro leum s o l v e n t  recovery  

d r y e r ,  as i n d i c a t e d  by t h e  maximum s o l v e n t  concen t ra t i on ,  s o l v e n t  emis-

s i ons ,  and s o l v e n t  recovery ,  w h i l e  d r y e r  o p e r a t i n g  parameters were 

va r i ed .  Furthermore, t h e  o v e r a l l  r e d u c t i o n  i n  p l a n t  s o l v e n t  consumption 

( s o l v e n t  mi leage)  was t o  be determined. 



A Hoyt  Pe t ro -Miser  105 s o l v e n t  recovery  d r y e r  was t e s t e d  f o r  two 

weeks a t  a d r y  c l e a n i n g  p l a n t  i n  West Warwick, Rhode I s l a n d  t h a t  c leans  

about 2,700 kg (6,000 l b )  o f  pe rsona l  appare l  p e r  week. Dur ing  t h e  

t e s t ,  s o l v e n t  concen t ra t i ons  i n  t h e  d r y e r  tumb le r  and exhaust were 

measured t o  determine,  r e s p e c t i v e l y ,  t h e  maximum s o l v e n t  c o n c e n t r a t i o n  

d u r i n g  d r y i n g  and t h e  mass o f  s o l v e n t  emi t ted .  A d d i t i o n a l  measurements 

o f  t h e  volume and r a t e  o f  s o l v e n t  recovery  were made, and l o a d  we igh ts  

and r e 1  evan t  temperatures were recorded. Parameters r e1  a t i  ng t o  t h e  

d r y e r  o p e r a t i o n  ( l o a d  we igh t ,  r e c l a i m  d u r a t i o n ,  f a b r i c s ,  temperatures)  

were v a r i e d  and t h e  e f f e c t s  o f  these v a r i a t i o n s  on emiss ions,  recovery ,  

and concen t ra t i ons  were noted. F i n a l l y ,  da ta  on p l a n t  s o l v e n t  consumption 

p r i o r  t o  recovery  d r y e r  i n s t a l l a t i o n  were ob ta i ned  f rom p l a n t  management. 

Ana l ys i s  o f  t h e  da ta  c o l l e c t e d  i n d i c a t e d  t h a t  t h e  magnitude o f  t h e  

maximum s o l v e n t  concen t ra t i ons  was below expected l e v e l s ,  based on 

r e s u l t s  o f  p rev i ous  t e s t s .  These low concen t ra t i ons  r e s u l t e d  f rom 

p e r s i s t e n t  d i f f i c u l t i e s  w i t h  s o l v e n t  condensat ion i n  t h e  c o n c e n t r a t i o n  

sampl ing system, b rough t  about  b y  low ambient temperatures.  Whi le  da ta  

on t h e  abso lu te  magnitude o f  d r y e r  concen t ra t i ons  may have been o f  

ques t i onab le  va lue  ( t h e  maximum va lue  recorded  was 3,537 ppmv as s o l v e n t )  

t h e  r e l a t i v e  v a r i a t i o n s  i n  concen t ra t i ons  among d r y e r  loads  was found t o  

be v a l i d  and c o n s i s t e n t  w i t h  v a r i a t i o n s  i n  d r y e r  o p e r a t i n g  parameters.  

Thus, i t  was found t h a t  t h e  d r y  l o a d  we igh t  and d r y i n g  (condenser vapor 

i n l e t )  temperature had t h e  g r e a t e s t  impact  on t h e  r e l a t i v e  l e v e l  o f  

s o l  ven t  concen t ra t i ons  i n  t h e  .d rye r .  

An a n a l y s i s  o f  t h e  e f f e c t s  o f  v a r i a t i o n s  i n  d r y e r  o p e r a t i n g  parameters 

on s o l v e n t  recovery  and emiss ions i n d i c a t e d  t h a t  d r y  l o a d  we igh t  and 

condenser hea t  removal had t h e  g r e a t e s t  e f f e c t  on d r y e r  performance, 

w i t h  inc reases  i n  b o t h  parameters co r respond ing  t o  b o t h  h i ghe r  s o l v e n t  

recovery  and reduced s o l v e n t  emissions. Over t h e  e n t i r e  t e s t  program, 

s o l v e n t  emiss ions averaged 3.47 kg p e r  100 kg d r y  we igh t  o f  a r t i c l e s  

d r i e d ,  and s o l v e n t  recovery  averaged 12.98 kg p e r  100 kg d r y  we igh t  of 

a r t i c l e s  d r i e d .  P l a n t  s o l v e n t  mi leage,  as r e p o r t e d  by  p l a n t  management, 

decreased f rom about  560 l i t e r s  (150 g a l )  p e r  week t o  about 90 l i t e r s  

(25 g a l )  p e r  week a f t e r  i n s t i o n  o f  t h e  two recovery  d r ye rs .  



Table A-3 con ta i ns  t h e  da ta  c o l l e c t e d  d u r i n g  t h e  t e s t  program. 

So l ven t  emiss ions ranged f rom 1 . 2  t o  7 .6  kg VOC p e r  100 kg d r y  we igh t  o f  

a r t i c l e s  d r i e d ,  w h i l e  s o l v e n t  recovery  ranged f rom 9 . 9 ' t o  17.7 kg s o l v e n t  

recovered p e r  100 kg d r y  we igh t  o f  a r t i c l e s  d r i e d .  

Graphs o f  recovery  d r y e r  performance i n  d r y e r  loads  w i t h  low, h i gh ,  

and t e s t  average emiss ions a re  p l o t t e d  i n  F igures  A-4, -5 ,  and -6. The 

l o a d  (F i gu re  A-4) w i t h  t h e  l owes t  emissions p e r  d r y  l o a d  we igh t  (1 .2  kg 

VOC/100 kg a r t i c l e s  d r i e d )  has a pronounced "peak" i n  t h e  s o l v e n t  concen-

t r a t i o n  a f t e r  about 10 minutes o f  recovery  t h a t  corresponds w i t h  t h e  

onset  o f  t h e  maximum recovery  r a t e .  A t  t h e  same t ime,  t h e  cu rve  r e p r e s e n t i n g  

t h e  volume o f  recovered s o l v e n t  shows a c o n s i s t e n t  i nc rease  i n  t h e  t o t a l  

volume t h a t  decreases s i g n i f i c a n t l y  o n l y  d u r i n g  t h e  l a s t  10 minutes o f  

recovery .  I n  c o n t r a s t ,  t h e  h igh-emiss ion  d r y e r  l o a d  (7 .6  kg VOC 

emi t ted/100 kg a r t i c l e s  d r i e d )  represen ted  i n  F i gu re  A-5 shows a more 

c o n s i s t e n t  tumb le r  s o l v e n t  c o n c e n t r a t i o n  w i t h  a narrower  peak, a  lower  

maximum recovery  r a t e  over  a  s h o r t e r  p e r i o d ,  and a s l o w l y  i n c r e a s i n g  

t o t a l  volume o f  recovered s o l v e n t  t h a t  reaches a p l a t e a u  o f  approx imate ly  

3,000 m l  a f t e r  o n l y  20 minutes o f  recovery .  And f i n a l l y ,  F i gu re  A-6 

i l l u s t r a t e s  a d r y e r  l o a d  w i t h  emiss ions approx imate ly  equal  t o  t h e  t e s t  

average (3 .2  kg VOC/100 kg a r t i c l e s  d r i e d ) .  Whi le  t h e  tumb le r  s o l v e n t  

c o n c e n t r a t i o n  cu rve  shows a gradual  d e c l i n e  a f t e r  a modest peak o f  

2,800 ppmv (as so l ven t ) ,  t h e  graph o f  t h e  s o l v e n t  recovery  r a t e  peaks a t  

t h e  same r a t e  as t h e  low-emiss ion l o a d  (about  400 ml/min),  b u t  t h e  

tes t -average  emiss ion  l o a d  ma in ta i ns  an e l e v a t e d  recovery  r a t e  over  a  

s m a l l e r  p o r t i o n  o f  t h e  recovery  c y c l e  du ra t i on .  

A.4 TEST 4  (JAPAN) 

EPA sponsored two v i s i t s  t o  Japan by  a t e s t  c o n t r a c t o r  (March 1980 

and January 1981) w i t h  t h e  goa ls  o f  i d e n t i f y i n g  and assess ing t h e  emiss ions,  

recovery ,  and s a f e t y  performance o f  Japanese s o l v e n t  recovery  d r y e r s  

(Je rn igan ,  1981). The f i r s t  t r i p  was l i m i t e d  t o  t e s t  p r e p a r a t i o n s  and 

p l a n t  v i s i t s ,  w h i l e  t h e  second t r i p  was in tended  t o  focus on a c t u a l  

f i e l d  t e s t i n g  o f  a Japanese recovery  d r ye r .  By t h e  end o f  t h e  f i r s t  

v i s i t ,  however, i t  was apparen t  t h a t  f i e l d  t e s t s  c o u l d  n o t  be conducted 

due t o  insurmountab le  problems w i t h  t h e  acceptance o f  t e s t i n g  equipment 



Table A-3. RECOVERY DRYER DATA COMPILATION 

M = 50: Wools, 50; Synthetic blends 

u = 100i Yools 

S = 1005. Synthetic blends 



Avrrage d r y i n p  (con. 
CnSe- vapor i n l e t :  
m r a t u r e  (OC) 

A n r a w  condenser 
u t e r  tm.9erature 
r i f f r n n c e  (OK) 

I*trWe condenser 
m t e r  w:1et caw 
v e r a t u r r  (0;) 

A n r a p e  condenser 
Y t e r  i n l e t  tnc 
p r a t u r r  (DL) 

M x i m m  so lven t  con-
c*n t ra : io~  a t  
condense? vapor in1e1 
(pp l *  so lven t )  

Ip w l r e n t  e m t t c d :  
1DC kg d r y  l o r d  
r i g n t  

f m i t t d  so lven t  (kg)  

b c l r i n  c y c l e  
& r a t i o n  (min.) 

b c l r i n  c y c l e  
s U r l  t r r  



AveraQe condenser 
WDO- o u t i e t  
t m v e r a t u r e  

Average d r y i n g  (con- 
denser rapor  i n l e t )  
m e r a t w e  (OC) 

Average coo l ing  
w t e r  H a t  pa in  
( k i l o j w l e s r  

Average condenser 
w t e r  (1011 r a t e  
( l i t e r s l m i n .  ) 

Amrage condenser 
w t e r  t m D e r a t u r e  
d l f f e r t n c e  Lot)  

Average condenser 
w t e r  o u t l e t  tm-
p r r r t u r e  (OC) 
Average condenser 
water i n l e :  tern-
p e r a t w e  (OC) 

IIIII- solvent  con-
Cent ra t ton  a t  
condenser vapor i n l e t  
(ppnr so lven t )  

KG so lven t  enl t ted: 
10.3 kg d r y  load  
r r g n t  

~g  s o l r e n t  recovered1 
100 kg d r y  load  
r r g n t  

Recovered water 
(kg)  

Reclaim cyc le  
d u r a t i o n  ( m ~ n . )  

Reclalm c y c l e  
s t a r t  t ime 

Dry  load  weigh: 
(kg) 

nun (date - 0 



Arerage d ry rng  ( t o r  
dr-ser raps- inle:; 
temperature 1%) 

A v e ~ a g e  coo l  l n p  
m t e r  nea: q b l n  
( k i l o j o u l e s ,  

Average condenser 
r t e v  f l ow r a t e  
I l i t e r s l m i n . )  

Average condenser 
U t e r  o u t l e t  tan -
w r a t u r e  lo:) 

Average conocnser 
W t e r  i n l e t  tm-
D c r a t u r t  iOC) 

) ( l x r ~ m  so lven t  
R n t r a t i o R  a t  
condense- vaaor 
( p p r  s o l  vec: ) 

Recovered water 
( k g )  

Reclai f r  c y c l e  
d u r a t m n  (tin.) 

Reclaim c y c l e  
s t a r t  t r m  

Dry l o a d  we igh t  
(kg1 

Run (da te  - I )  

con- -n 

i n l e t  R 



( p a r t i c u l a r l y  FIA c a l i b r a t i o n  gases) by Japanese customs. As a r e s u l t  

o f  these problems, t h e  second v i s i t  t o  Japan was conducted l i k e  t h e  

f i r s t ,  w i t h  a s i n g l e  EPA r e p r e s e n t a t i v e  v i s i t i n g  major  recovery  d r y e r  

manufacturers ,  as w e l l  as a d r y  c l e a n i n g  t r a d e  a s s o c i a t i o n  and i n d i v i d u a l  

d r y  c l e a n i n g  p l a n t s .  

There were approx imate ly  1,800 pet ro leum s o l v e n t  recovery  d r ye rs  

o p e r a t i n g  i n  Japan a t  t h e  t ime  o f  t h e  t e s t  v i s i t ,  accord ing  t o  t h e  A l l -

Japan Laundry and Dryc lean ing  Assoc ia t i on  (AJLDA). These u n i t s  were 

designed l i k e  t h e i r  American coun te rpa r t s ,  w i t h  steam-heated evapora t ion  

o f  s o l v e n t  f rom d r y i n g  c l o t h e s  be ing  f o l l o w e d  by s o l v e n t  reco  e r y  i n  a 

r e f r i g e r a n t - c h i l l e d  condenser p r i o r  t o  t h e  r e h e a t i n g  o f  t h e  c r c u l  a t i  ng 

vapor stream. I n  c o n t r a s t  t o  American-made recovery  d r ye rs  w  t h  t y p i c a l  

l o a d  c a p a c i t i e s  o f  up t o  48 kg, Japanese recovery  d r y e r s  have 1  oad 

c a p a c i t i e s  o f  15 t o  20 kg, w i t h  o n l y  a few u n i t s  (approximate y 90) w i t h  

a 50 kg capac i t y .  

For purposes o f  comparison, AJLDA es t imated  t h a t  t h e r e  were about  

5,900 non-recovery pet ro leum s o l v e n t  d r y e r s  o p e r a t i n g  i n  Japan. I n  

a d d i t i o n ,  over  t h e  p rev ious  f i v e  years ,  t h e r e  had been about 17 exp los ions  

o r  f i r e s  i n  recovery  d r ye rs  and about 50 i n  non-recovery d ryers .  None 

o f  t h e  recovery d r y e r  exp los ions  had r e s u l t e d  i n  personal  i n j u r y ,  and 

t h e  r a t i o  o f  t h e  number o f  e x i s t i n g  d r ye rs  t o  t h e  number o f  exp los ions  

was t h e  same (1,000 t o  1) f o r  bo th  recovery  and non-recovery d ryers .  

The absence o f  damage and personal  i n j u r y  i n  recovery  d r y e r  acc iden ts  

r e s u l t e d  f rom t h e  recovery  d r y e r ' s  a b i l i t y  t o  s a f e l y  c o n t r o l  an exp los ion .  

w h i l e  p r e v e n t i n g  f i r e s  (which were t y p i c a l  o f  acc iden ts  i n  non-recovery 

d ryers ) .  The Japanese method o f  exp los ion  r e l i e f  around t h e  d r y e r  door 

had t h e  same e f f e c t  as t h e  exp los ion  damper p o r t s  on t o p  o f  t h e  American- 

made recovery  d r ye r ,  w i t h  t h e  f o r c e  o f  t h e  exp los ion  be ing  vented t o  t h e  

atmosphere. F i n a l l y ,  t h e  AJLDA r e p o r t e d  t h a t  Japanese recovery  d r ye rs  

c o u l d  recover  f rom 70 t o  95 pe rcen t  o f  t h e  s o l v e n t  con ta ined  i n  d r y i n g  

loads ,  depending on t h e  recovery  c y c l e  d u r a t i o n  and t h e  condenser 

c o o l i n g  wate r  temperature.  

A.5 TEST 5 (WILMINGTON) 

An EPA-sponsored s tudy  was conducted t o  determine t h e  r a t e  o f  

s o l v e n t  dra inage f rom h e a v i l y  s o i l e d  c a r t r i d g e  f i l t e r  elements and t o  



compare t h e  dra inage r a t e s  o f  new and s o i l e d  c a r t r i d g e s .  A 

recommendation was made f o r  a minimum dra inage  t ime  f o r  these elements 

based on t h e  t o t a l  maximum so l v e n t  emiss ion  f rom t h e  e n t i r e  f i l t r a t i o n  

system (P la isance ,  1981). 

The h o s t  p l a n t  f o r  t h i s  s tudy  was a  pe t ro leum d r y  c l e a n i n g  f a c i l i t y  

l o c a t e d  i n  Wi lmington,  No r t h  Ca ro l i na .  Th i s  p l a n t  c leaned approx imate ly  

900 kg (2,000 l b s )  o f  l i g h t l y  s o i l e d  genera l  appare l  each week, expending 

about 380 1 it e r s  (100 ga l  l ons )  o f  Ashland Kwi k -D r i  s o l v e n t .  Dry c l e a n i n g  

equipment used a t  t h i s  f a c i l i t y  was l i m i t e d  t o  a s i n g l e  27 kg (60 I b )  

c a p a c i t y  Marvel  Ma t i c  washer and two 22 kg (50 l b )  c a p a c i t y  Heubsch 

O r i g i n a t o r  d r ye rs .  Spent s o l v e n t  was f i  1  t e r e d  and p u r i f i e d  by a  

14-element c a r t r i d g e  f i l t e r  ( P u r i t a n  Vanguard 14) which employed 

12 carbon-core and 2  a l l - c a r b o n  f i l t e r  c a r t r i d g e s .  The carbon-core 

f i l t e r  elements served t o  b o t h  remove s o l i d s  and p r o v i d e  i n i t i a l  

p u r i f i c a t i o n ,  w h i l e  t h e  a1 1-carbon f i  1  t e r  e lement p r o v i d e d  f i n a l  s o l v e n t  

p u r i f i c a t i o n .  

The t e s t  program f o r  t h i s  s tudy  c o n s i s t e d  o f  removing two f i l t e r  

c a r t r i d g e s  (one carbon-core and one a l l - c a r b o n )  t h a t  con ta i ned  heavy 

concen t ra t i ons  o f  l i n t  and d i r t  f rom t h e  c a r t r i d g e  f i l t r a t i o n  system. 

These elements,  a long  w i t h  two new c a r t r i d g e  elements (one o f  each 

t ype ) ,  were soaked i n  sea led con ta i ne rs  o f  s o l v e n t  and t hen  were a l lowed 

t o  d r a i n  w h i l e  we igh t  l o s s  read ings  were recorded.  The c a r t r i d g e  

elements t h e n  were p l aced  under an exhaust hood where t h e  s o l v e n t  was 

a l l owed  t o  evaporate  f r e e l y  a t  room temperature,  and each sample c a r t r i d g e  

was weighed t w i c e  each day f o r  seven days. 

A comparison o f  t h e  pe rcen t  s o l v e n t  l o s s ,  as a f u n c t i o n  o f  d ra inage  

t i m e  between new and used c a r t r i d g e s ,  i n d i c a t e d  t h a t  t h e  s o i l  and res i due  

l oad ings  o f  b o t h  used c a r t r i d g e s  caused a  lower  r a t e  o f  s o l v e n t  dra inage.  

The l a r g e s t  d i f f e r e n c e s  i n  dra inage r a t e s  occur red  between new and used 

a l l - c a r b o n  c a r t r i d g e s ,  w h i l e  a s i m i l a r  comparison o f  carbon-core 

c a r t r i d g e s  r e s u l t e d  i n  a more equal pe r cen t  d ra inage  o f  i n i t i a l  s o l v e n t  

con ten t  over  t h e  e n t i r e  d ra inage  p e r i o d .  I n  gene ra l ,  carbon-core 

c a r t r i d g e s  gave up s o l v e n t  a t  a h i g h e r  r a t e  than  a l l - c a r b o n  c a r t r i d g e s  

over  extended p e r i o d s  o f  dra inage and evapora t ion .  



The r e s u l t s  o f  t h i s  t e s t  i n d i c a t e  t h a t  a  so lvent  drainage d u r a t i o n  

o f  8 t o  12 hours (overn igh t )  would be s u f f i c i e n t  t o  produce a minimal 

t o t a l  emissions (see F igure  A-7 ) ,  w h i l e  being b r i e f  enough t o  prevent  

d i s r u p t i o n  o f  normal p l a n t  operat ion.  The undrained system emission 

r a t e  o f  0.56 kg so lvent  per  100 kg d ry  weight o f  a r t i c l e s  cleaned would 

be reduced by 37 t o  40 percent  a f t e r  drainage dura t ions  o f  8  t o  12 hours, 

respec t i ve l y .  Table A-4 shows emissions from ca r t r i dges  over a p e r i o d  

o f  several days. Comparison o f  so lvent  r e t e n t i o n  i n  new and used 

c a r t r i d g e s  i n d i c a t e s  t h a t  new c a r t r i d g e s  having no s o i l  and res idue 

l oad ing  would have i n i t i a l  (undrained) emission roughly equ iva len t  t o  

those o f  the  used ca r t r i dges .  Therefore, general r e s u l t s  gained i n  t h i s  

t e s t  cou ld  be app l i ed  t o  f a c i l i t i e s  having lower throughputs between 

c a r t r i d g e  replacements and/or lower s o i l  loading. 

A. 6 TEST 6  (ANAHEIM) 

EPA cont rac ted  a  study t o  c o l l e c t  and analyze data a t  a l a r g e  

i n d u s t r i a l  d ry  c lean ing  f a c i l i t y  t o  evaluate the techn ica l  and economic 

f e a s i b i l i t y  o f  reducing the  so lvent  content  o f  s t i l l  wastes through: 

(a) ope ra t i  ng procedure modi f ic a t i  ons , and by (b) in s t a l  1  ing a  densi o-

meter i n  t he  s t i l l  bottom t o  c o n t r o l  the  boi ldown schedule. I n  a d d i t i o n ,  

hydrocarbon concentrat ions were measured from f u g i t i v e  sources w i t h i n  

t h e  d ry  c lean ing  p l a n t  du r ing  the  t e s t  p e r i o d  (Jern igan and Kezerle, 

1980). 

The host  p l a n t  f o r  t h i s  t e s t  was a l a r g e  i n d u s t r i a l  launder ing and 

d r y  c lean ing  f a c i l i t y  l oca ted  ' i n  Anaheim, C a l i f o r n i a .  This  f a c i l i t y  

u t i l i z e d  a 230 kg (500 l b )  Washex washer/extractor and a 180 kg (400 l b )  

Challenge-Cook d rye r  t o  c lean approximately 8,700 kg (19,000 l b s )  o f  

a r t i c l e s  per  week. I n  a d d i t i o n ,  the  f a c i l i t y  had two so lvent  s t i l l s ,  

each w i t h  a 1,900 l i t e r  (500 g a l )  per  hour capaci ty ,  manufactured by 

Washex. Data were c o l l e c t e d  a t  the  p l a n t  f o r  t h i s  eva lua t ion  from 

November 5 t o  November 19, 1979. 

Procedures used t o  accomplish the  t e s t  ob jec t i ves  inc luded the  

de terminat ion  o f  t he  boi ldown t ime f o r  the  vacuum s t i l l  and the  deter-  

m i  n a t i o n  o f  t he  s p e c i f i c  g r a v i t y  o f  the  s o l v e n t / s t i  11 waste mix ture  

du r ing  d i s t i l l a t i o n  by us ing  a densiometer. P lan t  records were examined 





Table A-4. TOTAL SOLVENT EMISSIONS DUE TO DISPOSAL OF 
14  FILTER CARTRIDGES (12 CARBON-CORE AND 2 ALL-CARBON) 

AS A FUNCTION OF DRAINAGE TIME 

So lven t  emissions 
Elapsed dra inage ( i n  kg s o l v e n t  e m i t t e d  p e r  Percentage o f  

t ime  100 kg o f  a r t i c l e s  cleaned) undra ined emissions 

8 minutes 0 .41  73 

8 hours 0.35 63 

12 hours 0.34 62 

8.25 days 0.22 39 



t o  determine t h e  f requency o f  s t i l l  bo i ldowns.  I n  a d d i t i o n ,  f u g i t i v e  

s o l v e n t  emiss ion  l e v e l s  a t  v a r i o u s  l o c a t i o n s  i n  t h e  p l a n t  were measured 

u s i n g  a Beckman 400 f lame i o n i z a t i o n  ana l yze r  (FIA) .  

Hydrocarbon concen t ra t i ons  i n  and around t h e  work area i n  t h e  d r y  

c l e a n i n g  f a c i l i t y  were r e p o r t e d  as p a r t s  p e r  m i l l i o n  (ppm) o f  propane. 

( A  s tandard  convers ion  f a c t o r  f rom propane t o  Stoddard o f  3.36 was 

c a l c u l a t e d . )  Emissions c o u l d  be approximated o n l y  f o r  t h e  r o o f  exhaust ,  

where approx imate ly  1 .56  kg (3.43 I b s )  o f  Stoddard s o l v e n t  was e m i t t e d  

p e r  hour.  The h i g h e s t  s o l v e n t  vapor l e v e l s  i n  t h e  workp lace were 

recorded  around t h e  washer, averag ing  about  3,300 ppm as propane o r  

980 ppm as Stoddard. Hydrocarbon concen t ra t i ons  a t  t h e  c l e a n  s o l v e n t  

t ank  were an o r d e r  o f  magnitude h i ghe r ,  r each ing  as h i g h  as 24,000 ppm 

as propane o r  7,150 ppm as Stoddard so l ven t .  

Resu l t s  o f  t h i s  t e s t  i n d i c a t e d  t h a t  measur ing t h e  s p e c i f i c  g r a v i t y  

o f  t h e  s t i l l  con ten ts  d u r i n g  d i s t i l l a t i o n  w i t h  a densiometer was n o t  

f e a s i b l e  o r  even d e s i r a b l e ,  due t o  t h e  adverse thermal  and mechanical  

e f f e c t s  o f  r a p i d  b o i l i n g  on t h e  s e n s i t i v e  densiometer mechanism. 

However, t h e  s o l v e n t  c o n t e n t  o f  t h e  s t i l l  waste generated a t  t h i s  

pe t ro leum d r y  c l e a n i n g  f a c i l i t y  c o u l d  be reduced, w i t h  no adverse 

e f f e c t s ,  by b o i l i n g  down t h e  s t i l l s  l e s s  f r e q u e n t l y .  A t  t h e  t ime  o f  

t h i s  t e s t  program, t h e  s t i l l s  were b o i l e d  down and t h e  waste i n  t h e  sump 

was d i sca rded  d a i l y .  T h i s  meant t h a t  144 l i t e r s  (38 g a l ) ,  o r  115 kg o f  

s t i l l  waste, c o n t a i n i n g  approx imate ly  90 pe rcen t  pu re  s o l v e n t  by  volume 

was d iscarded  each day. Tab le  A-4 r eco rds  t h e  samples o f  s t i l l  waste 

t h a t  were analyzed f o r  s o l v e n t  con ten t  be fo re  and a f t e r  bo i ldown.  On 

t h e  f i r s t  day (11-07-79) t h e  s t i l l  waste (sample VIS-4) con ta i ned  more 

than  99 pe rcen t  by volume (97% by  w t )  so l ven t .  S t i l l  waste sample 

VIS-21 on t h e  seventh day (11-14-79) represen ts  t h e  t y p i c a l  volume o f  

s o l v e n t  d i sca rded  d a i l y  a t  t h i s  p l a n t  and has t h e  h i g h e s t  d a i l y  

th roughpu t .  Th i s  sample con ta i ned  approx imate ly  90 p e r c e n t  by volume 

(91% by  w t )  so l ven t ,  r e p r e s e n t i n g  a r e d u c t i o n  o f  5  p e r c e n t  over  sample 

VIS-4, due t o  t h e  reduced bo i ldown f requency.  

Resu l t s  from s o l v e n t  con ten t  analyses conducted on 11-15-79 and 

11-16-79 (VIS-23 and VIS-26, r e s p e c t i v e l y )  showed no app rec i ab le  

d i f f e r e n c e  i n  t h e i r  s o l v e n t  con ten ts .  I n s t e a d  o f  a decrease i n  s o l v e n t  



con ten t  f rom samples VIS-23 t o  VIS-26, t h e r e  was a c t u a l l y  a  2  pe rcen t  

increase.  Th i s  inc rease  i s  cons idered i n s i g n i f i c a n t  on a day-to-day 

b a s i s  and may be a t t r i b u t a b l e  t o  a number o f  f a c t o r s  such as a change i n  

t h e  t ype  o f  a r t i c l e s  cleaned, s t i l l  ope ra t i on ,  o r  a s l i g h t  v a r i a t i o n  i n  

l a b o r a t o r y  procedures f o r  ana l yz i ng  t h e  s t i l l  waste. 

S t i l l  waste was a l l owed  t o  accumulate f o r  10 days (11-09-79 t o  

11-19-79) be fo re  t h e  s t i l l  was b o i l e d  down again.  On t h e  l a s t  day o f  

t e s t i n g ,  t h e  s t i l l  was b o i l e d  down and sample VIS-30 was analyzed f o r  

i t s  s o l v e n t  con ten t .  Th i s  sample con ta ined  25 pe rcen t  l e s s  so l ven t ,  on 

a mass bas i s ,  than  VIS-4 and 2 1  pe rcen t  l e s s  s o l v e n t  than  VIS-26, as 

shown i n  Table A-5. 

The a n a l y t i c a l  procedures used t o  determine t h e  s o l v e n t  con ten t  i n  

each sample i n v o l v e d  de te rm in ing  t h e  mo i s tu re  con ten t  by t h e  Ca r l -F i she r  

Method and g r a v i m e t r i c a l  l y  de te rm in ing  ( a t  103OC) t h e  nonvol a t i  1  es in 

t h e  samples. The s o l v e n t  c o n t e n t  then  was determined by a process o f  

e l i m i n a t i o n ,  i n  which t h e  q u a n t i t y  o f  nonsolvent  components was 

determined and t hen  was sub t rac ted  f rom t h e  t o t a l  sample mass. 

An a l t e r n a t e  method t o  decrease s o l v e n t  losses  would be t o  reduce 

t h e  t o t a l  volume o f  s t i l l  waste, by e l i m i n a t i n g  t h e  i n a c t i v e  space i n  

t h e  s t i l l  below t h e  steam chest .  I n  t h e  t e s t e d  s t i l l  design, l i q u i d s  

below t h e  steam ches t  d i d  n o t  r e c e i v e  s u f f i c i e n t  heat  t o  vapor ize  d u r i n g  

boi ldown. These l i q u i d s ,  which con ta ined  a h i g h  c o n c e n t r a t i o n  o f  

so l ven t s ,  were d ischarged d a i l y  a f t e r  boi ldown. The more f r e q u e n t l y  t h e  

s t i l l  was b o i l e d  down, t h e  g r e a t e r  t h e  amount o f  s o l v e n t  d iscarded  w i t h  

t h e  wastes. 

A VOC emiss ion r a t e  o f  1 .53 kg p e r  hour was recorded (11-09-79) 

d u r i n g  t h e  course o f  a 6-hour d r y  c l e a n i n g  day when approx imate ly  

1,360 kg (3,000 I b s )  o f  pan ts  were d r y  cleaned. Th i s  equates t o  227 kg 

o f  a r t i c l e s  c leaned p e r  hour.  Thus, t h e  r a t i o  o f  t h e  mass o f  f u g i t i v e  

s o l v e n t  e m i t t e d  p e r  hour t o  t h e  mass o f  a r t i c l e s  c leaned p e r  hour i s  

0.687 kg o f  f u g i t i v e  VOC e m i t t e d  p e r  100 kg o f  a r t i c l e s  c leaned. Two 

access doors were open ( f r o n t  and r e a r  o f  t h e  d r y  c l e a n i n g  area) d u r i n g  

t h e  f u g i t i v e  emissions t e s t .  It i s  assumed t h a t  t h e  recorded f u g i t i v e  

emissions r a t e  would have been h ighe r  i f  these doors were c losed.  





A.7 TEST 7  (ANAHEIM) 

EPA cont rac ted  the  eva lua t i on  and demonstrat ion o f  carbon adsorp t ion  

technology a t  an i n d u s t r i a l  d r y  c lean ing  f a c i l i t y  i n  Anaheim, C a l i f o r n i a  

(Lutz e t  a l . ,  1980). This  program was developed t o  determine the  

e f fec t i veness  o f  carbon adsorp t ion  i n  c o n t r o l l i n g  VOC emissions. I t  

cons is ted  o f  f i t t i n g  a  pro to type carbon adsorp t ion  u n i t ,  purchased from 

V I C  Manufactur ing Company o f  Minneapol is,  Minnesota, t o  the  d rye r  exhaust 

o f  a petroleum so lvent  i n d u s t r i a l  d ry  c lean ing  dryer ;  opera t ing  the  

system t o  c o l l e c t  performance data; and eva lua t i ng  the  economics o f  

opera t ion  a t  t h i s  establ ishment.  

The hos t  d ry  c lean ing  p l a n t  i n  Anaheim, C a l i f o r n i a ,  i s  a l a rge ,  

in d u s t r i a l  f a c i  1  it y  u t i  1  iz i n g  a 230 kg (500 1  b) Washex washer/ext ractor  

and a 180 kg (400 l b )  Challenge-Cook d rye r  t o  process approximately 

8,700 kg (19,000 l b )  o f  general apparel per  week. Th is  throughput 

represents about 50 percent  o f  t h e  8-hour capac i ty  o f  t he  d ry  c lean ing  

dryer .  Data were developed t o  determine the  e f f e c t  o f  t he  d i f f e r e n t  

u t i l i z a t i o n  ra tes  on the  var ious  parameters under eva lua t ion .  A f t e r  

i n s t a l l a t i o n  o f  the  carbon adsorp t ion  u n i t ,  t e s t i n g  was conducted a t  the  

f a c i l i t y  from J u l y  24, 1978 t o  March 23, 1979. 

Test procedures used du r ing  the  carbon adsorp t ion  t e s t  program 

inc luded a  determinat ion o f  hydrocarbon concentrat ions by cont inuous ly  

sampling the  gas streams t o  and from the  carbon adsorp t ion  u n i t .  Th is  

was accomplished us ing  two Beckman 400 flame i o n i z a t i o n  analyzers (F IA) .  

Both the  i n l e t  and exhaust gas stream f l o w  r a t e s  were cont inuous ly  

monitored, as were the  temperatures o f  t he  var ious  l i q u i d  and gas streams 

Other parameters measured du r ing  the  t e s t  program included: e l e c t r i c i t y  

consumption, na tu ra l  gas consumption, water usage, steam f l o w  r a t e  t o  

adsorp t ion  u n i t ,  and so l ven t  recovery r a t e .  I n  add i t i on ,  samples o f  

so l ven t  and samples o f  carbon from the  carbon bed were analyzed 

i n f r e q u e n t l y  du r ing  the  t e s t  per iod .  

The carbon adsorber system (see F igure  A-8) was i n i t i a l l y  operated 

i n  s t r i c t  compliance w i t h  the  recommendations and i n s t r u c t i o n s  o f  t he  

adsorber manufacturer and h i s  f i e l d  representa t ives .  E a r l y  i n  t h i s  t e s t  

per iod ,  i t  became apparent t h a t  the  adsorp t ion  system had been over-

designed, r e s u l t i n g  i n  removal e f f i c i e n c i e s  f a r  i n  excess o f  t he  





s p e c i f i e d  performance guarantee o f  90 percent  so lvent  removal on a 

24-hour average. The t e s t  program was, t he re fo re ,  amended t o  inc lude an 

eva lua t i on  o f  changes t o  t h e  design and opera t ing  procedures f o r  t he  

carbon adsorp t ion  system. Various design parameters were mod i f ied  t o  

determine t h e i r  e f f e c t  on the  performance and cos t  o f  the  adsorp t ion  

system. From these s tud ies ,  an opt imized system was es tab l ished f o r  use 

i n  eva lua t i ng  t h e  performance, cos t ,  and c o s t  e f fec t i veness  o f  u t i l i z i n g  

carbon adsorp t ion  technology f o r  t h e  reduc t i on  o f  VOC emissions from 

petroleum d ry  c lean ing  p l a n t s .  

The f o l l o w i n g  a l t e r a t i o n s  t o  the  o r i g i n a l  adsorber design r e s u l t e d  

from the  op t im iza t i on :  (1) t h e  1  i n t  f i  l t e r ' a r e a  was increased by 

80 percent  t o  f a c i l i t a t e  d a i l y  c leaning;  (2) t h e  blower t h a t  forces t h e  

d rye r  exhaust through t h e  adsorber was mod i f i ed  t o  operate on ly  when t h e  

d rye r  was running, r a t h e r  than cont inuously ;  (3) t he  o r i g i n a l  system o f  

t h ree  carbon beds was reduced t o  two beds; (4) desorp t ion  steam pressure,  

f l o w  r a t e ,  and du ra t i on  were opt imized a t  103 k i lopasca ls ,  590 kg/hr, 

and 60 minutes, respec t i ve l y ;  and (5) t h e  adsorber i n l e t  (d ryer  exhaust) 

vapor coo le r  was e l im ina ted,  because d rye r  exhaust temperatures were 

i n s u f f i c i e n t  t o  damage the  carbon beds. 

The hydrocarbon emission reduct ion  e f f i c i e n c y  f o r  t h e  opt imized 

design (app l i ed  t o  the  d rye r  exhaust) was 95 percent,  and va r ied  from 

93 percent  f o r  a p l a n t  w i t h  100 percent  u t i l i z a t i o n  t o  97 percent  a t  

25 percent  u t i l i z a t i o n .  Cap i ta l  cos ts  f o r  t h i s  system, i n c l u d i n g  s i t e  

p repa ra t i on  and equipment i n s t a l l a t i o n ,  a re  est imated a t  $128,000 

(mid-1978 do1 1  ars )  . Cost e f fec t i veness  , def  ined as the  annual o p e r a t i  ng 

c o s t  d i v ided  by the  q u a n t i t y  o f  emission reduct ion ,  i s  a f u n c t i o n  o f  

equipment u t i l i z a t i o n  ra tes ,  and a d d i t i o n a l l y  e x h i b i t s  a  s t rong 

dependence on t h e  market va lue o f  t he  recovered solvent .  A so lvent  c o s t  

o f  $ 0 . 1 6 / l i t e r  ($0.61/gal) was assumed f o r  t he  bas ic  ana lys is ,  b u t  t he  

e f f e c t  o f  increases i n  petroleum cos ts  on annual ized opera t ing  cos ts  was 

inves t iga ted .  The cos t  e f fec t i veness  o f  the  opt imized design was $560/Mg 

($5lO/ton), and was est imated as $ 1  ,OgO/Mg ($980/ton) and $220/Mg 

($200/ton) f o r  25 percent  and 100 percent  u t i  1  i z a t i o n ,  respec t i ve l y .  

When t h e  va l  ue o f  Stoddard so l  vent  reaches $0.60/1 it e r  ($2.30/gal), t h e  

opt imized system (50 percent  u t i l i z a t i o n )  w i l l  have zero annual 

opera t ing  cos ts ,  neg lec t i ng  t h e  r i s e  i n  o the r  opera t ing  expenses. 



The r e s u l t s  o f  t h i s  p r o j e c t  demonstrate t h e  t e c h n i c a l  f e a s i b i l i t y  

of a p p l y i n g  carbon a d s o r p t i o n  techno logy  t o  reduce t h e  emiss ion o f  

hydrocarbon s o l v e n t s  f rom d r y e r  exhausts a t  pe t ro leum s o l v e n t  d r y  c l e a n i n g  

p l a n t s .  The c o s t  e f f e c t i v e n e s s  o f  t h i s  techn ique ,  $560/Mg ($510/ton),  

i s  expected t o  drop s i g n i f i c a n t l y  as t h e  va lue  o f  t h e  rec la imed s o l v e n t ,  

a pe t ro leum d i s t i l l a t e ,  i nc reases .  Even a t  i t s  p resen t  c o s t  e f f e c t i v e n e s s ,  

carbon a d s o r p t i o n  i s  economica l l y  comparable w i t h  t h e  c o s t  o f  emiss ion 

r e d u c t i o n  r e q u i r e d  i n  o t h e r  i n d u s t r i e s .  An a d d i t i o n a l  b e n e f i t ,  p rov i ded  

by t h e  a p p l i c a t i o n  o f  carbon a d s o r p t i o n  techno logy  t o  t h e  pe t ro leum d r y  

c l e a n i n g  i n d u s t r y ,  i s  t h e  r e d u c t i o n  i n  o v e r a l l  consumption o f  pe t ro leum 

produc ts  by these p l a n t s .  The demons t ra t ion  p l a n t  recovered s o l v e n t  a t  

a r a t e  o f  61,000 l i t e r s  (16,000 g a l )  p e r  yea r  which o therw ise  would have 

t o  be rep laced  w i t h  new s o l v e n t  purchases. 
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APPENDIX B 

EMISSION MEASUREMENT PROCEDURES 

Emission measurement procedures f o r  l a r g e  pet ro leum d r y  c leaners  

would be based on a de te rm ina t i on  o f  t h e  amount o f  s o l v e n t  l o s t  i n  t he  

o v e r a l l  d r y  c l e a n i n g  process ( m a t e r i a l  balance).  Th i s  procedure cou ld  

be rep laced  o r  augmented by  f i e l d  t e s t  procedures on p a r t i c u l a r  i tems o f  

d r y  c l e a n i n g  equipment, such as t h e  s o l v e n t  recovery  d r y e r  o r  t h e  vacuum 

s t i l l .  Both o f  these  procedures w i l l  be descr ibed  i n  t h e  f o l l o w i n g  

sec t i ons .  

B . l  MATERIAL BALANCE METHODS 

M a t e r i a l  balance methods can be used t o  determine t h e  t o t a l  l o s s  o f  

s o l v e n t  i n  a pe t ro leum s o l v e n t  d r y  c l e a n i n g  p l a n t  by measuring s o l v e n t  

i n p u t  and o u t p u t  a t  each s tep  o f  t h e  d r y  c l ean ing  process ( s o l v e n t  

s to rage ,  washing, d r y i n g ,  f i l t r a t i o n ,  d i s t i l l a t i o n ,  and losses  f rom 

f u g i t i v e  sources.)  A m a t e r i a l  balance r e q u i r e s  measurement o f  c l o t h e s  

and s o l v e n t  over  a  number o f  loads i n  a d d i t i o n  t o  s o l v e n t  l e v e l s  i n  t h e  

system be fo re  and a f t e r  t e s t i n g .  A l l  s i g n i f i c a n t  sources o f  s o l v e n t  

must be accounted f o r .  The f o l l o w i n g  method was developed by  EPA ( f o r  

t h e  Perch lo roe thy lene  d r y  c l e a n i n g  CTG) w i t h  t he  ass i s tance  o f  an EPA 

c o n t r a c t o r  and t h e  I n t e r n a t i o n a l  Fab r i ca re  I n s t i t u t e .  The method o u t l i n e d  

here  should be cons idered f l e x i b l e  f o r  t h e  d i f f e r e n t  processes i n  t h e  

i n d u s t r y .  

A .  Before  t h e  t e s t  begins,  e s t a b l i s h  a s o l v e n t  base l i ne  by t h e  f o l l o w i n g  

methods: 

1. Dra i  n  e n t i  r e  c a r t r i d g e  f i1 t e r  con ten ts  ( so l ven t )  t o  ho l  d i  ng 

t ank  ( o r  vacuum s t i l l ) .  

2. Complete d i s t i l l a t i o n  and beg in  bo i ldown o f  vacuum s t i l l .  

Remove c a r t r i d g e  f i l t e r s  and d i sca rd .  



3. On complet ion o f  s t i l l  boildown, remove s t i l l  bottoms (h igh  

b o i  1 ers). 

4. S t a r t  up wash pump t o  f i l l  f i l t e r  housing ( i d e a l l y ,  machine 

should be on continuous r e c i r c u l a t i o n  - so lvent  c i r c u l a t i n g  

between base tank  and f i l t e r  and re turn ing) .  

5. Add any detergent  needed. (Take so lvent  sample, i f  needed). 

6. Measure so lvent  l e v e l  by d i p  s t i c k  o r  gauge i n  washer base 

tank  o r  ground tank. (Account f o r  res idue volume i n  bottom o f  

tank. ) 

7. Make sure t h a t  t h e  recovered so l v e n t  f l o w  from the  recovery 

dryer  i s  d i r e c t e d  t o  t h e  washer base tank  o r  ground tank. 

B. Dur ing t h e  t e s t :  

Record weight o f  a l l  loads. 

C. A f t e r  t h e  t e s t  per iod,  recreate  cond i t i ons  o f  f i r s t  so lvent  

measurement by repeat ing  Steps A. 1through A.4. Another sample may 

be taken t o  determine detergent  concentrat  i o n  i n  t h e  "charged" 

solvent ,  i f  needed. 

The so lvent  l oss  i n  c a r t r i d g e  f i l t e r s  i s  a f i x e d  loss  f o r  t he  

number o f  loads recommended f o r  use. I n  o ther  words, i f  a f i l t e r  vendor 

recommends 200 loads o f  a r t i c l e s  as t h e  f i l t e r  l i f e ,  t h e  l oss  from a 

f i l t e r  change i s  the  same as the  200 loads whether the re  are  50 loads o r  

300 loads run dur ing  t h e  t e s t  per iod.  The loss  from f i l t e r s  f o r  a t e s t  

o f  l ess  than the  recommended f i l t e r  l i f e  should be p ro ra ted  t o  the  l i f e  

o f  t he  f i l t e r .  A l oss  o f  1ki logram a f t e r  50 loads on a f i l t e r  of 

200 load l i f e  should be considered i n  t h e  c a l c u l a t i o n  as a l oss  o f  

0.25 kilograms. 

F ixed losses are  a s i g n i f i c a n t  f a c t o r  i n  petroleum so lvent  washers. 

A 70 k i logram load i n  a 115 k i logram capac i ty  machine w i l l  have near l y  

t h e  same loss  as a 115 k i logram load i n  t h e  same machine. I n  c a l c u l a t i n g  

ki lograms o f  c lo thes  throughput, the  vendor capac i ty  t imes the  number of 

loads should be used ins tead  o f  t h e  ac tua l  load weight.  (The I F 1  and 

o the r  t rade organizat ions can r e l a t e  cubic f e e t  o f  water volume t o  

capac i ty  by a v a i l a b l e  f a c t o r s  too  extensive t o  l i s t  here. ) 



To determine s o l v e n t  consumption, t h e  s o l v e n t  l e v e l  (minus de te rgen t ,  

s i z i n g ,  e t c . )  o f  t h e  i n i t i a l  measurement (Step A.6) i s  compared t o  t h e  

s o l v e n t  l e v e l  (minus de te rgen t ,  s i z i n g ,  e t c . )  o f  t h e  f i n a l  measurement 

(Step C ) .  A l l  s o l v e n t  added d u r i n g  t h e  t e s t  p e r i o d  shou ld  be accounted 

f o r .  

To determine t h e  system emiss ion f a c t o r  f o r  t h e  t e s t  p e r i o d  (which . 

shou ld  be f o r  a t  l e a s t  20 wo rk i ng  days and 14,000 kg o f  a r t i c l e s  c leaned) ,  

t h e  s o l v e n t  consumption i s  d i v i d e d  by  t h e  we igh t  o f  c l o t h e s  c leaned,  

r e s u l t i n g  i n  a de te rm ina t i on  o f  t h e  mass o f  s o l v e n t  l o s t  ( em i t t ed )  p e r  

mass o f  a r t i c l e s  c leaned. 

Accord ing t o  t h e  I F I ,  samples shou ld  be analyzed f o r  de te rgen t  

concen t ra t i on ,  mo is tu re ,  n o n v o l a t i l e s ,  d r y  s i z i n g ,  and i n s o l u b l e  m a t e r i a l s .  

A Hyamine 1622 o r  Aerosol  OT T i t r a t i o n  shou ld  be used f o r  de te rgen t  

c o n c e n t r a t i o n  r e p o r t e d  on a v o l  ume/vol ume pe rcen t  bas i s .  The mo i s tu re  

con ten t  i s  determined by a  K a r l - F i s c h e r  t i t r a t i o n  procedure and r e p o r t e d  

as g r a i n s  o f  water/100 m i l l i l i t e r s  of s o l u t i o n .  N o n v o l a t i l e  r e s i d u e  i s  

determined g r a v i m e t r i c a l l y  by  a steam b a t h  evapo ra t i on  o f  a  measured 

volume o f  s o l v e n t  and we igh ing  t h e  res idue .  Dry s i z i n g  con ten t  i s  

determined by  e x t r a c t i n g  t h e  n o n v o l a t i l e  r es i due  w i t h  b o i l i n g  e t h y l  

a l coho l .  I n s o l u b l e  m a t e r i a l  con ten t  i s  t o  be determined g r a v i m e t r i c a l l y  

a f t e r  f i l t r a t i o n  o f  a volume o f  s o l v e n t  th rough  a 0.20 micrometer  membrane. 

B.2 RECOVERY DRYER EMISSIONS MEASUREMENT 

Petroleum s o l v e n t  recovery  d r y e r  VOC emiss ions can be determined by 

e i t h e r  a m a t e r i a l  ba lance on t h e  d r y e r  o r  by  u s i n g  a f lame i o n i z a t i o n  

ana l yze r  (FIA) t o  determine t h e  s o l v e n t  con ten t  o f  t h e  d r y e r  atmospher ic 

exhaust. 

0 . 2 . 1  D i r e c t  Measurement o f  D rye r  Exhaust Emissions 

The de te rm ina t i on  o f  recovery  d r y e r  emiss ions by FIA a n a l y s i s  o f  

d r y e r  exhaust s o l v e n t  concen t ra t i ons  i s  a more complex and t e c h n i c a l l y  

demanding procedure t h a n  t h e  m a t e r i a l  ba lance method d iscussed below. 

The methods used i n  t h i s  t e s t  shou ld  i n c l u d e  EPA Reference (40 CFR 

P a r t  60) Tes t  Methods 1, 2, and proposed (45 FR 83126 December 17, 1980) 

25A. 

Whi le  Methods 1 and 2  would govern t h e  s e l e c t i o n  o f  atmospher ic 

vapor exhaust sampl ing p o i n t s  and t h e  procedure f o r  de te rm in i ng  t h e  



exhaust f l o w  r a t e ,  respec t i ve l y ,  Method 25A would govern the  measurement 

o f  t he  VOC (as propane) vapor concent ra t ion  i n  t he  c o n t r o l  device 

atmospheric exhaust by a f lame i o n i z a t i o n  analyzer  (FIA). F i r s t ,  a 

response r a t i o  o f  t h e  F IA ' s  measurement o f  a g iven concent ra t ion  o f  

propane t o  t h e  same concent ra t ion  o f  VOC (so lvent )  would be determined 

i n  the  l abo ra to ry  (see Attachment 1). Then the  FIA would be f i e l d  

c a l i b r a t e d  t o  measure concentrat ions o f  propane gas, and the  measured 

ppmv concentrat ions (as propane) o f  t he  c o n t r o l  device exhaust gases 

would be m u l t i p l i e d  by the  p rev ious l y  determined response r a t i o ,  thereby 

determin ing the  ppmv concent ra t ion  (as so lvent )  o f  t h e  VOC emissions. 

Then by c a l c u l a t i o n ,  one would conver t  t he  VOC concent ra t ion  by volume 

(ppmv) t o  mass concentrat ion.  Th is  procedure should be c a r r i e d  ou t  

under var ious  cond i t i ons  o f  f a b r i c  type, l oad  weight,  and temperatures 

t h a t  a re  t y p i c a l  o f  t he  range encountered i n  t h e  d ry  c lean ing  i ndus t r y .  

The r e s u l t s  o f  t h i s  procedure should be repor ted  as ki lograms VOC emi t ted  

pe r  100 ki lograms d ry  weight  o f  a r t i c l e s  d ry  cleaned. Subsequent changes 

i n  t he  design o r  performance o f  t he  c o n t r o l  device cou ld  necess i ta te  a 

reeva lua t i on  o f  t h e  dev i ce ' s  maximum VOC emissions. Since Method 25A i s  

n o t  a promulgated EPA Reference Test  Method (as o f  t he  date of t h i s  

appendix) and sub jec t  t o  change an a l t e r n a t i v e  t e s t  procedure can be 

used i n  t h e  i n te r im .  One a l t e r n a t e  t e s t  method i s :  "A l te rna te  Test  

Method For D i r e c t  Measurement o f  To ta l  Gaseous Compounds Using A Flame 

I o n i z a t i o n  Analyzer," presented i n  the  OAQPS Guide l ine  Ser ies document 

e n t i t l e ,  "Measurement o f  V o l a t i l e  Organic Compounds1' (Revised September 

1979, EPA-450/2-78-041). 

B. 2.2 Dryer Ma te r i a l  Balance 

L i ke  the  p lan t -w ide  m a t e r i a l  balance p rev ious l y  discussed, t he  

recovery d rye r  ma te r i a l  balance measures d rye r  emissions by accounting 

f o r  a l l  so lvent  en te r i ng  and l eav ing  the  dryer .  A ma te r i a l  balance o f  

t he  so lvent  i n p u t  and output  i n  a recovery d rye r  should be based on 

p rec i se  weight  measurements o f  d r i e d  loads, recovered so lvent ,  and 

water.  For a g iven load, t he  d ry  load weight  should be measured and 

recorded p r i o r  t o  washing. The load should be weighed a f t e r  washing and 

t h e  weight  should be recorded before  dry ing .  Dur ing dry ing ,  t he  recovered 

so l ven t  and water should be c o l l e c t e d  and t h e i r  weights should be recorded 



a t  t h e  end o f  d r y i n g ,  a l ong  w i t h  t h e  we igh t  o f  t h e  d r i e d  load .  Based on 

t h e  assumptions t h a t  t h e  we igh t  o f  t h e  d i r t  removed f rom t h e  l o a d  i n  

washing i s  i n s i g n i f i c a n t  (when compared w i t h  t h e  l o a d  we igh t )  and t h a t  

a l l  o f  t h e  water  con ta ined  i n  t h e  d r i e d  a r t i c l e s  i s  recovered,  t h e  

we igh t  o f  s o l v e n t  c o u l d  be c a l c u l a t e d  f rom t h e  f o l l o w i n g  equa t ion :  

WSE = PDW- PWW- WRS 
Pww 

- WRW 

Where 

WSE = Weight o f  So lven t  Em i t t ed  p e r  100 kg o f  a r t i c l e s  c leaned 

( i n c l u d i n g  d r y e r  exhaust emiss ions,  s o l v e n t  con ta ined  i n  

d r i e d  a r t i c l e s ,  and f u g i t i v e  losses  w i t h i n  t h e  d r y e r )  

PDW = Pre-Dr ied  Weight o f  a r t i c l e s  (kg) 

WRS = Weight o f  Recovered So l ven t  (kg) 

WRW = Weight o f  Recovered Water (kg) 

P W  = Pre-Washed Weight o f  a r t i c l e s  (kg) 

Scales used i n  measur ing these  we igh ts  shou ld  be accura te  t o  0.25 kg a t  

we igh ts  o f  up t o  100 kg. These weigh ings shou ld  be conducted d u r i n g  

normal p l a n t  ope ra t i ons  t h a t  r e f l e c t  t y p i c a l  l o a d  s i z e s ,  f a b r i c  t ypes ,  

and o p e r a t i n g  parameters such as c o o l i n g  water  temperature and f l o w  

r a t e ,  d r y i n g  temperature,  and recovery  c y c l e  d u r a t i o n .  

B.3 DETERMINATION OF SOLVENT CONTENT OF VACUUM STILL AND FILTRATION WASTE 

A de te rm ina t i on  o f  t h e  q u a n t i t y  o f  s o l v e n t  con ta i ned  i n  vacuum 

s t i l l  and f i l t r a t i o n  waste would r e q u i r e  p e r i o d i c  sampl ing o f  waste 

removed f rom t h e  s t i l l  a f t e r  bo i ldown o r  removal o f  f i l t e r  waste f rom 

i t s  housing, r e s p e c t i v e l y .  A t  l e a s t  t h r e e  one-k i logram samples o f  s t i l l  

and f i l t r a t i o n  waste shou ld  be t aken  a f t e r  a  p e r i o d  i n  wh ich  c o n d i t i o n s  

o f  s o i l  l oad ing ,  l o a d  we igh t ,  and f a b r i c  t y p e  va ry  over  a  range t h a t  i s  

t y p i c a l  f o r  t h e  f a c i l i t y .  These samples shou ld  be c o l l e c t e d  i n  sea lab le  

c o n t a i n e r s  which a re  imperv ious t o  pet ro leum so l ven t .  A lso,  t h e  t o t a l  

mass o f  a r t i c l e s  c leaned s i n c e  t h e  p rev i ous  s t i l l  bo i ldown o r  f i l t e r  

change shou ld  be recorded,  as shou ld  t h e  t o t a l  mass o f  s t i l l  o r  f i l t e r  

waste produced s i n c e  t h e  p rev i ous  waste removal .  

De te rm ina t i on  o f  t h e  s o l v e n t  con ten t  o f  t h e  s t i l l  and f i l t e r  waste 

shou ld  be based on t h e  a p p l i c a t i o n  o f  t h e  procedure o u t l i n e d  i n  ASTM 

Method D 322-80 (Standard Tes t  Method f o r  Gaso l ine  D i l u t e n t  i n  Used 



Gasoline Engine O i l s  by D i s t i l l a t i o n ) .  Th is  procedure (see Attachment 2) 

should r e s u l t  i n  a de terminat ion  o f  t he  so lvent  content  (mass) per  u n i t  

mass o f  s t i l l  o r  f i l t e r  waste. This  f a c t o r  should be m u l t i p l i e d  by t h e  

mass o f  s t i l l  o r  f i l t e r  waste produced pe r  100 kg d r y w e i g h t  o f  a r t i c l e s  

cleaned. The f i n a l  r e s u l t  o f  t h i s  procedure should be a de terminat ion  

o f  t he  mass o f  so lvent  conta ined i n  s t i l l  o r  f i l t e r  waste pe r  100 u n i t  

mass o f  a r t i c l e s  d r y  cleaned. 



ATTACHMENT 1 

DEVELOPMENT OF A SOLVENT-TO-PROPANE RESPONSE FACTOR 

The chemical p r o p e r t i e s  o f  pet ro leum s o l v e n t  va ry  from s u p p l i e r  t o  

s u p p l i e r  and a l s o  f rom shipment t o  shipment o f  so l ven t .  For t h i s  reason, 

s tandard c a l i b r a t i o n  gases f o r  pe t ro leum s o l v e n t  a r e  unava i l ab le  f o r  use 

i n  c a l i b r a t i n g  t h e  hydrocarbon ana lyzer  (FIA).  Propane (C3H8) span 

gases w i t h  concen t ra t i ons  o f  10,000 ppm, 1,000 ppm, and 100 ppm hav ing  

an a n a l y t i c a l  accuracy o f  +2 pe rcen t  can be used f o r  c a l i b r a t i o n  d u r i n g  

t h e  f i e l d  t e s t  program and a l s o  d u r i n g  t h e  l a b o r a t o r y  development o f  a 

so lvent - to-propane response f a c t o r  t o  conve r t  concen t ra t i on  readings as 

propane t o  concen t ra t i ons  o f  pe t ro leum so l ven t .  These span gases should 

be c e r t i f i e d  and t r a c e a b l e  t o  t h e  Na t i ona l  Bureau o f  Standards (NBS) by 

t h e  gas s u p p l i e r .  

I n  o rde r  t o  determine t h e  r e l a t i o n s h i p  between t h e  hydrocarbon 

concen t ra t i on  da ta  recorded f rom an FIA c a l i b r a t e d  t o  propane and a c t u a l  

s o l v e n t  concen t ra t i ons ,  a response f a c t o r  has be determined. The 

f o l l o w i n g  i s  a l a b o r a t o r y  t e s t  t h a t  was developed as a  gu ide t o  t h e  

de te rm ina t i on  o f  a  so lvent - to-propane response f a c t o r .  

RESPONSE FACTOR DETERMINATION 

P r i o r  t o  r unn ing  t h e  s o l v e n t  samples, t h e  s o l v e n t  p r e p a r a t i o n  

system (F igu re  B - 1 )  should be g i v e n  t ime  t o  reach t h e  p roper  temperature 

and s t a b i l i z e .  The system then  should be purged severa l  t imes w i t h  zero 

hydrocarbon a i r ,  and t h e  exhaust o f  each purge mon i to red  t o  ensure t h a t  

t he  system i s  f r e e  o f  hydrocarbons. Be fo re  t h e  p u r g i n g  o f  t h e  system 

begins,  t h e  hydrocarbon ana lyzer  should be c a l i b r a t e d  w i t h  zero 

hydrocarbon a i r  which con ta ins  l e s s  than  2 ppm o f  t o t a l  hydrocarbons and 

span gas which con ta ins  100 ppm o f  propane. 
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Figure E-1. Response Factor Preparat ion System. 



P r i o r  t o  each sample r u n  t h e  system shou ld  be purged, and a f t e r  

severa l  sample runs  t h e  span c a l i b r a t i o n  shou ld  be checked. 

M a t e r i a l s  used i n  t h e  t e s t  system shou ld  be s e l e c t e d  f o r  t h e i r  

r e l i a b i l i t y  and a b i l i t y  t o  d e l i v e r  a non-degraded sample t o  t h e  

hydrocarbon ana lyzer .  

A hydrocarbon ana l yze r  shou ld  be used which employs t h e  f lame 

i o n i z a t i o n  method f o r  de te rm in i ng  hydrocarbons. A check on t h e  Ted la r  

bag shou ld  be made f o r  p o s s i b l e  leakage by f i l l i n g  i t  u n t i l  i t  becomes 

r i g i d  and a l l o w i n g  i t  t o  s tand  f o r  approx imate ly  12 hours.  A t  t h e  end 

o f  t h i s  p e r i o d ,  t h e  bag should  remain r i g i d ,  i n d i c a t i n g  t h a t  i t  i s  l e a k  

t i g h t .  The T e f l o n  diaphragm pump and t h e  d r y  gas meter should  be t e s t e d  

f o r  leaks  be fo re  s t a r t i n g  t h e  t e s t s .  The s y r i n g e  used f o r  t h e  pe t ro leum 

s o l v e n t  samples shou ld  be g a s - t i g h t  t o  ensure t h a t  no l o s s  o f  sample 

occurs .  Both t h e  ze ro  and span c a l i b r a t i o n  gases used on t h i s  

hydrocarbon ana l yze r  should  be c e r t i f i e d  and t r a c e a b l e  t o  NBS by t h e  

suppl  ie r .  

For  a t y p i c a l  sampl ing run,  da ta  would be recorded  f o r  t h e  

f o l l o w i n g  components: 

1. Dry gas meter temperature.  

2. Dry gas meter volume. 

3. Pressure drop across d r y  gas meter.  

4. O i l  b a t h  temperature.  

5. Temperature o f  heated 1  ines .  

6. Heated meta l  c o n t a i n e r  temperature.  

7. Baromet r i c  pressure.  

A f t e r  t h e  read ings  a re  taken,  a sample o f  pe t ro leum s o l v e n t  i s  

i n j e c t e d  i n t o  t h e  imp inger  where i t i s  vapor ized.  Immediate ly  f o l l o w i n g  

v a p o r i z a t i o n ,  ze ro  hydrocarbon a i r  should  be i n t r oduced  a t  approx imate ly  

260 mmHg (5  pounds p e r  square i nch )  o f  r e g u l a t o r  p ressure  and 2.8 l i t e r s  

p e r  m inu te  ( 0 . 1  cub i c  f e e t  p e r  minute) .  When 9.9 l i t e r s  p e r  m inu te  

(0.35 cfm) a re  i n t r oduced  i n t o  t h e  system, t h e  ze ro  hydrocarbon a i r  

shou ld  be t u r n e d  o f f .  Be fo re  t h e  ze ro  hydrocarbon a i r  i s  t u r n e d  o f f ,  

t h e  va l ve  on t h e  Ted la r  bag shou ld  be c losed.  

The nex t  s t e p  i s  t o  r e c o r d  t h e  d r y  gas meter volume read ing .  A f t e r  

t h e  r ead ing  i s  obta ined,  t h e  Ted la r  bag con ten ts  shou ld  be comple te ly  

e x t r a c t e d  and d e l i v e r e d  t o  t h e  hydrocarbon ana lyzer .  The r e s u l t s  of t h e  



hydrocarbon read ing  should be recorded,  and then  pu rg ing  o f  t h e  system 

begins i n  pepa ra t i on  f o r  t h e  n e x t  sample run.  

The equat ions used i n  response f a c t o r  p r e p a r a t i o n  a r e  g i v e n  i n  

Table B-1. I t  should be no ted  t h a t  p r o p e r t i e s  p e c u l i a r  t o  t h e  s o l v e n t  

used (mo lecu la r  we igh t  and s p e c i f i c  g r a v i t y )  should be determined by 

c o n s u l t i n g  t h e  s o l v e n t  manufacturer .  



Table B-1. EQUATIONS FOR CALCULATING SOLVENT-TO-PROPANE RESPONSE FACTOR 

Sp1 0 .76mg  1 0 3 p g  p g M o l e  2 4 . 0 4 ~ 1  106 
P 1 mg 138 p g  Mole Equat ion 1 

C = 293S 'm Y l o 6  - 'm-

Equat ion  l a  

where CS = Standard c o n c e n t r a t i o n  i n  ppmv as s o l v e n t  

= s tandard  c o n c e n t r a t i o n  i n  ppmv as Propane
C~ 

S = volume p1  o f  s o l v e n t  i n j e c t e d  

= gas volume measured by d r y  gas meter i n  l i t e r s  
""I 

Y = d r y  gas meter c a l i b r a t i o n  f a c t o r  

= abso lu te  p ressure  o f  t h e  d r y  gas meter ,  mmHg'm 

= abso lu te  temperature o f  t h e  d r y  gas meter ,  O KTm 

0.76 = s p e c i f i c  g r a v i t y  o f  s o l v e n t  a t  293 OK 

44 = mo lecu la r  we igh t  o f  Propane 

138 = mo lecu la r  we igh t  o f  s o l v e n t  

24.04 = i d e a l  g a s , ( s p e c i f i c  volume) a t  293 OK, 760 mmHg 

Response r a t i o  = response t o  Cp , where c = cS 
response t o  CS P 





ATTACHMENT 2 


Designation: 23/68(79) 

Standard Test Method for 
GASOLINE DILUENT IN USED GASOLINE ENGINE OILS 
BY DISTILLATION' 

This slandard is issued under the rued designation D 322; Ihe number immediately following the designation indicates the 
year of original adoption or. in the fw of revision. the year of 1 s t  revision.A number in parentheses indicates the year of last 
reapproval. This is also a standard of the Institute of Petroleum issued under the fued designation 1P 23. The fmal number 
indicates the year of last revision. 

1. Scope 

I .  I This method covers determination of the 
amount of dilution in crankcase oils of engines 
when gasoline has been used as the fuel. 

1.2 The values stated in inch-pound units 
are to be regarded as the standard. 

2. Applicable Documents 
2.1 A STM Standard: 
D 484 Specification for Hydrocarbon Dry-

cleaning SolventsZ 

3. Summary of Method 
3.1 The sample, mixed with water, is placed 

in a glass still provided with a reflux condenser 
discharging into a graduated trap connected to 
the still. Heat is applied, and the contents of 
the still are brought to boiling. The diluent in 
the sample is vaporized with the water and then 
liquefied in the condenser. The diluent collects 
at the top of the trap, and the excess water runs 
back to the still where it is again vaporized, 
carrying over an additional quantity of diluent. 
The boiling is continued until all the diluent 
has been boiled out and recovered in the trap, 
and the volume is recorded. 

4. Significance 
4.1 Some fuel dilution of the engine oil may 

take place during normal operation. However, 
excessive fuel dilution is of concern in terms of 
possible performance problems. 

5. Apparatus 
5.1 Flask, round-bottom type as described 

in the Annex. 

5.2 Condenser, Liebig straight-tube type, as 
described in the Annex. 

5.3 Trap, constructed in accordance with the 
requirements in Figs. I and 2 and in the Annex. 

5.4 Heater-Any suitable gas burner or elec- 
tric heater may be used with the glass flask. 
(Warning-Hot exposed surface. See Annex 
A2.1.) 

6. Procedure 
6.1 Mix the sample thoroughly, measure 25 

mL by means of a 25-mL graduated cylinder, 
and transfer as much as possible of the contents 
of the cylinder by pouring it into the flask. 
Wash the graduated cylinder with successive 
portions of hot water until only a neghgible 
amount of oil is left in the cylinder. Add addi- 
tional water to the flask to make a total of 
approximately 500 mL of water. Fill the trap 
with cold water and add I mL of ethanol to the 
water in the trap. 

6.2 Assemble the apparatus as shown in Fig. 
1, so that the tip of the condenser is directly 
over the indentation in the trap. 

6.3 Apply heat (Warning! Hot exposed sur- 
face. See Annex A2.I) to the flask at such a 
rate that refluxing starts within 7 to 10 min 
after heat is applied, with the water and sample 

' This method is under Ihe jurisdiction of ASTM Corn-
millee D-2 on Petroleum Roducu and Lubricants. 

In the IP. this method is under the jurisdiction of tbc 
Standardization Committa. 

Cunrnt edition etTective Au 29,1980. PublishedOctober 
1980. Ori@lly publirbed u 9.322 - 30. L.r(previous edi-
uo: D 322 - 67 (1977). 

A w l  Book o/ASTM St&&, R n  D. 



being at 21 to 38OC prior to application of heat. 
Aflcr bow and condensation has mm-
m e n d  adjust tbc nrc of boiling so that con- 
densed distillate m drrchl+.ed from the atn-
denser at a rate of I to 3 drops per s. 

NOTEI-Bumping with a tendency to fro& over 
is often explcrienad with diny oils, f h e  use of 'boil- 
ing stoaa, aecl WOOL M about 5 mL of eonantrated 
hydrochloric acid (HCI) iu the flask is often helpful 
in e h i m t i q  chis dilliculty. 

6.4 Obuin readings of the amount of diluent 
at the following times, taken from the time that 
refluxing starts: 5, IS, and 30 min, and each 15 
min following until the test is complete. Com- 
pletion of tbe bert shall be determined on the 
basis of either or both of the following criteria: 

6.4.1 The test is complete wben the volume 
of diluent increases by not more than 0.1 mL 
in any IS-min period during the course of h e  
test. 

6.4.2 The test is complete when the volume 
of diluent obtained in r given h e  indicates 
completion, 8s follows: 

S min 
30 mia 
60 mia 
90 mm 

6.5 When the test continues without reach- 
ing the limit def ied  in 6.4.1, to a point at 
wbich any of the conditions described in 6.4.2 
are encountered, the latter shall define the com- 
pletion of the test. 

6.6 Wben the t a t  is complete by either of 
the criteria def ied  in 6.4.1 and 6.4.2, turn off 
the heat. M o w  the equipment to stand at least 
30 min to allow the distillate to settle clear and 
to cool to approximately room temperature. 
Read the volume of diluent collected in the 
trap. If the volume of dduent exceeds the a h -

h t e d  capacity of the m p ,  discontinue the test 
m d  repon the results as 20 % plus. 

7.1 The diluent content of the sample. ex- 
p r d  as volume percent, is equal to the vol- 
ume of diluent in millilitres multiplied by 4. 

NOTE2-111 some ura with samples containing 
krge mounts of diluent, equipment limiutions do 
not pennit collection and measurement of the full 5 
mL of diluent even wben more is prrscnt. This con-
dition exists when the upper h i t  of the collected 
diluent is above thc zero dbration m r k  on the 
m p .  Wbm it occurs f i  the cat as prescribed m 
6.6, read the muimum volume of diluent collated. 
dculrtc the amuponding percentage V'.and re-
port cbc rrruhr rs -x pcpcrocnt plus." 

8. Report 
8.1 R e p m  the result as the Diluen~ Content. 

ASTM D 322 - lP 23. 

9. R c c i s b n  
9.1 The precision of the method as obtained 

by statistical examination of interlaboratory 
test results is as follows: 

9.1.1 Repeatability-The difference between 
successive lcst mulls, obtained by the same 
operator with the same apparatus under wn-  
t u n t  operating conditions of identical test ma- 
terial, would in the long run, in the normal and 
correct operation of the test method, excecd the 
following value only in one casc in twenty: 

0.6 volume % 

9.1.2 Reproducibility-The diKerence be-
tween two single and independent mults, ob- 
tained by different opcralon working in differ-
ent laboratories on identical test material would 
in the long run, in the normal and correct 
operation of the test method, excccd the follow- 
ing value only in one case in twenty: 

1.4volume 4E 
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ANNEX 

Al.  APPARATUS 

A I. I flask. round-bottomed, &on-necked. hav- tbc following requirements: It shall k gradua~ed 
ing r nominal upacity of titre. Figures I and 2 show from 0 to 5 mL in 0.1-ml divisions. It shall be 
rocommended designs and glass connections. calibrated at four or more points by first fdmg it 

A 1.2 Condewr, Liebig strrigbt 1 with a jacket with water and then adding Stoddard solvent or n-
n a  1sb a n  uxl mm tong. and w i r a n  h e r  tube beptane from r wndard buret having r d b r a t e d  
having m outside diameter of 10 to 13 mrn. Figures capacity at least equal to that of the trap The Stod- 
I and 2 rhow characteristic details of suitable wn-  dard solvent should conform to Specification D 484. 
densen. The n-heplane should conform to the current IP 

A 1.3 Trup,in accordana with (be details of con- specification. The error of the indicated volume shall 
struction shown in Figs. I and 2. and confoniing to not ex& 0.05 m l .  

A2. PRECAUTIONARY STATEMENT 

A21 W8nhg  Avoid contact with exposed skin by using protec- 

There arc exposed hot surf- on (be apparatus. livequ ipmcn t  quircd 

7 k  Ammton Sociery for f ~ n i n grmd Morrrialr rokcr no position rrsprcring rhr volrdi!~ of m,,prrnr  righrr purrrrd in 
corvvcrion wirh on) irrm mrnrionrd in r h aondord Uwm oJrhis wondord orr rxprrss!, odv~rrd rho! drrrrminor~on of rhc volrdr!~ 
o/my rrdpalm rights. ad rhr risk o J a / r i ~ r m m r  ojarch nghrs. arr rnrirrly thcu o m  r ~ ~ i b i l ~ ! ) .  

7kif aondord u arb* fo m u i o n  or an).fimr br fhr respousiblr rrchn~col rommirrrr ond must br r rv imrd rvny j iv r  war$ 
d Ynor m k d ,  rirhrr rrrrpprowd or w r ~ r o v n .  Your commrnrr art  invited cuhrr Jor rrvrrion oJrhrr srondord or Jo) oddriionol 
a+& and h d d  k oddrrssrd ro ASTM Hradquoncrs. Yow commmrr will m r r w  conJul rousidrrorron or o mrcrrng of rhe 
mqorrdbk trchnicd romrmirrc, d i c h  you mqv a r m d  I J p u  Jerl r b r  your commrnrs how nor rrcrivrd ofou hroring w u  should 
m a k r y w  riw known to fhr ASTM Commirrrr on Srondards. 1916 h c r  Sf.. Philadrlph~o. Po 19103, vlirrh will srhcdulr a wkr hawing fqording .nmrcommmrs. Failing rorirjocrion rhrrr, you may oppeol ro rhr ASTM Board o j  Dlrrrrorr 



APPENDIX C 


EMISSIONS FACTORS 






APPENDIX C 

EMISSIONS FACTORS 

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

The f o l l o w i n g  emiss ion f a c t o r s  and sample c a l c u l a t i o n s  a r e  i n c l u d e d  

t o  form a b a s i s  f o r  t h e  v e r i f i c a t i o n  o f  VOC emiss ions i n v e n t o r i e s  developed 

f rom emiss ion  source t e s t s ,  p l a n t  s i t e  v i s i t s ,  p e r m i t  a p p l i c a t i o n s ,  e t c .  

These f a c t o r s  and procedures shou ld  n o t  be a p p l i e d  i n  cases where s i t e -

s p e c i f i c  da ta  a r e  a v a i l a b l e ,  b u t  r a t h e r  i n  ins tances  where s p e c i f i c  

p l a n t  i n f o r m a t i o n  i s  l a c k i n g  o r  h i g h l y  suspect.  (See Tab le  C - 1  f o r  

emiss ion  r e d u c t i o n s  f o r  model p l a n t s . )  

11. VOC Emission Fac to rs  f o r  E x i s t i n g  Equipment 

Range o f  emiss ion  r a t e s  Nominal emi s s i o n  r a t e s  
(kg  VOC p e r  100 kg d r y  (kg  VOC p e r  100 kg d r y  

Emission source we igh t  o f  a r t i c l e s  c leaned) we igh t  o f  a r t i c l e s  c leaned)  

D rye r  14- 28 18  

F i  1t e r  
D i a t o m i t e  
C a r t r i d g e  

S t i  11 

F u g i t i v e  sources 

T o t a l  

T o t a l s  w i t h  
D i a t o m i t e  f i l t e r  
C a r t r i d g e  f i l t e r  
S e t t l  i n g  tanks  



Table C-1. NOMINAL ANNUAL VOC EMISSIONS FOR TWO MODEL PLANTS 
EMPLOYING E X I S T I N G  AND RACT EQUIPMENT AND PROCEDURES 

Nominal emission f a c t o r s  
i n  kg VOC emi t ted  Nominal annual VOC 

P lan t  per  100 kg d ry  weight Nominal VOC emissions, emission reduct ions 
throughput,  o f  a r t i c l e s  cleaned kg/yr (1 b /y r )  r e s u l t i n g  from 

Type
o f  p l a n t  

kg/y r E x i s t i n g
( W Y ~ )  equipment 

RACT 
equipment 

E x i s t i n g
equipment 

RACT 
equipment 

RACT implementation, 
kg/yr (1 b/yr)  

Model p l a n t  I 

w i t h  e x i s t i n g :  

D ia tomi te  f i 1 t e r  
0 
I ru 

Car t r idge f i 1 t e r  

S e t t l i n g  tank 

Model p l a n t  I 1  635,000 22 4.8 139,700 
(1,400,000) (307,000) 



111. VOC Emission Fac to rs  f o r  RACT Equipment 

Range o f  emiss ion r a t e s  Nominal emiss ion r a t e s  
Emission Con t ro l  ( k g - ~ O ~ / l O O  kg d r y  we igh t  (kg  VOC/100 kg d r y  we igh t  

source techn ique  o f  a r t i c l e s  c leaned)  o f  a r t i c l e s  c leaned)  

D rye r  Recovery 0 .7-9 .5  
d r y e r  

D i a t o m i t e  C a r t r i d g e  0.5-1.0 
f i l t e r  f i l t e r  

Vacuum No 1.0-7.0  
s t i  11 change 

F u g i t i v e  Improved 0.5-1.0 
o p e r a t i  on 

T o t a l  Range 

T o t a l s  w i t h  e x i s t i n g  
D i a t o m i t e  f i 1 t e r  
C a r t r i d g e  f i1 t e r  
S e t t l i n g  t ank  

I V .  VOC Emiss ion Fac to r s  as App l i ed  t o  Model P l a n t s  

A. Sample C a l c u l a t i o n ,  Model P l a n t  I1 

1. E x i s t i n g  Equipment 
a. T o t a l  Annual Weight o f  C lo thes  Cleaned 

Number o f  Average Weight 
Washer Loads X o f  C l o t h i n g  Per X T y p i c a l  Opera t ing  X 

Per Day Load Days Per Week 

Typ i ca l  Opera t ing  = Average Weight 
Weeks Per Year Cleaned Per Year 

(14) X (180 kg) X (5  days/wk) X (52 wks/yr)  = 635,000 kg /y r  

b. Dryer  Exhaust VOC Emissions 

Standard Dryer  Annual Weight = Weight o f  VOC 
Emission Rate o f  C lo thes Cleaned Emi t ted  Per Year 

1 8  kg VOC X 635,000 kg C lo thes  Cleaned --
100 kg C lo thes  Cleaned p e r  yea r  

114,300 kg VOC Per Year 



c. S t i l l  Waste VOC Emissions 

Vacuum S t i l l  Annual Weight o f  - Weight o f  VOC-
Emission Rate A r t i c l e s  Cleaned Emi t t ed  Per Year 

3 kg VOC 635,000 kg Clothes = 
100 Kg Clothes Cleaned Cleaned Per Year 

19,050 kg VOC Per Year 

d. F u g i t i v e  VOC Emissions 

F u g i t i v e  Emission Annual Weight o f  -- Weight o f  VOC 
Rate Clothes Cleaned Emi t t ed  Per Year 

1 kg VOC 635,000 kg C lo thes  = 
100 kg Clothes Cleaned Cleaned Per Year 

6,350 kg VOC Per Year 

e. T o t a l  Annual P l a n t  VOC Emissions 

Annual Emissions From = T o t a l  Annual P l a n t  
Above Sources VOC Emissions i n  kg /y r  

(114,300 kg) + (19,050 kg) + (6,350 kg) = 139,700 kg 

2. RACT Equipment (Model P l a n t  11) 

a. Dryer  Exhaust VOC Emissions 

RACT Dryer  Cont ro l  Annual Weight o f  = Weight o f  VOC 
Emission Rate Clothes Cleaned Emi t t ed  Per Year 

1. Recovery Dryer  

3.5 kg VOC 635,000 kg C lo thes  = 
100 kg Clothes Cleaned Cleaned Per Year 

22,225 kg VOC Per Year 

b. S t i l l  Waste VOC Emissions 

RACT S t i l l  Annual Weight o f  -- Weight o f  VOC 
Emission Rate A r t i c l e s  Cleaned Emi t ted  Per Year 

3 kg VOC 635,000 kg Clothes --
100 kg Clothes Cleaned Cleaned Per yea r  

19,050 kg  VOC Per Year 



c. F u g i t i v e V O C  Emissions 

F u g i t i v e  Emission Annual Weight o f  -- Weight o f  VOC 
Rate C lo thes  Cleaned Em i t t ed  Per Year 

1 kg VOC 635,000 kg C lo thes  --
100 kg C lo thes  Cleaned Cleaned Per Year 

6,350 kg VOC Per Year 

d. T o t a l  Annual P l a n t  VOC Emissions 

Annual Emissions From = T o t a l  Annual VOC 
Above Sources Emissions i n  kg /y r  

B. P l a n t  VOC Emission Reduct ion E f f i c i e n c y ,  Model P l a n t  I1 

1. T o t a l  Annual P l a n t  VOC Emiss ion Reduct ion 

T o t a l  Annual Emissions - T o t a l  Annual Emissions = 
From E x i s t i n g  Equipment From RACT Equipment 

T o t a l  Annual Emiss ion Reduct ion 

139,700 kg VOC - 47,625 kg  VOC = 92,075 kg VOC 
p e r  yea r  p e r  y e a r  p e r  yea r  

2. Percent  Reduct ion i n  T o t a l  P l a n t  VOC Emissions 

T o t a l  Annual -. T o t a l  Annual Emissions = 
Emission Reduct ion From E x i s t i n g  Equipment 

Percent  Reduct ion i n  T o t a l  P l a n t  Emissions 

92,075 kg VOC + 139,700 kg VOC = 66% 
p e r  y e a r  p e r  y e a r  

V. So l ven t  Recovery, Model P l a n t  I1 

A. So lven t  Not Em i t t ed  = So l ven t  Recovered 

B. C r e d i t  f o r  So lven t  Recovery 

T o t a l  Annual Cost o f  C r e d i t  f o r  Recovery 
Emission Reduct ion X So lven t  = o f  Reduced Emissions 

i n  kg VOC Per kg i n  D o l l a r s  Per Year 

92,075 kg VOC X $0.53 Per = $48,800.00 Per Year 
p e r  yea r  kg So lven t  
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Department of Environmental Quality 
VICTOR ATIYEH 522 S.W. 5th AVENUE, BOX 1760, PORTLAND, OREGON 97207 

December 29, 1981 


United States Environmental Protection Agency 

Attn: Fred L. Porter 

Emission Standards and Engineering Division (MD-13) 

Research Triangle Park, N.C. 27711 


Re: CTG Large Petroleum Dry Cleaners 


Gentlemen: 


Thank you for sending us a review copy.of EPA's "Control of Volatile 

Organic Emissions from Large Petroleum Dry Cleaners", Draft CTG, 

November 1981. 


We strongly believe that the CTG should have included a model rule. 

Equipment manufacturers are now facing a score of different state rules, 

in addition to many local air program control rules. A model rule would 

have given some commonality for the natural diversity that will likely 

follow. Even Regional EPA reviewers may have a difficult time reviewing 

state rules without an EPA model rule. 


Enclosed is the South Coast Air Quality Management ~istrict's (LOS ~ngeles) 

Rule 1102, which 9: hope you will add to your guideline document. I would 

tend to follow thefr lead, lacking your specific guidance. 


Sincerely, 


Peter B. Bosserman 

Sr. Environmental Engineer 


PBB:h 

cc; Pentex, R. Barnard 

EPA - Porter (2nd copy) 



Rule 1102. Petroleum Solvent Dry Cleaners (Adopted January 6, 1978) 
(Amended August 3, 1979) (Amended July 11, 1980) 

(a) Effective March 7, 1978 a person shall not  operate any dry cleaning equipment, which 
uses petroleum-based solvent unless: 
(1) There is no  liquid leaking from any portion of the equipment. 
(2) All washer lint traps, button traps, access doors and other parts of the equipment 

where solvent may be exposed to the atmosphere are kept closed at all times except 
when required for proper operation or  maintenance. 

(3) The  still residue is stored in sealed containers. 
(4) The used filtering material is put into a sealed container immediately after removal 

from the filter or  the dry cleaning system is equipped with one of the following filtering 
systems: 

(A) Cartridge filters containing paper o r  carbon or  a combination thereof, which 
are fully drained in the filter housing for a t  least 12 hours before removal. 

(9) Diatomaceous earth filtering system, connected t o  a centrifugal solvent 
extractor o r  other device capable of removing sufficient solvent so that the 
remaining diatomaceous earth and soil does not contain more than 0.4 
kilogram of solvent per kilogram of filter powder and soil removed (0.4 pounds 
per pound). 

(C) Any other type of filtering system or process found by the Executive Officer to 
be equally effective. 

(b) A person shall not operate any dry cleaning equipment which uses petroleum-based 
solvent unless all exhaust gases from drying tumblers and cabinets are vented through a 
carbon adsorber o r  other control device, or  other methods are used to  reduce the total 
emissions of hydrocarbon vapors t o  the atmosphere by at least 90  percent by weight. 

(c) The provisions of Subsection (b)  shall become effective in accordance with the following 
con~plianceschedule: 
(1) Effective January 1, 1982, all petroleum solvent dry cleaning plants consuming more 

than 50,000 liters (I 3,209 gallons) of solvent per year shall comply with the p r ~ \ ~ i s i o n s  
of section (b). 

(2) Effective July 1, 1983, all petroleum solvent dry cleaning plants consuming more than 
25,200 liters (6,657 gallons) of solvent per year shall comply with t h e  provisions of 
section (b). 

(3) Effective ~ a n u a j  6, 1985 all petroleum solvent dry cleaning plants consuming more 

Fieg. X I  - Page 1 



Rule 1 102 (C0nt'd.l (Amended July 1 I, 1980) 

than 10,000 liters (2,642 gallons) of solvent per year shall comply with the 
provisions of section (b). 

(4) The solvent consumed by a petroleum solvent dry cleaning plant in a year, means 
the amount of solvent purchased for that year. 

(d) Increments of Progress 
In order to  conform with the compliance dates specified in Subsection (c), an owner or 
operator of petroleum solvent dry cleaning equipment shall comply with the following 
increments of progress schedule: 

12 months prior to the effective dates, submit to  the Executive Officer an 
application for Permit to Construct, describing at a minimum, the steps that will be 
taken to achieve compliance with the provision of Subsection (b) of this rule. (2) 
10 months prior to  the effective dates, award the contract for the emission control 
system, or issue purchase orders for the component parts to  accomplish emission 
control. 
8 months prior to the effective dates, initiate on-site construction or installation of 
equipment to reduce or control emissions. 
Upon the effective dates, complete on-site construction or installation of equipment 
to  reduce or control emissions, and assure final compliance with the provisions of 
Subsection (b) of this rule. 





UNITED STATE., LNVIRONMENTAL PROTECTION AGE..<Y 
D A T E :  13 JAN 1982 

Region 11 

SUBJECT: Region I1 Comments on Draft Control Techniques Guidelines (CTG) Documents 

FROM'  Jan N. 

y 
TO: Fred L. Porter, Assistant to the Director 

Emission Standards and Engineering Division (MD-13) 

The following are comments on two draft CTG documents which are being 
circulated for review: 

A. Control of Fugitive VOC Emissions from Synthetic Organic Chemical, 
Polymer and Resin Manufacturing Equipment 

1. The method used to correct a leak and the time required to do so, is 
dependent upon the type of component that is leaking. A leak in a 
packed seal may be repaired with much less difficulty than one in a 
mechanical seal. The action level and achievable emission reduction 
should reflect these differences. While an action level of 10,000 ppmv 
can be acceptable for a repair that can be completed in an hour, a 
higher action level can be acceptable for repairs that require the 

. dismantling of a pump or a compressor. The required emission 
reduction should also be more substantial for the more complicated 
repair. This would assure that the proper repair (and not an ineffective 
temporary repair) is being made on the leaking component. 

2. An exemption is recommended for small processes with less than 100 
valves in gas or light liquid service. Due  to the large number of 
processes that will be covered by these regulations such a broad 
exemption is unwise. In instances where highly toxic or odorous 
chemicals are involved this exemption should not be applicable. 

B. Control of VOC Emissions from Large Petroleum Dry Cleaners 

1. Is the reduction in or the reformulation of the aromatics content of 
petroleum solvents a likely method of reducing emissions? If so, is such 
a reduction in aromatics content effective when there is a 
corresponding reduction in solvent cleaning efficiency ? 

2. Shouldn't ranges of llacceptablell drying time and condenser 
temperaturelflow (vapor and liquid) found during EPA test programs be 
matched up against load weight and fabric type in the recovery dryer? 
These factors would allow for a minimum solvent content in dried 
articles resulting in a maximum solvent recovery and a corresponding 
maximum VOC emission reduction. 

E P A  Form 1320-6 ( R e v .  3-76) 



3. EPA wished t o  evaluate the relationship between the flow ra te  of 
recovered solvent and the dryer emissions measured during the exhaust 
cycle; however, if difficulties associated with measuring high 
concentrations (false low readings, saturated instruments, etc.) of 
solvent in a vapor stream cast doubts on the validity of the obtained 
data, then why not analyze type of fabrics, load weights and recovery 
durations? It  should be noted that a control option such as the cartridge 
filtration system is %izedn by its manufacturer, based on the dry-weight 
load capacity of the existing washer. 
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Attention: Mr. Fred Porter 

Dear Mr. Porter: 

This responds to your letter of December 1, 1981 
seeking comments on the draft document, Control of 
Volatile Organic Emissions from Large Petroleum 
Dry Cleaners. These comments are submitted on 
behalf of the dry cleaning industry and focus 
on the critical, unresolved issues presented 
by this draft. To some degree, these comments are 
repetitive of previous comments on behalf of the 
industry. Attached for your information are such 
comments by Mr. William Fisher of the International 
Fabricare Institute, Mr. Mervyn Sluizer of the 
Institute of Industrial Launderers, and me, to the 
National Air Pollution Techniques Advisory 
Commission last March. 

There are a great number of detailed, technical 
comments that could be made on the draft document. 
However, we believe that the need for these comments 
would be obviated by our recommendations that EPA 
revise the draft document (1) to include a model 
regulation (as was done in the previous draft of 
this document); (2) to include an exemption level in the 
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model regulation (as was done in the previous draft) 

at the exemption level established in that draft; 

and (3) to revise the treatment of the issue of 

recovery dryer safety, including appropriately 

recognizing this issue in the model regulation. We 

believe that adoption of these recommendations will 

assure environmental improvement in a rational and 

cost-effective manner. Further, adoption of these 

recommended actions will provide adequate guidance 

to the states, which, in our view, the present draft 

does not. In the event that EPA does not accept 

these recommendations, however, we hereby request the 

opportunity to present our more detailed comments, 

mentioned above. 


In our view, the most serious flaw in the draft 

document is the absence of a model regulation setting 

forth suggested requirements to impose on regulated 

facilities. We do not suggest that a model regulation 

would be appropriate or necessary for each guidance 

document prepared by EPA. Instead, our views are 

premised solely on the unique situation facing EPA, 

the states and the dry cleaning industry in developing 

SIP provisions applicable to petroleum dry cleaners. 

First, the requirement that SIP revisions be submitted 

to EPA by next spring creates time pressures which makes 

some guidance of this type a virtual necessity. Second, 

the combined impact of this time pressure and the 

need to develop regulatory provisions for a variety 

of industries will make it difficult, if not impossible, 

for at least some states to obtain the necessary knowledge 

and then draft regulations in the absence of any guidance 

as to the possible content of such regulations. Finally, 

the dry cleaning industry is composed primarily of 

very small operations. These companies have neither the 

time nor the ability to assist the states in an extensive 

regulatory development process. Accordingly, we believe 

that including a model regulation in the guidance document 

will be in the best interests of EPA, the states and the 

dry cleaning industry. 


The elimination of the model regulations from this 

draft document is all the more surprising because there is 

no support in the record for such action. The speakers at 

the NAPTAC meeting on the previous draft of this document 

favored the inclusion of a model regulation. The only 

objection focussed on EPAts efforts to use model regulations 

as presumptive norms. This objection can be met by 
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language in the preamble such as the following: 


"This document includes a model 

regulation which is provided solely as 

guidance to assist state and local agencies 

in drafting their own specific RACT regulations. 

It is not a standard by which state and local 

RACT regulations will be judged and consequently 

is only illustrative in nature. Therefore, it 

is not to be construed as rule making by EPA." 


Since, in our view, the record is bereft of support 

for elimination of a model regulation, such an exclusion 

would be arbitary and capricious. Accordingly, we 

urge that a model regulation be included in the final 

guidance document in substantially the same form as that 

in the previous draft of this document. That model should 

be modified in accordance with the discussion in the 

attached comments and the discussion below. 


With respect to the materials included in the draft 

document, we note that it fails to point out the unique 

economic circumstances of the drycleaning industry. Although 

this shortcoming is ameliorated somewhat by the draft's 

focus on large petroleum drycleaners, a casual perusal 

of the cost analysis (Chapter 5) would suggest that the 

drycleaning industry has an unlimited financial capability 

to convert to whatever technology is ultimately defined 

as RACT. This is simply not correct, as EPA has recognized 

on other occasions. The October 23, 1981 draft New Source 

Performance Standard for petroleum drycleaners and the 

Background Information Document supporting the draft NSPS 

properly recognize the unique economic circumstances 

of the industry. 


In order to correct this shortcoming in the draft 

document, an exemption (based on solvent consumption) 

from the requirement that a recovery dryer be installed 

should be included in the model regulation. This approach 

was adopted in the model regulation included in the 

previous draft document and should be followed in the 

final guidance document. Further, the exemption threshold 

should be set at the same level as in the previous draft. 


Another critical issue concerns the safety of recovery 

dryers. At the outset, we emphasize our hope that recovery 

dryers prove completely safe. In addition to enabling the 

industry to reduce its emissions, the recovery dryer can 

contribute to the financial well-being of individual dry- 
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cleaners. As a result, it is apparent that this is 

the type of technology that the industry would favor 

if issues relating to safety can be resolved. 


Despite the foregoing, it is not the role of the 

industry or of its representatives to ascertain the safety 

of recovery dryers. Nor, as EPA has recognized, is this 

a proper function of the Agency; 


"It is EPA's position that decisions 

on safety are.entirely in the hands of safety 

officials and insurers, and EPA does not 

intend to require a device that is not fully 

accepted.." October 23, 1981 draft NSPS, 

page 16. 


We find the discussion of recovery dryer safety 

(5 3.2 of the draft document) inadequate. It first 

notes that EPA's test equipment has been incapable 

of discerning whether the lower explosion limit (LEL) 

is reached or exceeded in the operation of this device. 

It then states that two recovery dryer explosions have 

been documented and attempts to minimize the significance 

of these explosions. This discussion improperly 

characterizes the risk involved since industry 

representatives have presented EPA with data concerning 

at least six explosions involving recovery dryers. 

The draft document next attempts to bolster this handling 

of the safety issue by referring to an analysis of the 

Japanese experience with recovery dryers. We have 

previously discussed the Japanese experience with EPA 

and its contractor and merely reiterate that this 

experience is largely inapplicable to the present 

situation. 


Finally, the discussion of recovery dryer safety 

in the draft document concludes with an anecdotal 

survey which seeks to demonstrate that neither fire 

safety officials or insurance companies have problems 

with recovery dryers. Obviously, such a survey cannot 

determine the reactions of all fire safety officials 

or insurance companies to the recovery dryer safety 

issue. Therefore, we suggest that adequate recognition 

be accorded to those fire safety officials and insurance 

companies who may not believe that these devices are 

safe. The most appropriate manner of doing this is 

to include in the model regulation a recommendation 

to consult with fire safety officials and insurance 




PATTON, BOGGS & BLOW 

Emission Standards & Engineerning Division 
Page Five 

January 15, 1982 


companies in developing SIP revisions. In order to 

accomplish this, language such as the following should 

be inserted in the model regulations: 


Insert the following language in the preamble 

to the model requlation: 


"Concern has been expressed that the 

requirement for installation and operation 

of solvent recoverydryers could conflict 

with local fire safety codes or creates 

situations in which petroleum dry cleaning 

plants could not be insured. Even though 

Factory Mutual has certified the one U.S.- 

made recovery dryer, agencies should ascertain 

whether this is sufficient in their state or 

locality. In order to do this appropriate fire 

safety officials and insurance industry 

representatives should be involved early in 

the process of developing the RACT regulations. 

In the event that such obstacles cannot be 

resolved, the recovery dryer requirements should 

be deleted." 


We also suggest that the following language be added 

in the body of the model regulation to provide a limited 

exemption for situations where either fire safety officials 

or insurance companies do not feel the device to be safe: 


Add a new provision in the model regulation 

as follows: 


"The District may exclude plants from 

the scope of the recovery dryer requirements if 

the owner or operator can demonstrate that 

installation of a solvent recovery dryer 

would not be in conformity with applicable fire 

safety regulations or would cause a situation 

in which obtaining fire insurance would be 

infeasible." 


Although we understand that EPA does not favor the addition 

of such language, we suggest that it is warranted in order 

to deal wth those rare situations in which a problem exists. 

The foregoing language has been carefully drafted to narrowly 

limit the possible applicability of this exemption. 


If the draft document is revised in accordance with 

the foregoing recommendations, we believe that it 


[D- 1l] 
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will be a significant step toward the objective of 

reducing emissions in a cost-effective and rational 

fashion. If there are any questions about the fore- 

going comments, please do not hesitate to contact me. 


Sincerely, 


Timothy A. Vanderver, Jr. 


[D- 121 



Olevnrn 
Chevron Research Company 
A Standard Oil Company of California Subsidiary 
576 Standard Avenue, Richmond, CA 94802 

R. G. Anderson March 1 , 1982
Vice-President 

Mr. James F. Durham 
Emission Standards and Engineering Division 
U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

Dear Mr. Durham: 

We have reviewed the EPA Control ~ e c h n i ~ u e  Guide1 ine for "Control of 
Volatile Organic Emissions from Large Petroleum Dry Cleaners." In 
a telephone conversation w i t h  Mr. W. H. El 1 i s  of our company, on 
February 26, 1982, Mr. Robert Walsh asked that our comnents be 
referred t o  you. 

We have detected a problem with Table 2-1, which tabulates physical 
properties of dry cleaning solvents. One of the products l is ted i s  
Chevron 450 solvent, which is  a highly purified kerosene n o t  normally 
used for dry cleaning. We believe a better choice would be Chevron 
thinner 410B, which i s  a 1400F material. 

Chevron 325 solvent is  our basic Stoddard solvent; i t  is also l is ted 
in the table. 

Enclosed are current data sheets for Chevron 325 solvent and Chevron 
thinner 410B. 

I f  you have any questions, please phone Mr. William H. Ellis a t  (213) 
615-5212. 

Yours truly, 

R. G. ANDERSON 

,&~&2" -
by WILLIAM H. ELLIS 

[D- 131 



Chevron Chevron Research Company 
A Standard Oil Company of California Subsidiary 
324 El Segundo Boulevard, El Segundo, CA 90245 

,CHEVRON 325 SOLVENT 
Typical Properties 

Grav i ty, aAPI 
Gravity, Spec i f i c  a t  60°F 
Pounds Per Gallon a t  60°F 
Flash Po in t  TCC OF 
Flash Po in t  TOC OF 
An i l i ne  Point  OF 
Kauri Butanol Value 
Reid Vapor Pressure, Lbs. 
Threshold L i m i t  Value, ppm 

Explosive L imi ts ,  
Volume X i n  A i r  

Composition - Volume % 
Benzene 
Toluene/Ethylbenzene 
Xylene & C8 + Aromatics 
Naphthenes 
Para f f ins  

Co1 o r  Saybol t 

D i s t i l l a t i o n ,  D-86, OF 
I n i t i a l  B o i l i n g  Point  
10% Recovered 
50% II 

70% II 

90% II 

Dry Po in t  
End Po in t  

Spontaneous I g n i t i o n  Temperature OF 
Freezing Point  OF 
Molecular Weight, Average 
S o l u b i l i t y  Parameter 
Refract ive Index 20°C 
Thermal Condycti v i  ty, 60°F 

BTU/HR/FT/Deg F 
. Heat of Vaporization, BTU/Lb. 

Heat o f  Combustion, BTU/Lb. 

[D-141 



chevron Research Company 
A Standard Oil Company of California Subsidiary 
324 El Segundo Boulevard, El Segundo, CA 90245 

CHEVRON THINNER 4108 
Typical Properties 

Grav i ty, "API 
Gravity, Spec i f i c  a t  60°F 
Pounds Per Gallon a t  60°F 
Flash Point  TCC OF 
Flash Point  TOC OF 
A n i l i n e  Point  OF 
Kauri Butanol Value 
Reid Vapor Pressure, Lbs. 
Threshold L i m i t  Value, ppm 

Explosive Limits,  
Volume % i n  A i r  

Composition - Volume X 
Benzene 
To1 uene/Ethyl benzene 
Xylene & C8 + Aromatics 
Naphthenes 
Para f f ins  

Color Saybol t 

D i s t i l l a t i o n ,  0-86, OF 
I n i t i a l  B o i l i n g  Po in t  
10% Recovered 
50% II 

I t70% 
90% I1 

Dry Point  
End Point  

Spontaneous I g n i t i o n  Temperature OF 
Freezing Point  OF 
Molecular Weight, Average 
S o l u b i l i t y  Parameter 
Ref rac t ive  Index 20°C 
Thermal Conductivity, 6Q°F 

BTU/HR/FT/Deg F 
. Heat of Vaporization, BTU/Lb. 

Heat of Combustion, BTU/Lb. 
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APPENDIX E 

EXAMPLE REGULATION FOR THE CONTROL OF VOLATILE 

ORGANIC COMPOUND EMISSIONS FROM LARGE PETROLEUM DRY CLEANERS 

The petroleum d ry  c lean ing  i n d u s t r y  and the  Sta te  o f  Oregon recommended 

t h a t  a model o r  example r e g u l a t i o n  be inc luded i n  the  c o n t r o l  technique 

gu ide l i ne  (CTG) document. Whi le EPA d i d  n o t  i nc lude  an example r e g u l a t i o n  

i n  t he  d r a f t  CTG, i n d u s t r y  and Sta te  recommendations warrant  i n c l u s i o n  

o f  an example regu la t i on ,  which has been prepared and i s  presented i n  

t h i s  appendix. 

The example r e g u l a t i o n  i s  based on a "presumptive norm" which i s  

considered broad ly  rep resen ta t i ve  o f  RACT f o r  t he  petroleum d r y  c lean ing  

i ndus t r y .  The example r e g u l a t i o n  i s  inc luded s o l e l y  as guidance t o  

a s s i s t  S ta te  and l o c a l  agencies i n  d r a f t i n g  t h e i r  own s p e c i f i c  RACT 

regu la t i ons .  

The example r e g u l a t i o n  should no t  be i n t e r p r e t e d  o r  construed as 

being the  on ly  r e g u l a t i o n  f o r  petroleum d r y  c lean ing  t h a t  w i l l  be acceptable 

t o  EPA as a p a r t  o f  t he  S ta te  Implementat ion Plan. Other regu la t i ons  

t h a t  can be demonstrated t o  represent  reasonably a v a i l a b l e  c o n t r o l  

technology (RACT) would be equa l l y  acceptable. 

I ndus t r y  representa t ives  have expressed concern t h a t  t he  requirement 

f o r  i n s t a l l a t i o n  and opera t ion  o f  so l ven t  recovery dryers  cou ld  c o n f l i c t  

w i t h  l o c a l  f i r e  s a f e t y  codes o r  c rea te  s i t u a t i o n s  i n  which petroleum d ry  

c lean ing  p l a n t s  cou ld  n o t  be insured. Even though Factory Mutual has 

c e r t i f i e d  the  one U.5.-made recovery dryer ,  agencies should asce r ta in  

whether t h i s  i s  s u f f i c i e n t  i n  t h e i r  s t a t e  o r  l o c a l i t y .  Although EPA has 

found no instances i n  which a f i r e  marshal o r  insurance underwr i te r  

p r o h i b i t e d  the  i n s t a l l a t i o n  o f  a  so lvent  recovery dryer ,  appropr ia te  

f i r e  sa fe ty  o f f i c i a l s  and insurance i n d u s t r y  representa t ives  should be 



i nvo lved e a r l y  i n  the  process o f  developing the  RACT regu la t ions .  I n  

the  event t h a t  such obstac les cannot be resolved,  the  recovery dryer  

requirements should be deleted.  

EXAMPLE REGULATION 

SXX.  010 Appl i c a b i  1  ity. 

(A)  This  Regulat ion app l i es  t o  petroleum so lvent  washers, d ryers ,  

so l ven t  f i l t e r s ,  s e t t l i n g  tanks, vacuum s t i l l s ,  and o ther  conta iners  and 

conveyors o f  petroleum so lvent  t h a t  a re  used i n  petroleum so lvent  d r y  

c lean ing  f a c i l i t i e s .  

(B) This Regulat ion app l i es  t o  a l l  petroleum so lvent  d ry  c lean ing  

f a c i l i t i e s  described i n  §XX.OlO(A) t h a t  consume 123,000 l i t e r s  o r  more 

o f  petroleum so lvent  annual ly .  

(C)  This  Regulat ion app l i es  t o  a l l  petroleum so l ven t  d ry  c lean ing  

f a c i l i t i e s  described i n  $XX.OlO(A) and (B) loca ted  i n  t he  f o l l o w i n g  

areas: 

S X X .  020 D e f i n i t i o n s .  

( A )  Except as otherwise requ i red  by the  contex t ,  terms used i n  

t h i s  Regulat ion are  de f ined i n  t he  General S ta tu tes ,  t he  General Prov is ions ,  

o r  i n  t h i s  sec t i on  as fo l lows:  

"Car t r idge f i l t e r "  means pe r fo ra ted  cann is te rs  con ta in ing  f i l t r a t i o n  

paper and/or a c t i v a t e d  carbon t h a t  a re  used i n  a  pressur ized system t o  

remove s o l i d  p a r t i c l e s  and f u g i t i v e  dyes from s o i l - l a d e n  solvent .  

"Containers and conveyors o f  so lvent "  means p i p i n g ,  ductwork, 

pumps, storage tanks, and o the r  a n c i l l a r y  equipment t h a t  are associated 

w i t h  the  i n s t a l l a t i o n  and opera t ion  o f  washers, dryers,  f i l t e r s ,  s t i l l s ,  

and s e t t l i n g  tanks. 

"Dry c leaning"  means a  process f o r  t h e  c lean ing  o f  t e x t i l e s  and 

f a b r i c  products i n  which a r t i c l e s  are  washed i n  a  nonaqueous s o l u t i o n  

( so l ven t )  and then d r i e d  by exposure t o  a  heated a i r  stream. 

"Percept ib le  leaks" means any petroleum so l ven t  vapor o r  1  i q u i d  

leaks t h a t  are conspicuous from v i s u a l  observat ion;  such as pools o r  

d rop le t s  o f  l i q u i d ,  o r  buckets o r  b a r r e l s  of so l ven t  o r  so lvent- laden 

waste standing open t o  the  atmosphere. 



"Petroleum so lvent "  means organic ma te r i a l  produced by petroleum 

d i s t i l l a t i o n  comprising a hydrocarbon range o f  8 t o  12 carbon atoms per  

o rgan ic  molecule t h a t  e x i s t s  as a l i q u i d  under standard cond i t ions .  

"Solvent  recovery dryer "  means a c lass  o f  d ry  c lean ing  dryers t h a t  

employs a condenser t o  l i q u i f y  and recover  so l ven t  vapors evaporated i n  

a closed-loop, r e c i r c u l a t i n g  stream o f  heated a i r .  

" V o l a t i l e  organic compounds" means any organic compound t h a t  

p a r t i c i p a t e s  i n  atmospheric photochemical reac t i ons  o r  i s  measured by a 

Sta te  o r  EPA t e s t  method. 

5XX.030 Standards. 

( A )  Each owner o r  operator  o f  a petroleum so l ven t  d ry  c lean ing  

d rye r  s h a l l  e i t h e r :  

(1) L i m i t  VOC emissions t o  the  atmosphere t o  an average o f  

3.5 ki lograms o f  v o l a t i l e  organic compounds per  100 ki lograms d ry  weight 

o f  a r t i c l e s  d ry  cleaned, o r  

(2) I n s t a l l  and operate a so l ven t  recovery d rye r  i n  a manner 

such t h a t  t h e  d rye r  remains c losed and the  recovery phase cont inues 

u n t i l  a  f i n a l  recovered so lvent  f l o w  r a t e  o f  50 m i l l i l i t e r s  per  minute 

i s  a t ta ined.  

(B) Each owner o r  operator  o f  a petroleum so lvent  f i l t r a t i o n  

system s h a l l  e i t h e r :  

(1) Reduce the  v o l a t i l e  organic compound content  i n  a l l  

f i l t r a t i o n  wastes t o  1.0 k i logram o r  l ess  per  100 ki lograms d ry  weight  

o f  a r t i c l e s  d ry  cleaned, be fore  d isposa l ,  and exposure t o  the  atmosphere, 

o r  

(2) I n s t a l l  and operate a c a r t r i d g e  f i l t r a t i o n  system, and 

d r a i n  the  f i l t e r  c a r t r i d g e s  i n  t h e i r  sealed housings f o r  8 hours o r  more 

be fore  t h e i r  removal. 

(C )  Each owner o r  operator  s h a l l  r e p a i r  a l l  petroleum so lvent  

vapor and l i q u i d  leaks w i t h i n  3 working days a f t e r  i d e n t i f y i n g  the  

sources o f  the  leaks. I f  necessary r e p a i r  p a r t s  a re  no t  on hand, t he  

owner o r  operator  s h a l l  o rder  these p a r t s  w i t h i n  3 working days, and 

r e p a i r  t he  leaks no l a t e r  than 3 working days f o l l o w i n g  the  a r r i v a l  o f  

t h e  necessary p a r t s .  



SXX.  040 T e s t i  ng and moni tor ing.  

(A)  To be i n  compliance w i t h  §XX,030(A)(l) any person s h a l l :  

(1) Calcu la te ,  record,  and r e p o r t  t o  t he  D i r e c t o r  the  weight  

o f  v o l a t i l e  organic compounds vented from the  d rye r  emission c o n t r o l  

device c a l c u l a t e d  by us ing  EPA Reference Test (40 CFR, Pa r t  60) Methods 1, 

2, and 25A, w i t h  the  f o l l o w i n g  s p e c i f i c a t i o n s :  

(a) F i e l d  c a l i b r a t i o n  o f  the  f lame i o n i z a t i o n  analyzer  

w i t h  propane standards, and 

(b) Laboratory de terminat ion  o f  the  r a t i o  o f  the  f lame 

i o n i z a t i o n  analyzer  response t o  a g iven p a r t s  per  m i l l i o n  by volume 

concent ra t ion  o f  propane t o  the  response t o  the  same p a r t s  per  m i l l i o n  

concent ra t ion  o f  t he  v o l a t i l e  organic compounds t o  be measured, and 

(c)  Determinat ion o f  t he  weight o f  v o l a t i l e  organic 

compounds vented t o  the  atmosphere by: 

(i)the  m u l t i p l i c a t i o n  o f  t he  r a t i o  determined i n  

§XX.040 (A)( l )(b) by t h e  measured concent ra t ion  o f  v o l a t i l e  organic 

compound gas (as propane) as i n d i c a t e d  by the  flame i o n i z a t i o n  analyzer  

response output  record,  and 

(ii)the  conversion o f  the  p a r t s  per  m i l l i o n  by 

volume value c a l c u l a t e d  i n  8XX.040 (A ) ( l ) ( c ) ( i )  i n t o  a mass concent ra t ion  

value f o r  t he  v o l a t i l e  organic compounds present ,  and 

(iii)m u l t i p l y  the  mass concent ra t ion  value ca l cu la ted  

i n  5XX.040 ( A ) ( l ) ( c ) ( i i )  by the  exhaust f l o w  r a t e  determined by us ing  

EPA Reference Test  Methods 1and 2. 

(2) Ca lcu la te ,  record,  and r e p o r t  t o  the  D i r e c t o r  the  d r y  

weight o f  a r t i c l e s  d ry  cleaned. 

(3) Repeat 8XX.040 ( A ) ( l )  and (2) f o r  normal ope ra t i ng  

cond i t i ons  t h a t  encompass a t  l e a s t  30 d rye r  loads, which t o t a l  no t  l e s s  

than 1,800 kg d ry  weight,  and represent  a normal range o f  v a r i a t i o n s  i n  

f a b r i c s ,  so lvents,  load weights, temperatures, f l o w  r a t e s ,  and process 

dev ia t ions .  

(B) To determine compliance w i t h  §XX.030 (A)(2), the  owner o r  

operator  s h a l l  v e r i f y  t h a t  t h e  f l o w  r a t e  o f  recovered so lvent  from t h e  

so lvent  recovery d rye r  a t  t he  te rm ina t i on  o f  t he  recovery phase i s  no 



greater  than 50 m i l l i l i t e r s  per  minute. Th is  one-time procedure s h a l l  

be conducted f o r  a d u r a t i o n  o f  no l e s s  than two weeks du r ing  which no 

l ess  than 50 percent  o f  t he  d rye r  loads s h a l l  be monitored f o r  t h e i r  

f i n a l  recovered so l ven t  f l o w  ra te .  The suggested p o i n t  f o r  measuring 

t h e  f l o w  r a t e  o f  recovered so l ven t  i s  from the  solvent-water separator.  

Near the  end o f  the  recovery cyc le ,  t he  f l o w  o f  recovered so lvent  should 

be d i v e r t e d  t o  a graduated c y l i n d e r .  The cyc le  should cont inue u n t i l  

t he  minimum f l o w  o f  so l ven t  i s  50 m i l l i l i t e r s  per  minute. The type o f  

a r t i c l e s  cleaned and t h e  t o t a l  l e n g t h  o f  t he  c y c l e  should then be recorded. 

(C)  To be i n  compliance w i t h  4XX.030 (B ) ( l )  any person s h a l l :  

(1) Calcu la te ,  record,  and r e p o r t  t o  the  D i r e c t o r  the  weight  

o f  v o l a t i l e  organic compounds conta ined i n  each of a t  l e a s t  f i v e  

one-kilogram samples o f  f i l t r a t i o n  waste ma te r ia l  taken a t  i n t e r v a l s  o f  

a t  l e a s t  1week, by employing ASTM Method D322-80 (Standard Test Method 

f o r  Gasol ine D i l u t e n t  i n  Used Gasol ine Engine O i l s  by D i s t i l l a t i o n ) .  

(2) Ca lcu la te ,  record, and r e p o r t  t o  t he  D i r e c t o r  the  t o t a l  

d ry  weight  o f  a r t i c l e s  d ry  cleaned du r ing  the  i n t e r v a l s  between removal 

o f  f i l t r a t i o n  waste samples, as w e l l  as t h e  t o t a l  mass o f  f i l t r a t i o n  

waste produced i n  the  same per iod .  

(3) Calculate,  record,  and r e p o r t  t o  t h e  D i r e c t o r  t he  weight  

o f  v o l a t i l e  organic compounds conta ined i n  f i l t r a t i o n  waste ma te r ia l  per  

100 ki lograms d ry  weight  o f  a r t i c l e s  d ry  cleaned. 

(D) Compliance w i t h  §XX.O30(C) requ i res  t h a t  each owner o r  operator  

make weekly inspect ions  o f  washers, dryers,  so lvent  f i l t e r s ,  s e t t l i n g  

tanks, vacuum s t i l l s ,  and a l l  con ta iners  and conveyors o f  petroleum 

so lvent  t o  i d e n t i f y  perceptable v o l a t i l e  organic compound vapor o r  

1 i q u i d  leaks. 

(E)  To be i n  compliance w i t h  4XX.030 any person can use an equ iva len t  

t e s t  procedure o r  method prov ided t h a t  t h i s  method o r  procedure has been 

p r e v i o u s l y  approved by the  D i r e c t o r .  

4XX.050 Compliance schedules. 

( A )  The owner o r  operator  o f  a petroleum so lvent  d ry  c lean ing  

f a c i l i t y  sub jec t  t o  t h i s  r e g u l a t i o n  s h a l l  meet the  app l i cab le  stages o f  

progress conta ined i n  t he  f o l l o w i n g  schedule: 



(1) Submit t o  the  D i r e c t o r  f i n a l  p lans f o r  t he  emission 

c o n t r o l  equipment (3 months a f t e r  implementat ion o f  t he  

regu la t ion) .  

(2) Award con t rac ts  f o r  t he  emission c o n t r o l  equipment 

(2 months a f t e r  t he  f i n a l  submission o f  t he  c o n t r o l  equipment 

plans).  

( 3 )  Complete o n s i t e  cons t ruc t i on  o r  i n s t a l l a t i o n  o f  t he  

emission c o n t r o l  equipment (12 months a f t e r  award o f  t he  

cont rac t ) .  

(4) Achieve f i n a l  compliance w i t h  the  r e g u l a t i o n  

(2  months a f t e r  i n s t a l l i n g  the  c o n t r o l  equipment). 

(5) I n  t he  event t h a t  t he  c o n t r o l  equipment cannot be d e l i v e r e d  

w i t h i n  12 months a f t e r  award o f  t he  con t rac t ,  and the  owner o r  opera tor  

p laced the  order  w i t h i n  t h e  requ i red  t ime, t he  f i n a l  compliance date 

s h a l l  be 3  months f o l l o w i n g  d e l i v e r y  o f  t he  equipment. 

DISCUSSION 

Enforcement and compliance v e r i f i c a t i o n  procedures associated w i t h  

t h e  model r e g u l a t i o n  would r e l y  on v i s u a l  i nspec t i on  o f  a l l  a f f e c t e d  

f a c i l i t y  components. This  sec t i on  inc ludes a  d iscuss ion  o f  the  enforce-  

ment approaches f o r  a VOC emissions r e g u l a t i o n  based on RACT. 

The determinat ion  o f  the  annual so lvent  consumption o f  i n d i v i d u a l  

p e t r o  eum d ry  c lean ing  p l a n t s  should be based on the p l a n t s '  records o f  

t o t a l  so lvent  purchases over t he  l a t e s t  12 month per iod.  Records o f  

these purchases should be r e a d i l y  a v a i l a b l e  a t  t he  i n d i v i d u a l  p l a n t ,  and 

quest onable o r  incomplete so lvent  purchase data cou ld  be v e r i f i e d  

t h r o u  h  so lvent  s u p p l i e r s '  sales records. 

Dryers 

As discussed e a r l i e r  i n  the  preamble o f  t he  example regu la t i on ,  

insurance and f i r e  p revent ion  representa t ives  should be contacted a t  an 

e a r l y  stage o f  t he  regu la to ry  development t o  i nsu re  t h a t  there  a re  no 

problems i n  acceptance o f  t he  recovery dryer  by these agencies. 

The a v a i l a b i l i t y  o f  domest ica l l y  produced recovery dryers  cou ld  

s t r o n g l y  i n f l u e n c e  the  enforcement o f  a  RACT regu la t i on .  Cur ren t ly ,  

there  i s  on l y  one manufacturer o f  recovery dryers  i n  t he  Un i ted  States,  



and t h e  l a g  t i m e  between o r d e r  placement and d r y e r  d e l i v e r y  may be a 

problem. However, t h e  recovery  d r y e r  manufacturer  has s t a t e d  t h a t  t h e  

p r o d u c t i o n  f a c i l i t y  i s  b e i n g  expanded and t h a t  p r o j e c t e d  demand f o r  t h e  

d r y e r  w i l l  be met. I n  o r d e r  t o  accommodate.any p o s s i b i l i t y  o f  de lays  i n  

d r y e r  d e l i v e r y ,  t h e  model r e g u l a t i o n  con ta i ns  a p r o v i s i o n  CjXX.050 (A)(5) 

t h a t  would postpone t h e  compl iance dead l ine ,  f o r  c o n t r o l  equipment n o t  

d e l i v e r e d  w i t h i n  12 months o f  o r d e r i n g  t o  3 months a f t e r  i t s  d e l i v e r y .  

Recovery d r y e r  emissions r e d u c t i o n  performance would be determined 

by  obse rv i ng  t h e  maximum f i n a l  recovery  r a t e  (50 m i  11ili t e r s  p e r  minute)  

which d e f i n e s  a minimum t ime  t h a t  t h e  d r y e r  must opera te  t o  ensure su f -

f i c i e n t  recovery  o f  t h e  s o l v e n t  evaporated f rom t h e  d r y i n g  a r t i c l e s .  

Recovery d r y e r  maximum f i n a l  recovered s o l v e n t  f l o w  r a t e  shou ld  be 

mon i to red  f r e q u e n t l y  d u r i n g  t h e  i n i t i a l  two-week p e r i o d  o f  recovery  

d r y e r  o p e r a t i o n  f o l l o w i n g  i n s t a l l a t i o n .  T h i s  procedure i s  i n t ended  t o  

f a m i l i a r i z e  t h e  ope ra to r  w i t h  t h e  e f f e c t s  o f  v a r i a t i o n s  i n  l o a d  we igh t ,  

f a b r i c  t ype ,  and ambient ( a i r  and water )  temperatures on t h e  emiss ion 

r e d u c t i o n  and recovery  performance o f  t h e  d r ye r .  No f u r t h e r  m o n i t o r i n g  

i s  recommended because such m o n i t o r i n g  would be imp rac t i cab le .  It i s  

recommended, however, t h a t  records  o f  t h e  i n i t i a l  recovered  s o l v e n t  f l o w  

r a t e  m o n i t o r i n g  be kep t  as a  r e fe rence  t o  t h e  a f f e c t s  o f  v a r i a t i o n s  i n  

l o a d i n g  and opera t ing :paramete rs  on t h e  recovery  c y c l e  d u r a t i o n  i n  a 

g i v e n  p l a n t .  

A p p l i c a t i o n  o f  carbon adso rp t i on  techno logy  t o  s tandard  d r y e r  VOC 

emiss ions may be p o s s i b l e .  A l though an a n a l y s i s  o f  t h e  o n l y  c u r r e n t  

a p p l i c a t i o n  o f  t h i s  techn ique  has shown t h a t  i t  i s  l e s s  e f f e c t i v e  i n  

r educ i  ng o v e r a l l  d r y e r  VOC emi ss ions,  m o d i f i c a t i o n s  t o  t h e  system c o u l d  

r e s u l t  i n  equiva lence w i t h  t h e  recovery  d r ye r .  For  example, a s u b s t a n t i a l  

i n c rease  i n  t h e  mass o f  a c t i v a t e d  carbon a v a i l a b l e  f o r  a d s o r p t i o n  c o u l d  

r e s u l t  i n  sha rp l y  reduced adsorber exhaust VOC concen t ra t i ons .  A lso ,  a 

decrease i n  t h e  f l ow  r a t e  o f  t h e  vapor th rough  t h e  system would i nc rease  

t h e  VOC a d s o r p t i o n  by t h e  carbon. 

As d iscussed i n  t h e  model r e g u l a t i o n ,  e q u i v a l e n t  systems o f  d r y e r  

VOC emiss ion c o n t r o l  w i l l  be pe rm i t t ed ,  i f  approved by  t h e  D i r e c t o r  and 

t h e  equ iva lence  demons t ra t ion  t e s t  i s  per formed u s i n g  t e s t  methods o r  



procedures t h a t  have been p r e v i o u s l y  approved by the  D i rec to r .  

V e r i f i c a t i o n  o f  t he  compliance o f  a d ryer  emission c o n t r o l  device o the r  

than the recovery d rye r  would be based on a one-time t e s t  o f  t he  maximum 

dryer  VOC mass emissions per  u n i t  mass o f  a r t i c l e s  cleaned a f t e r  i n s t a l l a -

t i o n  o f  the  a l t e r n a t i v e  c o n t r o l  device. The determinat ion o f  t h i s  mass 

emission r a t e  would r e q u i r e  the  use o f  EPA Reference (40 CFR Par t  60) 

Tes t  Methods 1, 2, and proposed 25A (45 FR 83126 December 17,  1980). 

While Methods 1 and 2 would govern the  s e l e c t i o n  o f  atmospheric vapor 

exhaust sampling p o i n t s  and the  procedure f o r  determin ing the  exhaust 

f l o w  r a t e ,  respec t i ve l y ,  Method 25A (discussed below) would govern the  

measurement o f  the  VOC (as propane) vapor concentrat ions i n  the  c o n t r o l  

device atmospheric exhaust by a flame i o n i z a t i o n  analyzer  (FIA). F i r s t ,  

a response r a t i o  o f  t h e  F IA ' s  measurement o f  a g iven concent ra t ion  o f  

propane t o  the  same concent ra t ion  o f  VOC (so lvent )  would be determined 

i n  the  labora tory .  Then the  F I A  would be f i e l d  c a l i b r a t e d  t o  measure 

concentrat ions o f  propane gas, and the  measured ppmv concentrat ions (as 

propane) o f  t he  c o n t r o l  device exhaust gases would be mu1 t i p 1  i e d  by the  

p rev ious l y  determined response r a t i o ,  thereby determining the  ppmv 

concent ra t ion  (as so lvent )  o f  t he  VOC emissions. Then by c a l c u l a t i o n ,  

one would conver t  t he  VOC concent ra t ion  by volume (ppmv) t o  mass 

concent ra t ion .  This  procedure should be c a r r i e d  ou t  under var ious 

cond i t i ons  o f  f a b r i c  type, load weight ,  and temperatures t h a t  a re  t y p i c a l  

o f  the  range encountered i n  the  d ry  c lean ing  i ndus t r y .  The r e s u l t s  o f  

t h i s  procedure should be repor ted  as ki lograms VOC emi t ted  per  

100 ki lograms d ry  weight  o f  a r t i c l e s  d ry  cleaned. Compliance would be 

es tab l i shed  i f  the  average (over the  t e s t  per iod)  VOC mass emissions per  

100 u n i t  mass o f  a r t i c l e s  cleaned d i d  no t  exceed 3.5. Subsequent changes 

i n  t he  design o r  performance of the c o n t r o l  device cou ld  necess i ta te  a 

reeva lua t i on  o f  t he  dev i ce ' s  maximum VOC emissions. Since Method 25A i s  

n o t  a promulgated EPA Reference Test Method (as o f  the  date o f  t h i s  

appendix) and sub jec t  t o  change an a l t e r n a t i v e  t e s t  procedure can be 

used i n  the i n te r im .  One a l t e r n a t e  t e s t  method i s :  "A l te rna te  Test  

Method For D i r e c t  Measurement o f  To ta l  Gaseous Compounds Using A Flame 

I o n i z a t i o n  Analyzer," presented i n  the OAQPS Gu ide l ine  Ser ies document 



e n t i t l e d ,  "Measurement o f  Vol a t i  l e  Organic Compounds" (Revised 

September 1979, EPA-450/2-78-041). Other equ iva len t  t e s t  methods and 

procedures are  al lowed under §XX.040 (E )  prov ided t h a t  these methods o r  

procedures have been approved by the  D i r e c t o r .  

F i  1  t e r s  

V e r i f i c a t i o n  o f  compliance w i t h  the  sec t i on  o f  the  r e g u l a t i o n  

governing so l ven t  f i l t e r s  would be based on v i s u a l  observat ion o f  t he  

proper  i n s t a l l a t i o n ,  operat ion,  and maintenance o f  a c a r t r i d g e  f i l -

t r a t i o n  system. The manufacturer 's  manual f o r  the  p a r t i c u l a r  system 

should be consul ted f o r  proper  procedures, s i z i n g  o f  connections, and 

parameters r e q u i r i n g  i nspec t i on  o r  mon i to r ing  t o  ensure proper  operat ion.  

The ope ra to r ' s  f a m i l i a r i t y  w i t h  the  system's performance, sa fe ty ,  and 

maintenance requirements should be evaluated as an important  aspect o f  

o v e r a l l  compl iance. 

P lan t  records d e t a i l i n g  the  date and t ime o f  c a r t r i d g e  replacements 

cou ld  be used t o  v e r i f y  compliance w i t h  the  mandated 8-hour minimum 

drainage t ime. I f  these records are lack ing ,  and the re  i s  some suspic ion 

t h a t  t h e  c a r t r i d g e s  a re  be ing  dra ined improper ly ,  i t  may be necessary t o  

r e q u i r e  v a l i d  p roo f  o f  compl iance by proper  record  keeping over a s p e c i f i e d  

per iod .  

As s ta ted  i n  reference t o  equ iva len t  systems f o r  d rye r  emi s s i o n  

c o n t r o l s ,  equ iva len t  systems f o r  con t ro l  o f  VOC emissions from so l  vent 

f i l t e r s  can be approved by the  D i rec to r .  A so lvent  f i l t r a t i o n  system 

VOC emissions c o n t r o l  device o ther  than the  c a r t r i d g e  f i l t e r  would 

r e q u i r e  a one-time v e r i f i c a t i o n  o f  i t s  compl iance w i t h  maximum emissions 

( so l ven t  content  o f  waste) o f  no more than 1.0 ki lograms VOC per  

100 ki lograms d r y  weight o f  a r t i c l e s  d ry  cleaned p r i o r  t o  i t s  use i n  a 

petroleum d ry  c lean ing  f a c i l i t y .  The t e s t i n g  procedure would be based 

on the  de terminat ion  o f  t h e  VOC (so lvent )  content  i n  each o f  f i v e  

one-kilogram samples o f  f i l t r a t i o n  waste from the  c o n t r o l  device taken 

over one-week i n t e r v a l s  du r ing  which cond i t i ons  o f  s o i l  loading,  load 

weight ,  and f a b r i c  type vary  i n  a manner t y p i c a l  o f  t he  f a c i l i t y .  ASTM 

Test  Method D322-80 (Gasoline D i l u t e n t  i n  Used Gasoline Engine O i l  by 

D i s t i l l a t i o n )  should be used t o  determine the  so lvent  content  o f  each 



sample. The t o t a l  masses o f  a r t i c l e s  c leaned and f i l t r a t i o n  waste 

generated between waste samplings should be recorded and m u l t i p l i e d  by 

t h e  sample r a t i o  o f  so lven t - to -was te  con ten t  (as determined by  t h e  ASTM 

Method), r e s u l t i n g  i n  a de te rm ina t i on  o f  t h e  mass o f  VOC e m i t t e d  ( s o l v e n t  

generated) p e r  100 u n i t  mass o f  a r t i c l e s  d r y  c leaned. The compliance 

v e r i f i c a t i o n  r e s u l t i n g  from t h i s  equiva lence t e s t  would app ly  o n l y  t o  

t h e  e x i s t i n g  c o n t r o l  dev ice  c o n f i g u r a t i o n ,  and would be i n v a l i d a t e d  by 

s i g n i f i c a n t  changes i n  t h e  des ign o r  performance o f  t h e  dev ice.  

F u g i t i v e  Emissions 

Loca t i on  o f  f u g i t i v e  emiss ion s i t e s  would r e l y  on a v i s u a l  i n s p e c t i o n  

o f  t h e  o v e r a l l  d r y  c l ean ing  system components which i n c l u d e  washers, 

d ryers ,  s o l v e n t  f i l t e r s ,  s e t t l i n g  tanks ,  and a l l  con ta i ne rs  and conveyors 

o f  pet ro leum so l ven t .  Sources o f  VOC l i q u i d  leaks  would be i d e n t i f i e d  

d i r e c t l y ,  and t h e  ope ra t i on  and maintenance o f  dev ices known t o  be 

sources o f  VOC vapors would be evaluated.  

Dry c l ean ing  system components found l e a k i n g  1 i q u i d  s o l v e n t  should 

be r e p a i r e d  immediate ly .  Pipes, hoses, and f i t t i n g s  should be examined 

f o r  a c t i v e  d r i p p i n g  o r  dampness. Pumps and f i l t e r s  should be c l o s e l y  

inspec ted  f o r  leaks  around sea ls  and access covers.  I n  genera l ,  t h e r e  

should be no v i s i b l e  s igns  o f  l i q u i d  so l ven t .  

So lven t  vapor l eaks  should be c o n t r o l l e d  by reduc ing  t h e  number o f  

sources where s o l v e n t  i s  exposed t o  t h e  atmosphere. Under no circumstances 

should t h e r e  be any open con ta ine rs  (cans, buckets ,  b a r r e l s )  o f  s o l v e n t  

o r  so l ven t - con ta in i ng  m a t e r i a l .  Equipment c o n t a i n i n g  s o l v e n t  (washers, 

d r ye rs ,  e x t r a c t o r s ,  and f i l t e r s )  should remain c l osed  a t  a l l  t imes  o t h e r  

than  d u r i n g  maintenance o r  l o a d  t r a n s f e r .  L i n t  f i l t e r  and b u t t o n  t r a p  

covers should remain c losed  except  when so l ven t - l aden  l i n t  and d e b r i s  

a re  removed. Gaskets and sea ls  should be inspec ted  and rep laced  when 

found worn o r  d e f e c t i v e .  So lven t - laden  c l o t h e s  should never be a l l owed  

t o  s i t  exposed t o  t h e  atmosphere f o r  l onge r  pe r i ods  than  a re  necessary 

f o r  l oad  t r a n s f e r s .  F i n a l l y ,  vents  on so l ven t - con ta in i ng  waste and new 

s o l v e n t  s to rage  tanks  should be cons t ruc ted  and ma in ta ined  i n  a  manner 

t h a t  l i m i t s  s o l v e n t  vapor emissions t o  t h e  maximum p o s s i b l e  ex ten t .  
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