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PREFACE 

The work r e p o r t e d  h e r e i n  was performed by pe r sonne l  from Radian 

Corpora t ion ,  Midwest Research I n s t i t u t e  (MRI), and t h e  U . S .  Environmental  

P r o t e c t i o n  Agency ( E P A ) .  

R a d i a n ' s  P r o j e c t  D i r e c t o r ,  Michael  Fuchs,  d i r e c t e d  t h e  f i e l d  sampling 

and a n a l y t i c a l  e f f o r t  and w a s  r e s p o n s i b l e  f o r  summarizing t h e  tes t  and 

a n a l y t i c a l  d a t a  p re sen ted  i n  t h i s  r e p o r t .  Sample ana lys i s  w a s  performed 

by Radian Corpora t ion  i n  Aus t in ,  Texas.  The tes t  work was performed under 

EPA C o n t r a c t  No. 68-02-3850, Work Assignment No. 3. 

MRI P r o j e c t  Monitor ,  Will iam T e r r y ,  w a s  r e s p o n s i b l e  f o r  monitor ing 

p rocess  o p e r a t i o n s  d u r i n g  t h e  emis s ions  t e s t i n g  program, and f o r  r e p o r t i n g  

those  d a t a  t o  EPA. 

d a t a  i n t o  r e p o r t  form ( S e c t i o n  3 .0) .  The a s s i s t a n c e  of T.J. Campbell Company 

pe r sonne l  c o n t r i b u t e d  s u b s t a n t i a l l y  t o  t h e  s u c c e s s  of t h i s  emission test  

program. T . J .  Campbell C o n s t r u c t i o n  Company pe r sonne l  i nc luded  M r .  Ted  

Campbell, P r e s i d e n t ,  and Mr. O'Flynn S e w e l l ,  P lan t  Manager. 

Radian was r e s p o n s i b l e  f o r  i n c o r p o r a t i n g  t h e  p r o c e s s  

M r .  J e f f r e y  T e l a n d e r ,  O f f i c e  of A i r  Q u a l i t y  P lann ing  and S tanda rds ,  

I n d u s t r i a l  S t u d i e s  Branch, EPA. s e rved  as P r o j e c t  Lead Engineer  and was 

r e s p o n s i b l e  f o r  c o o r d i n a t i n g  t h e  p r o c e s s  o p e r a t i o n s  monitor ing.  

M r .  Clyde E. R i l e y ,  O f f i c e  of t h e  A i r  Q u a l i t y  P lann ing  and S t a n d a r d s ,  

Emission Measurements Branch, EPA, se rved  as Task Manager and was r e s p o n s i b l e  

f o r  o v e r a l l  test program c o o r d i n a t i o n .  
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SECTION 1 

1.0 IMRODDCTION 

S e c t i o n  111 of  t h e  C l e a n  A i r  Act of 1970 c h a r g e s  t h e  A d m i n i s t r a t o r  of 

t h e  U. S .  Environmental  P r o t e c t i o n  Agency (EPA) v i t h  t h e  r e s p o n s i b i l i t y  f o r  

e s t a b l i s h i n g  F e d e r a l  s t a n d a r d s  of performance for new s t a t i o n a r y  s o u r c e s  

which may s i g n i f i c a n t l y  c o n t r i b u t e  t o  a i r  p o l l u t i o n .  

t h e s e  new source  performance s t a n d a r d s  (NSPS's) a r e  t o  r e f l e c t  t h e  d e g r e e  of  

emission l i m i t a t i o n  a c h i e v a b l e  through a p p l i c a t i o n  of t h e  b e s t  demonstrated 

emission c o n t r o l  technology.  Emission d a t a ,  ob ta ined  from s e l e c t e d  indus- 

t r i a l  s o u r c e s ,  a r e  used i n  t h e  development  a n d l o r  review of NSPS r e g u l a -  

t i o n s .  

r ev iew of  t h e  a s p h a l t  c o n c r e t e  i n d u s t r y .  

When promulgated. 

In fo rma t ion  is  p r e s e n t l y  being c o l l e c t e d  and ana lyzed  f o r  t h e  NSPS 

1 .I BACKGROUND 

An NSPS f o r  a s p h a l t  c o n c r e t e  p l a n t s  was promulgated March 8,  1974 and 

e s t a b l i s h e d  a p a r t i c u l a t e  l i m i t  of 0.04 g r a i n s  per d r y  s t a n d a r d  c u b i c  f o o t  

and a v i s i b l e  emis s ion  l i m i t  of 20 p e r c e n t  o p a c i t y .  F o l l o w i n g  a r e v i e w  of 
t h i s  NSPS i n  1979, no r e v i s i o n s  t o  t h e  s t a n d a r d  v e r e  proposed; however, a 

second r e v i e w  of t h e  a s p h a l t  c o n c r e t e  NSPS was i n i t i a t e d  i n  November of 

1982. As p a r t  of t h i s  r ev iew,  p a r t i c u l a t e  and o p a c i t y  l i m i t s  a r e  being 

e v a l u a t e d  f o r  p l a n t s  u t i l i z i n g  r e c y c l e  a s p h a l t  pavement (RAP). 

of  t h e  NSPS was r eques t ed  by t h e  N a t i o n a l  A s p h a l t  Pavement Aesoc ia t ion  

(NAPA). 
s i o n s  ( p a r t i c u l a t e  and v i s i b l e )  were be ing  g e n e r a t e d  d u r i n g  a s p h a l t  c o n c r e t e  

p r o d u c t i o n  u t i l i z i n g  RAP. Inc reased  hydrocarbon emiss ions  d u r i n g  RAP u t i l i -  

z a t i o n  a r e  cons ide red  t o  r e s u l t  i n  g r e a t e r  plume o p a c i t y  due  t o  t h e  genera-  

t i o n  of a " b l u e  haze" c r e a t e d  b y  condensed hydrocarbons.  

The r e v i e w  

The r e q u e s t  v a s  made from t h e  conce rn  t h a t  p o s s i b l e  h i g h e r  emis- 
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=A's O f f i c e  of A i r  Q u a l i t y  P l a n n i n g  and S tanda rds  s e l e c t e d  t h e  T. J. 

Campbell  C o n s t r u c t i o n  Co. a s p h a l t  c o n c r e t e  p l a n t  i n  Oklahoma C i t y ,  Oklahoma, 

a s  an emis s ion  t e s t  program s i t e .  
of RAP, (2 )  p r i o r  r e s u l t s  o b t a i n e d  d u r i n g  NSPS compliance t e s t i n g ,  and (3) 
s u i t a b i l i t y  f o r  t e s t i n g .  

S e l e c t i o n  w a s  based upon (1) u t i l i z a t i o n  

1 
b 

1 .2  OBJECTIVES 

The purpose of  t h e  tes t  program was t o  o b t a i n  end e v a l u a t e  emis s ion  . 
d a t a  ( p a r t i c u l a t e  m a t t e r ,  hydrocarbons,  and v i s i b l e  emis s ions )  from an 

a s p h a l t  c o n c r e t e  p l a n t  p r o c e s s i n g  UP. 
t i o n a l  and r e c y c l e  o p e r a t i o n s  t o  p r o v i d e  a b a s i s  f o r  comparison of  t h e  two 

o p e r a t i o n a l  modes t o  t h e  promulgated NSPS. 

The p l a n t  was c e s t e d  d u r i n g  conven- 

1.3 BRIEF PROCESS DESCRIPTION 

F i g u r e  1-1 p r e s e n t s  a ecbematic of  t h e  a s p h a l t  c o n c r e t e  p rocess .  

F o l l o w i n g  a r e  d e s c r i p t i o n s  of  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n s  a t  t h e  T. 
J. Campbell  p l a n t .  

1 .).I Convent ional  Opera t ion  

C o n v e n t i o n a l  o p e r a t i o n  i s  t h e  t e r m  used  t o  d e n o t e  p r o c e s s  o p e r a t i o n  

when f e e d i n g  o n l y  v i r g i n  a g g r e g a t e ,  Le., unused a g g r e g a t e  m a t e r i e l ,  t o  t h e  

drum mixer. 

r o t a r y  drum mixer v i a  a b e l t  conveyor.  

a g g r e g a t e  is f e d  from f o u r  b i n e  and c o n t r o l l e d  by a computer l o c a t e d  i n  t h e  

c o n t r o l  room. L iqu id  a s p h a l t  i s  i n j e c t e d  i n t o  t h e  drum abou t  t h r e e - f o u r t h s  

o f  t h e  d i s t a n c e  of  t h e  drum from t h e  b u r n e r  end. 

from t h e  drum on'to a conveyor  and i s  t r a n s p o r t e d  t o  any o f  t h r e e  s t o r a g e  

s i l o s  f o r  t r u c k  load-out. 

The v i r g i n  a g g r e g a t e  is loaded i n t o  t h e  n a t u r a l  g a s - f i r e d  

The q u a n t i t y  and m k  of v i r g i n  

The a s p h a l t  c o n c r e t e  f a l l s  

Gaseous e m i s s i o n s  from t h e  drum e n t e r  a knockout box which reduces t h e  

g a s  v e l o c i t y  t o  a l l o v  f u r t h e r  r e d u c t i o n  of p a r t i c u l a t e  matter by s e t t l i n g .  
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From t h e  knockout box, t h e  emis s ions  a r e  ducted t o  a vet  v e n t u r i  scrubber .  

I n  t h e  d u c t  work between t h e  knockout box and v e n t u r i  a r e  wa te r  s p r a y s  t o  

c o o l  t h e  emis s ion  gases .  Water is  a l s o  i n j e c t e d  a t  t h e  v e n t u r i  t h r o a t .  

A d d i t i o n a l  wa te r  is f l u s h e d  through a c o l l e c t i o n  box below t h e  v e n t u r i .  

Scrubber  v a t e r  i s  c o n t a i n e d  i n  tvo  e a r t h e n  ponds t o t a l i n g  about  120 f e e t  by 

24 f e e t  w i t h  a n  e f f e c t i v e  d e p t b  of 3 t o  6 f e e t .  

i n t o  t h e  end of  one  pond v h i l e  s c r u b b e r  s u p p l y  water is pumped f r o m t h e  end 

of  t h e  o t h e r  pond. 

t o  r educe  t h e  suspended p a r t i c u l a t e  m a t t e r  in t h e  s c r u b b e r  wa te r  s u p p l y  

pond. 

Scrubber  e f f l u e n t  f l o w s  
I 

& 
The ponds a r e  d i v i d e d  by a d i k e  which s e r v e s  as a weir 

1.3.2 Recvcle  Opera t ion  

Recyc le  o e p r a t i o n  d i f f e r s  from c o n v e n t i o n a l  o p e r a t i o n  i n  t h a t  BAP 

r e p l a c e s  a p o r t i o n  of  t h e  v i r g i n  a g g r e g a t e  i n  t h e  r o t a r y  d r u m  mixture .  The 

remainder  of  t h e  RAP or r e c y c l e  proces-8 i s  a s  d e s c r i b e d  i n  S e c t i o n  13.1. 

T h e  a d v a n t a g e s  of  r e c y c l e  o p e r a t i o n  i n c l u d e  u s e  of  less v i r g i n  a g g r e g a t e ,  

u s u a l l y  i n  a r e a s  w i t h  a l i m i t e d  s u p p l y  of v i r g i n  a g g r e g a t e ,  and t h e  u s e  of  

less a s p h a l t  cement due t o  t h e  i n c l u s i o n  of a s p h a l t  m a t e r i a l  in t h e  RAP. 

1.4 EMISSIONS MEASUREHENT PROGRAH 

The measurement program was conducted a t  t h e  T. J. Campbell  Construc- 

t i o n  Co. a s p h a l t  c o n c r e t e  p l a n t  in Oklahoma C i t y ,  Oklahoma, November 7-15, 
1983. 

t r o l l e d  ( v e n t u r i  s c r u b b e r  i n l e t )  and c o n t r o l l e d  ( v e n t u r i  s c r u b b e r  o u t l e t )  

e m i s s i o n s  from t h e  c o n v e n t i o n a l  and r e c y c l e  a s p h a l t  o p e r a t i o n s .  

The e m i s s i o n  t e a -  were des igned  t o  c h a r a c t e r i z e  and q u a n t i f y  uncon- 

Radian p e r s o n n e l  were r e s p o n s i b l e  f o r  s ampl ing  and a n a l y z i n g  p r o c e s s  

emis s ions .  Midwest Research I n s t i t u t e  (HU) v a s  r e s p o n s i b l e  f o r  coordina-  

t i n g  t h e  t e s t  program v i t h  p l a n t  o f f i c i a l s  and f o r  a s s u r i n g  t h a t  o p e r a t i n g  

c o n d i t i o n s  f o r  p r o c e s s  and c o n t r o l  equipment were s u i t a b l e  f o r  the t e s t  

program. M R I  was' a l s o  r e s p o n s i b l e  f o r  monitor ing and r e c o r d i n g  a l l  neces- 

s a r y  p r o c e s s  and c o n t r o l  equipment o p e r a t i n g  parameters .  
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1.4.1 Tes t  Parameters  of I n t e r e s t  

I I  
1 

1.4.1.1 P a r t i c u l a t e  Mass Loading-- 

T o t a l  p a r t i c u l a t e  l oad ing  measurements were performed s i m l t a n e o u s l y  a t  

t h e  sc rubbe r  i n l e t  ( u n c o n t r o l l e d )  and o u t l e t  ( c o n t r o l l e d )  u s i n g  a modified 

v e r s i o n  oE EPA Method 5E. Three  p a r t i c u l a t e  mass t e s t  runs were conducted 

du r ing  c o n v e n t i o n a l  o p e r a t i o n  and t h r e e  vere conducted d u r i n g  r e c y c l e  

o p e r s t i o n .  

1.4.1.2 T o t a l  Organic Carbon and E x t r a c t a b l e  Organics-- 

T o t a l  o r g a n i c  carbon (TOC) and e x t r a c t a b l e  o r g a n i c s  samples  v e r e  c o l -  

l e c t e d  a t  t h e  sc rubbe r  i n l e t  and o u t l e t  s i m l t a n e o u s l y  d u r i n g  t h e  EPA Method 

5E d e t e r m i n a t i o n s  d e s c r i b e d  i n  S e c t i o n  1.4.1.1. Each sample c o n s i s t e d  of 

o r g a n i c s  t h a t  condensed on t h e  g l a s s w a r e  downstream of t h e  f i l t e r  h o l d e r  and 

i n  t h e  f i r s t  two impingers c o n t a i n i n g  0.1N NaOH. TOC impinger samples  (0.1N 

NaOH impinger s o l u t i o n s )  were ana lyzed  t o  de t e rmine  t h e  t o t a l  o r g a n i c  ca rbon  

and t h e  e x t r a c t a b l e  o r g a n i c s  c o n t e n t .  Three t e s t  runs  were conducted d u r i n g  

b o t h  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  

1.4.1.3 Trace Metals-- 

During one r e c y c l e  and one c o n v e n t i o n a l  p a r t i c u l a t e  and TCClex t r ac t ab le  

o r g a n i c s  tes t  run. a p a i r  o f  n i t r i c  a c i d  (HNO-,) impingers were inco rpora t ed  

i n  t h e  sampling t r a i n  t o  c o l l e c t  v o l a t i l e  t r a c e  m e t a l s  samples .  

m a t t e r  c o l l e c t e d  d u r i n g  t h e  r e s p e c t i v e  runs  was a l s o  ana lyzed  f o r  t r a c e  

m e t a l s .  Both u n c o n t r o l l e d  and c o n t r o l l e d  emis s ions  were c h a r a c t e r i z e d  f o r  

t r a c e  m e t a l s .  

P a r t i c u l a t e  

1.4.1.4 Gas Stream Analysis--  

The C02 and O r c o n c e n t r a t i o n s  of t h e  i n l e t  and o u t l e t  f l u e  g a s e s  were 

determined d u r i n g  r e c y c l e  and c o n v e n t i o n a l  o p e r a t  i o n s  u s i n g  an Orsat 02/C02 

a p p a r a t u s  a s  s p e c i f i e d  i n  EPA Method 3. 

I 
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1.4,l.S P a r t i c l e  S i r e  D i s t r i b u t i o n - -  

Three p a r t i c l e  s i z e  d i s t r i b u t i o n  (PSD) t e s t  runs  were performed f o r  uncon- 

t r o l l e d  emis s ions  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n ,  and one i n l e t  PSD run was 

performed d u r i n g  r e c y c l e  o p e r a t i o n .  

s c r u b b e r  o u t l e t  g a s  stream preven ted  t h e  c o l l e c t i o n  o f  a c c e p t a b l e  PSD d a t a  

for c o n t r o l l e d  emissions.  

The p r e s e n c e  of  a w a t e r  m i s t  i n  t h e  

1.4.1.6 P o l y n u c l e a r  Aromatic Eydrocarbons-- 

One i n l e t  sample and one  o u t l e t  sample were c o l l e c t e d  during conven- 

t i o n a l  and recyc l e  o p e r a t  i ons  for p o l y n u c l e a r  a romat i c  hydrocarbons (PAE). 

1.4.1.7 Scrubbe r  Water Samples and O p e r a t i o n s  Honitoring-- 

The t v o  p r o c e s s  w a t e r s  sampled were s c r u b b e r  wa te r  t o  t h e  v e n t u r i  and 

Grab samples of p r o c e s s  wa te r s  were c o l -  s c r u b b e r  w a t e r  from t h e  v e n t u r i .  

l e c t e d  d u r i n g  each r e c y c l e  and c o n v e n t i o n a l  p a r t i c u l a t e l T O C  and PAR run. 

A l l  s amples  were cornposited and a n a l y z e d  f o r  t o t a l  d i s s o l v e d  s o l i d s ,  t o t a l  

suspended s o l i d s .  and t o t a l  o r g a n i c  carbon. 

f o r  p o l y n u c l e a r  a romat i c  hydrocarbons and t r a c e  m e t a l s .  

S e l e c t e d  samples  v e r e  ana lyzed  

The t empera tu re  and pH of v a t e r  e n t e r i n g  and e x i t i n g  t h e  sc rubbe r  were 

measured a t  t h e  r e s p e c t i v e  s a p l i n g  l o c a t i o n s  c o i n c i d e n t  w i t h  t h e  conven- 

t i o n a l  and r e c y c l e  p r o c e s s  sampling.  

Sc rubbe r  w a t e r  f l o w  r a t e s  t o  t h e  v e n t u r i  were monitored a t  two loca-  

t i o n s :  t o t a l  f l o w  t o  t h e  v e n t u r i  and f l o w  t o  t h e  v e n t u r i  t h r o a t .  Flow r a t e  

d a t a  v e r e  r eco rded  d u r i n g  each emiss ion  t e s t  run. 

1.4.1.8 P r o c e s s  Samples and P roduc t ion  Honitoring--. 

Grab samples  o f  t h e  t h r e e  p r o c e s s  s o l i d s  streams v i r g i n  a g g r e g a t e ,  RAP, 
and a s p h a l t  cement were ob ta ined  d u r i n g  t h e  t e s t  program. 

and RAP were ana lyzed  f o r  moisture c o n t e n t .  

t h e  a s p h a l t  cement samples.  

V i r g i n  a g g r e g a t e  

No a n a l y s e s  were performed on 

I 

i 

* i  
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M R I  monitored and recorded t h e  p r o c e s s  

t h i s  r e p o r t .  

o p e r a t i o n s  d a t a  p re sen ted  i n  

1.5 DESCRIPTION OF REPORT SECTIONS 

The remaining s e c t i o n s  of t h i s  r e p o r t  p r e s e n t  t h e  Summary and Discus- 

s i o n  of R e s u l t s  (Sec t ion  2).  P r o c e s s  D e s c r i p t i o n  and Opera t ion  (Sec t ion  3 ) ,  
Loca t ion  of Sampling P o i n t s  ( S e c t i o n  41, Sampling and A n a l y t i c a l  Methodology 

(Sec t ion  5 ) .  and Q u a l i t y  Assurance P rocedures  (Sec t ion  6). D e t a i l e d  des- 

c r i p t i o n s  of methods and p rocedures ,  f i e l d  and l a b o r a t o r y  d a t a ,  and c a l c u l a -  

t i o n s  a r e  p r e s e n t e d  in t h e  v a r i o u s  append ices ,  a s  i n d i c a t e d  in t h e  T a b l e  of 

Contents .  
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SECTION 2 

2.0 SUMMAR7 AND DISCUSSION OF BESULTS 

Th i s  s e c t i o n  i n c l u d e s  a p r e s e n t a t i o n  and d i s c u s s i o n  of  t h e  r e s u l t s  of 

emission and p r o c e s s  c h a r a c t e r i z a t i o n  t e s t s  conducted a t  t h e  T. J. Campbell  

a s p h a l t  c o n c r e t e  p l a n t  i n  Oklahoma C i t y ,  Oklahoma. U n c o n t r o l l e d  and con- 

t r o l l e d  emis s ion  streams were t e s t e d .  P r o c e s s  c h a r a c t e r i z a t i o n  inc luded  

t e s t i n g  of  s c r u b b e r  w a t e r s  and feed m a t e r i a l s .  

both c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  

Tes t ing  vas conducted d u r i n g  

P a r t i c u l a t e  mass, t o t a l  o r g a n i c  ca rbon ,  and e x t r a c t a b l e  o r g a n i c s '  t e s t  

r e s u l t s  a r e  p re sen ted  i n  S e c t i o n s  2.1, 2.2, and 2 3 ,  r e s p e c t i v e l y .  A com- 

p a r i s o n  of t o t a l  o r g a n i c  ca rbou  emiss ions  and e x t r a c t a b l e  o r g a n i c s  emis s ions  

d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n  i a  p re sen ted  i n  S e c t i o n  2.4. 

S e c t i o n s  2.5 and 2.6 p r e s e n t  trace m e t a l  and p o l y n u c l e a r  a romat i c  hydrocar- 

bon r e s u l t s ,  r e s p e c t i v e l y .  P a r t i c l e  s i z e  d i s t r i b u t i o n  d a t a  and v i s i b l e  

emission r e s u l t s  a r e  p r e s e n t e d  i n  S e c t i o n s  2.1 and 2.8. Scrubber  c h a r a c t e r  

i z a t i o n  r e s u l t s  and p r o c e s s  sampling r e s u l t s  a re  p resen ted  i n  S e c t i o n s  2.9 

t h r o u g h  2.11. 

D i f f i c u l t i e s  encountered i n  e i t h e r  sample c o l l e c t i o n  or p r o c e s s  con- 

t r o l  d u r i n g  t e s t i n g  a r e  d i s c u s s e d  as a p p l i c a b l e  t o  d a t a  i n t e r p r e t a t i o n .  

The t e a t  r e s u l t s  a r e  a l s o  d i s c u s s e d  and comparisons made, when a p p l i c a b l e ,  

t o  h e l p  e x p l a i n  v a r i a b i l i t i e s  o r  d i s c r e p a n c i e s  v i t h i n  t h e  t e s t  r e s u l t s .  

A d d i t i o n a l  f i e l d  d a t a  may b e  found i n  Appendices A and C. A d d i t i o n a l  

a n a l y t i c a l  d a t a  may be  found i n  Appendix E. 
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2.1 PARTICLUTE MISSION RESULTS 

A modif ied v e r s i o n  of EF'A Method 5E v a s  used t o  c o l l e c t  p a r t i c u l a t e  

mass s a m p l e s  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  P a r t i c u l a t e  emis- 

s i o n  r e s u l t s ,  i d e n t i f i e d  i n  t b e  d a t a  t a b l e s  as t h e  " f ron t -ha l f  catch, ' '  a r e  

p r e s e n t e d  and d i s c u s s e d  in t h i e  s e c t i o n .  

2.1.1 Convent ional  Opera t ion  P a r t i c u l a t e  Emission R e s u l t s  

T a b l e  2-1 ( E n g l i s h  u n i t e )  and T a b l e  2-2 (me t r i c  u n i t s )  p r e s e n t  r e s u l t s  

of  t h e  u n c o n t r o l l e d  and c o n t r o l  l e d  p a r t i c u l a t e  emission tes ts  performed 

d u r i n g  c o n v e n t i o n a l  o p e r e t i o n .  

l a t e  emis s ion  sampl ing  r u n s  v e r e  conducted s i m l t a n e o u s l y  d u r i n g  conven- 

t i o n a l  o p e r a t i o n .  

Three u n c o n t r o l l e d  and c o n t r o l l e d  p a r t i c u -  

T h e  three c o n v e n t i o n a l  o p e r a t i o n  N U B  a r e  d e s i g n a t e d  as 

C - 1 ,  C-2, and  C-3. 

U n c o n t r o l l e d  p a r t i c u l a t e  l o a d i n g s  vere  7.60, 8.49, and 5.58 g r a i n s  p e r  

d r y  s t a n d a r d  c u b i c  f e e t  (gr/DSCF) f o r  Runs C-1. C-2. and C-3, r e s p e c t i v e l y .  

The co r re spond ing  c o n t r o l l e d  p a r t i c u l a t e  e m i s s i o n s  vere 0.0550, 0.0814. and 

0.0332 gr/DSCF f o r  Run6.C-1, C-2, and C-3, r e s p e c t i v e l y .  The a v e r a g e  con- 

t r o l l e d  p a r t i c u l a t e  mass load ing  v a s  0.0565 gr/DSCF, which i s  above t h e  

p r e s e n t  NSPS s t a n d a r d  of 0.04 gr/DSCF. The p a r t i c u l a t e  ( f r o n t - h a l f  c a t c h )  

c o l l e c t i o n  e f f i c i e n c y  of t h e  v e t  v e n t u r i  s c r u b b e r  was 99.3, 99.1, and 99.4 

p e r c e n t  f o r  Rune C-1. C-2. and C-3, r e s p e c t i v e l y .  

2.1.2 Recycle  Operat ion P a r t i c u l a t e  Emission R e s u l t 6  

T a b l e  2-3 ( E n g l i s h  u n i t s )  and T a b l e  2-4 ( m e t r i c  u n i t s )  p r e s e n t  r e s u l t s  

of  t h e  u n c o n t r o l l e d  and c o n t r o l  l ed  p a r t i c u l a t e  emiaaion tests performed 

d u r i n g  r e c y c l e  o e p r a t i o n .  

emis s ion  sampl ing  runs vere conducted s i m l t a n e o u s l y  d u r i n g  r e c y c l e  opera-  

t i o n .  The three r e c y c l e  o p e r a t i o n  r u n s  a r e  d e s i g n a t e d  a s  E-1, 8-2, and R-3. 

Three u n c o n t r o l l e d  and c o n t r o l l e d  p a r t i c u l a t e  

? 
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I '  

U n c o n t r o l l e d  p a r t i c u l a t e  l o a d i n g s  were 3 . 2 4 ,  4 .37,  and 3.15  gr/DSCF f o r  

Runs R-1,  R-2,  and R-3, r e s p e c t i v e l y .  The co r re spond ing  c o n t r o l l e d  p a r t i c u -  

l a t e  emis s ions  were 0 . 0 2 2 7 ,  0 . 0 2 2 9 ,  and 0.0286 gr/DSCF f o r  Runs R-1,  R-2, 

and R-3, r e s p e c t i v e l y .  

0.0247 gr/DSCF which i s  below t h e  p r e s e n t  NSPS s t a n d a r d  of 0.04 gr/DSCF. 

The p a r t i c u l a t e  ( f r o n t - h a l f  c a t c h )  c o l l e c t i o n  e f f i c i e n c y  of t h e  w e t  v e n t u r i  
i s c r u b b e r  was 9 9 3 ,  9 9 . 4 ,  and 9 9 3 ,  for T e s t a  8-1, 8-2, and E-3, r e s p e c t i v e l y .  

! 

The a v e r a g e  c o n t r o l  l e d  p a r t i c u l a t e  mass l oad ing  was 

2.1.3 D i s c u s s i o n  of P a r t i c u l a t e  Emission T e s t  R e s u l t s  

Three t o p i c s  a r e  d i s c u s s e d  i n  t h i s  s e c t i o n .  They i n c l u d e :  

o d i f f i c u l t i e s  encountered i n  c o l l e c t i n g  p a r t i c u l a t e  mass 

samples ,  

o a n i s o k i n e t i c  e f f e c t  on p a r t i c u l a t e  mass emiss ion  c a l c u -  

l a t i o n s ,  and 

o c o n v e n t i o n a l  v e r s u s  r e c y c l e  p a r t i c u l a t e  mass emiss ions .  

2.1.3.1 P a r t i c u l a t e  Mass Sampling D i f f i c u l t i e s - -  

Problems encountered d u r i n g  p a r t i c u l a t e  mass sampl ing  inc luded :  

o sou rce  sampling equipment m a l f u n c t i o n s ,  and 

o f l u c t u a t i o n s  i n  t h e  m o i s t u r e  c o n t e n t  of t h e  p r o c e s s  

gas  s t r eams .  

Glassware broke tw ice  d u r i n g  c o n t r o l l e d  emis s ion  sampling Run C-1. 

When t h i s  occur red ,  s ampl ing  was s topped ,  t h e  broken g l a s s w a r e  was r e p l a c e d ,  

a new l eak  check was performed, and sampl ing  was resumed. The probe l iner  

h e a t e r  a l s o  s h o r t e d  o u t  d u r i n g  t h e  same run (C-1). A f t e r  t h e  l iner h e a t e r  

s h o r t e d  o u t ,  t h e  p robe  was d i sconnec ted  from t h e  sampling t r a i n ,  t h e  l iner  

end and t h e  n o z z l e  were capped, and t h e  p robe  was t aken  t o  t h e  m o b i l e  l a b  
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f o r  c l e a n u p  using t h e  procedures  o u t l i n e d  i n  S e c t i o n  5. The shorted-out  l iner  

was then  removed and a c l e a n  g l a s s  l iner i n s e r t e d  in t h e  probe. The samp- 

l i n g  t r a i n  was r eas sembled  and a f t e r  a l e a k  check,  s ampl ing  was resumed. It 

is  f e l t  t h a t  t h e  equipment m a l f u n c t i o n s  encountered d u r i n g  Run C-1 d i d  n o t  

a d v e r s e l y  a f f e c t  or b i a s  t b e  d a t a  o b t a i n e d  d u r i n g  t h e  sampling run. 

It i s  b e l i e v e d  t h a t  f l u c t u a t i o n s  in t h e  m o i s t u r e  c o n t e n t  of  t h e  v i r g i n  

a g g r e g a t e  and r e c y c l e  a s p h a l t  pavement f e e d  caused t h e  m o i s t u r e  c o n t e n t  of 
t h e  u n c o n t r o l l e d  emis s ions  gas s t r eam t o  f l u c t u a t e .  Two u n c o n t r o l l e d  s a m -  

p l i n g  NUS conducted on November 11, 1983 u s i n g  t h e  same m i x  (Recyc le  A), 

had f l u e  gas  m o i s t u r e  v a l u e s  t h a t  v a r i e d  by o v e r  7%. 

problem, a w e t  b u l b / d r y  b u l b  r ead ing  v a s  t a k e n  p r i o r  t o  and d u r i n g  uncon- 

- t r o l l e d  sampl ing  NUS conducted in the lacter s t a g e s  of che t e s t i n g  e f f o r t .  

To h e l p  a l l e v i a t e  c h i s  

T h i s  p rocedure  p rov ided  more a c c u r a t e  d a t a ,  b u t  t h e  u n c o n t r o l l e d  gas  n o i s -  

t u r e  c o n t e n t  v a s  s t i l l  observed t o  f l u c t u s t - e .  In t h e  c a s e  of Run C-2. t h e  

measured m o i s t u r e  c o n t e n t  v a s  8Z h i g h e r  than  t h e  v e t  b u l b / d r y  b u l b  v a l u e  

measured immediately p r i o r  t o  t h e  run. 

During f o u r  of t h e  s i x  c o n t r o l  l ed  p a r t i c u l a t e  emis s ion  runs, t h e  mois- 

t u r e  v a l u e s  determined from t h e  i n p i n g e r  weight g a i n s  exceeded t h e  tempera- 

t u r e  dependent  s a t u r a t i o n  volume a s  determined by a psychromet r i c  c h a r t .  

Sampling runs  w i t h  imp i ige r  m o i s t u r e  v a l u e s  exceeding t h e  s a t u r a t i o n  volume 

i n d i c a t e  t h e  p r e s e n c e  o f  w a t e r  mist. 

runs  was used a s  t h e  m o i s t u r e  v a l u e  for a l l  f u r t h e r  c a l c u l a t i o n s .  

The s a t u r a t i o n  volume f o r  t h o s e  f o u r  

2.1.3.2 D i s c u s s i o n  of h i s o k i n e t i c  Test  Results--  

F l u c t u a t i o n s  i n  t h e  moisture c o n t e n t  of  t h e  u n c o n t r o l l e d  emis s ions  g a s  

s t r e a m  and t h e  p r e s e n c e  of w a t e r  m i s t  i n  t h e  c o n t r o l l e d  emissiona g a s  stream 
r e s u l t e d  in a n i s o k i n e t i c  s ampl ing  r a t e s  d u r i n g  f o u r  p a r t i c u l a t e  mass runs.  

These inc luded :  

o C o n t r o l l e d  P a r t i c u l a t e  Emiss ions  Run 8-2. 

o Uncon t ro l l ed  P a r t i c u l . a t e  Emi6sions Bun C-2. 

2-8 



0' Uncontrol led P a r t i c u l a t e  Emissions Run R-2. 

o Uncontrol led P a r t i c u l a t e  Emissions Run R-3. 

I n  o r d e r  t o  a l l o w  a r e v i e w  of  p o s s i b l e  e f f e c t s  i n t roduced  by an i sok ine -  

t i c  sampling i n t o  t h e  normal  mass emiss ion  r a t e  c a l c u l a t i o n s ,  two methods 

were used t o  c a l c u l a t e  mass emis s ion  r a t e s  f o r  t h e  p a r t i c u l a t e  mass emission 

runs. The method n o r m a l l y  used t o  c a l c u l a t e  p a r t i c u l a t e  mass emis s ion  r a t e s  

i s  t h e  c o n c e n t r a t i o n  method. 

l a t e  l oad ing  (sample mass d i v i d e d  by g a s  sample volume) by t h e  v o l u m e t r i c  

gas  f l o w  r a t e .  

i s  t h e  a r e a - r a t i o  method. 

i s  d i v i d e d  by t h e  sampling time and t h e n  m u l t i p l i e d  by t h e  r a t i o  of t h e  

s t a c k  a r e a  t o  n o z z l e  a r e a  t o  o b t a i n  t h e  p a r t i c u l a t e  mass f l o w  r a t e .  

T h i s  method i n v o l v e s  m u l t i p l y i n g  t h e  p a r t i c u -  

The second p a r t i c u l a t e  mass emission r a t e  c a l c u l a t i o n  method 

Based on t h e  a r e a - r a t i o  method, t h e  sample mass 

, ', 

i 

The d i f f e r e n c e  between t h e  emis s ion  r a t e s  c a l c u l a t e d  by t h e s e  t v o  

methods i s  an e s t i m a t e  of  t h e  maximum b i a s  i n  t h e  measured emiss ion  r a t e  due 

t o  a n i s o k h e t i c  sampling.  

c a l c u l a t e d  u s i n g  t h e  c o n c e n t r a t i o n  method and t h e  a r e a - r a t i o  method. The 

ave rage  p a r t i c u l a t e  emis s ion  r a t e  l i s t e d  i n  T a b l e  2-5 was used a s  t h e  t r u e  

v a l u e  f o r  t h e  p a r t i c u l a t e  emis s ion  r u n s  t h a t  were o u t s i d e  of  t h e  i s o k i n e t i c  

sampling l i m i t  of 100 210 p e r c e n t  

T a b l e  2-5 i n c l u d e s  p a r t i c u l a t e  emission r a t e 6  

2 . 1 . 3 . 3  D i s c u s s i o n  of  P a r t i c u l a t e  Emissions During Convent ional  and 

Recycle Operation-- 

A major o b j e c t i v e  of  t h i s  program i s  t o  e v a l u a t e  how t h e  p a r t i c u l a t e  

emis s ions  change d u r i n g  c o n v e n t i o n a l  a s p h a l t  c o n c r e t e  p r o d u c t i o n  and produc- 

t i o n  u s i n g  r e c y c l e  a s p h a l t  pavement. Based on t h e  p a r t i c u l a t e  emissions 

d a t a  p r e s e n t e d  i n  T a b l e s  2-1 th rough  2-4, four g e n e r a l  o b s e r v a t i o n s  were 

made. These i n c l u d e :  

o The NSPS p a r t i c u l a t e  emis s ion  s t a n d a r d  (0.04 grahs/DSCF) 

was met d u r i n g  a l l  p a r t i c u l a t e  emis s ion  runs excep t  for Runs 

C-1 and C-2. 
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o T h e  p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y  of t h e  v e n t u r i  s c r u b b e r  

v a r i e d  from o n l y  99.1 t o  99.4 p e r c e n t .  

o The d a t a  i n d i c a t e  t h a t  t h e  type  of mix m a t e r i a l  f ed  t o  t h e  

drum dur,ing each r u n  has a d i rec t  e f f e c t  on t h e  u n c o n t r o l l e d  and 

c o n t r o l l e d  p a r t i c u l a t e  mass r a t e s ,  and 

o Over t h e  range tes ted ,  t h e  p r o d u c t i o n  r a t e  o f  e i t h e r  

c o n v e n t i o n a l  m i x  or r e c y c l e  m i x  d o e s  n o t  appea r  t o  

s i g n i f i c a n t l y  a f f e c t  t h e  u n c o n t r o l l e d  or c o n t r o l l e d  

p a r t i c u l a t e  mass load ing .  

The c o n t r o l l e d  p a r t i c u l a t e  mass l o a d i n g s  r a t e s  were 0.0550 and 

0.0814 gr/DSCF f o r  Runs C - 1  and C-2, r e s p e c t i v e l y ,  which i s  above t h e  pre-  

s e n t  NSPS s t anda rd .  Achievement of  t h e  NSPS l i m i t  d u r i n g  Runs C-3. R-1,  R- 

2. and R-3 was not due t o  improved performance of  t h e  v e n t u r i  s c rubbe r ,  b u t  

i n s t e a d  due t o  a d e c r e a s e  i n  t h e  l e v e l  of  u n c o n t r o l l e d  emissions.  

d i f f e r e n c e  between R u n s  C - 1  and C-2 and t h e  rest of t h e  r u n s  i s  t h e  t y p e  of  

raw m a t e r i a l s  feed t o  t h e  d r u m  d u r i n g  each run. 

A major 

T a b l e  2-6 i n c l u d e s  a summary o f  t h e  a s p h a l t  c o n c r e t e  mixes t y p i c a l l y  

produced by t h e  T. J. Campbell  C o n s t r u c t i o n  Company. During Run C - 1 ,  Type B 

mix was being produced. 

C-2, w i th  some p roduc t ion  of  Type C m i x  n e a r  t h e  end of  Run C-2. 

was produced d u r i n g  Run C-3 and Type A r e c y c l e d  a s p h a l t  mix was produced 

d u r i n g  Runs R-1. R-2, and R-3. 

Type B mix was a l s o  produced d u r i n g  most of  Run 

Type M m i x  

Type B ,  C ,  and M mixes a r e  top  m i r e s  t h a t  c o n t a i n  about  20 t o  24 per -  

c e n t  sand. The Type M mix u s e s  washed sand w h i l e  Type B and C mixes u s e  

unwashed sand. The washed sand i s  b e l i e v e d  t o  c o n t a i n  l e s s  f i n e s  and ad- 

hered d i s s o l v e d  s a l t s .  Type A r e c y c l e d  a s p h a l t  mix i s  a b a s e  mix and con- 

t a i n s  about  9.8 p e r c e n t  sand. Run r e s u l t s  i n d i c a t e  t h a t  t h e  t y p e  (washed/ 
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TA6LE 2-6. AGGREGATE ADDITIONS FOR TYPICAL MIXES AT T .  J . CAHPBELL 
CONSTRUCTION COMPANY, OKLAHOHA C I T Y ,  CiCLAHOMA 

Mois ture  
Con t e n t  

Est imated 
Type Aaphalt  P e r c e n t  By P l a n t  
nix Cement  Added B i n  No. of Aggregate  Bin Conten t s  Pe r sonne l  

( P e r c e n t )  (Pe rcen t )  
. . 

Type B 
(v i r g  i n  ) 

Type C 

Type I4 

Type A 
( r  ecyc l e )  

Bot Sand 
( r e c y c l e )  

4.9 1 
2 
3 
4 

5 .O 1 
2 
3 
4 

5.0 1 
2 
3 
4 

3.9 1 
(4.6)' 2 

3 
4 

PAP 

4.5 1 

3 
4 
BAP 

(4.6)' 2 

45 
22 

25 

43 
24 
33 

0 

53 
20 
0 
27 

a 

la 
9.8 
0 
41.2 
25 

15 
60 - 
-- 
25 

Screenings  
Sand 
314 in. rock 
518 in. rock 

Screenings  
Sand 
318 in. rock - 
Screenings  
Send (washed) -- 
518 in. rock 

Screening  e 
Sand 

1.5 i n .  rock 
RAP 

Screenings  
Sand 

-- 

-- -- 
BAP 

2.5 
12.0 
1.5 
2 .o 

1.5 
12.0 
1.5 --- 
2 .o 
11.0 

2.0 

2.5 
12.0 

2 .o 
2 .o 

2 .o 
11.0 

--- 

-- 

2 .o 

. 

'Asphalt cement i n  t h e  BAP. 
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unwashed) and q u a n t i t y  (9.8%/20-24%) of  sand i n  t h e  mix f eed  m a t e r i a l s  

a f f e c t  t h e  c o n c e n t r a t i o n  of p a r t i c u l a t e  m a t t e r  e n t r a i n e d  i n  t b e  emis s ion  

g a s e s .  

2.2 TOTAL ORGANIC, CBBBON RESULTS \ 

. I  C o n t r o l  l e d  and u n c o n t r o l l e d  t o t a l  o r g a n i c  ca rbon  (TOC) mass 

samples  were c o l l e c t e d  s i m u l t a n e o u s l y  v i t h  p a r t i c u l a t e  mass samples  

u s i n g  t h e  modif ied EPA Method 5E sampling t r a i n .  The TM: c o n t e n t  of t h e  

0.1 N NaOH impinger and r i n s e  s o l u t i o n s  were ana lyzed  d i r e c t l y  u s i n g  an 

i n s t r u m e n t a l  technique.  TOC r e s u l t s ,  i d e n t i f i e d  i n  t h e  d a t a  

t a b l e s  a s  t h e  "back-half  catcb,"  a r e  p r e s e n t e d  and d i s c u s s e d  i n  t h i s  

s e c t  i o n .  

, 
1 

2.2.1 Convent ional  Operat ion TOC Emission R e s u l t s  

i 

U n c o n t r o l l e d  and c o n t r o l l e d  TQC r e s u l t s  f o r  c o n v e n t i o n a l  o p e r a t i o n  a r e  

p r e s e n t e d  in  T a b l e  2-1 ( E n g l i s h  u n i t s )  and T a b l e  2-2 (metric u n i t s ) .  Uncon- 

t r o l l e d  TOC load ings  were 0.205, 0.434, and 0.297 gr/DSCF f o r  Runs C - I ,  C-2. 

and C - 3 ,  r e s p e c t i v e l y .  The c o n t r o l l e d  T K  l o a d i n g s  were 0.0532, 0.139, and 

0.129 gr/DSCF f o r  Runs C - I ,  C-2 ,  and C-3, r e s p e c t i v e l y .  The TOC ( b a c k - h a l f  

c a t c h )  c o l l e c t i o n  e f f i c i e n c y  of t h e  w e t  v e n t u r i  s c rubbe r  was 73.9, 67.5, and 

57.8 pe rcen t  f o r  Runs C - I ,  C-2, and C-3 ,  r e s p e c t i v e l y .  

2.2.2 Recvcle Opera t ion  TOC Emission R e s u l t s  

T a b l e  2-3 ( E n g l i s h  u n i t s )  and T a b l e  2-4 (me t r i c  u n i t s )  p r e s e n t  r e su l t s  

of  t h e  u n c o n t r o l l e d  and c o n t r o l l e d  TOC measurements performed d u r i n g  r e c y c l e  

o p e r a t i o n .  U n c o n t r o l l e d  TOC l o a d i n g s  were 0.448. 0.655, and 0.504 gr/DSCF 

f o r  Runs R-1,  E-2, and R-3, r e s p e c t i v e l y .  The c o n t r o l l e d  TCC l o a d i n g s  were 

0.0592. 0.0975, and 0.159 gr/DSCF f o r  Runs R-1, R-2,, and R-3, r e s p e c t i v e l y .  

The TOC c o l l e c t i o n  e f f i c i e n c y  of  t h e  wet v e n t u r i  s c r u b b e r  was 87.5, 83.9, 

and 68.6 p e r c e n t  f o r  Runs R - 1 ,  R-2. and 8-3, r e s p e c t i v e l y .  

2-13 



2 . 2 . 3  Discuss ion  of TOC Test  R e s u l t s  

The u n c o n t r o l l e d  TOC load ings  v a r i e d  from 0.205 t o  0.434 gr/DSCF dur ing  

c o n v e n t i o n a l  o p e r a t i o n  and from 0.448 t o  0.655 gr/DSCF d u r i n g  r e c y c l e  opera- 

t i o n .  

d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and from 0.0592 t o  0.159 grlDSCF d u r i n g  re- 
c y c l e  o p e r a t i o n .  Based on t h e  limited d a t a  a v a i l a b l e .  i t  is d i f f i c u l t  t o  

d e v e l o p  any c o r r e l a t i o n s  between p roceaa  o p e r a t i o n  and the d e g r e e  of v a r i a -  

b i l i t y  i n  t h e  u n c o n t r o l l e d  and c o n t r o l l e d  TCC emiss ions  d u r i n g  c o n v e n t i o n a l  

and r e c y c l e  o p e r a t i o n .  

The c o n t r o l l e d  TOC l o a d i n g s  v a r i e d  from 0.0532 to 0.139 gr/DSCF 

- 

The a v e r a g e  u n c o n t r o l l e d  TOC l o a d i n g  vas approx ima te ly  7 2  p e r c e n t  

g r e a t e r  d u r i n g  r e c y c l e  o p e r a t i o n  (0.0536 gr/DSCF) as compared t o  conven- 

t i o n a l  o p e r a t i o n  (0.0312 gr/DSCF). 

d u r i n g  r e c y c l e  o p e r a t i o n  (0.105 gr/DSCF) approximated t h e  a v e r a g e  c o n t r o l l e d  

TOC load ing  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.107 grlDSCF). These d a t a  

i n d i c a t e  t h a t  a l t h o u g h  t h e  a v e r a g e  u n c o n t r o l l e d  TOC emiss ions  i n c r e a s e d  

d u r i n g  r e c y c l e  o p e r a t i o n .  t h e y  d i d  n o t  r e s u l t  in  an i n c r e a s e  i n  c o n t r o l l e d  

TOC emiss ions  when compared t o  c o n v e n t i o n a l  TOC d a t a .  The a v e r a g e  removal  

e f f i c i e n c y  of t h e  v e n t u r i  s c r u b b e r  i n c r e a s e d  from 65.7 p e r c e n t  d u r i n g  con- 

v e n t i o n a l  o p e r a t i o n  t o  80.4 p e r c e n t  d u r i n g  r e c y c l e  o p e r a t i o n .  

But t h e  a v e r a g e  c o n t r o l  l e d  TCC l o a d i n g  

2 . 3  EXTRACTABLE ORGANICS EMISSION RESULTS 

~ E x t r a c t a b l e  o r g a n i c s  a n a l y s i s  was performed on t h e  same 0.1 N NaOE 

i q i n g e r  s o l u t i o n s  and rinses t h a t  TCC a n a l y s i s  vas performed on (modified 

EPA Method 5E samples )  w i t h  t h e  a d d i t i o n  o f  t h e  i n c l u s i o n  of  r e s u l t s  of a 

t r i c h l o r o e t h a n e  r i n s e .  

w i t h  c h l o r o f o r m  and d i e t h y l  e t h e r .  

t h e  mass of  e x t r a c t a b l e  o r g a n i c e  was de te rmined  g r a v i m e [ r i c a l l y .  

c h l o r o e t h a n e  rinses were a l s o  evapora t ed  a t  room tempera tu re  t o  de t e rmine  

t h e  mass of e x t r a c t a b l e  o r g a n i c s  g r a v i m e t r i c a l l y .  

t a i n  a summary of  u n c o n t r o l l e d  and c o n t r o l  l e d  e x t r a c t a b l e  o r g a n i c s  and 

p a r t i c u l a t e  emis s ion  r e s u l t s .  

An a l i q u o t  of  t h e  0.1N NaOE samples  were e x t r a c t e d  

A f t e r  e v a p o r a t i o n  a t  room t empera tu re ,  

The tr i-  

T a b l e s  2-7 and 2-8 con- 

E x t r a c t a b l e  o r g a n i c s  a r e  i d e n t i f i e d  as t h e  

2-14 
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'back-half  ca t ch"  i n  T a b l e s  2-7 and 2-8. 

a r e  p r e s e n t e d  and d i s c u s s e d  in t h i s  s e c t i o n .  

The e x t r a c t a b l e  o r g a n i c s  r e su l t s  

2.3.1 Convent ional  h e r a t i o n  E x t r a c t a b l e  Organics  Emission R e s u l t s  

U n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  were 0.176, 0.0568, and 

0.131 gr/DSCF f o r  Runs C - 1 ,  C-2, and C-3. r e s p e c t i v e l y .  The c o n t r o l l e d  

e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  were 0.0786. 0.0271, and 0.0279 gr/DSCF f o r  

Runs C-1. C-2. and C-3, r e s p e c t i v e l y .  

2.3.2 Recvcle Operat ion E x t r a c t a b l e  Organics  Emission R e s u l t s  

U n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  were 0.154, 0.140, and 

0.076 gr/DSCF f o r  Runs R-1, R-2, and R-3, r e s p e c t i v e l y .  C o n t r o l l e d  

e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  were 0.0235, 0.0596, and 0.0334 gr/DSCF f o r  

Runs R-1 ,  R-2. and R-3, r e s p e c t i v e l y .  

2.3.3 Di scuss ion  of E x t r a c t a b l e  Oreanics  Emission T e s t  R e s u l t s  

The u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  v a r i e d  from 0.0568 t o  

0.176 gr/DSCF d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and from 0.076 t o  0.154 

gr/DSCF d u r i n g  r e c y c l e  o p e r a t i o n .  

l oad ings  v a r i e d  from 0.0271 t o  0.0786 gr/DSCF d u r i n g  c o n v e n t i o n a l  

o p e r a t i o n  and from 0.0235 t o  0.0596 gr/DSCF d u r i n g  r e c y c l e  o p e r a t i o n .  

Based on t h e  l i m i t e d  d a t a  a v a i l a b l e ,  it i s  d i f f i c u l t  t o  d e v e l o p  any 

c o r r e l a t i o n s  between p r o c e s s  o p e r a t i o n  and t h e  d e g r e e  of  v a r i a b i l i t y  i n  
t h e  u n c o n t r o l l e d  and c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  emis s ions  d u r i n g  

c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  

The c o n t r o l  l e d  e x t r a c t a b l e  o r g a n i c s  

The a v e r a g e  u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g  d u r i n g  

c o n v e n t i o n a l  o p e r a t i o n  (0.121 gr/DSCF) approximated t h e  a v e r a g e  

u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g  d u r i n g  r e c y c l e  o p e r a t i o n  (0.123 

gr/DSCF). 

approx ima te ly  15  p e r c e n t  g r e a t e r  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.0445 

The a v e r a g e  c o n t r o l  l e d  e x t r a c t a b l e  o r g a n i c s  load ing  was 
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gr/DSCF) a s  compared t o  r e c y c l e  o p e r a t i o n  (0.0388 gr/DSCF). It is 

b e l i e v e d  t h a t  t h e  v a r i a b i l i t y  be tveen  t h e  c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  

load ings  is v i t h i n  t h e  v a r i a b i l i t y  of  t h e  sampling and a n a l y t i c a l  t e c h n i q u e s .  

2.4 COICABISON OF TCC AND EXTBBCTABLE ORGANICS EMISSION BESULTS 

Tvo a n a l y t i c a l  p rocedures  were uaed d u r i n g  t h i s  program t o  q u a n t i f y  t h e  

c o n c e n t r a t i o n  of u n c o n t r o l l e d  and c o n t r o l l e d  o r g a n i c  emis s ions  g e n e r a t e d  

d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  

used t o  de t e rmine  t h e  c o n c e n t r a t i o n  of TOC p r e s e n t  in t h e  O . 1 N  NaOH impinger 

and r inse s o l u t i o n s  g e n e r s t e d  d u r i n g  EPA Method 5E t e s t i n g .  The same 

samples v e r e  a l e o  ana lyzed  u s i n g  a g r a v i m e t r i c  ' technique t o  de t e rmine  

t h e  c o n c e n t r a t i o n  of  e x t r a c t a b l e  o r g a n i c s .  

b o t h  a n a l y s e s  on t h e  same samples  v a s  t o  p r o v i d e  d a t a  t h a t  c o u l d  be used t o  

h e l p  a s s e s s  t h e  u t i l i t y  of  bo th  p rocedures  in c h a r a c t e r i z i n g  o r g a n i c  

emis s ions  from a s p h a l t  c o n c r e t e  p l s n t a .  

& i n s t r u m e n t a l  t e c h n i q u e  vas 

The main o b j e c t i v e  of performing 

2.4.1 Comparison of  U n c o n t r o l l e d  TOC and E x t r a c t a b l e  Organic 

Emissions R e s u l t s  

T a b l e  2-9 p r e s e n t s  a comparison of  u n c o n t r o l l e d  TM: and e x t r a c t a b l e  

o r g a n i c s  e m i s s i o n s  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  The a v e r a g e  

u n c o n t r o l l e d  TOC l o a d i n g s  i n d i c a t e  t h a t  t b e  u n c o n t r o l l e d  o r g a n i c  emis s ions  

were about 7 2  p e r c e n t  g r e a t e r  d u r i n g  r e c y c l e  o p e r a t i o n  (0.536 gr/DSCF) a s  

compared t o  c o n v e n t i o n a l  o p e r a t i o n  (0.312 gr/DSCF). 

a v e r a g e  u n c o n t r o l l e d  e x t r a c t s b l e  o r g a n i c s  l o s d i n g s  i n d i c a t e  t h a t  t h e  

u n c o n t r o l l e d  o r g a n i c  emis s ions  were e s s e n t i a l l y  t h e  same d u r i n g  b o t h  r e c y c l e  

(0.123 gr/DSCF) and c o n v e n t i o n a l  (0.-121 gr/DSCF) o p e r a t i o n s .  

On t h e  o t h e r  hand t h e  

'I 
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2.4.2 Comparison of C o n t r o l l e d  TOC and E x t r a c t a b l e  Organics  

Emissions R e s u l t s  

T a b l e  2-10 p r e s e n t s  a comparison of  c o n t r o l l e d  TOC and e x t r a c t a b l e  

o r g a n i c s  emis s ions  d u r i n g  c o n v e n t i o n a l  and r ec ’yc le  o p e r a t i o n .  

c o n t r o l l e d  TOC i o a d i n g s  i n d i c a t e  t h a t  t h e  c o n t r o l l e d  o r g a n i c  e m h e i o n s  were 

e s s e n t i a l l y  t h e  same d u r i n g  c o n v e n t i o n a l  (0.107 gr/DSCF) and r e c y c l e  (0.105 

gr/DSCF) o p e r a t i o n s .  

i n d i c a t e d  t h a t  t h e  c o n t r o l  l e d  o r g a n i c  emis s ions  v e r e  about 15 p e r c e n t  

g r e a t e r  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.0445 gr/DSCF) a s  compared t o  

r e c y c l e  o p e r a t i o n s  (0.0388 gr/DSCF). 

The a v e r a g e  

The a v e r a g e  c o n t r o l  l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  

2.4.3 Discuss ion  of  TOC and E x t r a c t a b l e  Ornanics  Emissions R e s u l t s  

Because of  t h e  l i m i t e d  q u a n t i t y  of a v a i l a b l e  d a t a ,  i t  i s  d i f f i c u l t  t o  

d e v e l o p  an a c c u r a t e  comparison’betveen t h e  TOC and e x t r a c t a b l e  o r g a n i c s  

a n a l y t i c a l  procedures .  I n  f o r m u l a t i n g  an o p i n i o n  about t h e  t v o  p rocedures ,  

it i s  impor t an t  t h a t  s e v e r a l  f a c t o r s  be k e p t  i n  mind. F i r s t ,  t h e  TCC 

a n a l y s i s  r e s u l t s  a r e  i n d i c a t i v e  o f  t h e  mass o f  ca rbon  p r e s e n t  in a l l  o f  t h e  

o r g a n i c  s p e c i e s  in a sample.  The e x t r a c t a b l e  o r g a n i c s  a n a l y i s  r e s u l t s  a r e  

i n d i c a t i v e  of  t h e  ma86 of o r g a n i c  compounds (no t  jus t  carbon)  hav ing  a 

b o i l i n g  p o i n t  g r e a t e r  t han  30OoC. 

d i r e c t  i n s t r u m e n t a l  t echn ique  r e q u i r i n g  a m i n i m a l  amount of  sample 

p r e p a r a t i o n  ( r e f e r  t o  S e c t i o n  5.2). On t h e  o t h e r  hand, t h e  e x t r a c t a b l e  

o r g a n i c s  a n a l y s i e  p rocedure  does r e q u i r e  sample p r e p a r a t  i on  ( r e f e r  t o  

S e c t i o n  5.2) by means of  e x t r a c t i o n  w i t h  c h l o r o f o r m  and d i e t b y l  e t h e r .  

remaining e x t r a c t  i s  then  e ,vaporated t o  d r y n e s s  a t  room t empera tu re  b e f o r e  

ve igh ing  . 

A l s o ,  t h e  TCC a n a l y s i s  p rocedure  i s  a 

The 

It is b e l i e v e d  t h a t  t h e  TCC a n a l y s i s  p rocedure  is more s u i t a b l e  t h a n  

t h e  e x t r a c t a b l e  o r g a n i c s  p rocedure  for  c h a r a c t e r i z i n g  o r g a n i c  emis s ions  from 

a s p h a l t  c o n c r e t e  p l a n t s .  

r 
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2.5 TRACE NETAL EMISSION RESULTS 

During t h i s  program t h e  c o n c e n t r a t i o n  of  u n c o n t r o l l e d  and c o n t r o l l e d  

t r a c e  m e t a l s  were d e r i v e d  from t h e  a n a l y s i s  of " f ron t -ha l f "  and '%back-half" 

c a t c h e s  of t h e  t r a c e  m e t a l  sampling t r a i n  d e s c r i b e d  i n  S e c t i o n  5.1. The 

f r o n t - h a l f  c a t c h  i s  t h e  sum o f  t h e  a n a l y t i c a l  r e s u l t s  of  t h e  a c e t o n e  and 

t r i c b l o r o e t h a n e  probe and g l a s s v a r e  v a s h e s ,  t h e  c y c l o n e  s o l i d s  ( i f  

a p p l i c a b l e ) ,  and t h e  f i l t e r  s o l i d s .  The hack-ha l f  c a t c h  i s  t h e  sum o f  t h e  

a n a l y t i c a l  r e s u l t s  of  t h e  NaOH impingers  and BN03 impingers.  

t r a c e  m e t a l  s amples  ( u n c o n t r o l l e d l c o n t r o l l e d )  was c o l l e c t e d  d u r i n g  

c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  

One set  of  

2.5.1 Convent ional  Opera t ion  Trace H e t a l s  Emission R e s u l t s  

T a b l e  2-11 i n c l u d e s  a summary of u n c o u t r o l l e d  and c o n t r o l l e d  t race  

m e t a l s  emis s ions  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  

of  t h e  wet v e n t u r i  s c r u b b e r  f o r  each e l e m e n t  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n ,  

i s  p resen ted  i n  Tab le  2-11. 

The c o l l e c t i o n  e f f i c i e n c y  

2.5.2 Recvcle Operat ion Trace H e t a l s  E m i s s i o n  R e s u l t s  

T a b l e  2-12 i n c l u d e s  a summary o f  u n c o n t r o l l e d  and c o n t r o l l e d  t r a c e  

m e t a l s  emis s ions  d u r i n g  r e c y c l e  o p e r a t i o n .  The c o l l e c t i o n  e f f i c i e n c y  of t h e  

v e t  v e n t u r i  s c rubbe r  f o r  each e l emen tdur ing  r e c y c l e  o p e r a t i o n  i s  a l s o  

p r e s e n t e d  i n  Table  2-12. 

2.5.3 D i s c u s s i o n  of T r a c e  Metals Emission R e s u l t s  

During b o t h  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n s ,  t h e  u n c o n t r o l l e d  and 

c o n t r o l  l e d  c o n c e n t r a t i o n s  of  ca l c ium,  i r o n ,  magnesiumand aluminum comprised 

g r e a t e r  t han  99 p e r c e n t  of  t h e  t r a c e  m e t a l s  ana lyzed  in t h e  samples .  Each 

o f  t h e s e  elements a r e  n o n - v o l a t i l e ,  a c c o r d i n g  t o  t h e i r  e l e m e n t a l  b o i l i n g  

p o i n t ,  and a r e  p redominan t ly  a s s o c i a t e d  v i t h  t h e  p a r t i c u l a t e  ("Front-half  

Catch"). The wet v e n t u r i  s c r u b b e r  removed g r e a t e r  t han  99 p e r c e n t  of  t h e  
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ca lc ium,  i r o n ,  and aluminum d u r i n g  b o t h  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  

Magnesium was removed a t  an e f f i c i e n c y  of about 9 8 . 7 .  

S e v e r a l  "more v o l a t i l e "  e l e m e n t s  were a l s o  d e t e c t e d  i n  t h e  t r a c e  m e t a l  

samples.  These e l e m e n t s  i n c l u d e d  b e r y l l i u m ,  cadmium, and zinc.  Because of 

t h e  g r e a t e r  v o l a t i l i t y  of t h e s e  e l e m e n t s ,  a g r e a t e r  p e r c e n t a g e  of t h e  

v o l a t i l e  e l e m e n t s  were found in t h e  "back-half ' '  p o r t i o n  of t h e  t r a c e  me ta l  

sample t h a n  t h e  above mentioned n o n v o l a t i l e  e l emen t s .  

2.6 POLYNUCLEAR AROMATIC HYDROCARBONS EMISSION TEST RESULTS 

P o l y n u c l e a r  a romat i c  hydrocarbon (PAH) samples  were c o l l e c t e d  i n  t h e  

u n c o n t r o l l e d  and c o n t r o l l e d  a i r  emis s ions ,  d u r i n g  t h i s  program, u s i n g  an 

a d a p t i o n  of EPA Method 5E. The t echn ique ,  d e s c r i b e d  i n  S e c t i o n  5 ,  i n c l u d e s  

t h e  u s e  of  Method 5E f r o n t - h a l f  ( f i l t e r )  and back-ha l f  ( W - 2  r e s i n )  f o r  

a d s o r p t i o n  of o rgan ic  compounds. One se t  of PAH samples  

( u n c o n t r o l l e d l c o n t r o l  l e d )  was c o l l e c t e d  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  

ope ra t ion .  The PAE emiss ion  r e s u l t s  a r e  presented and d i s c u s s e d  i n  t h e  

f o  1 lowing s e c t  i on .  

2.6.1 Convent ional  Ouera t ion  PAH Emission Resul ts  

A summary of t h e  u n c o n t r o l l e d  and c o n t r o l l e d  PAH emiss ions  d u r i n g  

c o n v e n t i o n a l  o p e r a t i o n  a r e  p r e s e n t e d  i n  T a b l e  2 - 1 3 .  I n c l u d e d  i n  T a b l e  2-13 

a r e  t h e  f r o n t -  and back-half  c o n c e n t r a t i o n s  of b o t h  a c t i v e  and n o n a c t i v e  

ca rc inogen ic  PAH s p e c i e s .  

u s i n g  a r e f e r e n c e  book e n t i t  l e d  "Po1ycyc1ic Aromatic Hydrocarbons i n  Water 

Systems."' The r emova l  e f f i c i e n c y  of  cbe w e t  v e n t u r i  s c r u b b e r  for each of 

t h e  PAH compounds i e  i n c l u d e d  i n  T a b l e  2-13. The removal  e f f i c i e n c y  of  t h e  

v e n t u r i  s c r u b b e r  ranged from 1 p e r c e n t  f o r  benzo(b)f l u o r a n t h e n e  t o  100 

pe rcen t  for benzo(a)pyrene d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  

The a c t i v i t y  of t h e  PAEI s p e c i e s  was determined 
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2.6.2 Recycle Operat ion PAH Emission Test R e s u l t s  

T a b l e  2-14 i n c l u d e s  a summary of u n c o n t r o l l e d  and c o n t r o l l e d  PAH 

emissions d u r i n g  r e c y c l e  o p e r a t i o n s .  The c o n t r o l l e d  c o n c e n t r a t i o n s  of 

b enzo( b 1 f l uo ran  t hene , ind eno ( 1.2.3-c ,d 1-p y r  en e ,  a n t h r a c e n e ,  and 

benzo(K)f l u o r a n t h e n e  vas g r e a t e r  t h a n  t h e  u n c o n t r o l l e d  c o n c e n t r a t i o n s  for 

t h e s e  compounds. The removal e f f i c i e n c y  of t h e  v e t  v e n t u r i  s c rubbe r  for t h e  

remaining PAH compounds ranged from 31 p e r c e n t  for pyrene  co 73 p e r c e n t  for 
benzo(e1pyrene and 41 p e r c e n t  f o r  benzo(a1pyreoe.  

2.6.3 Di scuss ion  of PAH Emission T e s t  R e s u l t s  

Based on t h e  l i m i t e d  amount of  a v a i l a b l e  d a t a ,  i t  i s  d i f f i c u l t  t o  

d e v e l o p  c o r r e l a t i o n s  between PAH c o n c e n t r a t i o n s  and c o n v e n t i o n a l  or r e c y c l e  

o p e r a t i o n s .  For most of  t h e  PAR compounds a n a l y z e d ,  the c o n c e n t r a t i o n s  of 

t h e  c o n t r o l l e d  emis s ions  were l ess  than  t h e  c o n c e n t r a t i o n s  of  t h e  

u n c o n t r o l l e d  emissions.  

s e v e r a l  PAH c o q o u n d s  for which t h e  c o n t r o l l e d  emis s ions  were greater  t h a n  

t h e  u n c o n t r o l l e d  emissions.  I t  is  b e l i e v e d  t h a t  t h e s e  r e s u l t s  a r e  most 

probably caused by sampling and a n a l y t i c a l  e r r o r .  

Eovever ,  d u r i n g  r e c y c l e  o p e r a t i o n ,  t h e r e  were 

2.7 PARTICLE SIZE DISTRIBUTION RESULTS 

An Andersen High Capac i ty  Stack Sampler (AHCSS) v a s  used d u r i n g  t h i s  

program t o  de t e rmine  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  (PSD) of  u n c o n t r o l l e d  

emissions.  The AHCSS s i z e s  p a r t i c l e s  a e r o d y n a m i c a l l y  and is  des igned  t o  

determine t h e  PSD of  gas s t r e a m s  w i t h  h i g h  g r a i n  l o a d i n g s  wi thou t  ove r -  

l oad ing  or u s i n g  short sampl ing  p e r i o d s .  

- 
‘Futoma, David,  e t  a l .  P o l y c y c l i c  Aromatic Hydrocarbons i n  Water Systems. 

Roca Raton, FL. CRC P r e s s ,  Inc., 1981. 
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Attempts were made a t  de t e rmin ing  t h e  PSD of  t h e  c o n t r o l l e d  emis s ins  

u s i n g  an Andersen Mark I11 cascade impactor.  

because of  t h e  p re sence  of w a t e r  m i s t  i n  t h e  c o n t r o l l e d  emis s ions  stream. 

As a r e s u l t ,  no c o n t r o l l e d  PSD d a t a  a r e  p r e s e n t .  

The .attempts were u n s u c c e s s f u l  

2.7.1 Convent ional  b e r a t i o n  Uncontrol led Emis6ions PSD Resul t6  

Three u n c o n t r o l l e d  PSD sampling runs were performed d u r i n g  c o n v e n t i o n a l  

o p e r a t i o n .  The r e s u l t s  of  t h e s e  r u n s  a r e  p r e s e n t e d  g r a p h i c a l l y  i n  F i g u r e  2- 

1 and t a b u l a r l y  i n  T a b l e  2-15. During Run C - 1  a g g r e g a t e  mix B was produced. 

During Run C-2 a g g r e g a t e  mix B and C were produced w h i l e  a g g r e g a t e  m i x  M was 

produced d u r i n g  Run C-3. I t  s h o u l d  be  no ted  t h a t  mix M c o n t a i n s  washed 

sand. 

2 . 7 . 2  Recvcle Operat ion Uncontrol led Emissions PSD R e s u l t s  

A t o t a l  o f  t h r e e  PSD samples  were s c h e d u l e d  f o r  c o l l e c t i o n  d u r i n g  

r e c y c l e  o p e r a t i o n .  b u t  o n l y  one u n c o n t r o l l e d  PSD sampling run was performed 

d u r i n g  r e c y c l e  o p e r a t i o n .  

a r e  p re sen ted  g r a p h i c a l l y  i n  F i g u r e  2-1 and t a b u l a r l y  i n  T a b l e  2-15. 

mix A was produced d u r i n g  t h e  sampling p e r i o d .  

The r e s u l t s  of  t h e  s i n g l e  PSD r e c y c l e  run (R-1) 

RAP 

2.7.3 Di scuss ion  of Uncontrol led Emissions PSD R e s u l t s  

The t h r e e  PSD c u r v e s  of  u n c o n t r o l l e d  emis s ions  du r ing  c o n v e n t i o n a l  opera- 

t i o n  (F igu re  2-1) a r e  s i m i l a r  i n  shape. 

1, C-2, and  C-3 a r e  10.5 u m ,  6.0 u m ,  and  8.0 u m  r e s p e c t i v e l y .  

T h e  mass mean d i a m e t e r  f o r  Runs C- 

The mas6 mean d i a m e t e r  for t h e  s i n g l e  PSD tes t  performed d u r i n g  r e c y c l e  

o p e r a t i o q  is approx ima te ly  16 pm. 
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2.8 VISIBLE EMISSIONS RESULTS 

V i s i b l e  emis s ions  were measured by a c e r t i f i e d  reader d u r i n g  most 

t e s t i n g  p e r i o d s  when a c l e a r ,  b l u e  sky was a v a i l a b l e .  The b l u e  sky back- 

ground was r e q u i r e d  f o r  d e t e c t i o n  of  emis s ions  caused by condensed hydro- 

ca rbons  i n  t h e  plume. 

p r e s e n t e d  and d i s c u s s e d  in  t h i s  s e c t i o n .  A d d i t i o n a l  measurements were 

performed and a r e  i n c l u d e d  i n  Appendix G. 

Opaci ty  r e a d i n g s  t aken  d u r i n g  emission t e s t a  a r e  

2.8.1 Convent ional  Operat ion V i s i b l e  Emissions R e s u l t s  

Opaci ty  r e a d i n g s  perfonoed d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  a r e  p r e s e n t e d  

The o p a c i t y  r e a d i n g s  a r e  g r a p h i c a l l y  r e p r e s e n t e d  i n  F i g u r e  i n  T a b l e  2-16. 

2-2. 

was 0 pe rcen t .  

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

2.8.2 Recycle Operat ion V i s i b l e  Emissions R e s u l t s  

T a b l e  2-17 p r e s e n t s  o p a c i t y  measurements performed d u r i n g  r e c y c l e  

t e s t s .  These r e s u l t s  a r e  g r a p h i c a l l y  r e p r e s e n t e d  i n  F i g u r e s  2-3 and 2-4. 
The a v e r a g e  o p a c i t y  measurement vas  1.4 and 0.3 p e r c e n t  d u r i n g  Runs R - 1  and 

R-2. The maxirum s i x  minute o p a c i t y  measurement v a s  5.8 and 1.7 p e r c e n t  

d u r i n g  Runs R - 1  and R-2 r e s p e c t i v e l y .  

t i o n  p e r i o d  the a v e r a g e  o p a c i t y  measurement was z e r o  pe rcen t .  

During t h e  r e c y c l e  PAE sample c o l l e c -  

2.8.3 Di scuss ion  of  V i s i b l e  Emission R e s u l t s  

One o b j e c t i v e  of  t h i s  program was t o  i n v e s t i g a t e  t h e  " b l u e  haze" p l u m e  

caused by c o n d e n s i b l e  hydrocarbons.  00 t h e  a f t e r n o o n  of  November 1 0 ,  1983 

t h e  w a t e r  f l o w  t o  t h e  p r e s p r a y s  vaa t u r n e d  o f f  f o r  o v e r  a n  hour in an e f f o r t  

t o  g e n e r a t e  " b l u e  haze" by e l i m i n a t i n g  t h e  p r e s p r e y  c o o l i n g .  No ' b l u e  haze" 

was obse rved  d u r i n g  t h i s  pe r iod .  

S t u d i e s  Branch (ISB) and Emission Measurements Branch (EMB) r e p r e s e n t a t i v e s .  

t e s t i n g  unde r  reduced w a t e r  f l o v  c o n d i t i o n s  wa6 c a n c e l l e d .  

W i t h  concur rence  of t h e  EPA I n d u s t r i a l  
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TABLE 2-17. SUMMARY OF VISIBLE EMISSION OBSERVATIONS 

DURING RECYCLE OPERATION 

m e r a g e  Ayerage 
opacity for Opacity f o r  

h r e  nun no. Time 6 Hinure. Dace Run No. 11- 6 n l n u t ~ l  

0907-0912 
0913-0918 
0919-0921 
0925-0910 
0931-0936 
0937-0942 
09C3-09L8 
0949-0954 
0955-1000 

1009-1011 

lIOL-lIO9 
1110-1115 
1116-1121 
1122-1127 
1128-1133 

0 
0 
0 
.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 

. 8  

. 8  

. L  

.6 
0 

0 
0 

1308-1111 5.3 
1316-1319 2.3 
1320-1325 2 . 3  
1320-1331 h . 6  
1112-1337 b . 0  

1400-1L05 1.5 
1606-1611 2.3 
1412-1417 5 . 0  
:61n-u23 3.5 

1424-1429 2.3 
1430-1L35 2.1 
1436-1ALl 5.2 

*verage 1.4 

11/11/83 ParrICond. 1510-1535 0 
Hyd- (R-2) 1536-1541 0 

15A5-1550 1.1 
1551-1556 . 4  
1551-1602 0 
1601-1608 1 . 3  
1609-1616 1.0 
1615-1620 0 
1621-1626 0 
1627-1612 0 
1631-1638 0 
1639-16b6 0 
16G5-1650 0 
1651-1656 0 
1657-1702 0 
1701-1708 0 
1709-1716 0 

11/15/81 PAH R-1 0855-0900 
0901-0906 
0907-0912 
0911-0918 
0 9 19 - 0 9 2 4 
0925-0930 
0931-0936 
0937-09C2 
0943-0948 
0949-0951 
0955-1000 
1001-1006 
IW7-1012 
1013-1018 
1019-1024 

0.1 
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1025-1030 
1011-1036 
L017-10L2 
lOh3-1048 
lOY9-1054 

*"era$= 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
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2.9 SCRUBBER WATER CRAB SAMPLE MEBSUKEMEhlS 

P e r i o d i c a l l y  d u r i n g  each sampling run, g r a b  samples  were t aken  of t h e  

v e n t u r i  s c r u b b e r  wa te r  i n f  l u e n t  (pond wa te r )  and v e n t u r i  s c r u b b e r  water 

e f f l u e n t .  

S e c t i o n  2.11 f o r  a n a l y t i c a l  resu l t s ) .  

and t empera tu re  measurement8 performed o n  s c r u b b e r  w a t e r  a m p  l ea .  

The pE and t empera tu re  v e r e  measured f o r  a l l  g rab  aamples (see . 
' h i e  s e c t i o n  p r e s e n t s  r e su l t s  o f  pE . 

c 

L 2.9.1 Conven t iona l  Ouera t ion  Scrubber Water p E  and Temperature R e s u l t s  

Sc rubbe r  w a t e r  pH and t empera tu re  r e s u l t s  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  

are  p r e s e n t e d  in T a b l e  2-18. 

i n f l u e n t  v e r e  7 3 0 ,  7 3 0 ,  and 7 3 6  f o r  Runs C - 1 ,  C-2, and C-3, r e s p e c t i v e l y .  

Average v e n t u r i  s c r u b b e r  e f f l u e n t  pE's were 7.17, 7.18 and 7.17 f o r  Buns C- 

1. C-2. and C-3, r e s p e c t i v e l y .  

Average ptI r e su l t s  f o r  t h e  v e n t u r i  s c rubbe r  

The a v e r a g e  v e n t u r i  s c r u b b e r  w a t e r  i n f  l u e n c  t empera tu res  f o r  Runs C - 1 ,  

C-2, and C-3 were 132°F. 126'F and 118°F. r e s p e c t i v e l y .  Two main f a c t o r s  

a f f e c t  pond t empera tu re ,  ambient t e m p e r a t u r e  and l e n g t h  of s c r u b b e r  opera- 

t i o n  f o r  each day. 

The a v e r a g e  v e n t u r i  e f f l u e n t  t e m p e r a t u r e  i s  a d i r e c t  f u n c t i o n  of  t h e  

S i n c e  wa te r  has  a much h i g h e r  c a p a c i t y  f o r  h e a t  f l u e  gas  temperature .  

t r a n s f e r  t h a n  a i r  t h e  f l u e  g a s  can be  c o o l e d  s u b s t a n t i a l l y  v i t h  a r e l a t i v e l y  

s m a l l  i n c r e a s e  in t h e  s c r u b b e r  wa te r  t empera tu re .  The a v e r a g e  s c r u b b e r  

w a t e r  e f f l u e n t  t empera tu res  for Runs C-1.  C-2, and C-3 were 156°F. 151°F,  

and 152'F. r e s p e c t i v e l y .  The a v e r a g e  v e n t u r i  i n l e t  f l u e  g a s  t empera tu res  

c o r r e s p o n d i n g  t o  t h e  above  sampl ing  runs were 298OF, 289'F. and 304OF. 
r e s p e c t i v e l y .  

2.9.2 Recycle  Opera t ion  Scrubber Water PE and Temperature R e s u l t s  

R e s u l t s  of  pE and t empera tu re  measurements d u r i n g  r e c y c l e  o p e r a t i o n  a r e  

The a v e r a g e  pE measurements f o r  t h e  v e n t u r i  scrub-  p r e s e n t e d  i n  T a b l e  2-19. 
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b e r  water  i n f l u e n t  were 1.34, 7.28, 7.43, and 7.46 f o r  p a r t i c u l a t e  sampling 

Runs R - 1 ,  R-2, R-3, and PAH sampl ing  Run R - 1 ,  r e s p e c t i v e l y .  

v e n t u r i  s c rubbe r  v a t e r  e f f l u e n t  pH read ings  co r re spond ing  t o  t h e  above 

sampling runs  v e r e  7.17, 7.21. 7.16, end 7.12, r e s p e c t i v e l y .  

The a v e r a g e  

i 

The a v e r a g e  v e n t u r i  s c rubbe r  v a t e r  i n f l u e n t  t empera tu res  v e r e  109OF, 

131'F, 110OF. and 127'F f o r  Method 5'6 Runs R-1 ,  R-2, R-3. and PAB Run R - 1 .  

r e s p e c t i v e l y .  

137"F, 154'F, 144"F, and 174°F. The a v e r a g e  v e n t u r i  s c rubbe r  i n l e t  gas  

tempera tures  f o r  t hose  sampl ing  r u n s  v e r e  296'F. 314'F, 317OF, and 299'F. 

The a v e r a g e  cor responding  v a t e r  e f f l u e n t  tempera tures  were 

2.9.3 Discuss ion  of  Scrubber  Water Grab Sample Measurement R e s u l t s  

The sc rubbe r  v a t e r  i n f l u e n t  and e f f l u e n t  t empera tu re  and pH v a l u e s  d i d  

no t  v a r y  s i g n i f i c a n t l y  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  ope ra t ions .  

2.10 SCRUBBER WATER ANALYTICAL RESULTS 

During each sampl ing  run  a t  l e a s t  t v o  v e n t u r i  s c rubbe r  v a t e r  i n f l u e n t  

and e f f l u e n t  samples  were c o l l e c t e d .  The g r a b  samples  du r ing  each  run  were 

composited and t h e n  f i l t e r e d  t o  de t e rmine  t o t a l  suspended s o l i d s .  An a l i -  

quot  of  t h e  f i l t r a t e  was then ana lyzed  f o r  d i s s o l v e d  s o l i d s .  

f i l t r a t e  vas  ana lyzed  f o r  TOC, t r a c e  m e t a l s ,  and /o r  p o l y n u c l e a r  hydrocar-  

bons.  

The remaining 

2.10.1 Convent ional  Opera t ion  Scmbber  Water A n a l y t i c a l  R e s u l t s  

I 
i 

T a b l e  2-20 p r e s e n t s  t h e  sc rubbe r  w a t e r  a n a l y t i c a l  r e s u l t s  d u r i n g  

c o n v e n t i o n a l  ope ra t ion .  T o t a l  suspended s o l i d s  (TSS) c o n c e n t r a t i o n s  for t h e  

v e n t u r i  s c rubbe r  water  i n f l u e n t  samples  were 1 6 1  q / l ,  23.9 m g / l ,  and 23.5 

mg/ l  f o r  sampl ing  Runs C - 1 ,  C-2, and C-3. 

s o l i d s  (TDS) c o n c e n t r a t i o n e  were 1860 m g / l ,  1780 mg/ l ,  and 1770 mgl l .  TSS 

c o n c e n t r a t i o n s  f o r  t h e  v e n t u r i  s c r u b b e r  w a t e r  e f f l u e n t  s amples  v e r e  6710 

The cor responding  t o t a l  d i s s o l v e d  
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m g / l ,  6530 m g / l ,  and 5180 n g / l  f o r  s ampl ing  Runs C - 1 ,  C-2 ,  and C-3. 

corresponding TDS c o n c e n t r a t i o n s  were 1850 mgll, 1760 ngl l ,  and 1770 mgl l .  

The 

There a r e  no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  v e n t u r i  s c r u b b e r  

i n f l u e n t  and e f f l u e n t  t r a c e  metals c o n c e n t r a t i o n s .  

were t h e  o n l y  s p e c i e s  found in excess  of  100 ppb. Tbe c o n c e n t r a t i o n s  were 

290 m g / l  and 5 4  m g / l  f o r  t h e  i n f l u e n t  and 300 mg/l and 5 4  m g / l  f o r  t h e  

e f f l u e n t  f o r  ca l c ium and magnesium r e s p e c t i v e l y .  

C a l c i u m  and magnesium 

P o l y n u c l e a r  a romat i c  hydrocarbons were found i n - t r a c e  amounts i n  t h e  

s c r u b b e r  w a t e r  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  

found i n  l e v e l s  i n  e x c e s s  of  1 ppb. Three o t h e r  s p e c i e s  a n t h r a c e n e ,  f l u o r -  

a n t h r e n e ,  and ch rysene  were d e t e c t e d  i n  l e v e l s  of  l e s s  than 1 ppb. Bends) 

an th racene  was d e t e c t e d ,  b u t  n o t  a t  a q u a n t i f i a b l e  l e v e l .  

Phenathrene and pyrene were 

2.10.2 Recycle h e r a t i o n  Scrubber  Water A n a l y t i c a l  R e s u l t s  

T a b l e  2-21 p r e s e n t s  t h e  sc rubbe r  wa te r  a n a l y t i c a l  r e s u l t s  d u r i n g  recy- 

c l e  ope ra t ion .  TSS c o n c e n t r a t i o n s  f o r  t h e  v e n t u r i  s c r u b b e r  wa te r  i n f l u e n t  

were 77.8 m g / l ,  144 mg/l  and 179 m g / l  f o r  Runs R - 1 ,  R-2, and R-3, respec-  

t i v e l y .  T h e  co r re spond ing  TDS c o n c e n t r a t i o n s  were 1960 m g / l ,  1970 m g l l ,  and 

1890 mg/l .  TSS c o n c e n t r a t i o n s  f o r  t h e  v e n t u r i  s c rubbe r  wa te r  e f f l u e n t  were 

3090 mg/ l ,  4690 m g / l ,  and 3010 m g l l  f o r  Runs R-1 ,  R-2, and R-3, r e s p e c t i v e -  

l y .  The co r re spond ing  TDS c o n t e n t s  v e r e  1950 m g l l ,  1970 m g l l ,  and 1900 

mgl1. 

No s i g n i f i c a n t  d i f f e r e n c e s  were seen between t h e  v e n t u r i  s c r u b b e r  

i n f l u e n t  and e f f  l u e n t  t r a c e  m e t a l s  c o n c e n t r a t i o n s .  As w i t h  c o n v e n t i o n a l  

o p e r a t i o n  c a l c i u m  and magnesium were t h e  o n l y  s o l u b l e  s p e c i e s  found i n  

excess  of  100 ppb. T h e i r  c o n c e n t r a t i o n s  vere 300 mg/ l  and 54 m g l l  f o r  t h e  

i n f l u e n t  and 300 m g l l  and 53 mg/l  f o r  t h e  e f f l u e n t  f o r  c a l c i u m  and magnesium 

r e s p e c t i v e l y .  
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P o l y n u c l e a r  a romat i c  hydrocarbons were found i n  t r a c e  amounts i n  t h e  

sc rubbe r  wa te r  d u r i n g  r e c y c l e  o p e r a t i o n .  Phenanthrene and f l u o r a n t h r e n e  

v e r e  t h e  o n l y  s p e c i e s  found i n  excess  of 1 ppb. Four o t h e r  s p e c i e s  a n t h r a -  

I cene. p e r y l e n e ,  ch rysene ,  and benro(a)pyrene v e r e  d e t e c t e d  in l e v e l s  l e s s  

I than 1 ppb. The p r e s e n c e  of benz (a )an th racene  vas d e t e c t e d  b u t  n o t  quan t i -  

f i ed  . 
I /  

2.10.3 Di scuss ion  of  Scrubber  Water A n a l y t i c a l  R e s u l t s  

F l u c t u a t i o n s  i n  t h e  TSS c o n c e n t r a t i o n s  of  i n f l u e n t  s c rubbe r  water 

samples occur red  d u r i n g  b o t h  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n s .  The e x a c t  

cause  f o r  t h e  TSS f l u c t u a t i o n s  i s  n o t  knovn a t  t h i s  time. F l o c u l a n t  vas  

added t o  t h e  ponds t o  h e l p  reduce TSS a f t e r  d redg ing  o p e r a t i o n s  on November 

7 and 14,  1984. I t  i s  b e l i e v e d  t h a t  t h e  f l u c t u a t i o n s  i n  TSS c o n c e n t r a t i o n s  

of t h e  i n f l u e n t  ' scrubber  w a t e r  s amples  were n o t  caused b y  t h e  a d d i t i o n  of  

f l o c u l a n t  on November 7 and 14,  1983. 

I 

The a v e r a g e  TSS c o n c e n t r a t i o n  of s c r u b b e r  v a t e r  e f f l u e n t  samples  was 

approx ima te ly  70 p e r c e n t  g r e a t e r  d u r i n g  c o n v e n t i o n a l  o p e r a t  ion (5920 mg/L) 

a s  compared t o  r e c y c l e  o p e r a t i o n  (2980 mg/L).  

i n  t h e  sc rubbe r  e f f l u e n t  wa te r  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  are  due t o  t h e  

h igh  u n c o n t r o l l e d  p a r t i c u l a t e  emis s ions  obse rved  d u r i n g  c o n v e n t i o n a l  

o p e r a t i o n s  a s  compared t o  r e c y c l e  o p e r a t i o n .  The p a r t i c u l a t e  r emova l  

e f f i c i e n c y  of t h e  v e n t u r i  s c r u b b e r  vas  b a s i c a l l y  t h e  same d u r i n g  bo th  modes 

of p roduc t ion .  

The h i g h e r  TSS C o n c e n t r a t i o n s  

The a v e r a g e  TDS c o n c e n t r a t i o n  of i n f l u e n t  s c r u b b e r  v a t e r  samples  was 

1800 mg/l d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and 1920 mg/l  d u r i n g  r e c y c l e  opera-  

t i o n .  The a v e r a g e  TDS c o n c e n t r a t i o n  of e f f l u e n t  s c r u b b e r  water samplea vas 

1800 mg/l  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and 1910 mg/ l  d u r i n g  r e c y c l e  opera-  

t i o n .  Based on t h e  above  d a t a ,  t h e  a v e r a g e  c o n c e n t r a t i o n  of TDS d i d  n o t  

v a r y  s i g n i f i c a n t l y  i n  t h e  sc rubbe r  water i n f l u e n t  and e f f l u e n t  samples .  

2 - 4 5  



The c o n c e n t r a t i o n  of  t r a c e  m e t a l s  and PA"s p r e s e n t  i n  s c r u b b e r  wa te r  

i n f l u e n t  and e f f l u e n t  samples were e s s e n t i a l l y  t h e  same d u r i n g  c o n v e n t i o n a l  

and r e c y c l e  o p e r a t i o n .  

F 
2.11 PROCESS SAMPLING RESULTS 

During e a c h  c o n v e n t i o n a l  and recycle o p e r a t i o n  tes t  p e r i o d ,  s amples  of 

v i r g i n  a g g r e g a t e  and r e c y c l e d  a s p h a l t  pavement (du r ing  r e c y c l e  o p e r a t i o n )  were 

c o l l e c t e d  and ana lyzed  f o r  p e r c e n t  moi s tu re .  Care was t aken  t o  o b t a i n  a 
r e p r e s e n t a t i v e  sample i n c l u d i n g  co 1 l e c t  ing v e r y  l a r g e  samples  ( approx ima te ly  

10 pounds) and r i f f l i n g  t h e  sample t o  t h e  500-700 grams used for a n a l y s i s .  

2.11.1 Convent ional  Opera t ion  Grab Sampline R e s u l t s  

T a b l e  2-22 p r e s e n t s  moi s tu re  v a l u e s  of t h e  v i r g i n  a g g r e g a t e  d u r i n g  

c o n v e n t i o n a l  o p e r a t i o n .  The p e r c e n t  m o i s t u r e  by v e i g h t  v a l u e s  were 2.682, 

2.32%, and 2.63Z for Runs C - 1 ,  C-2, and C-3. These  m o i s t u r e  v a l u e s  a r e  

s l i g h t l y  lower than  t h e  3 4 %  es t ima ted  by p l a n t  p e r s o n n e l .  

2.11.2 Recvcle Opera t ion  Grab Sampline R e s u l t s  

T a b l e  2-23 p r e s e n t s  m o i s t u r e  v a l u e s  o f  t h e  v i r g i n  a g g r e g a t e  and r e c y c l e  

a s p h a l t  pavement used d u r i n g  r e c y c l e  o p e r a t i o n .  

weight  v a l u e s  were 1.46%. 1.83%. 1.20%, and 6.88% f o r  t h e  v i r g i n  a g g r e g a t e  

and 1.48%, 1.40%, 2.12%. and 4.88% f o r  t h e  r e c y c l e d  a s p h a l t  pavement, f o r  

p a r t i c u l a t e  Runs R - 1 ,  8-2, 8-3 and p o l y n u c l e a r  a r o m a t i c  hydrocarbons Run R- 
1, r e s p e c t i v e l y .  P l a n t  o p e r a t o r s  e s t i m a t e d  3 4 %  m o i s t u r e  f o r  t h e  v i r g i n  

a g g r e g a t e  and 2% m o i s t u r e  f o r  t h e  r e c y c l e d  a s p h a l t  pavement d u r i n g  t h e  

p a r t i c u l a t e  runs. During PAB Run R-1,  p l a n t  e s t i m a t e s  were 8% for t h e  

v i - rg in  a g g r e g a t e  and 3.5% for t h e  r e c y c l e d  a s p h a l t  pavement. 

The p e r c e n t  m o i s t u r e  by 
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TABLE 2-22. SUMMARY OF PROCESS SAMPLE MEASUREMENTS 
FOR CONVENTIONAL OPERATION 

V i r g i n  Aggregate 
Run No. Date T i m e  Sample amount ( g )  Percen t  Mois ture  by Weight 

P a r t / C l  1 1 / 1 2  1345 666 2.68 

Par t IC2 11/13 0920 676  2.32 

Pa r t IC3  1 1 / 1 4  0850 669 
1235 7 1 7  

693 (ave.)  

PAH/Cl 1 1 / 1 4  0850 669 
1235 717  

693 ( ave . )  

2 .64  
2.62 
2 .63  (ave . )  

2.64 
2.62 
2 .63  (ave . )  

TABLE 2-23. S W Y  OF PROCESS SAMPLE MEASUREMENTS FOR RECYCLE OPERATION 

~ . . ~, . . . ..., , . , . . , ., . . .~ , . ~ . .  . . I.., , . . ~ .  . I  .. ~. .... . ._ ~ .~. , . 
YLrXin AXX'eqaro Recycle  Asphalr Pavement - 

2 noiscure z noi scure  
Run Ro. D a t e  Time Sample A m o u n r ( r )  bv UeiEhr - Sample Amounr ( a )  bv UeiRhr 

Par'/RI 11/11 0500 607 1.C6 L S 6  1 . 6 6  

Par'IR2 11/11 IC00 9 2 L  1.61 8L6 L ' O  

ParrIRl 11 /12  0615 114 1.20 517 2 . 1 2  

P A H I R I  11/1S 0915 638 6.08 571 C.88 ~- I-- I.-.I ~~ ... ~ ____I. - I 
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2.11 .3  Discuss ion of Process  Sampling Resul ts  

The average moisture content  of  t h e  v i r g i n  aggregate va6 2.54% during 

convent iona l  operat ion and 1.50% during r e c y c l e  Run6 R - 1 .  E-2, and E- 

3. 
PAB Run E-1. 

r e c y c l e  Runs E-1, E-2, and 8-3. The moieture content  of t h e  RAP increased 

The moisture content  of  t h e  v i r g i n  aggregate increased t o  6.882 during 

The average  moisture content  of  t h e  RAP va8 1.672 during 

t o  4.882 during Run R-1. 
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SECTION 3 

PROCESS DESCRIPTION AND OPERATION 

Th i s  s e c t i o n  p r o v i d e s  a b r i e f  d e s c r i p t i o n  of  t h e  a s p h a l t  c o n c r e t e  p l a n t  

ope ra t ed  by t h e  T. J. Campbell  C o n s t r u c t i o n  Co. i n  Oklahoma C i t y ,  Oklahoma. 

The procedures  used t o  mon i to r  t h e  o p e r a t i o n  of t h e  a s p h a l t  c o n c r e t e  p l a n t  

d u r i d g  b o t h  c o n v e n t i o n a l  and r e c y c l e  t e s t i n g  a r e  a160 p r e s e n t e d  i n  

t h i s  s e c t i o n .  

3.1 PROCESS DESCRIPTION 

A d e s c r i p t i o n  of t h e  T. J. Campbell  a s p h a l t  p l a n t  ( i n c l u d i n g  t h e  emis- 

s i o n s  c o n t r o l  system) i s  p r e s e n t e d  i n  t h i s  s e c t i o n .  

3 . 1  .I P rocess  Eauipment D e s c r i p t i o n  

T. J. Campbell  C o n s t r u c t i o n  Company o p e r a t e s  a C M I  d r u m - m i x  a s p h a l t  

p l a n t  i n  Oklahoma C i t y ,  Oklahoma ( r e f e r  t o  F i g u r e  1-11. P l a n t  o p e r a t i o n  

began i n  1979 and was modified in March 1983 t o  i n c l u d e  a new, l a r g e r  

c a p a c i t y  d r u m  which was designed t o  h a n d l e  r e c y c l e d  a s p h a l t  pavement (RAP). 
Primary d e s i g n  changes f o r  u t i l i z a t i o n  of  RAP were an i n j e c t i o n  system f o r  

t h e  RAP i n  t h e  c e n t e r  a r e a  of  t h e  drum and a b e a t  s h i e l d  between t h e  RAP 
i n j e c t i o n  p o i n t  and t h e  burner .  The m o d i f i c a t i o n s  were des igned  t o  reduce 

t h e  t empera tu re  t o  which t h e  RAP is exposed. T a b l e  3-1 p r e s e n t s  a summary 

of  t e c h n i c a l  d a t a  on t h e  a s p h a l t  c o n c r e t e  p l a n t .  

The C M I  drum a t  T. J. Campbell  i s  36 f e e t  long and h a s  expanded f r o n t  

and back ends. The expanded ends are 8.5 f ee t  i n  d i ame te r .  and t h e  mid- 

s e c t i o n  i s  7 f e e t  i n  diameter .  The expanded f r o n t  end a l l o w s  f o r  g r e a t e r  

h e a t  transfer n e a r  t h e  b u r n e r  frame. w h i l e  t h e  expanded back end c a u s e s  t h e  

3- 1 



TABLE 3-1. TECHNICAL DATA ON THE ASPHALT CONCRETE PUNT OPERATED BY THE 
T .  J .  CAMPBELL CONSTRUCTION COMPANY. O K U H O E U  C I T Y ,  OKLAHOMA 

Type: 

Eianufacturer :  

Hodel tiumber: 

Dated I n s t a l l e d :  

Capac i ty :  r a t e d  
t y p i c a l  

Dryer:  f u e l  
capac i t  y 
f i r i n g  r a t e  

Drum S i z e :  d i ame te r  

l e n g t h  

D r u m  S lope :  

P roduc t  Temperature:  

RAP Ent ry  P o s i t i o n :  

Aspha l t  H e a t e r :  

S t o r a g e  S i l o s  (3): 

Drum-mk 

C H I  

UVM-12OOBS-162 

March 1983 

250-350 t o n s / h  
240 t o n s / h  

Natural  gas  
109 m i l l i o n  BTUs 
80-90 m i l l i o n  BTUs/h 

ends--8.5 f t  
middle--7 f t  
36 f t  

0.75 in. p e r  f c  

275'  to 325'F 

C e n t e r  feed 

Fuel--Natural  gaa 
S t o r a g e  capacity--35,000 g a l  

Capacity--235 t o n s  each  
Heating--Heat t r a n s f e r  o i l  

I 
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exhaust  gas  v e l o c i t y  t o  d e c r a s e  t o  a l l o w  t h e  l a r g e r  p a r t i c l e s  t o  s e t t l e  o u t  

i n  t h i s  r eg ion .  The drum i s  n a t u r a l  g a s - f i r e d .  The b u r n e r  a t  T. J. Camp- 

b e l l  i s  a Hauck pove r  f l a m e  b u r n e r  v i t h  a 109 m i l l i o n  BTU r a t i n g .  

aggrega te  i s  s t o r e d  i n  f o u r  c o l d  f eed  b i n s  and RAP i s  s t o r e d  in a s e p a r a t e  

c o l d  feed b in .  

on s i te .  

f i n i s h e d  a s p h a l t  c o n c r e t e  mix i s  s t o r e d  i n  one  of  t h r e e  hea ted  s t o r a g e  

s i l o s .  

V i rg in  

The l i q u i d  a s p h a l t  is s t o r e d  i n  a heated 35,000 g a l l o n  tank 

The a s p h a l t  s t o r a g e  c o n t a i n e r  i s  maintained a t  300'F. The 

3.1.2 Emission C o n t r o l  System D e s c r i o t i o n  

F i g u r e  3-1 i l l u s t r a t e s  t h e  emis s ion  c o n t r o l  s y s t e m  ( v e n t u r i  s c rubbe r )  

used by T. J .  Campbell .  P r o c e s s  emis s ions  from t h e  drum-mixer e x i t  t h e  

d i s c h a r g e  end of t h e  drum and e n t e r  a knockout box t o  remove some of t h e  

l a r g e r  p a r t i c l e s  by r educ ing  t h e  a i r  v e l o c i t y .  

emis s ions  a r e  ducted t o  a v e t  v e n t u r i  s c rubbe r .  S p e c i f i c a t i o n s  f o r  t h e  

v e n t u r i  s c r u b b e r  a r e  l i s t e d  i n  T a b l e  3-2. I n  the d u c t  work between t h e  

knockout and v e n t u r i  a r e  v a t e r  s p r a y s ,  t v o  n o z z l e  b a r s  v i t h  23 n o z z l e s  p e r  

b a r ,  t o ' c o o l  t h e  emis s ion  gases .  

t h r o a t  through a 12-nozzle  s p r a y  ba r .  

c o l l e c t i o n  box b e l o v  t h e  v e n t u r i .  

After  t h e  knockout box, t h e  

Water is a160 i n j e c t e d  a t  t h e  v e n t u r i  

A d d i t i o n a l  v a t e r  is  f l u s h e d  through a 

Scrubber  v a t e r  i s  c o n t a i n e d  i n  t v o  a d j a c e n t  e a r t h e n  ponds t h a t  a re  

in t e rconnec ted  by means of  a d ike .  

f e e t  and t h e  o t h e r  is  a p p r o x i m a t e l y  65  f e e t  x 24 f e e t v i t h  a n  e f f e c t i v e  

d e p t h  of  3 t o  6 f e e t .  Scrubber  e f f l u e n t  f l o w s  i n t o  t h e  end of one pond 

v h i l e  s c r u b b e r  s u p p l y  w a t e r  i s  pumped from t h e  o t h e r  pond. 

v i d i n g  t h e  two ponds s e r v e s  as a weir t o  r educe  t h e  suspended p a r t i c u l a t e  

m a t t e r  in t h e  s c r u b b e r  s u p p l y  pond. S i l t  is c l e a n e d  from t h e  ponds weekly 

and i s  l a n d f i l l e d .  Pond make-up v a t e r  is s u p p l i e d  from a w e l l .  The pH of 

t h e  ponds i s  c o n t r o l l e d  by a d d i t i o n  of  l ime; f l o c c u l a n t  i s  o c c a s i o n a l l y  

added t o  t h e  ponds t o  a i d  s e t t l i n g .  The v e n t u r i  p r e s s u r e  drop i s  v a r i a b l e  

(12.5 t o  18 i n c h e s  of  v a t e r  column). 

One pond i s  approx ima te ly  55 f e e t  x 24 

T h e  d i k e  d i -  
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TABLE 3-2. TECHNICAL DATA ON THE WET VENTURI SCRUBBER AT THE T .  J. 
CAMPBELL CONSTRUCTION COMPANY, OKLAHOMA C I T Y ,  OKLAHOMA 

I 

Type: 

Manufacturer :  

Date  I n s t a l l e d :  

T o t a l  A i r  Flow: 

Water C i r c u l a t i o n  Rate: 

Makeup w a t e r :  

P r e s s u r e  Drop: 

Scrubber  I n l e t  Temperature:  

Scrubber Motor 

P r e s s u r e  i n  V e n t u r i  Nozzle: 

Fan Motor: 

Ponds - number 
s i z e s  (approx)  

c a p a c i t y  (approx)  

Scrubber  Out  l e t :  

S c m b b e r  Sludge:  q u a n t i t y  

d i s p o s a l  

Ven tu r i  ec rubbe r  

C H I  

Sp r ing  1979 

35,000-36,000 acfm 

300 gpm ( d e s i g n )  

Wel l  w a t e r  a s  needed 

12 .5  t o  14.5 i n c h e s  W . C .  

300°F 

60 hp 

100 l b s  

150 hp 

2 
55 f t  x 24 f t  and 65 f t  x 24 
f t ;  bo th  approx. 3 t o  6 f t  
deep 
70,000 g a l  and 100,000 g a l  

Rec tangu la r  s t e e l  s t a c k  v i t h  
sampling p o r t s  

2 p e r c e n t  of  t h e  No. 200 and l e s s  
f i n e s  run through drum 
F i l l  
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3.2 PROCESS OPERATION 

Opera t ion  of  t h e  T. J. Campbell  p l a n t  i s  t y p i c a l  of  o t h e r  d rummix  

p l a n t s .  The  T. J. Campbell  p l a n t  o p e r a t e s  about  10 hours p e r  day, t y p i c a l l y  

8:OO AM t o  6:OO PH. and does  n o t  o p e r a t e  on veekends u n l e s s  r eques t ed  by a 

customer. 

t empera tu re  of  t h e  p roduc t  and t h e  m o i s t u r e  c o n t e n t  of  t h e  raw feed mate- 

r i a l .  The maximum r a t e d  c a p a c i t y  o f  t h e  T. J. Campbell  p l a n t  i s  350 t o n s  

The ra te  of  a s p h a l t  c o n c r e t e  p r o d u c t i o n  i s  dependent upon t h e  
I 

8 

p e r  hour  a t  a p roduc t  t empera tu re  of  240'F and 1-2 p e r c e n t  f e e d  moisture .  t 

The T. J. Campbell  p l a n t  o p e r a t e s  a t  a product  t empera tu re  h i g h e r  t han  

normal  f o r  t h e  i n d u s t r y  (300'F as opposed t o  275 t o  285'F) t o  produce a more 

workable  m i x  f o r  s m a l l e r  pav ing  jobs.  

and a feed m o i s t u r e  c o n t e n t  of 5 t o  6 p e r c e n t ,  t h e  r a t e d  c a p a c i t y  of t h e  

p l a n t  i s  250 t ons  p e r  hour. A d a i l y  p r o d u c t i o n  of  2,000 t o n s  i s  c o n s i d e r e d  

v e r y  good. The T. J. Campbell  p l a n t  produces a v a r i e t y  of commercial  and 

r e c y c l e  mixes. 

d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n  i s  p r e s e n t e d  below. 

With a p roduc t  t empera tu re  of  300'F 

A b r i e f  d e s c r i p t i o n  of t h e  p r o c e s s  o p e r a t i n g  p rocedures  used 

3.2.1 Convent ional  P r o c e s s  ODeration 

During c o n v e n t i o n a l  o p e r a t i o n ,  v i r g i n  a g g r e g a t e  i s  added t o  t h e  b u r n e r  

end of  t h e  r o t a t i n g  drum. The v i r g i n  a g g r e g a t e  i s  s t o r e d  i n  f o u r  c o l d  f eed  

b i n s .  

d e s i r e d  commercial  m i x .  

c o m e r c i a 1  mixes produced by T. J. Campbell  d u r i n g  t h e  t e s t  program. 

Aggregate from each  b i n  i s  metered o n t o  a conveyor  acco rd ing  t o  t h e  

T a b l e  3-3 i n c l u d e s  a d e s c r i p t i o n  of  t h e  v a r i o u s  

The l i q u i d  a s p h a l t  i s  i n j e c t e d  i n t o  t h e  d r y e r  abou t  2 f e e t  downstream 

from t h e  c e n t e r  of  t h e  drum. The l i q u i d  a s p h a l t  i s  s t o r e d  i n  a hea ted  

35,000 g a l l o n  ( g a l )  t a n k  on s i t e ,  ma in ta ined  a t  a t e m p e r a t u r e  o f  300°F. 
.The g r a d e  o f  a s p h a l t  used d u r i n g  t h e  t e s t  p e r i o d  i s  d e s i g n a t e d  AC-20, v h i c h  

has  a 60 t o  100 p e n e t r a t i o n  grade.  

a s p h a l t ,  Kerr HcGee (Wynnevood. Oklahoma) and A l l i e d  Chemical (S t roud ,  

Oklahoma). The f i n i s h e d  a s p h a l t  

c o n c r e t e  m i x  d r o p s  o u t  t h e  end of t h e  drum and i s  l i f t e d  by bucke t  conveyor  

Campbell  has  t v o  s u p p l i e r s  of l i q u i d  

No r e c y c l i n g  a g e n t s  a r e  used  by Campbell .  
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TABLE 3-3. AGGREGATE ADDITIONS FOR TYPICAL CONVENTIONAL MIXES PRODUCED AT 
THE T.  J . CAMPBELL CONSTRUCTION COMPANY, OKLAHOMA C I T Y ,  OKLAHOMA 

Type Asphe 1 t 
M i X  Cement Added B i n  No 

( P e r c e n t )  

Moisture  
Content 

Estimated 
Pe rcen t  By P l a n t  

of Aggregate  B i n  Con ten t s  Pe r sonne l  
( P e r c e n t )  - 

45 
22 

25 

43 
2 4  
33 

0 

53 
20  
0 

27 

a 

Screen ings  
Sand 
314 in. rock 
518 in. rock 

Screenings 
Sand 
318 i n .  rock -- 
Screen ings  
Sand (washed) 

518 in. rock 
-- 

2.5 
12.0 

1.5 
2.0 

1.5 
12.0 

1.5 --- 
2 .o 

11 .o 

2 .o 
--- 

TABLE 3-4. AGGREGATE ADDITIONS FOR TYPICAL RAP MIXES PRODUCED AT THE 
T .  J .  CAMPBELL CONSTRUCTION COMPANY, OKLAHOMA C I T Y ,  OKLAtlOHA 

Mois Lure 
Content  

Est imated 
Type Aspha 1 t Pe rcen t  By P l a n t  
Mix Cement Added Bin No. of  Aggregate  B i n  Con ten t s  Pe r sonne l  

( P e r c e n t )  ( P e r c e n t )  

Type A 3.9 1 
( r e c y c l e )  (4.6)a 2 

3 
4 

RAP 

Hot Sand 4.5 1 
( r e c y c l e )  (4 .6Ia  2 

, 3  
4 

RAP 

18 
9 .a 
0 

47.2 
25 

1 5  
60 -- 
-- 
25 

Screening a 2.5 
Sand 12.0 

1.5 i n .  rock 2.0 
RAP 2.0 

--- --- 

Screen ings  2.0 
Sand 11.0 -- -- 
RAP 2.0 

aAspbalt  cement i n  t h e  RAP 
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t o  one of t h r e e  s t o r a g e  s i l o s .  These s i l o s  a r e  heated w i t h  h e a t  t r a n s f e r  

o i l  and a r e  i n s u l a t e d .  

s c a l e .  

a t e d  by independent  t r u c k e r s .  

The a s p h a l t  c o n c r e t e  is  then  ioaded o n t o  t r u c k s  on a 

The t r u c k  used by Campbell  t o  h a u l  t h e  product  a r e  o w e d  and oper- 

3 . 2 . 2  Recycle P r o e r e s s  b e r a t i o n  

RAP i s  p redominan t ly  used in base  c o u r s e  mixes. T a b l e  3-4 i n c l u d e s  a 
d e s c r i p t i o n  of t h e  v a r i o u s  RAP mixes produced by T. J. Campbell  d u r i n g  t h e  

t e s t  program. During r e c y c l e  o p e r a t i o n ,  RAP was added t o  t h e  c e n t e r  of t h e  

r o t a t i n g  d r u m  and t h e  q u a n t i t y  of v i r g i n  a g g r e g a t e  added t o  t h e  r o t a t i n g  

d r u m  was reduced. T y p i c a l  RAP percen tages  a r e  25 t o  30 p e r c e n t .  The re- 

maining r e c y c l e  p rocess  o p e r a t i n g  p rocedures  a r e  s i m i l a r  t o  t h e  c o n v e n t i o n a l  

p r o c e s s  o p e r a t i n g  p rocedures  p r e s e n t e d  i n  S e c t i o n  3.2.1. 

3 . 3  PROCESS MONITORING D U R I N G  THE MISSION TEST PROGRAM 

The o p e r a t i o n  of  t h e  d r u m - m i x  a s p h a l t  p l a n t  v a s  monitored by NRI per- 

s o n n e l  d u r i n g  bo th  t h e  c o n v e n t i o n a l  and r e c y c l e  t e s t  pe r iods .  

c o n t a i n s  a summary of  t h e  p r o c e s s  d a t a  c o l l e c t e d  d u r i n g  t h e  emis s ions  

t e s t i n g  program. The t e s t  pe r iod  inc luded  t h e  company's peak p roduc t ion  

week of o v e r  9,000 t o n s  and i t s  peak p roduc t ion  day,  November 11, 1983, 

when 2,354 t o n s  were s o l d .  

T a b l e  3-5 

3.4 MISSION CONTROL SYSTM MONITORING DURING THE MISSION TEST PROGRAM 

The o p e r a t i o n  of t h e  v e n t u r i  s c r u b b e r  emission c o n t r o l  system was 

monitored by MRI p e r s o n n e l  d u r i n g  b o t h  t h e  c o n v e n t i o n a l  and r e c y c l e  t e a t  

p e r i o d s .  

t e s t i n g  inc luded: 

Emission c o n t r o l  system pa rame te r s  t h a t  were monitored d u r i n g  

o v e n t u r i  s c r u b b e r  p r e s s u r e  d r o p ,  

o t o t a l  s c r u b b e r  wa te r  flow t o  t h e  v e n t u r i ,  and 

o s c r u b b e r  w a t e r  flow t o  t h e  v e n t u r i  t h r o a t .  

. 
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T a b l e s  3-6 and 3-7 c o n t a i n  a summary of  t h e  v e n t u r i  s c r u b b e r  o p e r a t i n g  

d a t a  c o l l e c t e d  d u r i n g  t h e  t e s t  program. - 

3 . 5 .  SLPlMARY OF PERTINENT PUNT OPERATION INFOBHATION DURING THE EMISSION 

TEST PROGRAM . 
? - T h i s  s e c t i o n  i n c l u d e s  a SUmmary o f  p e r t i n e n t  i n fo rma t ion  conce rn ing  t h e  

o p e r a t i o n  and mon i to r ing  o f  t h e  a s p h a l t  c o n c r e t e  p l a n t  and v e n t u r i  s c rubbe r .  
i 

3 .5 .1  Aspha l t  Concre t e  P roduc t ion  Summarx 

Table  3-8 p r e s e n t s  a summary o f  t h e  a v e r a g e  a s p h a l t  c o n c r e t e  p r o d u c t i o n  

and m i x  type produced d u r i n g  each t e s t  p e r i o d .  

3.5.2 Blue Eaze P r o d u c t i o n  

The w a t e r  f l o w  t o  t h e  p re sp rays  was tu rned  o f f  f o r  o v e r  an hour on t h e  

a f t e r n o o n  o f  November 10, 1983 in  an e f f o r t  t o  g e n e r a t e  b l u e  haze  by e l i m i -  

n a t i n g ' t h e  p r e s p r a y  c o o l i n g .  No b l u e  haze was obse rved  d u r i n g  t h i s  pe r iod .  

With t h e  concur rence  o f  t h e  EPA I n d u s t r i a l  S t u d i e s  Branch (ISB) and Emission 

Measurements Branch (EHB) r e p r e s e n t a t i v e s ,  t e s t i n g  unde r  reduced w a t e r  f l o w  

c o n d i t i o n s  v a s  c a n c e l l e d .  

3-12 



TABLE 3-6. SUMMARY OF VENTURI SCRUBBER OPERATING DATA COLLECTED 
DURING CONVENTIONAL OPERATION AT T.  J. CAMPBELL 
CONSTRUCTION COMPANY, OKLAHOMA C I T Y ,  OKLAHOMA 

Pressure Drop Scrubber Water Flow Rates (GPM) 
Run No. Date Time (In. B20) Total t o  S y s t e m  Venturi Throat 

Part C 1  

Part C 2  

Part C3 

! PAH C 1  

11/12 

11/13 

11/14  

11/14  

1100 
1200 
1230 
1301 
1330 

0801 
0829 
0858 
0929 
0959 
1030 
1105 
1129 

0803 
0830 
0900 
0930 
1000 
1030 

1200 
1230 
1300 
1406 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 (avg) 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.0 
13.4 (avg) 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 (avg) 

13.5 
13.5 
13.5 
13.0 
13.4 (avg) 

215 
220 
220 
220 
220 
219 (avg) 

215 
220 
215 
220 
220 
220 
220 
220 
219 (avg) 

215 
215 
215 
215 
215 
215 
215 (avg) 

220 
220 
220 
220 
220 (avg) 

41 
41 
41 
42 
42 
41 (avg) 

41 
42 
42 
42 
42 
42 
42 
42 
42 (avg) 

42 
42 
41 
41. 
42 
42 
42 (avg) 

43 
42 
42 
42 
42 (avg) 
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TABLE 3-7. SUMHAFLY OF VENTURI SCRUBBER OPERATING DATA COLLECTED 
D U R I N G  RECYCLE OPERATION AT T .  J .  CAMPBELL CONSTRUC- 
TION COMPANY, OKLAHOMA CITY, OKLAHOMA 

Pressure Drop Scrubber Water Flow Rates ( G P M )  
Run No. Date Time ( I n .  E,O) Total  t o  System Venturi Throat 

Part R1 

Part R2 

Part R3 

PAE R1 

11/11 

11/11 

11/12 

11/15 

0837 
0901 
0930 
1001 
1030 
1100 
1130 
1210 
1230 
1300 
1332 
1400 
1430 

1501 
1531 
1602 
1630 
1700 
1726 

0700 
0730 
0801 
0830 
0900 

0903 
0930 
0957 
1030 
1055 

12.5 
12.5 
12.5 
14.5 
14.5 
14.5 
14.5 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
13.8 (avg)  

14.0 
13.5 
13.5 
14.0 
14.0 
14.0 
13.8 (avg) 

14.0 
14.0 
14.0 
14.0 
13.5 
13.9 (avg)  

13.0 
13.0 
12.5 
12.5 
12.5 
12.7 (avg) 

23 5 
235 
225 
220 
220 
220 
220 
220 
220 
220 
220 
220 
220 
223 (avg) 

220 
220 
220 
220 
220 
220 
220 (avg) 

215 
220 
220 
220 
220 
219 (avg) 

225 
210 
215 
210 
210 
214 (avg)  

40 
40 
40 
38 
41 
41 
41 
41 
42 
41 
42 
42 
41 
41 ( e v e )  

41 
41 
41 
42 
41 
41 
41 (avg) 

42 
42 
41 
42 
41 
42 (avg) 

30 
30 
30 
30 
30 
30 (avg)  
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TABLE 3-8. AVERAGE PRODUCTION AND MIX TYPE D L R I N G  TESTING PERIOD-- 
T.J. CAMPBELL CONSTRUCTION COMPANY, OKLAHOMA CITY, OKLAHOMA 

Test period 
cime Average production 

Date (beginning-end) rate, tph Product type 

11/11/83 08:39-14:33a 
11/11/83 15:15-17:04a 
11/12/83 07:13-09:00a 

11/12/83 ii:39-i3:iga 
11/12/83 14: 18-15: 2Ob 

229.3 
249.8 
235.8 

Recycle A mix 
Recycle A mix 
Recycle A mix 

243.5 Virgin B mix 
215.9 Virgin B mix 

11/13/83 08:53-11:12a 235.4 Virgin B6C mix 

11/14/83 08:13-10:03a 
11/14 183  10: 14-11: 43b 

212.8 
209.2 

Virgin M mix 
Virgin M&C mix 

Virgin M&C mix 11/15/83 12: 25-14:OOb 232.3 
~ ~~ 

a 

bUncontrolled particle size test periods. 

Controlled emission test periods - uncontrolled emission tests 
conducted sometime during the indicated time periods. 
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SECTION 4 

SAMPLING LOCATIONS 

I 

A schematic  diagram of  t h e  a s p h a l t  c o n c r e t e  p r o c e s s  i s  p r e s e n t e d  

i n  F i g u r e  4-1. The g e n e r a l  l o c a t i o n  of each  sampling p o i n t  and t h e  parame- 

t e r s  measured a t  each sampling l o c a t i o n  a r e  a l s o  p r e s e n t e d  i n  F i g u r e  4-1. 
S e c t i o n  4 c o n t a i n s  a b r i e f  d e s c r i p t i o n  of each  of t h e  sampl ing  l o c a t i o n s  

used a t  T. J. Campbell  d u r i n g  t h e  emis s ions  t e s t i n g  program. 

4.1 VENTURI SCRUBBER INLET SAMPLING LOCATIONS 

U n c o n t r o l l e d  emis s ions  samples  were c o l l e c t e d  i n  t h e  d u c t  work between 

t h e  d r u m m i x e r  and t h e  wet v e n t u r i  s c rubbe r .  

t h e  d u c t  vork immediately upstream and downstream of  t h e  u n c o n t r o l l e d  e m i s -  

s i o n s  sampling l o c a t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  4-2. F l u e  g a s  e x i t i n g  t h e  

r o t a t i n g  drum e n t e r s  t h e  knockout d u c t  t h a t  c a r r i e s  t h e  f l u e  gas  upvard 

about 10 t o  1 2  f e e t  where t h e  f l u e  gas  then  f l o w s  h o r i z o n t a l l y  i n  a t r i a n g u -  

l a r  duct .  The t r i a n g u l a r  d u c t  f u n n e l s  t h e  g a s  t o  a 90" downward bend i n t o  

t h e  wet v e n t u r i  scrubber .  U n c o n t r o l l e d  emis s ions  samples  were c o l l e c t e d  i n  

t h e  t r i a n g u l a r  duc t .  

A s i d e  view and top  v i ew of 

F i g u r e  4-3 p r e s e n t s  t h e  l o c a t i o n  of  t h e  f o u r  3-inch p o r t s  t h a t  were 

used t o  measure t h e  gas  f l o w  r a t e  and c o l l e c t  p a r t i c u l a t e  mass. TOC. e x t r a c -  

t a b l e  o r g a n i c s ,  t r a c e  m e t a l s ,  and p o l y n u c l e a r  a romat i c  hydrocarbon sam- 

p l e s  a t  t h e  v e n t u r i  i n l e t .  The f o u r  s ampl ing  p o r t s  were l o c a t e d  about two 

f e e t  upstream from t h e  w a t e r  s p r a y s  i n  t h e  t r i a n g u l a r  d u c t .  

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

i n t e r f e r e  w i t h  t h e  sampl ing  a c t i v i t i e s .  F i g u r e  4-3 i n c l u d e s  a d e s c r i p t i o n  

o f  t h e  16 sampling p o i n t s  used t o  c h a r a c t e r i z e  t h e  i n l e t  duc t .  

These co- 

I 
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Figure 4 - 2 A .  Side View of Inlet Duct Sampling Ports. 

THERMOCOUPLE 

-60'-1 J I ,  

~~ 

m 

i I 
I 
I 

0 I 

43,INCH PORTS 

.FIRST AND U S T  PORT f 8 INCHES FROM WALL 

. l e  INCHES ON CENTER 

Figure 4-2B. Top View of Inlet Duct Sampling Ports. 
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VERTICAL SAMPLING PORTS 
FOP OF DUCT) 

. 

. 

I I I  
c c c  n n n  
. A &  PORT 1 mm 2 PORT 3 POUT 1 

1-1 2-1 3-1 4-1 

01 

1-2 2-2 3-2 4-2 

1-3 2-3 3-3 4-3 1 

1-4 2-4 3-4 4-4 

m*3y) 

Figure 4-3. Venturi scrubber inlet sampling location for gas flow 
rate, particulate mass, condensible hydrocarbons, trace 
metals, and polyaromatic hydrocarbons emissions sampling. 

I 

I 
r 

4-4 



U n c o n t r o l l e d  f l u e  gas  samples  f o r  O2 and C 0 2  a n a l y s i s  were c o l l e c t e d  8 t  

sampling p o i n t  2-2 a s  i l l u s t r a t e d  i n  F i g u r e  4-3. i 

P a r t i c l e  s i z e  d i s t r i b u t i o n  (PSD) samples v e r e  c o l l e c t e d  through t h e  , 
s i n g l e  6-inch p o r t  (Por t  5 i l l u s t r a t e d  i n  F i g u r e  4-41 mounted on t h e  e a s t  

s i d e  of  t h e  t r i a n g u l a r  duct .  The c e n t e r  of  P o r t  5 i s  s i t u a t e d  13.25 i n c h e s  

f from t h e  top of  t h e  d u c t .  PSD samples  were c o l l e c t e d  21 i nches  from t h e  

e a s t  d u c t  w a l l  (Po in t  5-1). 
1. 

4.2 VENTURI SCRUBBER OUTLET SAMPLING LOCATIONS 

C o n t r o l l e d  emis s ions  samples  were c o l l e c t e d  a t  t h e  o u t l e t  of t h e  ven- 

t u r i  s c rubbe r .  

f a n  and then  passed through a f l o w  c o n t r o l  damper. The f l u e  gas  then  e x i t e d  

through a r e c t a n g u l a r  s t a c k .  

from two s e t s  of sampling p o r t s  on t h e  s t a c k .  

F l u e  gas  e x i t i n g  t h e  v e n t u r i  s c r u b b e r  e n t e r e d  t h e  exhaust  

C o n t r o l l e d  e m i s s i o n s  samples  were c o l l e c t e d  

The f i r s t  set  of p o r t s  c o n s i s t e d  o f  t h r e e  3-inch p o r t s  l o c a t e d  about  

e i g h t  f e e t  downstream of t h e  c o n t r o l  damper. 

s i s t e d  o f  s i x  3-inch p o r t s  l o c a t e d  about  s i x  . f e e t  f u r t h e r  downstream from 

t h e  f i r s t  s e t  of p o r t s .  

The second se t  of p o r t s  con- 

P a r t i c l e  s i z e  d i s t r i b u t i o n  t e s t s  were u n s u c c e s s f u l l y  a t t empted  through 

Fig- t h e  t h r e e  p o r t s  l o c a t e d  immediately downstream of  t h e  c o n t r o l  damper. 

u r e  4-5 i l l u s t r a t e s  t h e  l o c a t i o n  of t h e  p o r t  and p o i n t  used f o r  t h e  p a r t i c l e  

s i z e  d i s t r i b u t i o n  tes ts  on c o n t r o l l e d  em-issions. 

Gas f l o w  r a t e  measurements and p a r t i c u l a t e  mass. TOC, e x t r a c t a b l e  

o r g a n i c s ,  t r a c e  m e t a l s .  and p o l y n u c l e a r  a r o m a t i c  hydrocarbon samples  

vere c o l l e c t e d  u s i n g  t h e  set  of  s i x  3-inch p o r t s .  

t h e  l o c a t i o n  of  t h e  six p o r t s  and t h e  l o c a t i o n s  of t h e  twenty-four sampling 

p o i n t s  used t o  c o l l e c t  c o n t r o l l e d  emis s ions  samples .  

F i g u r e  4-6 i l l u s t r a t e s  
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Figure  4-4. Venturi scrubber i n l e t  sampling l o c a t i o n  f o r  the  c o l l e c -  
t i o n  of p a r t i c l e  s i z e  d i s t r i b u t i o n  samples. 
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4.3 VISIBLE EMISSION OBSERVATION LOCATIONS 

I 
I ;  

! 

i 

1 

V i s i b l e  o p a c i t y  observations v e r e  made of  t h e  plume e x i t i n g  t h e  s t a c k .  

A t o t a l  of s i x  l o c a t i o n s  v e r e  used t o  make t h e  o p a c i t y  o b s e r v a t i o n s  d u r i n g  

t h i s  program. F i g u r e  4-7 p r e s e n t 6  t h e  l a y o u t  of t h e  T. J. Campbell  a s p h a l t  

p l a n t  and t h e  approximate l o c a t i o n  of  t h e  o b s e r v e r  w i t h  r e s p e c t  t o  t h e  s t a c k  

a t  each p o s i t i o n  d u r i n g  v i s i b l e  emis s ions  measurements. 

4.4  VENTURI SCRUBBER WATER SAMPLING LOCATIONS 

Samples of wa te r  s u p p l i e d  t o  t h e  v e n t u r i  s c r u b b e r  and samples  of ven- 

t u r i  s c r u b b e r  e f f l u e n t  wa te r  were c o l l e c t e d  d u r i n g  emiss ions  t e s t i n g .  Sam- 

p l e s  of pond v a t e r  be ing  s u p p l i e d  t o  t h e  v e n t u r i  s c r u b b e r  s p r a y  n o z z l e s  were 

c o l l e c t e d  a t  t h e  f l o a t i n g  pump i n t a k e  ( r e f e r  t o  F i g u r e  4-8). The i n t a k e  

i i n e  f l o a t s  o u t  i n  t h e  pond and a c c e s s  t o  the i n t a k e  i s  by means of a wooden 

plank.  

sample c o n t a i n e r  i n t o  t h e  pond a t  t h e  i n t a k e  p o s i t i o n .  

Water samples  were c o l l e c t e d  n e a r  t h e  pump i n t a k e  by d ipp ing  a 

Ven tu r i  s c r u b b e r  wa te r  d r a i n s  i n t o  a c o l l e c t i o n  box below t h e  v e n t u r i .  

The s c r u b b e r  w a t e r  t h e n  d r a i n s  back t o  t h e  s e t t l i n g  pond by means of an 8- 

inch d i ame te r  p l a s t i c  p i p e .  Samples of  t h e  s c rubbe r  e f f l u e n t  wa te r  were 

c o l l e c t e d  from t h e  c o l l e c t i o n  box below t h e  v e n t u r i  s c r u b b e r .  

4.5 V E P V J R I  SCRUBBER PROCESS MONITORING LOCATIONS 

The v e n t u r i  s c r u b b e r  p r e s s u r e  d rop  and v e n t u r i  s c r u b b e r  w a t e r  f low 

r a t e s  were monitored d u r i n g  t h e  emis s ions  tes t  program. 

4 . 5 . 1  Ventu r i  Scrubber  P r e s s u r e  Drop MonitorinK 

F igure  4-9 i l l u s t r a t e 8  t h e  l o c a t i o n s  used  t o  monitor  t h e  v e n t u r i  p re s -  

s u r e  drop. 

upstream and downstream o f  t h e  v e n t u r i  s c rubbe r .  Tygonm tub ing  vas  used t o  

SwagelokB connec to r s  were i n s t a l l e d  i n  t h e  d u c t  work immediately 

4- 9 
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1 Approximate 
Position Distance Direction of Observer Plant 

Date Time from Stack (ft) from Discharge Point Mode - No. 
1000 SE R 
125 NE R 
100 SW R 

1 11-10-83 1000-1625 
2 11-11-83 0819-1126 

3 11-11-83 1308-1718 

4 11-12-83 0722-1429 

5 11-13-83 0800-1150 80-100 
6 11-15-83 0815-1054 

200 E C6R 
S-SE C 

250 E-SE R 

C - conventional operation 
R - recycle operation 
1 

Figure 4-7. Locations of visible emission observations at the 
T.J. Campbell asphalt plant, Cklahorna City, 
Oklahoma. 
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- -  

connect  t h e  sample t a p s  t o  a M a g n e h e l i @ d i f f e r e n t i a l  p r e s s u r e  gauge f o r  use 

i n  monitor ing t h e  sc rubbe r  d i f f e r e n t i a l  p r e s s u r e .  

4.5.2 

The t o t a l  water flow r a t e  t o  t h e  v e n t u r i  s c m b b  
i 

!m an t h e  f l  V 

r a t e  of  w a t e r  t o  t h e  v e n t u r i  s p r a y  n o z z l e s  were monitored u s i n g  p a d d l e  wheel 

type sen80rs.  FlosensorsZ9 were used t o  monitor  t h e  water  f l o w  r a t e  a t  t h e  

two l o c a t i o n s .  F i g u r e  4-10 d e p i c t s  t h e  l o c a t i o n s  of t h e  two F l o s e n s o r p i n  

t h e  sc rubbe r  system. One F losenso f iwas  i n s t a l l e d  i n  t h e  4-inch main l ine  t o  

monitor  t h e  t o t a l  f l o w  of w a t e r  t o  t h e  s c r u b b e r  system. A second F l o s e n s o f l  

was i n s t a l l e d  i n  t h e  2-inch l i n e  t h a t  s u p p l i e s  wa te r  t o  t h e  v e n t u r i  s p r a y  

n o z z l e s .  

ensu re  f u l l - p i p e  f low o f  wa te r  d u r i n g  monitor ing.  

Both F losenso r@were  i n s t a l l e d  i n  v e r t i c a l  s e c t i o n s  of p i p e  t o  

4.6 ASPHALT CONCRETE PROCESS SAMPLING LOCATIONS 

During emiss ions  t e s t i n g  samples  of t h e  v i r g i n  aggrega te  and r e c y c l e d  

a s p h a l t  pavement were c o l l e c t e d  from t h e  conveyor  b e l t s  t h a t  t r a n s p o r t  t h e  

raw m a t e r i a l s  t o  t h e  drum mixer from t h e  s t o r a g e  b ins .  

Samples of  t h e  l i q u i d  a s p h a l t  cement were o b t a i n e d  from a vendor t r u c k  

t h a t  t r a n s p o r t e d  t h e  a s p h a l t  cement t o  t h e  p l a n t .  

j 
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SECTION 5 

SAMPLING AND ANALYSIS 

This  s e c t i o n  c o n t a i n s  g e n e r a l  d e s c r i p t i o n s  o f  sampling equipment, sam- 

p l e  c o l l e c t i o n  t echn iques ,  and sample r e c o v e r y  t echn iques  used d u r i n g  t h e  

emiu6ions t e s t i n g  program a t  t h e  T J .  Campbel l  a s p h a l t  c o n c r e t e  p l a n t .  A l s o  

inc luded  a r e  a n a l y t i c a l  p r e p a r a t i o n  t e c h n i q u e s  and a n a l y t i c a l  methodology 

used t o  a n a l y z e  t h e  samples  c o l l e c t e d  d u r i n g  sampling. A d d i t i o n a l  i n fo rma t ion  

i s  p rov ided  in  Appendix J. 

5.1 SAMPLING PROCEDURES 

Th i s  s e c t i o n  p r o v i d e s  a d e s c r i p t i o n  of t h e  sampl ing  p rocedures  t h a t  

w e r e  used t o  c o l l e c t  samples  of t h e  f l u e  g a s ,  s c rubbe r  w a t e r s ,  and p r o c e s s  

s o l i d s  for a n a l y s i s .  

5 . 1 . 1  Source Samplinp. Procedures  

I n c l u d e d  i n  T a b l e  5-1 i s  a l i s t  of t h e  v a r i o u s  parameters  t h a t  were 

measured a t  t h e  i n l e t  and o u t l e t  of  t h e  v e n t u r i  s c r u b b e r  and t h e  sampling 

methodology t h a t  vas  used d u r i n g  s o u r c e  sampling.  

methods l i s t e d  i n  T a b l e  5-1 are d e s c r i b e d  i n  t h i s  s e c t i o n .  Whenever p o s s i -  

b l e ,  EPA re fe renced  s o u r c e  sampl ing  methods were used. The EPA r e f e r e n c e  

methods were t aken  from t h e  Env i ronmen ta l  R e p o r t e r ,  Volume I - F e d e r a l  

Regu la t ions .  S e c t i o n  1 2 1 ,  " A i r , "  Appendix A. If an EPA r e f e r e n c e  method d i d  

n o t  e x i s t .  a d e t a i l e d  d e s c r i p t i o n  of t h e  methodology i s  provided.  

Each of  t h e  sampl ing  

5.1.1.1 Gas Phase Composition-- 

F o l l o w i n g  a r e  d i s c u s s i o n s  of t h e  methods which were used t o  measure gas  

phase compos i t ion .  
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Mois tu re  Determination--The m o i s t u r e  c o n t e n t  of t h e  o u t l e t  g a s  s t r eam 

was determined u s i n g  a modif ied v e r s i o n  o f  t h e  methodology d e s c r i b e d  in EPA 

Method 4. This  method r e q u i r e s  t h a t  a knovn volume of p a r t i c l e  f r e e  gas be 

p u l l e d  through a c h i l l e d  impinger t r a i n .  The q u a n t i t y  of condensed w8ter is 

determined g r a v i m e t r i c a l l y  and t h e n  r e l a t e d  t o  t h e  volume of  gas sampled t o  

de t e rmine  t h e  m o i s t u r e  con ten t .  

The m o i s t u r e  c o n t e n t  of  t h e  gas  s t r e a m  was determined s i r rml t aneous ly  

d u r i n g  each EPA Method 5E t e s t  and each  p a r t i c l e  s i z e  d i s t r i b u t i o n  de te rmi -  

na t ion .  The a b s o l u t e  f i l t e r  i n  t h e  EPA Method 5E and p a r t i c l e  s i z i n g  t r a i n s  

removed t h e  p a r t i c u l a t e  matter from t h e  gas stream, a l l o w i n g  condensed water 

t o  c o l l e c t  i n  t h e  impinger t r a i n .  

The m o i s t u r e  c o n t e n t  of t h e  gas  s t r e a m  i s  r e q u i r e d  t o  c a l c u l a t e  t h e  

m o l e c u l a r  weight of  t h e  g a s  (wet) and t h e  i s o k i n e t i c  gas  sampling r a t e .  

R e l a t i v e  Humidity--A wet b u l b / d r y  b u l b  a p p a r a t u s  was used i n  conjunc- 

t i o n  w i t h  a p sychromet r i c  c h a r t  t o  de t e rmine  t h e  r e l a t i v e  h u m i d i t y  of t h e  

s c r u b b e r  gas  s t reams.  The wet b u l b / d r y  b u l b  a p p a r a t u s  c o n s i s t s  of two 

thermocouples  s t r apped  t o g e t h e r .  The f r o n t  end of  t h e  f i r s t  thermocouple  

extended o u t  about  t h r e e  inches  f u r t h e r  t han  t h e  second thermocouple.  A 

c l o t h  sock was p l a c e d  t i g h t l y  o v e r  t h e  f r o n t  two inches of  t h e  f i r s t  thermo- 

c o u p l e  (wet bu lb ) .  P r i o r  t o  sampling,  t h e  c l o t h  sock was s a t u r a t e d  w i t h  

water .  The thermocouples  were then  i n s e r t e d  i n t o  t h e  c e n t e r  of  t h e  d u c t  and 

t h e  t empera tu re  of t h e  wet b u l b  thermocouple monitored. 

t u re  of  t h e  wet b u l b  thermocouple  s t a b i l i z e d  (reached e q u i l i b r i u m ) .  t h e  

t empera tu re  of  t h e  d r y  thermocouple  was-measured. 

t empera tu res  were used w i t h  a p sychromet r i c  c h a r t  t o  de t e rmine  t h e  r e l a t i v e  

humidity and m o i s t u r e  c o n t e n t  of  t h e  g a s  stream. A h igh  temperature psych- 

r o m e t r i c  c h a r t  (dry b u l b  t empera tu re  -500°F) was used d u r i n g  t h i s  program 

because of t h e  h igh  t empera tu re  (-30O0F) of  t h e  u n c o n t r o l l e d  emis s ions  gas  

s t ream. The wet b u l b / d r y  b u l b  t empera tu res  were determined a t  l e a s t  once 

d u r i n g  each t e s t  run t o  v e r i f y  t h e  m o i s t u r e  c o n t e n t  of t h e  gas  streame. 

A f t e r  t h e  tempera- 

The wet b u l b  and d r y  b u l b  
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M o l e c u l a r  Weinht Determination-The d r y  m o l e c u l a r  weight of t h e  g a s  

stream was determined using t h e  g rab  sampl ing  t e c h n i q u e  d e s c r i b e d  i n  EPA 

Method 3. 

02, C 0 2 ,  and N2 c o n c e n t r a t i o n .  

u s i n g  an Orsat a p p a r a t u s .  

The d r y  m o l e c u l a r  weight of  t h e  gas  vas c a l c u l a t e d  based upon t h e  

C02 and O2 c o n c e n t r a t i o n s  were determined 

N2 was determined by d i f f e r e n c e .  

A s m a l l  diaphragm pump w i t h  a s t a i n l e s s  s t e e l  probe were used t o  ex- 

t r a c t  a s m a l l  volume (-10 l i t e r s )  of t h e  g a s  aample which was c o l l e c t e d  i n  a 

T e d l a r B b a g .  C o l l e c t i o n  of  t h e  g a s  sample in t h e  T e d l a f l b a g  r e q u i r e d  15 t o  

2 0  minutes  and was performed i n m e d i a t e l y  f o l l o w i n g  a s o u r c e  sampl ing  run 

(ex. €PA Method 5E). A s p e c i f i c  volume of gas  is  then  t r a n s f e r r e d  t o  t h e  

Orsat. 

s o l u t i o n s  des igned  t o  s e l e c t i v e l y  remove C 0 2  and then  02. 

t h e  gas  volume i n  t h e  Orsa t  c o n t a i n e r  i s  p r o p o r t i o n a l  t o  t h e  d r y  concen t r a -  

t i o n  of t h e  absorbed s p e c i e s .  

be  N2. 

d i f f e r e n c e ,  a b s o l u t e )  r e a d i n g  f o r  e i t h e r  02 o r  C 0 2 ,  t h e  a p p r o p r i a t e  absorb-  

ing s o l u t i o n  was r e p l a c e d .  

During a n a l y s i s .  t h e  gas  sample i s  passed through two abso rb ing  

The d e c r e a s e  i n  

The b a l a n c e  of t h e  g a s  m i x t u r e  was assumed t o  

I f  more t h a n  s i x  p a s s e s  were r e q u i r e d  t o  o b t a i n  a c o n s t a n t  (0.3X 

5.1.1.2 Volumetric Cas Flow Rate Determinations-- 

T o t a l  gas  f l o w  r a t e s  a t  t h e  s c r u b b e r  i n l e t  and o u t l e t  were determined 

u s i n g  p rocedures  d e s c r i b e d  i n  EPA Method 2. 

r a t e  was determined by measuring t h e  c r o s s  s e c t i o n a l  a r e a  of t h e  i n l e t  d u c t  

and t h e  s t a c k  and t h e  a v e r a g e  v e l o c i t y  of  t h e  g a s  stream. 

i n l e t  d u c t  and t h e  s t a c k  v a s  determined by d i r e c t  measurement. 

The v o l u m e t r i c  g a s  f l o v  

The a r e a  of t h e  

The number of sampl ing  p o i n t s  r e q u i r e d  t o  s t a t i s t i c a l l y  measure t h e  

a v e r a g e  g a s  v e l o c i t y  i n  t h e  s t a c k  was determined u s i n g  t h e  p rocedures  ou t -  

l i n e d  in E P A  Method 1. The number of  s ampl ing  p o i n t s  and t h e i r  d i s t a n c e  from 

t h e  d u c t  w a l l  i s  a f u n c t i o n  of  t h e  p r o x i m i t y  of  t h e  sampl ing  l o c a t i o n  t o  i t s  

n e a r e s t  ups t r eam and downstream f l o v  d i s t u r b a n c e .  

p o i n t s  ( 4 x 6  m a t r i x )  were used a t  t h e  s t a c k  sampling l o c a t i o n .  

A t o t a l  of  24 sampl ing  

1 
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The i n l e t  sampling l o c a t i o n  ( r e f e r  t o  S e c t i o n  4 )  d i d  n o t  meet EPA 

Method 1 c r i t e r i a  b u t  r e p r e s e n t e d  t h e  b e s t  p o s s i b l e  l o c a t i o n  a v a i l a b l e  f o r  

c o l l e c t i n g  u n c o n t r o l l e d  emission samples .  

p o i n t s  were l i m i t e d  t o  16 (4x4 matrix) because  of t h e  h i g h  p a r t i c u l a t e  

loading and l i m i t e d  sample c o l l e c t i o n  t i m e .  

The number of i n l e t  sampling 

The g a s  s t r e a m  v e l o c i t y  was c a l c u l a t e d  from the a v e r a g e  g a s  v e l o c i t y  

p r e s s u r e  (a ) ,  t h e  a v e r a g e  f l u e  gas  t empera tu re ,  vet m o l e c u l a r  v e i g h t .  and 

a b s o l u t e  p r e s s u r e .  

t h e  sampling p o i n t s  u s i n g  an S-type p i c o t  t u b e  and type-K thermocouple.  A 
Magnehel ic@gauge was used t o  measure t h e  p r e s s u r e  drop (AP) a c r o s s  t h e  S- 

t y p e  p i t o t .  

AP and t empera tu re  p r o f i l e  d a t a  were measured a t  each of  

Barometric p r e s s u r e  r e a d i n g s  were ob ta ined  d a i l y  by phoning T i a k e r  A i r  

Force Base. 

probe i n t o  t h e  d u c t .  A M a g n e h e l i c a g a u g e  a t t a c h e d  t o  t h e  probe was used t o  

measure t h e  s t a t i c  p r e s s u r e  w i t h i n  t h e  d u c t .  

The s t a t i c  p r e s s u r e  was measured by i n s e r t i n g  a s t a i n l e s s  s t e e l  

5.1.1.3 P a r t i c u l a t e  Loading Determination-- 

A modif ied v e r s i o n  of t h e  sampling p rocedure  s p e c i f i e d  in EPA Method 

5E was used t o  measure t h e  p a r t i c u l a t e  and c o n d e n s i b l e  hydrocarbon load-  

ings.  T h e  pr imary m o d i f i c a t i o n s  t o  t h e  s t a n d a r d  procedure i n c l u d e :  

impinger t r a i n  c o n f i g u r a t i o n  and impinger c o n t e n t s  depending 

upon t h e  chemica l  s p e c i e c s )  of  in terest ,  

t h e  sample r ecove ry  p rocedure (6 ) .  

performing an a c e t o n e  probe rinse p r i o r  t o  t h e  t r i c h l o r o e t h a n e  

probe r i n s e ,  and 

m a i n t a i n i n g  t h e  f i l t e r  t empera tu re  a t  250°F 2 10'F. 
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F i g u r e  5-1 i l l u s t r a t e s  t h e  EPA Method 5E sampl ing  train. A sample of  

p a r t i c u l a t e - l a d e n  f l u e  g a s  was c o l l e c t e d  i s o k i n e t i c a l l y  th rough  a s t a i n l e s s  

s t e e l  gooseneck n o z z l e .  A s t a i n l e s s  s t e e l  or g l a s s - l i n e d  h e s t  t r a c e d  probe 

t r a n s p o r t e d  t h e  f l u e  gas  from t h e  d u c t  t o  t h e  ho t  box. Problems were 

encountered w i t h  g l a s s  l i n e r s  b r e a k i n g  d u r i n g  t h e  runs. To e l i m i n a t e  t h i s  - 
problem a s t a i n l e s s  s t e e l  p robe  was used d u r i n g  l a t e r  runs.  

samples were c o l l e c t e d  u s i n g  a g l a s s  l iner.  

t o r e d  and c o n t r o l l e d  a t  25OoP 5 1 0 ° F .  

The t r a c e  m e t a l  

I The probe t empera tu re  was c l o s e l y  moni- 

A f t e r  e n t e r i n g  t h e  ho t  box, t h e  

p a r t i c u l a t e  matter YBB removed from t h e  gas  stream by means of  a g l a s s  ? 

f i l t e r  housed in a g l a s s  h o l d e r .  

monitored and c o n t r o l l e d  a t  t h e  f i l t e r  u s i n g  a time p r o p o r t i o n i n g  tempera- 

t u r e  c o n t r o l l e r  t o  a t empera tu re  of 250'F 2 1OOF. 

The t e u p e r a t u r e  o f  t h e  sampled g a s  was 

T h e  f i l t e r e d  g a s  stream then e n t e r e d  6 ser ies  of impingers  immersed i n  

an i c e  ba th .  The c o n f i g u r a t i o n  and c o n t e n t s  o f  t h e  impingers  depended on 

t h e  t ype  of chemica l  s p e c i e ( s )  of i n t e r e s t .  

c o n d e n s i b l e  hydrocarbons and p a r t i c u l a t e  d e t e r m i n a t i o n s  c o n s i s t e d  of  f o u r  

impingers  s i t u a t e d  i n  an i c e  bath.  The f i r s t  two impingers  were of  t h e  

Greenburg-Smith d e s i g n  and con ta ined  250 m l  o f  0.1 N sodium hydroxide (NaOH) 

f o r  hydrocarbon c o l l e c t i o n .  

modif ied Greenburg-Smith d e s i g n .  The  t h i r d  impinger was d r y  and t h e  f o u r t h  

impinger c o n t a m e d  about  250 grams of  s i l i c a  g e l  f o r  f i n a l  m o i s t u r e  removal .  

S e c t i o n  5.1.1.4 p r o v i d e s  a d e s c r i p t i o n  of t h e  t r a c e  m e t a l s  impinger t r a i n  

c o n f i g u r a t i o n  t h a t  was used s i m u l t a n e o u s l y  w i t h  t h e  p a r t i c u l a t e  l o a d i n g  

d e t e r m i n a t i o n .  A l l  impingers  were weighed b e f o r e  and a f t e r  s ampl ing  u s i n g  a 

t o p  l o a d e r  ba l ance .  The impinger we igh t  g a i n  d a t a  was used t o  c a l c u l a t e  t h e  

m o i s t u r e  c o n t e n t  of  t h e  f l u e  gas .  

The impinger t r a i n  used d u r i n g  

The t h i r d  and f o u r t h  impingers  were of  t h e  

During sampling.  t h e  f l u e  gas  v e l o c i t y  was monitored by a n  S-type p i t o t  

t u b e  a t t a c h e d  t o  a Magnehelicm gauge. 

ma in ta ined  th rough  a system o f  v a l v e s  and a l e a k l e s s  pump. 

r a t e  was monitored u s i n g  a c a l i b r s t e d  o r i f i c e  w i t h  a Magnehelic@ gauge and 

The i s o k i n e t i c  s ampl ing  r a t e  was 

The sampl ing  
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t h e  t o t a l  s ample  volume was measured u s i n g  a c a l i b r a t e d  d r y  g a s  meter.  

gas s t r e a m  t empera tu re  waa monitored u s i n g  a type-K thermocouple  and a 

pyrometer .  

The 

When sampl ing  waa completed,  t h e  n o z z l e ,  probe,  and i n t e r c o n n e c t i n g  - 
g l a s s  p i e c e s  p r i o r  t o  t h e  f i l t e r  were brushed and washed. f i r s t  w i t h  t h r e e  

volumes of  a c e t o n e  and t h e n  w i t h  a volume o f  1 , l . l - t r i c h l o r o e t h a n e .  The 

d u a l  s o l v e n t  r i n s e  was r e q u e s t e d  by EPA t o  r e l a t e  r e s u l t s  t o  compara t ive  

Method 5 d a t a  and c o l l e c t  s amples  w i t h i n  the p r o t o c o l  of  Method 5E. The 

a c e t o n e  and t r i c h l o r o e t h a n e  " f ron t -ha l f ' '  r i n a e a  were s t o r e d  s e p a r a t e l y  in  

i n d i v i d u a l  500 m l  g l a s s  b o t t l e s  w i t h  t e f l o n  l i d  i n s e r t s .  The f i l t e r  waa 

t r a n s f e r r e d  t o  t h e  f i l t e r ' s  o r i g i n a l  p e t r i  d i s h  a l o n g  wi th  any p a r t i c l e s  or 

l o o s e  f i l t e r  m a t e r i a l  i n  t h e  h o l d e r .  

I 

I 

I 

A f t e r  weighing,  t h e  impinger c o n t e n t s  were q u a n t i t a t i v e l y  t r a n s f e r r e d  

t o  i n d i v i d u a l  500 m l  g l a s s  b o t t l e s  w i t h  t e f l o n  l i d  i n s e r t s .  A l l  of t h e  

g l a s s w a r e  from t h e  f i l t e r  t o  t h e  s i l i c a  g e l  impinger  was r i n s e d ,  f i r s t  w i t h  

t w o  a l i q u o t 6  of 0.1 N NaO'd and then w i t h  a volume of  t r i c h l o r o e t h a n e .  The 

t r i c h l o r o e t h a n e  "back-half ' '  r i n s e s  were s t o r e d  s e p a r a t e l y  i n  i n d i v i d u a l  500 

m l  g l a s s  b o t t l e s  w i t h  t e f l o n  l i d  inserts. 

The f i l t e r s ,  impinger s o l u t i o n s ,  and a c e t o n e ,  t r i c h l o r o e t h a n e ,  and NaOH 

r i n s e s  were c a r e f u l l y  packaged f o r  shipment back t o  Radian f o r  weighing and 

o t h e r  ana lyses. 

5.1.1.4 T r a c e  H e t a l a  Sample Co l l ec t ion - -  

Samples of  t h e  g a s  s t r e a m s  were c o l l e c t e d  d u r i n g  t h i s  program f o r  t r a c e  

m e t a l s  a n a l y s i s .  

by i n c o r p o r a t i n g  an a c i d  impinger i n t o  t h e  impinger t r a i n  d e s c r i b e d  in  
S e c t i o n  5.1.13. The impinger.  c o n t a i n i n g  250 m l  of  10% u l t r e x  n i t r i c  a c i d  

(ENO3), waa p l a c e d  i m e d i a t e l y  downstream of  t h e  two 0.1 N NaOH impingers  

used f o r  hydrocarbons c o l l e c t i o n .  

t o  t h e  p r o c e d u r e  d e s c r i b e d  i n  S e c t i o n  5.1.13. F i g u r e  5-2 g r a p h i c a l l y  

i l l u s t r a t e a  t h e  trace m e t a l s  s ampl ing  train.  

C o l l e c t i o n  o f  t h e  v o l a t i l e  t r a c e  me ta l s  s amples  waa ach ieved  

Sample c o l l e c t i o n  was s i m i l a r  
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Upon c o m p l e t i o n  of s ampl ing ,  t h e  p a r t i c u l a t e  and TOC/ex t r ac t ab le  bydro- 

carbon sample r e c o v e r y  p rocedure  d e s c r i b e d  in S e c t i o n  5.1.1.3 was used. The 

EN03 impinger  s o l u t i o n  was s t o r e d  in a 500 m l  Nalgene b o t t l e .  

impinger vas  rinsed w i t h  an a l i q u o t  of 10% EN03 and t b e  rinse added t o  t h e  

sample b o t t l e .  

The HNOj 

The f i l t e r ,  a c i d  and b a s e  i q i n g e r  s o l u t i o n s ,  and t h e  a c e t o n e  and 

t r i c h l o r o e t h a n e  r i n s e  s o l u t i o n s  were sh ipped  back t o  Radian f o r  t r a c e  me'tals 

a n a l y s i s  u s i n g  p rocedures  d e s c r i b e d  in S e c t i o n  5.2. 

5.1.1.5 P o l y n u c l e a r  Aromatic Eydrocarbons sample Co l l ec t ion - -  

F i g u r e  5-3 i l l u s t r a t e s  t h e  sampl ing  train t h a t  was used t o  c o l l e c t  

samples  of t h e  gas s t r eam f o r  ?AB a n a l y s i s .  The PAE sample c o l l e c t i o n  

p rocedure  i s  s i m i l a r  t o  t b e  p a r t i c u l a t e  l o a d i n g  p rocedure  d e s c r i b e d  i n  

S e c t i o n  5.1.1.3. The major d i f f e r e n c e s  between t h e  two systems i n c l u d e  

impinger c o n f i g u r a t i o n ,  c o n t e n t s ,  and sample r e c o v e r y  p rocedures .  

The PAB impinger t r a i n  c o n s i s t e d  of a d r y  impinger f o r  c o o l i n g  down t h e  

gas b e f o r e  e n t e r i n g  t h e  g l a s s  c a n i s t e r  c o n t a i n i n g  XAD-2 r e s i n  f o r  PAH ad- 

s o r p t i o n .  

t o r e d  u s i n g  a thermocouple.  

d r y  impinger f o r  c o l l e c t i o n  of any condensa te  o c c u r r i n g  downstream of t h e  

XAD-2 r e s i n .  The t h i r d  impinger c o n t a i n e d  s i l i c a  g e l  f o r  f i n a l  m o i s t u r e  

removal .  The g l a s s w a r e  in t h e  hot box, t h e  two d r y  imp inge r s ,  and t h e  XAD-2 
resin c a n i s t e r  were wrapped w i t h  aluminum f o i l  t o  r educe  sample exposure t o  

u l t r a v i o l e t  r a d i a t i o n ,  which can c a u s e  p o s s i b l e  pho todegrada t ion  of t h e  

PAE's. 

The t e m p e r a t u r e  of  t h e  g a s  e n t e r i n g  t h e  r e s i n  c a n i s t e r  was moni- 

F o l l o w i n g  t h e  XAD-2 r e s i n  c a n i s t e r  was a second 

Upon c o m p l e t i o n  of  sampling,  t h e  sampl ing  t r a i n  was r e t u r n e d  t o  t h e  

m o b i l e  l a b o r a t o r y  f o r  sample recovery.  

m o b i l e  l a b o r a t o r y  d u r i n g  sample r e c o v e r y  t o  minimize PAR pho todegrada t ion .  

The n o z z l e  and g l a s s  p robe  l iner  were brushed and r i n s e d  w i t h  methylene 

c h l o r i d e .  

Incandescen t  l i g h t s  v e r e  used in  t h e  

A l l  i n t e r c o n n e c t i n g  g l a s s w a r e  i n  t h e  h o t  box end impinger t r a i n  
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(except  t h e  s i l i c a  g e l  impinger) v e r e  also r i n s e d  w i t h  methylene c h l o r i d e .  

The me thy lene  c h l o r i d e  rinses v e r e  s t o r e d  in  amber g l a s s  b o t t l e s  v i t h  t e f l o n  

l i d  inserts.  The f i l t e r  vas t r a n s f e r r e d  t o  a g l a s s  p e t r i  d i s h  and vrapped 

w i t h  aluminum f o i l  t o  p r o t e c t  i t  from d i r e c t  l i g h t  d u r i n g  s t o r a g e  and sh ip -  

ment. The XAD-2 resin vas t r a n s f e r r e d  from t h e  c a n i s t e r  t o  a p i n t  B a l l  j a r  

and vrapped w i t h  aluminum f o i l  f o r  s t o r a g e .  Methylene c h l o r i d e  v a s  used t o  

rinse t h e  resin i n t o  the jar. 

t h e  jar.  The PAE sample vas ana lyzed  a t  Radian u s i n g  t h e  p rocedure  des- 

c r i b e d  i n  S e c t i o n  5.2. 

A l i d  with a t e f l o n  iaserC was used  t o  s e a l  

5.1.1.6 P a r t i c l e  S i z e  D i s t r i b u t i o n  Determine tion-- 

During t h i s  p r o j e c t  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  a t  t h e  i n l e t  and 

o u t l e t  of  t h e  sc rubbe r  was determined u s i n g  t h e  sampl ing  t r a i n s  i l l u s t r a t e d  

i n  F i g u r e s  5-4 and 5 - 5 ,  r e s p e c t i v e l y .  Both sampl ing  t r a i n s  were s i m i l a r  i n  

d e s i g n  and used equipment designed t o  c l a s s i f y  p a r t i c l e s  p r e s e n t  i n  t h e  gas 

s t r e a m  v i t h  r e s p e c t  t o  t h e i r  aerodynamic s i z e .  

i Because of  t h e  h igh  p a r t i c u l a t e  l o a d i n g  encountered a t  t h e  s c r u b b e r  i n l e t ,  an 
Andersen Eigh Capac i ty  S tack  Sampler (AECSS) was used t o  de t e rmine  t h e  i n l e t  
p a r t i c l e  s i z e  d i s t r i b u t i o n c  A cut-avay v i ew of t h e  AHCSS is i l l u s t r a t e d  i n  - 
F i g u r e  5-6. The AECSS c o n t a i n s  tvo  impac t ion  chambers f o l l o w e d  by a c y c l o n e  \. 

and a backup a b s o l u t e  th imble .  

i n t o  f o u r  e i z e  r anges  and t h e  r e s u l t s  were t h e n  p l o t t e d  t o  r e p r e s e n t  t h e  

s i z e  d i s t r i b u t i o n  (see  F i g u r e  2-31. 

Parc ic les  were a u t o m a t i c a l l y  f r a c t i o n a t e d  

A r i g h t  a n g l e  p robe  v a s  used a t  the s c r u b b e r  i n l e t  t o  a l l o w  t h e  AECSS 

t o  be p o i n t e d  i n t o  t h e  gas st ream. 

a t t a c h e d  t o  t h e  AECSS t o  min imize  the impac t ion  of  l a r g e r  p a r t i c l e s  t h a t  

might  o t h e r w i s e  o c c u r  u s i n g  a gooseneck n o z z l e  a t  t he  in le t .  

A s t r a i g h t - n e c k  sampl ing  n o z z l e  was 

PSD sampl ing  a t  t h e  s c r u b b e r  o u t l e t  was a t t empted  u s i n g  an Andersen 

n a r k  I11 cascade  impactor.  

i n t o  n i n e  s i z e  f r a c t i o n s .  

c o l l e c t  t h e  p a r t i c l e s  from t h e  gas  stream. 

The *actor  e l a s s i f i e s  a e r o s o l s  a e r o d y n a m i c a l l y  

Glass f i b e r  impac to r  s u b s t r a t e s  v e r e  used t o  

The s u b s t r a t e s  d e c r e a s e  t h e  
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e r r o r s  t h a t  a r e  encountered i n  ve igh ing  t h e  l a r g e  m e t a l  p l a t e s .  The sub- 

s t r a t e s  v e r e  p r e t r e a t e d  b e f o r e  use  by bak ing  t h e  f i l t e r s  a t  500°F f o r  two 

hours.  

AE163 a n a l y t i c a l  b a l a n c e .  

p o l y e t h y l e n e  p e t r i  d i s h e s  u n t i l  u s e  in t h e  f i e l d .  

The s u b s t r a t e s  were then  d e s i c c a t e d  and veighed u s i n g  a Mettler 

Preveighed sets of s u b s t r a t e s  were s t o r e d  i n  

The Andersen impactor  v a s  o r i e n t e d  h o r i z o n t a l l y  and a s t r a i g h t - n e c k  

n o z z l e  used. 

an a u x i l i a r y  h e a t i n g  system ( h e a t i n g  t a p e  and i n s u l a t i o n )  v a s  r e q u i r e d  t o  

e l e v a t e  t h e  o p e r a t i n g  t empera tu re  of t h e  Andersen. 

was used t o  t r y  t o  e v a p o r a t e  wa te r  d r o p l e t s  p r e s e n t  i n  t h e  g a s  s t r e -  A 
d i s c u s s i o n  o f  t h e  problems encountered d u r i n g  t h i s  sampling i s  p r e s e n t e d  i n  
S e c t i o n  2. To ass i s t  i n  t h i s  e v a p o r a t i o n .  p rocess .  a t en -  t o  twe lve - inch  

hea ted  e x t e n s i o n  (0.5-inch I D  s t a i n l e s s  s t e e l  tube)  was u s e d  betveen t h e  

n o z z l e  and impactor .  A thermocouple mounted i n  t h e  gas s t r e a m  d i r e c t l y  

behind t h e  Andersen was used t o  mon i to r  t h e  Andersen o p e r a t i o n .  A v a r i a c  

was used t o  c o n t r o l  t h e  h e a t i n g  t a p e ,  and t b e r e b y  t h e  e x i t  g a s  t empera tu re  

of t h e  impactor.  

Because o f  t h e  h i g h  m o i s t u r e  c o n t e n t  o f  t h e  o u t l e t  f l u e  gas ,  

An e l e v a t e d  t empera tu re  

Impactor  s ampl ing  a t  t h e  i n l e t  and o u t l e t  v a s  perfG.med a t  a p o i n t  of  

a v e r a g e  v e l o c i t y  in t h e  gas  s t ream. The i s o k i n e t i c  f l o v  r a t e  through t h e  

n o z z l e  was p r e c a l c u l a t e d  based on v e l o c i t y  d a t a  ob ta ined  d u r i n g  e a r l i e r  

s ampl ing  (modif ied Method 5E). 

Mark 111 r e q u i r e d  t h a t  t h e  f l o v  r a t e  through t h e  impactor  be  k e p t  c o n s t a n t .  

T h i s  requirement  e l i m i n a t e d  t h e  p o s s i b i l i t y  of  a d j u s t i n g  t h e  f l o w  r a t e  i f  

v a r i a t i o n s  i n  g a s  v e l o c i t y  occurred.  

Opera t ion  of b o t h  t h e  AHCSS and Andersen 

P r i o r  t o  sampl ing  a t  the  i n l e t  t he  AECSS was a l l o w e d  to p r e h e a t  i n  the 

d u c t  f o r  a t  l e a s t  45 minutes  t o  a l l o w  ample  time f o r  t h e  u n i t  t o  r e a c h  t h e  

f l u e  gas t empera tu re .  A f t e r  sampling. t h e  AHCSS and t h e  Andersen Mark I11 
vere c a r e f u l l y  un loaded  and t h e  s o l i d s  a n d / o r  s u b s t r a t e s  d e s i c c a t e d  and 

weighed. The m a j o r i t y  of t h e  Andersen Mark I11 e u b s t r a t e s  l o s t  v e i g h t  due 

t o  t h e  m o i s t u r e  d r o p l e t s  w e t t i n g  t h e  s u b s c r a t e s  and making sample r e c o v e r y  

i m p o s s i b l e .  The i n d i v i d u a l  v e i g h t  g a i n s  of  t h e  s t a g e s  and f i l t e r s  were used 
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a l o n g  v i t h  t h e  impactor o p e r a t i n g  c o n d i t i o n s  t o  c a l c u l a t e  t h e  p a r t i c l e  s i z e  
d i s t r i b u t i o n  of  the sc rubbe r  i n l e t ,  

a f t e r  sampling t o  de t e rmine  t h e  m o i s t u r e  c o n t e n t  of t h e  gas  s t r e a m  

The impingera were weighed b e f o r e  and 

5.1.1.7 V i s i b l e  Determinat ion of  Opacity-- 

The v i s i b l e  o p a c i t y  of  t h e  o u t l e t  s t a c k  plume was determined by v i s u a l  

o b s e r v a t i o n  us ing  t h e  p rocedure  d e s c r i b e d  i n  ETA Method 9. When meteoro- 

l o g i c a l  c o n d i t i o n s  p e r m i t t e d ,  o b s e r v a t i o n s  were performed d u r i n g  s t a c k  g a s  

sampling r u n s  f o r  p a r t i c u l a t e  and TOClex t r ac t ab le  hydrocarbons l o a d i n g ,  

t r a c e  m e t a l s ,  and p o l y n u c l e a r  a romat i c  hydrocarbons.  Readings were per-  

formed when t h e r e  was a c l e a r  b l u e  sky background. 

background was r e q u i r e d  f o r  d e t e c t i n  of emies ions  caused by condensed hydro- 

ca rbons  i n  t h e  plume. 

The c l e a r  b l u e  sky 

‘I 

5.1.2 P r o c e s s  Water Sampling 

Sc rubbe r  wa te r  i n f l u e n t  and e f f l u e n t  s amples  were c o l l e c t e d  d u r i n g  t h e  

f i e l d  t e s t i n g  program. Scrubber  water  was c o n t a i n e d  i n  two ponds l o c a t e d  

n e a r  t h e  v e n t u r i  scrubber .  Water s u p p l i e d  t o  t h e  s c r u b b e r  was pumped from 

t h e  end of one pond through a f l o a t i n g  i n t a k e  l i ne .  Water from t h e  s c r u b b e r  

f lows  by g r a v i t y  t o  t h e  o p p o s i t e  end of  t h e  second pond. A d i k e  a c r o s s  t h e  

two ponds s e r v e d  a s  a weir t o  f a c i l i t a t e  s e t t l i n g  of  s o l i d s .  F o l l o w i n g  a r e  

d e s c r i p t i o n s  of  sampling methods  for t h e  s c r u b b e r  wa te r  s t reams.  

Scrubber  Water Sample Co l l ec t ion - -Samples  of t h e  p r o c e s s  wa te r  pumped 

t o  t h e  v e n t u r i  s c r u b b e r  were c o l l e c t e d  a t  t h e  f l o a t i n g  i n t a k e  pump. 

v e n t u r i  s c r u b b e r  r e t u r n  wa te r  s amples  were c o l l e c t e d  a t  t h e  bottom of  t h e  

v e n t u r i  a s  t h e  water was g r a v i t y  f ed  t o  t h e  s e t t l i n g  pond. 

c o l l e c t e d  in 500 m l  amber g l a s s  b o t t l e s  w i t h  Tef lon@ l i n e r s .  

made t o  c o l l e c t  a t  l e a s t  t h r e e  eamples  d u r i n g  each p a r t i c u l a t e  and TCC/- 

e x t r a c t a b l e  hydrocarbons l o a d i n g ,  t r a c e  m e t a l s .  and p o l y n u c l e a r  a romat i c  

hydroca rbons  run. 

The 

Samples were 

An a t t e m p t  was 
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Scrubber  Water Flow Rate--The t o t a l  f l o w  r a t e  of  v a t e r  t o  t h e  v e n t u r i  

and t o  t h e  v e n t u r i  t h r o a t  was monitored using S i g n e t  S c i e n t i f i c  padd le -vhee l  

F l o s e n s o r s @  The F l o s e n s o r s ~  were i n s t a l l e d  i n  v e r t i c a l  s e c t i o n s  of  p i p e  on 

t h e  d i s c h a r g e  s i d e  of  t h e  pump. I n s t a l l a t i o n  o f  t h e  s e n s o r s  in t h i s  manner 
F 

was n e c e s s a r y  t o  e n s u r e  t h a t  f l o w  of w a t e r  c o v e r s  t h e  e n t i r e  c r o s s - s e c t i o n a l  - 
a r e a  of t h e  p i p e s  f o r  a n  a c c u r a t e  measure o f  f l o w  r a t e  which i a  based upon 

s t r e a m  v e l o c i t y .  The F l o s e n s o r s @  were c o u p l e d  v i t b  a n a l o g  read-out d e v i c e s  

which i n c l u d e  f l o v  accumula to r s .  Flow r a t e  d a t a  was recorded s e v e r a l  time8 

c . 
d u r i n g  each  p a r t i c u l a t e  and TOClextractab l e  hydrocarbons load ing .  t r a c e  m e t a l s .  b 

and PAH run. The d a t a  was recorded by HRI p e r s o n n e l .  

Sc rubbe r  Water T e w e r a t u r e  and D8--At t h e  t imes  of c o l l e c t i o n  of ven- 

t u r i  s c r u b b e r  water aamplea,  t h e  t e m p e r a t u r e  and pE of t h e  s t r e a m  were 

measured. Temperature was measured by d i r e c t  i n s e r t i o n  of a mercury thermo- . e '  

meter  inco t h e  vater stream a t  t h e  c o l l e c t i o n ' p o i n t .  

performed u s i n g  an Orion d i g i t a l  hand-held pK meter. 

s t a n d a r d i z e d  v i t h  pB 7 and pll 10 b u f f e r s  j u s t  p r i o r  t o  each  a e t  o f  measure- 

ments. 

t i o n  of  t h e  pH probe i n t o  t h e  pond a t  t h e  c o l l e c t i o n  p o i n t .  E f f l u e n t  

s c r u b b e r  w a t e r  pH was measured a t  t h e  sampl ing  l o c a t i o n  i n  a c o l l e c t e d  

beake r  of t h e  v a t e r .  

pB measurements were 

The pE m e t e r  was 

The pK of t h e  v e n t u r i  i n f l u e n t  water was meaeured by d i r e c t  i n a e r -  

M R I  measured t h e  t empera tu re  of t h e  pond water a t  t h e  l o c a t i o n  of  t h e  

ac rubbe r  wa te r  i n t a k e  pump and a t  t h e  s c r u b b e r  wa te r  r e t u r n  l o c a t i o n .  These 

measurements were t aken  u s i n g  a mercury thermometer. 

5.1.3 P r o c e s s  S o l i d s  S a w l i n r :  

T h r e e  p r o c e s s  s o l i d 8  atreams were aampled: 
: 
i 

o v i r g i n  a g g r e g a t e ,  
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r ecyc led  a s p h a l t  pavement. and 

a s p h a l t .  

ampling .and a n a l y t i c a l  requiremen 

~ 

and f a  v i r g i n  aggr  

r e c y c l e d  a s p h a l t  pavement were t h e  same. 

i n d i v i d u a l l y  from s t o r a g e  hoppers t o  t h e  drum mixer.  

from t h e  b e l t  conveyors  i n  a l a r g e  c o l l e c t i o n  t r a y .  The eamples were r i f -  

f l e d  t o  o b t a i n  a r e p r e s e n t a t i v e  sample-and t aken  d i r e c t l y  t o  t h e  mob i l e  

l a b o r a t o r y  f o r  moi s tu re  a n a l y s i s .  

ana lyzed  f o r  m o i s t u r e  d u r i n g  each p a r t i c u l a t e  and TCClex t r ac t ab le  hydrocarbons 

load ing ,  t r a c e  m e t a l e ,  and p o l y n u c l e a r  a r o m a t i c  hydrocarbons run. Addi- 

t i o n a l  s amples  of  t h e  v i r g i n  a g g r e g a t e  and r e c y c l e d  a s p h a l t  pavement were 

c o l l e c t e d  for s t o r a g e .  

The two streams a r e  bel t -conveyed 

Samples were c o l l e c t e d  

A t  l e a s t  one sample was c o l l e c t e d  and 

Samples of t h e  a s p h a l t  were c o l l e c t e d  d u r i n g  t h e  t e s t i n g  program i n  

one -ga l lon  m e t a l  cane. No a n a l y s e s  h a v e  8s y e t  been performed. 

5.1.4 P rocess  Pa rame te r s  

MRI was r e s p o n s i b l e  f o r  mon i to r ing  t h e  v e n t u r i  pressure d rop  a c r o s s  t h e  

v e n t u r i  s c rubbe r .  Radian i n s t a l l e d  c o n n e c t i o n s  i n  t h e  ductwork j u s t  b e f o r e  

and a f t e r  t h e  v e n t u r i .  Tubes were f i t t e d  t o  t h e  tvo l o c a t i o n s  and connected 

t o  a M a g n e h e l i c @ d i f f e r e n t i a l  p r e s s u r e  gauge. 

monitor ing t h e  w a t e r  f l o w  r a t e  t o  t h e  v e n t u r i  t h r o a t  and t o t a l  f l o w  t o  t h e  

v e n t u r i  s c rubbe r .  

MRI was a l s o  r e s p o n s i b l e  f o r  

5 .2  ANALYTICAL METEODOLOGY 

The p r e v i o u s  s e c t i o n  d e s c r i b e d  sampl ing  procedures .  This s e c t i o n  des- 

c r i b e s  t h e  a n a l y t i c a l  p rocedures  and p o i n t s  o u t  where samples  f o r  a n a l y s i s  

were r e t r i e v e d  from t h e  v a r i o u s  sample s t reams.  
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The m a j o r i t y  of a n a l y s e s  f o r  t h i s  p r o j e c t  were performed a t  Radian's 

Samples f o r  a n a l y s i s  r e s u l t e d  from t h e  f o l l o w i n g :  A u s t i n  l a b o r a t o r i e s .  

o p a r t i c u l a t e ,  TOC/extractable  hydrocarbons sampling t r a i n  

f o r  c o n t r o l l e d  and u n c o n t r o l l e d  a i r  e m i s s i o n s ;  

o p a r t i c u l a t e ,  TOC/extractable  hydrocarbons.  and t r a c e  m e t a l s  

sampling t r a i n  f o r  c o n t r o l l e d  and u n c o n t r o l l e d  a i r  emis s ions ;  

7 .  . 
r 

o p o l y n u c l e a r  a romat i c  hydrocarbons sampling t r a i n  f o r  c o n t r o l l e d  and 

uncont r o  1 led a i r  emiss i o n s  ; 

o s c r u b b e r  w a t e r  t o  and from t h e  v e n t u r i ;  and 

o v i r g i n  a g g r e g a t e  and r ecyc led  a s p h a l t  pavement. 

F i g u r e s  5-7 through 5-10 p r e s e n t  a n a l y t i c a l  schemes f o r  t h e  t h r e e  samp- 

These f i g u r e s  i n d i c a t e  where samples  were 

The f o l l o w -  

l i n g  t r a i n s  and s c r u b b e r  wa te r s .  

r e t r i e v e d  from t h e  v a r i o u s  systems and t h e  a n a l y s e s  performed. 

ing a n a l y s e s  were performed: 

o g r a v i m e t r i c  a n a l y s i s  of s o l v e n t  r inses ,  

o g r a v i m e t r i c  a n a l y s i s  of e t h e r  ch lo ro fo rm e x t r a c t  o f  impingers ,  

o t o t a l  o r g a n i c  ca rbon ,  

o ma jo r  o r g a n i c s  and benzo(a)pyrene.  

0 t r a c e  m e t a l s ,  

. 

.. 

o t o t a l  s o l i d s ,  . 
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o pH and t e t cpe ra tu re ,  and 

0 n o i s t u r e .  

li 

Grav ime t r i c  Analvsis of S o l v e n t  Rinses--The sampling t r a i n  f o r  p a r t i c u -  

2 and TOC/extractable  o r g a n i c s  and t h e  t r a i n  w h i c h  combined t r ace  metals w h 

p a r t i c u l a t e  and TOClextractable  o r g a n i c s  produced s e v e r a l  s o l v e n t  r inses r e q u i r i n g  

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

o a c e t o n e  probe rinse, 

o t r i c h l o r o e t h a n e  probe r i n s e ,  and 

o t r i c h l o r o e t h a n e  r i n s e  of impingers  and a s s o c i a t e d  g l a s s w a r e .  

The r inse samples  were p l a c e d  i n  g l a s s  b o t t l e s  and t r a n s p o r t e d  t o  

Radian's A u s t i n  l a b o r a t o r i e s  for a n a l y s i s .  T h e  volume of s o l v e n t  i n  each 

sample was determined g r a v i m e t r i c a l l y  and t h e n  t h e  e n t i r e  sample was evap- 

o r a t e d  a t  room temperature .  The sample c o u l d  n o t  b e  d r i e d  a t  e l e v a t e d  

temperatures  because of t h e  p o t e n t i a l  l o s s  o f  hydrocarbons.  When d r y ,  

t h e  sample w a s  d e s i c c a t e d  and weighed t o  a c o n s t a n t  weight .  

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

runs  vas d i s s o l v e d  i n  H C 1 ,  HNO-,, and H 2 0 2  and was ana lyzed  by I n d u c t i v e l y  

Coupled Argon Plasma Emissions Spec t roscopy  (ICAPES). 

G r a v i m e t r i c  A n a l v s i s  of E x t r a c t a b l e  Oreanics--The e x t r a c t a b l e  o r g a n i c s  

s a m p l e  c o n s i s t e d  of  t h e  EF'A Method 5E '%back-half" t r i c h l o r o e t h a n e  r inse  and 

0.1N NaOH impinger s o l u t i o n  and rinse d e s c r i b e d  i n  S e c t i o n  5.1.1. 

A n a l y s i s  of  t h e  t r i c h l o r o e t h a n e  "back-half ' '  r i n s e  c o n s i s t e d  of s e v e r a l  

steps. 

a l l y .  

beaker.  

F i r s t .  t h e  volume of  each r i n a e  sample was determined g r a v i m e t r i c -  

Each r i n a e  sample v a s  then  t r a n s f e r r e d  t o  a c l e a n  and preweighed 

The rinse sample8 were then a l l o w e d  t o  e v a p o r a t e  t o  d r y n e s s  a t  r o w  
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t empera tu re .  The b e a k e r s  were d e s s i c a t e d  f o r  24 hours and then  weighed 

t o  a c o n s t a n t  weight.  

a g r e e  w i t h i n  0.5 mg o r  1 p e r c e n t  of  t h e  r e s i d u e  mafia. 

A c o n s t ~ t  v e i g h t  i s  d e f i n e d  a s  tvo  weighing6 t h a t  

Each t r i c h l o r o e t h a n e  r i n s e  sample was c o r r e c t e d  for t h e  s o l v e n t  b l ank .  

The a c t u a l  magnitude of  t h e  s o l v e n t  b l a n k  c o r r e c t i o n  vas dependent upon t h e  

volume of t r i c h l o r o e t h a n e  p r e s e n t  in each sample.  

t u d e  of  t h e  t r i c h l o r o e t h a n e  b l a n k ,  a known volume of unused t r i c h l o r o e t h a n e  

- 
r 
r To de te rmine  t h e  magni- 

s o l v e n t  was e v a p o r a t e d  u s i n g  t h e  above  procedure.  The mass of r e s i d u e  remain- c 

ing a f t e r  e v a p o r a t i o n  v a s  then  c o r r e l a t e d  t o  t h e  volume of t r i c h l o r o e t h a n e  

t o  g e n e r a t e  a b l a n k  c o r r e c t i o n  f a c t o r  (mg of b l a d  r e s i d u e / v o l u m e  of t r i -  

c h l o r o e t h a n e  i n  t h e  sample) .  

The e x t r a c t a b l e  o r g a n i c s  c o n t e n t  of t h e  NaOH impinger samples  was 

determined u s i n g  t h e  f o l l o w i n g  procedure.  Firs t .  a 400 m l  sample a l i q u o t  

was a d j u s t e d  t o  pH 7 using H C l  t o  improve e x t r a c t i o n  e f f i c i e n c y .  The 

sample was then e x t r a c t e d  v i t h  t h r e e  p o r t i o n s  of  a 3 : l  m i x t u r e  of c h l o r o f o r m  

and d i e t h y l  e t h e r  f o r  a t o t a l  of 200 m l s .  The s o l v e n t  was t h e n  f i l t e r e d .  

The f i l t r a t e  was evapora t ed  t o  d r y n e s s  a t  room t empera tu re  (70-75’) and 

veighed t o  a c o n s t a n t  weight f o l l o v i n g  d e s i c c a t i o n .  The t r i c h l o r o e t h a n e  

r i n s e  of t h e  impingere and a s s o c i a t e d  g l a s s w a r e  was a l s o  evapora t ed  t o  

d r y n e s s  and weighed and t h e  mass of r e s i d u e  added t o  t h e  e t h e r l c h l o r o f o r m  

e x t r a c t i o n  mass. 

t o  d e t e r m i n e  t h e  g a s  phase c o n c e n t r a t i o n  o f  e x t r a c t a b l e  o r g a n i c s .  

The summed r e s u l t s  v e r e  r e l a t e d  t o  t h e  g a s  sample volume 

The TOC c o n t e n t  of t h e  EPA Method 5E sodium hydrox ide  impinger s o l u t i o n  

was determined i n s t r u m e n t a l l y  d u r i n g  t h i s  program. 

NaOE impinger s o l u t i o n  v a s  a c i d i f i e d  w i t h  E2S04 and t h e n  spa rged  w i t h  n i t r o -  

gen g a s  t o  remove any i n o r g a n i c  carbon. 

A 20 m l  a l i q u o t  o f  t h e  

The sample was t h e n  a n a l y z e d  u s i n g  a Beckman 9158 T o t a l  Carbon Analy- 

Tbe TOC c o n c e n t r a t i o n  of  t h e  sample v a s  determined by comparing the zer.  
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sample r e s u l t s  v i t h  t h e  r e s u l t s  of  s t a n d a r d s  prepared v i t h  potassium hydro- 

gen p h t h a l a t e .  Blank TOC c o r r e c t i o n s  were n o t  r e q u i r e d  because of  i n s i g -  

n i f i c a n t  TOC b l ank  v a l u e s .  

f 

This  p rocedure  d i f f e r e d  from t h a t  proposed in EPA Reference Method 5E 
i n  t h a t  Method 5E s p e c i f i e s  a n a l y z i n g  f o r  i n o r g a n i c  carbon t o t a l  carbon and 

s u b t r a c t i n g  i n o r g a n i c  ca rbon  from t o t a l  c a r b o n  t o  g i v e  t o t a l  o r g a n i c  carbon. i 

Major Ornanics  and Benzo(a)Pvrene--Major o r g a n i c s  and benzo(a1pyrene 

v e r e  ana lyzed  by g a s  chromatography-mass spec t romet ry  (GC-MS) i n  samples  

r e t r i e v e d  from t h e  p o l y n u c l e a r  a romat i c  hydrocarbons sampling t r a i n  and 

s c r u b b e r  wa te r  samples.  The a n a l y t i c a l  scheme q u a n t i f i e s  benzo(a)pyrene 

(BaP) and a group of  isomers of  B a P ,  s e v e r a l  ma jo r  p o l y n u c l e a r  a romat i c  

hydrocarbons (PAH), and s e v e r a l  major o r g a n i c  compounds. The PAHs and major 

o r g a n i c  compounds which were ana lyzed  were s e l e c t e d  based upon r e l a t i v e  peak 

h e i g h t s  of t h e  GC-MS scan.  

The samples  produced i n  t h e  PAE sampl ing  t r a i n  were t h e  me thy lene  

c h l o r i d e  (MeCL2) probe r i n s e ,  t h e  f i l t e r ,  t h e  condensa te .  t h e  XAD-2 r e s i n ,  

and r e s i n  t r a p  MeCL2 r i n s e .  

i n d i v i d u a l l y  i n  s o x h l e t  e x t r a c t o r s  for 24 hour s  each v i t h  F!eCL2. The MeCL2 

r inses  of t h e  probe and r e s i n  were i n c o r p o r a t e d  i n  t h e  s o x h l e t  e x t r a c t i o n s .  

The f i l t e r  and XAD-2 r e s i n  were e x t r a c t e d  

Scrubber  wa te r  s amples  were c o l l e c t e d  and f i l t e r e d  o n - s i t e  and t h e  

f i l t r a t e  s t o r e d  i n  amber g l a s s  b o t t l e s  w i t h  T e f l o n @ l i n e r s .  and k e p t  c o l d  

p r i o r  t o  a n a l y s i s .  

Organic a n a l y s e s  vere performed by GC-MS f o r  b o t h  benzo(a1pyrene (BaP) 

and r e l a t e d  p o l y n u c l e a r  a romat i c  hydrocarbons (PAE). T a b l e  5-2 l i s t s  t h e  PAA com- 

pounds which were q u a n t i f i e d .  

I s o t o p i c a l l y  l a b e l e d  benzo(a)pyrene-d12 v a s  added t o  a l l  samples  p r i o r  

t o  e x t r a c t i o n  a s  a check on e x t r a c t i o n  e f f i c i e n c y .  T a b l e  5-3 summarizes t h e  

a n a l y t i c a l  c o n d i t i o n s  which v e r e  employed f o r  t h e  GC-MS a n a l y s e s .  
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TABLE 5 - 2 .  POLYCYCLIC AROMATIC HYDROCARBONS DETERMINED BY GC-MS 

Phenanthrenes (178) Benzopyrenes (252) 

Phenanthrene 
Anthracenes 

Benzo (a)pyrene 
Benzo (e) py r ene 
Perylene 
Benzo(b)fluoranthrene 
Benzo(3)fluoranthrene 
Benzo(k)fluoranthene 

Pyrenes (202 

Pyrene 
Fluoranthene 

Chrysenes (278) 

Chrysene 
Benz (a) anthracene 
Triphenylene 

Benzoperylenes (276) 

Benzo(g,h.i)perylene 
Indeno(l.2,3-c.d)pyrene 

Note: The molecular weight of each group is shown in parentheses. 

TABLE 5-3 .  GC-MS CONDITIONS 

Operating Parame t ex 
~~ 

Experimental Conditon 

Instrument 

Ionization voltage 
Scan rate 
Scan range 

Column 
H2 flow rate 

Initial temp 

Initial hold 
Program rate 

Final temp 
Final hold 

Injector temp 
Injection 

Sample size 

Hewlett Packard 5985A 

70eV 

1 scadsecond 

40 + 450 amu 

SE54 fused silica capillary 

30 cmlsec 
25" 
2.0 min 
Bo1min 

30O0C 

20 min 
25'C 
Cool on-column 

1 YL 
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Trace  Metals--The c o n c e n t r a t i o n s  of t h e  f o l l o w i n g  t r a c e  m e t a l s  were 

determined i n  t h e  c o n t r o l l e d  and u n c o n t r o l l e d  a i r  emis s ions  and i n f l u e n t  and 

e f f l u e n t  s c r u b b e r  wa te r s .  
\ 

I 
n i c k e l  

ca l c  ium 

chromium 

cadmium 

mercury 

l ead  

manganese 

magnesium 

b e r y l 1  i u m  

vanadium 

i r o n  

z inc  

aluminum 

The a n a l y s i s  f o r  t r a c e  m e t a l s  was performed u s i n g  I n d u c t i v e l y  Coupled 

Argon Plasma Emission Spectroscopy (ICAPES). The t echn ique  combines t h e  

m u l t i e l e m e n t a l  c a p a b i l i t i e s  of emission s p e c t r o s c o p y  w i t h  a radio-frequency 

gene ra t ed  argon plasma source.  

The sample i s  a s p i r a t e d  i n t o  t h e  argon plasma which may r e a c h  tempera- 

t u r e s  of 10,OOO'K. The emiss ion  is focused o n t o  a g r a t i n g  which d i f f r a c t s  

t h e  l i g h t  acco rd ing  t o  t h e  Paschen Runge theo ry .  The d i f f r a c t e d  l i g h t  

bands a r e  passed through s l i t s  s e l e c t e d  f o r  e a c h  element  of i n t e r e s t  and 

measured by p h o t o m u l t i p l i e r  t u b e s .  

a l l o w s  f o r  s imul t aneous  m u l t i e l e m e n t  d e t e r m i n a t i o n s  by comparing t h e  e l e c -  

t r i c a l  cha rge  of each p h o t o m u l t i p l i e r  t ube  t o  t h e  c u r r e n t  measured d u r i n g  

s t a n d a r d i z a t i o n .  

t o  a d j u s t  f o r  m a t r i x  i n t e r f e r e n c e s .  

The system i s  c o m p u t e r - c o n t r o l l e d  which 

ICAPES a l s o  p r o v i d e s  au tomat i c  background c o r r e c t i o n  

The Radian system is an ARL Model 34000B which i s  c a p a b l e  of  a n a l y z i n g  

up t o  40 e l e m e n t s  s i m u l t a n e o u s l y  w i t h  d e t e c t i o n  l i m i t  of 1 t o  5 ppmv. 

S o l i d  samples  were d i s s o l v e d  i n t o  an a c i d i c  s o l u t i o n  o f  H C 1 ,  H N 0 3 ,  and 

H202 f o r  a n a l y s i s .  

Scrubber  Water TOC Analysis--The TOC c o n t e n t  of  s c r u b b e r  wa te r  f i l t r a t e  

samples  was determined i n s t r u m e n t a l l y  d u r i n g  t h i s  program. A 20 m l  sample 
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a l i q u o t  v a s  a c i d i f i e d  v i t h  H2S04 and t h e n  sparged v i t h  n i t r o g e n  g a s  t o  

remove any i n o r g a n i c  carbon. The sample was then  ana lyzed  u s i n g  a Beckman 

9158 T o t a l  Carbon Analyzer .  The TOC c o n c e n t r a t i o n  of  t h e  sample was d e t e r -  

mined by comparing t h e  sample resu l t s  w i t h  t h e  r e s u l t s  of  s t a n d a r d s  prepared 

using po tas s ium hydrogen p h t h a l a t e .  

T o t a l  So l ids - -To ta l  s o l i d s  i n  t h e  s c r u b b e r  w a t e r s  were determined by 

the a n a l y s i s  o f  t o t a l  auspended s o l i d s  (TSS) and t o t a l  d i s s o l v e d  so l id s (T3S)  

on - s i t e .  During each t e s t  NU,  s a m p l e s  o f  t h e  i n f l u e n t  and e f f l u e n t  v e n t u r i  

s c r u b b e r  w a t e r s  vere c o l l e c t e d .  Samples were f i l t e r e d  through one  f i l t e r  t o  

de t e rmine  a composi te  TSS c o n c e n t r a t i o n  by measuring t h e  r e s i d u e  c o l l e c t e d  

on t h e  f i l t e r  and r e l a t i n g  t h e  mass t o  t h e  volume o f  s c rubbe r  water d e t e r -  

mined  g r a v i m e t r i c a l l y .  The TDS c o n c e n t r a t i o n  i n  t h e  r e s u l t i n g  composi te  

sample vas determined by measuring a 50 m i l l i l i t e r  a l i q u o t  of t h e  sample 

i n t o  a t a r e d  100 m i l l i l i t e r  beaker  and e v a p o r a t i n g  t o  d r y n e s s  a t  105'C, 

d e s i c c a t i n g  t h e  sample,  a n d  ve igh ing .  The c o n c e n t r a t i o n  of  TDS i s  t h e  mass 

of r e s i d u e  remaining r e l a t e d  t o  t h e  volume of  t h e  a l i q u o t .  

pE and TemDerature--Samples of  t h e  i n f l u e n t  and e f f l u e n t  v e n t u r i  scruh-  

b e r  w a t e r s  v e r e  c o l l e c t e d  d u r i n g  each  p a r t i c u l a t e  and TOC/ex t r ac t ab le  bydro- 

ca rbons  l o a d i n g  and PAB runs.  pH measurements were performed a t  t h e  samp- 

l i n g  l o c a t i o n  d u r i n g  sample c o l l e c t i o n  w i t h  a hand-held pH meter.  

Scrubber  w a t e r  t empera tu res  were m n i t o r e d  a t  t h e  sampl ing  l o c a t i o n  

d u r i n g  sample c o l l e c t i o n  u s i n g  a mercury thermometer. 

Moisture-During each  p a r t i c u l a t e  and T O C l e x t r a c t s b l e  hydrocarbons 

l o a d i n g ,  t r a c e  m e t a l s ,  a n d / o r  p o l y n u c l e a r  a romat i c  hydrocarbon r u n ,  a t  l eas t  

one sample o f  t h e  v i r g i n  a g g r e g a t e  and r e c y c l e d  a s p h a l t  pavement were c o l -  

l e c t e d  f o r  m o i s t u r e  a n a l y s i s .  The s a m p l e s  were c o l l e c t e d  i n  a l a r g e  t r a y ,  

r i f f l e d  t o  o b t a i n  a r e p r e s e n t a t i v e  sample  and t aken  d i r e c t l y  t o  t h e  o n - s i t e  

m o b i l e  l a b o r a t o r y  f o r  m o i s t u r e  a n a l y s i s .  I n  t h e  m o b i l e  l a b ,  a p p r o x i m a t e l y  

600 grams df  t h e  m a t e r i a l  was weighed i n t o  a n  aluminum pan and d r i e d  ove r -  

n i g h t  a t  105OC. The sample vas t h e n  weighed t o  w i t h i n  5 0 . 1  gram. 

i 
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This  s e c t i o n  p r o v i d e s  a d i s c u s s i o n  of  t h e  d a t a  r e d u c t i o n  p rocedures  

used t o  p r o c e s s  t h e  raw d a t a  g e n e r a t e d  d u r i n g  t h i s  sampling program. EPA 

re fe renced  d a t a  r e d u c t i o n  p rocedures  were used vheneve r  p o s s i b l e .  When a n  

EPA r e fe renced  d a t a  r e d u c t i o n  p rocedure  was n o t  a v a i l a b l e ,  a d e t a i l e d  des- 

c r i p t i o n  of t h e  d a t a  r e d u c t i o n  p rocedure  i s  p rov ided .  F u r t h e r  i n fo rma t ion  

i s  g i v e n  i n  Appendix B. 

5.3.1 Gas Stream Samvlinn Data Reduct ion 

Data r e d u c t i o n  p rocedures  and e q u a t i o n s  used f o r  g a s  s t r e a m  sampling 

d a t a  r e d u c t i o n  were taken from a p p l i c a b l e  p a r t s  of 40 CFR 60, Appendix A. 

Raw f i e l d  d a t a  were reduced t o  e n g i n e e r i n g  u n i t s  using Radian's Source 

Sampling Data  Reduction Computer Program. 

p r i n t o u t s  a r e  p r e s e n t e d  i n  Appendix A. 

computer r e d u c t i o n ,  s e v e r a l  runs v e r e  hand c a l c u l a t e d  u s i n g  the e q u a t i o n s  
o u t l i n e d  i n  Appendix B. No s i g n i f i c a n t  d i f f e r e n c e s  were found. 

Copies  of  t h e  d a t a  r e d u c t i o n  

A s  a v e r i f i c a t i o n  check of  t h e  

P a r t i c u l a t e  Mass Emission Rate  Data Reduction 

In o r d e r  t o  a l l o w  a r ev iew of p o s s i b l e  e f f e c t s  introduced by a n i s o k i -  

n e t i c  sampling i n t o  t h e  normal  mass emis s ion  r a t e  c a l c u l a t i o n s ,  t v o  methods 

were used t o  c a l c u l a t e  mass emission ra tes  f o r  t h e  p a r t i c u l a t e  mass emiss ion  

runs. The method n o r m a l l y  used t o  c a l c u l a t e  p a r t i c u l a t e  mass emis s ion  rates 

i s  t h e  c o n c e n t r a t i o n  method. 

l a t e  l oad ing  (sample mass d i v i d e d  by g a s  sample volume) by t h e  v o l u m e t r i c  

g a s  f l o w  r a t e .  

i s  t h e  a r e a - r a t i o  method. Based on t h e  a r e a - r a t i o  method, t h e  sample m a s  

i e  d i v i d e d  by t h e  sampl ing  time and then  m u l t i p l i e d  by t h e  r a t i o  of t h e  

s t a c k  area t o  n o z z l e  a r e a  t o  o b t a i n  t h e  p a r t i c u l a t e  mass f l o w  rate. 

T h i s  method i n v o l v e s  m u l t i p l y i n g  t h e  p a r t i c u -  

The  second p a r t i c u l a t e  mass emis s ion  r a t e  c a l c u l a t i o n  method 
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Equat i on :  

( m / t )  x (A,/%) - MER 

where: m = mass of p a r t i c u l a t e  matter c o l l e c t e d  d u r i n g  sampling (pounds) 

t = e l a p s e d  sampling t i m e  ( h o u r s )  

A, - a r e a  of  s t a c k  ( s q u a r e  f e e t )  

A,, a r e a  o f  n o z z l e  ( squa re  f e e t )  

MER - mass emiss ion  r a t e  (pounds p e r  hour )  

The d i f f e r e n c e  between t h e  emis s ion  r a t e s  c a l c u l a t e d  by t h e s e  two 

methods is an e s t i m a t e  of  t h e  maximm b i a s  in t h e  measured emiss ion  r a t e  due 

t o  a n i s o k i n e t i c  sampling.  

c a l c u l a t e d  u s i n g  t h e  c o n c e n t r a t i o n  method and t h e  a r e a - r a t i o  method. The 

a v e r a g e  p a r t i c u l a t e  emission r a t e  l i s t ed  i n  T a b l e  2-5 was used a s  t h e  t r u e  

v a l u e  f o r  t h e  p a r t i c u l a t e  emis s ion  r u n s  t h a t  were o u t s i d e  of t h e  i s o k i n e t i c  

s ampl ing  l i m i t  of  l O O + l O  pe rcen t .  

T a b l e  2-5 h c l u d e s  p a r t i c u l a t e  emis s ion  r a t e s  

T o t a l  Organic Carbon (TOC) Emissins  Data  Reduction 

Equation: 
(T0CCL)  x V ) - (TOC x VI) I 

DGV TOC = 
(9)  

Nomenclature: 

TOC = Toca l  o r g a n i c  carbon in gas phase,  mgldscm 

TOC = T o t a l  o r g a n i c  ca rbon  i n  impinger c a t c h ,  mgll 
(8) 

(L) 
TOC - T o t a l  o r g a n i c  carbon i n  t h e  impinger b l ank ,  

(B) mg/l  

v - T o t a l  volume of impinger  c a t c h ,  1 

DGV - Volume of g a s  sampled,  s t a n d a r d  c o n d i t i o n s  

I 

d r y  s t a n d a r d  c u b i c  mecers, dscm 

1 .  

I 
- 
I 

i 

I 

\ 

r 
L . 
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Trace Metals  Emission Data Reduction 

I Equation: 

(E) 
A + T + (CrC ) + F + (S x ST) + N x NT) 

DGV 
T Y -  T 

Nomenclature: 
1 

Til = T o t a l  t r a c e  m e t a l  s p e c i e  mass concen t r a t ion .  ug/dscm 

A = T o t a l  c o n c e n t r a t i o n  of t r a c e  m e t a l  s p e c i e  i n  ace tone  
(E) 

probe wash, yg  ' i  

T = T o t a l  c o n c e n t r a t i o n  of  trace metal s p e c i e  i n  t r i c h l o r o -  
e t h a n e  probe wash, ug 

C = Concen t ra t ion  of m a c e  mecal i n  t h e  cyclone c a t c h ,  ugfg 

C = T o t a l  weight of cyclone s o l i d s ,  g 

F = T o t a l  c o n c e n t r a t i o n  of c r a c e  metal s p e c i e  i n  t h e  f i l t e r ,  

T 

ug 

S = Concen t ra t ion  of t r a c e  me ta l  i n  t h e  XaOH impinger ,  ug/ml 

ST = T o t a l  volume of NaOH impinger c a t c h .  m l  

N = Concen t ra t ion  of t r a c e  metal i n  the n i t r i c  a c i d  impinger ,  
u g l d  

N = T o t a l  volume of the n i t r i c  a c i d  impinger ,  m l  

DGV = D r y  gas volume, s t a n d a r d  c o n d i t i o n s ,  dry s t anda rd  

T 

cub ic  meters (dscm) 

P a r t i c l e  S i z e  D i s t r i b u t i o n  Data Reduction (AHCSS) 

The procedure  f o r  c a l c u l a t i n g  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  

p a r t i c u l a t e  caugh t  by t h e  AHCSS was t aken  d i r e c t l y  from the o p e r a t i n g  manual 

f o r  t h e  AHCSS. 

Add up t h e  weight g a i n 8  f o r  t h e  f o u r  s t a g e s  t o  o b t a i n  t h e  t o t a l  p a r t i -  

c u l a t e  c o l l e c t e d .  

D i v i d e  t h e  amount c o l l e c t e d  i n  an i n d i v i d u a l  s t a g e  by t h e  t o t a l  amount 

c o l l e c t e d  t o ' d e t e n n i n e  t h e  p e r c e n t a g e  o f  t h e  t o t a l  c o l l e c t e d  i n  each s t a g e .  
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S t a r t i n g  w i t h  s t a g e  4 (backup f i l t e r )  compute t h e  c u m u l a t i v e  p e r c e n t  

l e s s  t h a n  t h e  s t a g e d  s i z e  range. The c u m u l a t i v e  p e r c e n t  l e s s  than s t a g e  3 

( t h e  c y c l o n e )  i s  e q u a l  t o  t h e  p e r c e n t  caugh t  i n  8 t a g e  4. 

p e r c e n t  less  than  s t a g e  2 i s  t h e  sum of t h e  p e r c e n t  caught  on s t a g e  3 and 

t h e  p e r c e n t  caugh t  on s t a g e  4. The c m l a t i v e  p e r c e n t  l e s s  t han  s t a g e  1 i s  

t h e  aum of  t h e  p e r c e n t s  c a u g h t  on s t a g e 8  4, 3 ,  a n d  2. 

The c u m u l a t i v e  

P a r t i c l e  d e n s i t y  i s  cons ide red  t o  b e  1.0 gm/cm3 and t h e  p a r t i c l e s  a r e  

cone ide red  t o  be a p h e r i c a l .  P a r t i c l e  s izes  a r e  r e p o r t e d  as e q u i v a l e n t  

ae rodynamic  d i ame te r s .  

Using F i g u r e  5-11 w i t h  gas  flow r a t e  a t  s t a c k  c o n d i t i o n s  and s t a c k  

t empera tu re .  de t e rmine  t h e  dS0 (50% E f f e c t i v e  C u t  O f f  Diameter) f o r  e a c h  

s t a g e .  

Plot t h e  r e e u l t s  on l og  p r o b a b i l i t y  g r a p h  pape r  w i t h  t h e  p a r t i c l e  

d i a m e t e r  a8 t h e  o r p i n a t e  and t h e  c u m u l a t i v e  p e r c e n t  l e s s  t han  t h e  

s t a t e d  s i z e  r ange  by weight as t h e  e b s c i s a a .  

Po lvnuc lea r  Aromatic Evdrocarbon (PAHI Emissions Data Reduction 

Equa cion : 

P '1 - B 
'*(G) DGV 

Nomenclature : 

c . Ii 

. I  

PAH(G) - Concen t ra t ion  of PAH s p e c i e  i n  f l u e  gas .  ugldscm 

PT = T o t a l  c o n c e n t r a t i o n  of PAtl s p e c i e ,  yg 

B - S p e c i e  b l ank ,  ug 

DGV - dry  gas  volume, s t a n d a r d  c o n d i t i o n s ,  dscm 
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5.3.2 Process Semplinu Date Reduction 

. 

PAH in Scrubber Water Data Reduction - .. 

Ea uation: 

3 2  pAH(w) 0.4 

Nomenclature: 

PAH(W) - Concentration of PAH in the scrubber veter. pgfliter 

P = Total concentration of PAH specie, ug 

0 . 4  - Volume of scrubber vater extracted. liter (TI 

PAH in Scrubber Solids Data Reduction 

Ea uation: 

Nomenclature: 

PAH 

P = Total concentration of PAlI specie. ug 

S = Weighc of scrubber solids extracted. g 

= Concentration of PAH specie in scrubber solids, u g f g r a m  (S) 

(TI  

Weight Percent Solids Data Reduction 

Eq uation: 

Nomenclature: 

S - Weight 2: solids 

F 

F 

W 

100 - conversion from fraction to percent 

(rn) 

(F) 

(T.1 

( T )  

- Final filter veight, g , 

- Filter tare weight, g 

- Weight of scrubber Vater filtered. g 
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L,ctal Dissolved S o l i d s  Data Reduction 

Ea uat ion:  

( T l  
W F  - w  

TDS = ( ) . 0.05 

Nomenclature: 

TDS - T o t a l  d i s s o l v e d  s o l i d s ,  mg/l 

w 

W = Beaker t a r e  v e i g h t ,  mg 

0.05 = Volume of s o l u t i o n  evaporated,  liter 

= Weight of beaker and res idue  a f t e r  evaporation.  mg 
(F) 

(T) 
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SECTION 6 

QUALITY ASSURANCE 

Q u a l i t y  a s s u r a n c e l q u a l i t y  c o n t r o l  g u i d e  l i n e s  o u t  l i n e  p e r t i n e n t  s t e p s  

d u r i n g  t h e  p roduc t ion  of  a n a l y t i c a l  and e m i s s i o n  d a t a  t o  e n s u r e  t h e  accep t -  

a b i l i t y  and r e l i a b i l i t y  of t h e  d a t a  g e n e r a t e d .  The measures o u t l i n e d  i n  

t h i s  segment were f o l l o w e d  t o  e n s u r e  t h e  p r o d u c t i o n  of q u a l i t y  d a t a  from t h e  

sampling and a n a l y t i c a l  e f f o r t s .  

6.1 STANDARD QUALITY ASSURANCE PROCEDURES 

QAIQC p rocedures  a r e  f o l l o w e d  d u r i n g  sampl ing  and a n a l y s i s  t o  

ensu re  t h a t  t h e  d a t a  g e n e r a t e d  a r e  of  a c c e p t a b l e  q u a l i t y .  

c o n t r o l  and q u a l i t y  a s s u r a n c e  p rocedures  a r e  used d u r i n g  EPA r e f e r e n c e  

method sampling a n d l o r  r o u t i n e  a n a l y s i s .  

c a l l e d  f o r  on a s i t e - s p e c i f i c  b a s i s .  Th i s  s e c t i o n  d e s c r i b e s  QAlQC proce- 

du res  a p p l i c a b l e  t o  t h e  methods used ,  as w e l l  as s p e c i f i c  p rocedures  used 

d u r i n g  t h i s  tes t  program. 

These q u a l i t y  

A d d i t i o n a l  QA/QC p rocedures  may be  

6.1.1 Samplinn Eauiument P r e p a r a t i o n  

The checkout  and c a l i b r a t i o n  of  s o u r c e  sampling equipment i s  v i t a l  t o  

Referenced c a l i b r a t i o n  p rocedures  were s t r i c t l y  m a i n t a i n i n g  d a t a  q u a l i t y .  

adhered t o  when a v a i l a b l e ,  and a l l  r e s u l t s  were documented and r e t a i n e d .  I f  

a r e f e r e n c e d  c a l i b r a t i o n  t echn ique  f o r  a p a r t i c u l a r  piece of a p p a r a t u s  i s  

n o t  a v a i l a b l e ,  t h e n  a s t a t e - o f - t h e - a r t  t e c h n i q u e  was documented and f o l -  

lowed. T a b l e  6-1 summarizes t h e  pa rame te r s  of  i n t e r e s t  and t h e  types  of  

sampling equipment t h a t  were used t o  measure each parameter .  

used t o  c a l i b r a t e  t h e  equipment a r e  a s  f o l l o w s :  

The t echn iques  

6-1 



. .  

RADIAN - 

U 

* 

* * U 

* 

4: 

* 

U 

* 

W 
N E  

r l c  
V l r  

L 
0 1 2  4 s  u -  
r l b  
L I L  
c c  
L E -  !Lc 

n 
L 
0 
L 

E 
e 
L 
e 
& 

w 
E 
i 
c 
YI 
LE 
W z 
e 
rl 

n 
W 
y1 
3 

C 
0) 
E 
i 

m w 
W 
W 
Y 
m 
c 

a 

a 

Y 

n 
a 

2 
d 
LE 
0 

w 
U 
E 

0 
Lo 

a 
i 

LI 
m m 
0 
I. * * 

u z z e 
X 
kl 
& 

U 

z 
CI 

c 
W 
Lo a 

* * * * 
W 

U 

0 w 

E 
a 

W 

* * 4: * 

Lr. 
0 

* 4: * 

a 
U c 
m 

Y 
D 
01 

Y 

& 

Y 

2 
m 

- - 

6-2 



RADIAN 
CDpPDplllDl 
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r 

o P r i o r  t o  sampling a l l  equipment v a s  c l e a n e d ' a n d  checked 

t o  e n s u r e  o p e r a b i l i t y .  

o Equipment r e q u i r i n g  pretest  c a l i b r a t i o n  (Table  6-11 was 

c a l i b r a e d  in accordance v i t h  "Qua l i ty  Assurance Eandbook 

for A i r  P o l l u t i o n  Measurements Systems,  Volume 111. 

S t a t i o n a r y  Source S p e c i f i c  Methods," (EPA 600 4-77-027b). 

o Equipment c a l i b r a t i o n  forms vere reviewed for completeness  

t o  e n s u r e  a c c e p t a b i l i t y  of  t h e  equipment r e q u i r e d  f o r  each 

s p e c i f i c  a p p l i c a t i o n .  

o The Andersen Mark I11 Impactor  and ABCSS v e r e  c l eaned  and 

v i s u a l l y  i n s p e c t e d .  

o Each component of  t h e  v a r i o u s  sampling systems v a s  c a r e f u l l y  

packaged for shipment.  

i 

0 Upon a r r i v a l  on s i t e - - t h e  equipment v a s  unloaded,  i n spec ted  

f o r  p o s s i b l e  damage, assembled for u s e ,  and checked f o r  

o p e r a b i l i t y .  

' i  

6.1.2 C o l l e c t i o n  of Samples 

The most important  a s p e c t  of  sample c o l l e c t i o n  is o b t a i n i n g  a v a l i d  

sample.  T h i s  s e c t i o n  f o c u s e s  on measures t aken  t o  o b t a i n  v a l i d  samples.  

Those measures vere: 

o P r e t e s t  and p o s t t e s t  leak checks of  t h e  sampling t r a i n s  

v e r e  made. 

o The sampling s y s t e m  v e r e  v i s u a l l y  i n s p e c t e d  p r i o r  t o  

sampling t o  e n s u r e  p rope r  assembly and o p e r a b i l i t y .  
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The S-type p i t o t  t ubes  were leak  checked b e f o r e  and a f t e r  

sampling and in spec ted  for damage. 

The Xagnehelic@ gauges were l e v e l e d  and zeroed p r i o r  t o  

sampling.  

Temperature  measurement system were v i s u a l l y  checked f o r  

damage and o p e r a b i l i t y  by measuring t h e  ambient tempera ture  

p r i o r  t o  each  sampling run.  

The n o z z l e s  v e r e  v i s u a l l y  in spec ted  f o r  damage b e f o r e  and 

a f t e r  each 6ampling run .  

The Andersen Hark 111 Impactor  and AHCSS were prehea ted  

t o  minimize condensa t ion  of  v a t e r  in t h e  p a r t i c l e  s i z i n g  

d e v i c e .  

Data requi rements  were reviewed p r i o r  t o  each sampling run. 

Ice was mainta ined  i n  t h e  i c e b a t h s  d u r i n g  a l l  sampling runs .  

Number and l o c a t i o n  of sampling p o r t 6  were checked pr ior  t o  

each sampling run. 

Sampling p o r t s  v e r e  sea l ed  t o  h e l p  p reven t  p o s s i b l e  a i r  

i n l eakage .  

The m o l e c u l a r  weight o f  t h e  f l u e  g a s  was determined ue ing  EPA Reference 

Method 3 (4). Q u a l i t y  c o n t r o l  for Method 3 focuaed on t h e  fo l lowing:  

o The sampling t r a i n  was purged p r i o r  t o  sample c o l l e c t i o n .  

o The Orsa t  a n a l y z e r  was l eve led  and t h e  f l u i d  l e v e l s  zeroed 

p r i o r  t o  use .  
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o The Orsat a n a l y z e r  was leak-checked p r i o r  t o  u s e .  

o The O r s a t  a n a l y z e r  was thoroughly purged wi th  sample p r i o r  

t o  a n a l y s i s .  

i 
o Analyses were r e p e a t e d  u n t i l  t h e  a n a l y s i s  agreed within 

0.3% a b s o l u t e .  

o The O r s a t  abso rb ing  s o l u t i o n s  were changed when more than  s ix  
p a s s e s  were r e q u i r e d  t o  o b t a i n  a s t a b l e  r ead ing  of  any component. 

I 

The moi s tu re  d e t e r m i n a t i o n s  were made s i u u l t a n e o u s  v i t h  t h e  modified 

EPA Reference Method 5E. Q u a l i t y  c o n t r o l  p rocedures  f o r  Method 4 focused on 

t h e  fo l lowing :  

o Before and a f t e r  sampling each impinger  was c a r e f u l l y  weighed 

to t h e  n e a r e s t  0 .02 g .  Care was t a k e n  t o  s e e  t h e  impingers  

were d r y  and t h e  s topcock g r e a s e  was removed from t h e  b a l l  j o i n t s  

p r i o r  t o  each v e i g h i n g .  

The p a r t i c u l a t e  l o a d i n g  d e t e r m i n a t i o n s  were performed u s i n g  a modif ied 

EPA Reference Method 5E. Q u a l i t y  c o n t r o l  p rocedures  f o r  t h i s  method focused 

on t h e  fo l lowing :  

I 
o P r i o r  t o  p a r t i c u l a t e  sampling p r e l i m i n a r y  v e l o c i t y ,  t empera tu re ,  

and m o i s t u r e  d e t e r m i n a t i o n s  were made. This a i d e d  in  c a l c u l a t i n g  

i s o k i n e t i c  f low r a t e s .  

: i  i 
o P r i o r  t o  sampl ing ,  p a r t i c u l a t e  f i l t e r s  were baked, d e s i c c a t e d  

and weighed. They were then  p l aced  i n  c l e a n  p e t r i  d i s h e s  u n t i l  

u sed .  

o P a r t i c u l a t e  f i l t e r s  were handled w i t h  tweezers. 

! 
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The v i s i b l e  o p a c i t y  of  c o n t r o l l e d  emis s ions  were obse rved  u s i n g  EPA 

Reference ne thod  9. Q u a l i t y  c o n t r o l  p rocedures  f o r  t h i s  method focused on 

t h e  f o l l o v i n g :  

o The v i s i b l e  emis s ions  o b s e r v e r  was c e r t i f i e d  v i t h i n  s ix  months 
of  t h e  tes t  program. 

o The l o c a t i o n  of  t h e  o b s e r v e r  vas independen t ly  v e r i f i e d .  

o A c l e a r  b l u e  sky  v a s  r e q u i r e d  t o  e n s u r e  v a l i d  v i s i b l e  emis s ion  

o b s e r v a t i o n s .  

6.1.3 SamDle Recovery 

To e n s u r e  d a t a  i n t e g r i t y  c a r e f u l  s ample  r e c o v e r y  t e c h n i q u e s  must b e  

adhered t o .  T h i s  s e c t i o n  o u t l i n e s  q u a l i t y  c o n t r o l  procedures  f o l l o v e d  t o  

e n s u r e  d a t a  i n t e g r i t y .  These i n c l u d e :  

o P a r t i c u l a t e  f i l t e r s  were handled o u t  of  d r a f t s  and t r a n s f e r r e d  

with t r e e z e r s .  

o Sample t r a i n s  were disassembled and t h e  samples r ecove red  i n  

c l e a n  a r e a s  t o  p r e v e n t  c o n t a m i n a t i n .  

o The n o z z l e  v a s  capped p r i o r  t o  and f o l l o v i n g  sampling.  

o The samples  v e r e  t r a n s f e r r e d  t o  a p p r o p r i a t e  s t o r a g e  c o n t a i n e r s  

and c l e a r l y  l a b e l e d .  L iqu id  l e v e l s  v e r e  noted. 

o F i e l d  b l a n k s  vere included f o r  each  method. These c o n s i s t e d  of  

( i . e .  unused) sampling trains v h i c h  v e r e  assembled. d i s -  

a s sembled ,  r e c o v e r e d ,  and ana lyzed  in t h e  same manner a s  

a c t u a l  sampling t r a i n s  and samples .  

. 
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o Samples  were c a r e f u l l y  l a b e l e d ,  logged i n t o  t h e  f i e l d  logbook 

and a s s igned  a unique i d e n t i f i c a t i o n  code immediately a f t e r  

c o  1 l e c  t ion. 

o The impingers were r i n s e d  t h r e e  times w i t h  a l i q u o t e  of 

f r e s h  imp i n g e r  s o l u t i o n .  

6.1.4 P r e u a r a t i o n  of Samules f o r  Analyeie  
! 

P r i o r  t o  sample a n a l y s i s  each sample mst  be  p r o p e r l y  prepared.  

s e c t i o n  o u t l i n e s  q u a l i t y  c o n t r o l  p rocedures  used t o  ensure p r o p e r  sample 

p repa ra t ion .  I n c l u d e d  a r e :  

T h i s  

o Each sample i d e n t i f i c a t i o n  code vas  c ros schecked '  f o r  

accu racy  a g a i n s t  t h e  sample logbook. 

o The a n a l y t i c a l  r equ i r emen t s  of each  sample were reviewed. 

o The samples were checked f o r  leakage o r  damage and any 

anomalies  v e r e  n o t e d .  

6.1.5 Sample Ana lys i s  

The e x a c t  q u a l i t y  a s s u r a n c e l q u a l i t y  c o n t r o l  p rocedures  t aken  d u r i n g  

a n a l y s i s  vere dependent on t h e  s p e c i f i c  a n a l y s i s .  

lowing s t e p s  were taken: 

One o r  more of  t h e  f o l -  

D u p l i c a t e  a n a l y s e s  were performed on 5-15% of t h e  samples.  

I n t e r n a l  QC eamples were analyzed t o  v e r i f y  in s t rumen t  or 

p r o c e d u r a l  v a r i a n c e .  

Bl ind QC samples were submit ted t o  t h e  a n a l y t i c a l  l a b  along 

w i t h  t h e  f i e l d  g e n e r a t e d  samples.  
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o Blanks were analyzed t o  c o r r e c t  f o r  background a n d / o r  m a t r i x  

i n t e r f e r e n c e s .  

o The samples were sp iked  v i t h  known a d d i t i o n s  of t h e  s p e c i e s  

of  i n t e r e s t .  

I . 
6.1.6 Data  Reduction 

S e v e r a l  s t e p s  were t aken  t o  v e r i f y  t h e  c o r r e c t n e s s  o f  t h e  d a t a  reduc- 

t i o n .  S t e p s  r o u t i n e l y  used i n c l u d e :  

o A l t e r n a t e  p rocedures  were used t o  reduce t h e  d a t a .  A common 

example i s  reducing mource sampling d a t a  by u s i n g  Rad ian ' s  

Source Sampling Data Reduction Program and comparing s e l e c t e d  

r e s u  I t  s a g a i n s t  hand c a l c u l a t i o n s .  

o A c e r t a i n  p e r c e n t a g e  ( approx ima te ly  10%) of t h e  resu l t s  were 

r e c a l c u l a t e d  from raw d a t a  by someone u n a s s o c i a t e d  v i t h  t h e  

o r i g i n a l  d a t a  r e d u c t i o n .  

o The d a t a  was c a r e f u l l y  checked f o r  unexplained v a r i a n c e  and 

i n t e r n a l  c o n s i s t e n c y .  i.e. a r e  t h e  r e s u l t s  c o n s i s t e n t  w i t h  

expected a n d / o r  o t h e r  r e s u l t s ) .  

6.1.7 Data Documentation and V e r i f i c a t i o n  

S e v e r a l  measures were t aken  t o  v e r i f y  t h e  comple t eness  and accu racy  o f  

t h e  da t a  gene ra t ed .  These i n c l u d e :  

o A l l  sampling d a t a  was r eco rded  on p r e f o m a t e d  d a t a  s h e e t s .  

i 

SO A n a l y t i c a l  r e s u l t s  and c a l c u l a t i o n s  were r eco rded  i n  bound 

l a b o r a t o r y  notebooks.  
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o Data t a b l e s  were made and reviewed f o r  completeness and 

accuracy.  

o A l l  d a t a  t h a t  appeared t o  be  o u t s i d e  expected ranges were 

c a r e f u l l y  s c r u t i n i z e d  f o r  p r o c e s s  u p s e t s  and r eana lyzed  a s  

n e c e s s a r y .  

o Data  gene ra t ed  were compared t o  p r o c e s s  o p e r a t i o n  and 

system u p s e t s .  

6.2 TEST PROGRAM SPECIFIC QUALITY COhTROL/QUALITY ASSURANCE PROCEDURES 

Each sampling s i t e  p r e s e n t s  i t s  own i n d i v i d u a l  problems and p e c u l i a r i -  

t ies .  Because of t h i s  any QAIQC program must be custom t a i l o r e d  t o  each 

s p e c i f i c  s i t e .  Th i s  s e c t i o n  p r e s e n t s  t h e  p rocedures  t h a t  were s p e c i f i c  t o  

t h e  T.J. Campbell  a s p h a l t  c o n c r e t e  sampl ing  program. 

6 . 2 . 1  Samplina Eauipment P r e p a r a t i o n  

Th i s  s e c t i o n  o u t l i n e s  equipment m o d i f i c a t i o n s  t h a t  u se  ,r i 

t h i s  program t o  e n s u r e  t h e  sample d a t a  produced were v a l i d .  These measures 

a r e  i n  a d d i t i o n  t o  t h e  s t a n d a r d  equipment c a l i b r a t i o n  and checkout  proce- 

du res  o u t l i n e d  i n  S e c t i o n  6.1.1. These i n c l u d e :  

o Variacs  were used t o  c o n t r o l  t h e  probe h e a t e r  t empera tu re .  

o I n l i n e  thermocouples were i n s t a l l e d  t o  monitor  t h e  g a s  

stream tempera tu re  a8 it  e x i t e d  t h e  f i l t e r  h o l d e r .  

o A t ime-proport ioning t empera tu re  c o n t r o l l e r  was used t o  c o n t r o l  

t h e  h o t  box t empera tu re  t o  w i t h i n  ' i l 0 O F .  - 
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o A hea ted  twelve-inch e x t e n s i o n  was p laced  between t h e  n o z z l e  

and Andersen b r k  I11 impactor .  This was t o  evapora t e  f l u e  

g a s  m o i s t u r e  and p r e v e n t  impact ion of  d r o p l e t s  on t h e  s u b s t r a t e s .  

? 
Eydrocarbons i n  t h e  gas  s t r eam condense as a f u n c t i o n  of  temperature .  

As t h e  t e m p e r a t u r e  d e c r e a s e s  more hydrocarbons condense as p a r t i c u l a t e .  For 
t h i s  program it was impor t an t  t o  have  v e r y  s t r i c t  c o n t r o l  of t h e  c o l l e c t i o n  

t e m p e r a t u r e  s i n c e  t h e  c o l l e c t i o n  t e m p e r a t u r e  "defined" t h e  p a r t i c u l a t e .  I f  

t empera tu re  f l u c t u a t i o n s  v e r e  encountered an i n c r e a s e  or d e c r e a s e  in  t h e  

amount of  p a r t i c u l a t e  c o l l e c t e d  c o u l d  h e  o b s e r v e d  depending on temperature .  

An i n l i n e  thermocouple  p o s i t i o n e d  d i r e c t l y  a f t e r  t h e  f i l t e r  h o l d e r ,  

coup led  t o  a t ime p r o p o r t i o n i n g  t e m p e r a t u r e  c o n t r o l l e r ,  v a s  used t o  c o n t r o l  

t h e  hot box so t h e  g a s  t empera tu re  vou ld  remain a t  250°F 2 10'F. The v a s t  

m a j o r i t y  o f  t h e  t ime t empera tu re  v a s  c o n t r o l l e d  a t  250°F 2 5'F. A v a r i a c  

was used t o  c o n t r o l  t h e  probe h e a t  t empera tu re .  

k e p t  a more c o n s t a n t  t empera tu re  and avo ided  t h e  t e m p e r a t u r e  f l u c t u a t i o n s  

encountered v i t h  s t a n d a r d  oven  h e a t e r s .  

The c o n s t a n t  v o l t a g e  o u t p u t  

6.2.2 Sample C o l l e c t i o n  

T h e  sampling program p resen ted  some s p e c i a l  problems in sample c o l l e c -  

t i o n .  

r e l i a b l e  and r e p r e s e n t a t i v e  sample c o l l e c t i o n .  

such measures a s  v i s u a l  i n s p e c t i o n  of s ampl ing  t r a i n s  and equipment, l e a k  

checks,  and o t h e r  measures o u t l i n e d  i n  S e c t i o n  6.1.2. 

T h i s  s e c t i o n  o u t l i n e s  s p e c i a l  QC s t e p s  t h a t  v e r e  t aken  t o  a i d  i n  

These a r e  in a d d i t i o n  t o  

6.2.2.1 Sampling P repa ra t ion - -  

C e r t a i n  non-equipment items such a s  t h e  f i l t e r s  and g l a s s v a r e  r e q u i r e d  

s p e c i a l  p r e p a r a t i o n .  Th i s  s e c t i o n  o u t l i n e s  t h a t  p r e p a r a t i o n .  The measures 

i n c  lude : 

- . 

o P a r t i c u l a t e  f i l t e r s  v e r e  baked a t  500°F p r i o r  t o  use .  
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o P a r t i c u l a t e  f i l t e r s  used d u r i n g  p o l y n u c l e a r  a romat i c  

hydrocarbon sampling were methylene c h l o r i d e  e x t r a c t e d  

p r i o r  t o  u s e  and s t o r e d  i n  g l a s s  p e t r i  d i s h e s .  

o A l l  g l a s s w a r e  used d u r i n g  sampling was s p e c i a l l y  c l e a n e d .  

A l l  p a r t i c u l a t e  mass c o l l e c t i o n  f i l t e r s  were baked a t  500°F p r i o r  t o  

use.  They were then  d e s i c c a t e d ,  weighed, and p l a c e d  i n  c l e a n  p e t r i  d i s h e s .  

The p a r t i c u l a t e  f i l t e r s  used d u r i n g  p o l y n u c l e a r  a romat i c  hydrocarbon sampl ing  were 

e x t r a c t e d  w i t h  methylene c h l o r i d e ,  baked a t  5OO0F, and s t o r e d  a f t e r  weighing 

i n  methylene c h l o r i d e  r i n s e d  g l a s s  p e t r i  d i s h e s .  

A l l  g l a s s w a r e  used d u r i n g  sampling was c l eaned  a s  f o l l o w s :  

o The' g l a s sware  was f i r s t  washed tho rough ly  w i t h  l a b o r a t o r y  

soap and wa te r .  

o T h e  g l a s s w a r e  was k i l n - f i r e d  a t  500°C f o r  18 hours .  

o A f t e r  t h e  g l a s sware  c o o l e d ,  i t  was r i n s e d  w i t h  methylene 

c h l o r i d e  and a l l  t h e  b a l l  j o i n t s  were capped w i t h  aluminum 

f o i l .  

6 .2 .2 .2  P r e l i m i n a r y  Measurements-- 

Th i s  s e c t i o n  o u t l i n e s  QC checks and measurements performed p r i o r  t o  

sampling t o  a s s i s t  i n  t h e  c a l c u l a t i o n  of  a n i s o k i n e t i c  sampling rate. 

i n c l u d e :  

These 

o A check f o r  c y c l o n i c  or t u r b u l e n t  f l ow was performed p r i o r  

t o  sampling a t  t h e  u n c o n t r o l l e d  emis s ions  sampling l o c a t i o n .  

o P r e l i m i n a r y  v e l o c i t y ,  t empera tu re  and m o i s t u r e  d e t e r m i n a t i o n s  

were performed t o  a i d  i n  conduct ing i s o k i n e t i c  sampling. 
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o \;et b u l b / d r y  bu lb  moi s tu re  d e t e r m i n a t i o n s  v e r e  performed 

p r i o r  t o  i n d i v i d u a l  sampling r u n s .  

It vas d i s c o v e r e d  e a r l y  i n t o  t h e  sampl ing  program t h a t  t h e  m o i s t u r e  

c o n t e n t  of  the sc.rubber i n l e t  c o u l d  v a r y  d r a s t i c a l l y  from r u n  t o  run. For 
t h i s  r eason  p r e l i i n a r y  m o i s t u r e  d e t e r m i n a t i o n s  v e r e  performed t o  c a l c u l a t e  

a c c u r a t e  i s o k i n e t i c  s ampl ing  r a t e s  p r i o r  t o  each  sampling run. 

6.2.2.3 Sampling Procedures-- 

Th i s  s e c t i o n  o u t l i n e s  measures t a k e n  t o  e n s u r e  t h a t  v a l i d  and r ep re -  

s e n t a t i v e  samples  were c o l l e c t e d .  The measures i n c l u d e :  

o Approximately 10 pound a g g r e g a t e  samples v e r e  t aken .  The 

samples v e r e  r i f f l e d  t o  produce t h e  600 gram sample u s e d  t o  

de t e rmine  t h e  m o i s t u r e  c o n t e n t .  

o Tvo t o  four s c r u b b e r  v a t e r  samples v e r e  t aken  d u r i n g  each 

sampling run. The samples v e r e  composited and a l l  subsequen t  

a n a l y s e s  were performed on t h e  composi te  sample.  

o A l l  g l a s s w a r e  excep t  t h e  s i l i c a  g e l  impinger v a s  wrapped 

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

sampling m n s  t o  h e l p  p r e v e n t  p h o t c d e g r a d a t i o n  of  t h e  

o r g a n i c  s p e c i e s .  

6.2.3 SamDle Recovery 

This s e c t i o n  o u t l i n e s  s p e c i a l  QA/QC measures t aken  d u r i n g  sample re- 

cove ry .  These measures sre i n  a d d i t i o n  t o  p a r t i c u l a t e  f i l t e r  h a n d l i n g ,  

performance of  f i e l d  b l a n k s ,  l a b e l i n g  and l o g g i n g  in of  samples  and o t h e r  

s t e p s  o u t l i n e d  i n  S e c t i o n  6.13. Measures t aken  t o  f u r t h e r  e n s u r e  t h e  

i n t e g r i t y  of t h e  samples  d u r i n g  r e c o v e r y  inc lude :  

r 

o Incandescen t  l i g h t i n g  was used  d u r i n g  r ecove ry  of  t h e  

6-12 
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po lynuc lea r  a romat i c  hydrocarbon sampling t r a i n s .  This  v a s  t o  

reduce t h e  chance of pho todegrada t ion  of t h e  o r g a n i c  

s p e c i e s  by u l t r a v i o l e t  l i g h t .  

o Po lynuc lea r  a romat i c  hydrocarbon samples were s t o r e d  in amber 

g l a s s  b o t t l e s  w i t h  t e f l o n  l i d  i n s e r t s  t o  p r e v e n t  photo- 

d e g r a d a t i o n  and /o r  con tamina t ion  of  t h e  sample d u r i n g  

s t o r a g e  and t r a n s p o r t .  

o P a r t i c u l a t e  f i l t e r s  used d u r i n g  t h e  p o l y n u c l e a r  a romat i c  

hydrocarbon sampling m n s  were s t o r e d  a f t e r  u s e  i n  g l a s s  

p e t r i  d i s h e s .  The p e t r i  d i s h e s  were wrapped i n  aluminum 

f o i l  t o  p r e v e n t  p o s s i b l e  pho todegrada t ion  of t h e  femple.  

6.2.4 P r e p a r a t i o n  of Samples f o r  Ana lys i s  

Q u a l i t y  c o n t r o l  p rocedures  inco rpora t ed  d u r i n g  t h e  p repa ra t j . on  of t h e  

samples  f o r  a n a l y s i s  a r e  o u t l i n e d  i n  t h i s  s e c t i o n .  These were i n  a d d i t i o n  

t o  v i s u a l l y  checking t h e  samples  f o r  damage and e n s u r i n g  p rope r  l a b e l i n g  and 

o t h e r  p rocedures  o u t  l i n e d  i n  S e c t i o n  6.1.4. These measures i n c l u d e :  

o Sample m a t r i x  s h e e t s  were developed a s  an a i d  i n  a n a l y t i c a l  

p r e p a r a t i o n  and a s  a flow diagram for t h e  a c t u a l  a n a l y s i s .  

o Each p o l y n u c l e a r  a romat i c  hydrocarbon sample was sp iked  w i t h  

d e u t e r a t e d  benzo(a)pyrene-d12 p r i o r  t o  sample e x t r a c -  

t i o n  a s  a QC check on e x t r a c t i o n  e f f i c i e n c y .  

o P a r t i c u l a t e  f i l t e r s  and impactor s u b s t r a t e s  were d e s i c c a t e d  

for a t  l e a s t  24 hour s  p r i o r  t o  t h e i r  f i r s t  weighing. 

o The p a r t i c u l a t e  f i l t e r s  were weighed a t  24-hour i n t e r v a l s  

t o  a c o n s t a n t  we igh t .  

6-13 



6.2.5 S rml l e  A n a l v s i s  

This s e c t i o n  o u t l i n e s  a d d i t i o n a l  QC p roce  res emp 

program t o  e v a l u a t e  t h e  q u a l i t y  of t h e  a n a l y t i c a l  d a t a .  
)yed d u r i n g  t h e  1 

These p rocedures  
I 

are  i n  a d d i t i o n  t o  such measures 8 6  d u p l i c a t e  a n a l y s i s ,  b l a n k  a n a l y s i s ,  

i n t e r n a l  QC samples ,  a n d  o t h e r  measures o u t l i n e d  i n  S e c t i o n  6.1.5. I n c l u d e d  

are: 

0 

0 

0 

T 

k 

‘ I ,  i Immediately p r i o r  t o  sample a n a l y s i s  each p o l y n u c l e a r  a romat i c  

hydrocarbon sample was sp iked  v i t h  benzo(a)pyrene-d1’ a s  a n  

i n t e r n a l  QC s t a n d a r d .  

T o t a l  o r g a n i c  ca rbon  a u d i t  s amples  were submit ted t o  t h e  

a n a l y t i c a l  l a b o r a t o r y  p r i o r  t o  t h e  submission of t h e  f i e l d  samples.  

F i e l d  b l a n k s  were eva lua ted  t o  de t e rmine  s p e c i e s  background 

and p o s s i b l e  con tamina t ion  problems. 

Tbe r e s u l t s  of t h e  t o t a l  o r g a n i c  ca rbon  a u d i t  s amples  a r e  p r e s e n t e d  i n  

T a b l e  6-2. 

Append i x  I .3 .3 .3 .  
A s t a t i s t i c a l  e v a l u a t i o n  of t h e  a u d i t  samples  i s  p resen ted  in 

The r e s u l t s  of t h e  f i e l d  b l a n k s  a r e  p re sen ted  i n  T a b l e  6-3. 

up r e s u l t s  wre used  t o  c o r r e c t  the a n a y t i c a l  r e s u l t s  f o r  background. 

The c l e a n -  

i 

. 
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TABLE 6-2 .  SUMMARY OF TOTAL O R G A N I C  CARBON i AUDIT SAMPLE MEASUREMENTS 

i i A  Prepared Sample R e s u l t s  (919183)  
(A) (R) 

1 A c t u a l  Radian Ana lys i s  P e r c e n t  E r r o r  

I ! 
Sample No. Date of Ana lys i s  Values Values ( m d L )  R-A/A x loo 

EPA 1 10-28-83 4 . 1  4.5 9 .76  
EPA 2 t h r u  6 1 . 2  70  1 4 . 4  
EPA 3 11-02-83 61.2 69  12.7 
EPA 5 4 . 1  3 -26 .8  

I 

Radian Prepared Sample R e s u l t s  
(A) (R)  

Ac tua l  Radian Ana lys i s  P e r c e n t  E r r o r  
Sample No. Date of Ana lys i s  Values Values (mg/L) R-A/A x l o o  

Set  1 - Submitted 11-30-83 
Radian #1 80 
Radian 1/2 40 
Radian {/3 80 
Radian 14  4 
Radian 115 4 
Radian 1/6 40 

S e t  2 - Submitted 12-12-83 
Radian ! i l l  801 
Radian #2 202 
Radian #3 201 
Radian 1/4 802 
Radian 1/5 801 
Radian //6 201 

85 
45 
81 

4 
3 

4 1  

85 
2 1  
1 9  
84 
77 
21 

6.25  
1 2 . 5  

1 . 2  
0 

-25 .0  
2.5 

6 . 2 5  
5 . 0  

- 5 . 0  
5 . 0  

-3 .75 
5 . 0  

'Sample in 0.1 i n  NaOH m a t r i x  
'Sample i n  d i s t i l l e d  water 
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INTRODUCTION 

T h i s  addendum p r e s e n t s  r e v i s i o n s  and new data t o  be i n c l u d e d  w i t h  t h e  

r e p o r t ,  "Emission T e s t  Report  T.J. Campbell Company, Oklahoma C i t y ,  Okla- 

homa'' (EKE Report  83-ASP-4). The pu rpose  of  t h i s  addendum i s  t h r e e f o l d :  

a t o  p r e s e n t  smoke p o i n t / f l a s h  p o i n t  r e s u l t s  f o r  t h e  r e c y c l e d  

a s p h a l t  pavement and a s p h a l t  cement which were not  a v a i l a b l e  

when t h e  r e p o r t  was p u b l i s h e d ;  

t o  i n c l u d e  t o t a l  o r g a n i c  ca rbon  (TOC) r e s u l t s  de t e rmined  

a c c o r d i n g  t o  t h e  a n a l y t i c a l  p r o t o c o l  of  EPA Method 5E; and 

t o  s e p a r a t e  c o n d e n s i b l e  hydrocarbons data from t h e  e x t r a c t -  

a b l e  o r g a n i c s  d a t a  p r e s e n t e d  i n  t h e  r e p o r t .  

The t e rn  c o n d e n e i b l e  hydrocarbons i s  nev  t o  t h e  r e p o r t .  A s  e x p l a i n e d  

i n  t h e  o r i g i n a l  r e p o r t ,  e x t r a c t a b l e  o r g a n i c s  a r e  r e l a t e d  t o  t h e  g r a v i m e t r i c  

a n a l y s i s  of  t h e  e t h e r / c h l o r o f o r m  e x t r a c t  of t h e  0.1 N NaOB impinger  s o l u -  

t i o n s .  The e x t r a c t a b l e  o r g a n i c s  r e s u l t s  in  t h e  o r i g i n a l  r e p o r t  i nc luded  t h e  

g r a v i m e t r i c  a n a l y s i s  of  t h e  t r i c h l o r o e t h s n e  (TCE) r i n s e  of  t h e  imp inge r s  

g l a s s w a r e .  

g r a v i m e t r i c  a n a l y s i s  of t h e  TCE rinse. The g r a v i m e t r i c  a n a l y s i s  r e s u l t s  of 

t h e  TCE r i n s e  have been removed from t h e  e x t r a c t a b l e  o r g a n i c s  p r e s e n t a t i o n .  

I n  t h i s  addendum, c o n d e n s i b l e  hydrocarbon r e s u l t s  a r e  from t h e  

Because of t h e  above r e v i s i o n s .  s e v e r a l  s e c t i o n s  of t h e  r e p o r t  have 

been r e w r i t t e n .  S e c t i o n  2.2, T o t a l  Organ ic  Carbon R e s u l t s ,  has  been r e v i s e d  

t o  p r e s e n t  TOC r e s u l t s  determined by t h e  EPA Method 5E a n a l y t i c a l  p r o t o c o l .  

T a b l e s  2-1, 2-2, 2-3. and 2-4 c o n t a i n  t h e  r e v i s e d  TOC v a l u e s .  S e c t i o n  2.3,  

E x t r a c t a b l e  Organic.8 Emissions R e s u l t s ,  c o n t a i n s  r e s u l t s  from t h e  0.1N NaOB 

impinger s o l u t i o n  e t h e r / c h l o r o f o r m  e x t r a c t  on ly .  Tables 2-7, 2-8, 2-9, and 

2-10 c o n t a i n  t h e  r e v i s e d  e x t r a c t a b l e  o r g a n i c  e m i s s i o n  r e s u l t s .  S e c t i o n  2.4, 

Comparison of  TOC and E x t r a c t a b l e  Organic  Emission Results,  r e f l e c t s  the EPA 

Method 5E TOC r e s u l t s  and e t h e r l c h l o r o f o r m  e x t r a c t  r e s u l t s .  S e c t i o n  5.2, 

1 



A n a l y t i c a l  Methodology. d i s c u s s e s  t h e  new or r e v i s e d  methods f o r  TOC and 

e x t r a c t a b l e  o r g a n i c s  a n a l y s i s .  Tab le  6-2 has been addended t o  i n c l u d e  TOC 

q u a l i t y  c o n t r o l  d a t a  for t h e  O . 1 N  NaOB impinge r  e o l u t i o n s  r e a n a l y s i s .  

I n  a d d i t i o n ,  t h r e e  new s e c t i o n s  have been added. S e c t i o n  2.11 c o n t a i n s  

a d i s c u e e i o n  of t h e  f l a s h  p o i n t  and smoke p o i n t  d a t a  v h i c h  a r e  p r e s e n t e d  in 

Tab le  2-24. S e c t i o n  2.12 c o n t a i n s  s d i s c u e a i o n  of t h e  c o n d e n s i b l e  hydrocar-  

bon r e s u l t s  which a r e  p r e s e n t e d  i n  Tab le  2-25. S e c t i o n  2.13 c o n t a i n s  a 

comparison of t h e  two a n a l y t i c a l  me thodo log ie s  used t o  a n a l y z e  t h e  0.1N NaOB 

impinger s o l u t i o n s  f o r  TOC. The data a r e  p r e s e n t e d  i n  Tab le  2-26. 

2 
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2.2 TOTAL ORGANIC CARBON RESULTS 

C o n t r o l l e d  and u n c o n t r o l l e d  t o t a l  o r g a n i c  ca rbon  (TOC) ma68 samples  

were c o l l e c t e d  s i m u l t a n e o u a l y  w i t h  p a r t i c u l a t e  mass samples  u s i n g  t h e  modi- 

f i e d  EPA Method 5E sampling t r a i n .  The TOC c o n t e n t  of t h e  0.1N NaOE im- 

p i n g e r  and rinse s o l u t i o n s  were ana lyzed  d i r e c t l y  u s i n g  a n  h s t r u m e n t a l  

t echn ique .  TOC r e s u l t s ,  i d e n t i f i e d  i n  t h e  d a t a  t a b l e s  as t h e  "back-half 

c a t c h , "  a re  p r e s e n t e d  and d i s c u s s e d  i n  t h i s  s e c t i o n .  

2.2.1 Conven t iona l  O p e r a t i o n  TOC Emission R e s u l t s  

Uncon t ro l l ed  and c o n t r o l l e d  TOC r e a u l t s  f o r  c o n v e n t i o n a l  o p e r a t i o n  a r e  

p r e s e n t e d  i n  Tab le  2-1 ( E n g l i s h  u n i t s )  and Tab le  2-2 ( m e t r i c  u n i t s ) .  Uncon- 

t r o l l e d  TOC l o a d i n g s  were 0.242, 0.0512, and 0.0562 gr/DSCF f o r  Runs C-1, 

C-2, and C-3, r e s p e c t i v e l y .  The c o n t r o l l e d  TOC l o a d i n g s  were 0.0410, 

0.0501, and 0.0494 gr/DSCF f o r  Runs C-1. C-2, and C-3, r e s p e c t i v e l y .  

TOC (back-half  c a t c h )  c o l l e c t i o n  e f f i c i e n c y  of t he  w e t  v e n t u r i  s c r u b b e r  was 

83.1. 0.39, and 15.0 p e r c e n t  f o r  Runs C-1, C-2, and C-3,  r e s p e c t i v e l y .  

The 

2.2.2 Recycle O p e r a t i o n  TOC Emission R e s u l t s  

Tab le  2-3 ( E n g l i s h  u n i t s )  and T a b l e  2-4 (metric u n i t s )  p r e s e n t  r e s u l t s  

of t h e  u n c o n t r o l l e d  and c o n t r o l l e d  TOC measurements performed d u r i n g  r e c y c l e  

o p e r a t i o n .  Uncon t ro l l ed  TOC l o a d i n g s  vere 0.0534, 0.0523, and 0.389 gr/DSCF 

f o r  Runs R-I, 8-2, and R-3, r e s p e c t i v e l y .  T h e  c o n t r o l l e d  TOC l o a d i n g s  were 

0.0643, 0.0421, and 0.0185 gr/DSCF f o r  Runs E-1, R-2, and R - 3 .  r e s p e c t i v e l y .  

T h e  TOC c o l l e c t i o n  e f f i c i e n c y  of t h e  w e t  v e n t u r i  s c r u b b e r  v a s  6.65, 12.9, 

and 95.2 p e r c e n t  f o r  Runs R - 1 ,  R-2, and R-3, r e s p e c t i v e l y .  

2.2.3 D i a c u s s i o n  of  TOC Test R e s u l t s  

The u n c o n t r o l l e d  TOC l o a d i n g s  v a r i e d  from 0.0521 t o  0.242 gr/DSCF 

d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and from 0.0523 t o  0.389 gr/DSCF d u r i n g  re- 

c y c l e  o p e r a t i o n .  The c o n t r o l l e d  TOC l o a d i n g 8  v a r i e d  from 0.0410 t o  0.0501 

3 
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gr/DSCF d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and from 0.0185 t o  0.0643 gr/DSCF 

d u r i n g  r e c y c l e  o p e r a t i o n .  With t h e  l i m i t e d  d a t a  a v a i l a b l e ,  it is  d i f f i c u l t  

t o  d e v e l o p  any c o r r e l a t i o n s  be tveen  p r o c e s s  o p e r a t i o n  and t h e  deg ree  of 

v a r i a b i l i t y  i n  t h e  u n c o n t r o l l e d  and c o n t r o l l e d  TOC e m i s s i o n s  d u r i n g  c o w e n -  

t i o n a l  and r e c y c l e  o p e r a t  i on .  

The a v e r a g e  u n c o n t r o l l e d  TOC l o a d i n g  v a s  29.7 p e r c e n t  g r e a t e r  d u r i n g  

r e c y c l e  o p e r a t i o n  (0.165 gr/DSCF) t h a n  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.116 

gr/DSCF). However, t h e  a v e r a g e  c o n t r o l l e d  TOC l o a d i n g  d u r i n g  r e c y c l e  opera-  

t i o n  (0.0416 gr/DSCF) was 14.4 p e r c e n t  less t h a n  t h e  a v e r a g e  c o n v e n t i o n a l  

o p e r a t i o n  l o a d i n g  (0.0486 gr/DSCF). The a v e r a g e  removal e f f i c i e n c y  of t h e  

v e n t u r i  s c r u b b e r  was 74.8 p e r c e n t  d u r i n g  r e c y c l e  o p e r a t i o n  and 64.1 p e r c e n t  

d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  
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2.3 EXTRACTABLE ORGANICS EMISSION RESUmS 

Ana lys i s  f o r  e x t r a c t a b l e  o r g a n i c s  was performed on t h e  O . 1 N  NaOR i m -  

p i n g e r  s o l u t i o n s .  

ch loroform and d i e t h y l  e t h e r .  The s o l v e n t  was evapora t ed  a t  room tempera- 

t u r e  t o  d r y n e s s  and t h e  mass of e x t r e s t a b l e  o r g a n i c s  de te rmined  g r a v i m e t r i -  

c a l l y .  Tab le s  2-7 and 2-8 c o n t a i n  a summary of u n c o n t r o l l e d  and c o n t r o l l e d  

e x t r a c t a b l e  o r g a n i c s  and p a r t i c u l a  t e  e m i s s i o n  r e s u l t s .  

a r e  i d e n t i f i e d  a s  t h e  "back-half ca t ch"  i n  Tables  2-7 and 2-8. 

A l i q u o t s  of t b e  0.1N NaOH samples were e x t r a c t e d  w i t h  

E x t r a c t a b l e  o r g a n i c s  

2.3.1 Convent iona l  Opera t ion  E x t r a c t a b l e  Ornanics  Emission R e s u l t s  

Uncon t ro l l ed  e x t r a c t a b l e  o r g a n i c s  load ings  =re 0.0032, 0.0111, and 

The c o n t r o l l e d  0.0169 gr/DSCF f o r  Runs C - I ,  C-2, and C-3, r e s p e c t i v e l y .  

e x t r a c t a b l e  o r g a n i c s  load ings  = r e  0.0227, 0.0131, and 0.0193 gr/DSCF f o r  

Runs C - 1 ,  C-2, and C-3, r e s p e c t i v e l y .  

2.3.2 Recycle  ODeration E x t r a c t a b l e  Ornan ic s  Emission R e s u l t s  

Uncon t ro l l ed  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  were 0.0186, 0.0077, and 

0.0140 gr/DSCF f o r  Runs E-1, 8-2, and R-3, r e s p e c t i v e l y .  

t a b l e  o r g a n i c s  load ings  were  0.0121, 0.0286, and 0.0162 gr/DSCF f o r  Runs 

B-1, 8-2, and E-3, r e s p e c t i v e l y .  

C o n t r o l l e d  e x t r a c -  

2.3.3 Di scuss ion  of E x t r a c t a b l e  Ornanics  Emission Tes t  R e s u l t s  

The u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  load ings  v a r i e d  from 0.0032 t o  

0.0169 gr/DSCP d u r i n g  conven t iona l  o p e r a t i o n  and from 0.0077 t o  0.0186 

gr/DSCF d u r i n g  r e c y c l e  o p e r a t i o n .  The c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  

load ings  v a r i e d  from 0.0131 t o  0.0227 gr/DSCP d u r i n g  conven t iona l  o p e r a t i o n  

and from 0.0121 t o  0.0286 gr/DSCF d u r i n g  r e c y c l e  o p e r a t i o n .  

l i m i t e d  d a t a  a v a i l a b l e ,  i t  is  d i f f i c u l t  t o  deve lop  any c o r r e l a t i o n s  be tveen  

p r o c e s s  o p e r a t i o n  and t h e  deg ree  of v a r i a b i l i t y  i n  t h e  u n c o n t r o l l e d  and 

Based on t h e  
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c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  emis s ions  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  

o p e r a t  ion .  

The ave rage  u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  load ing  d u r i n g  r e c y c l e  

o p e r a t i o n  (0.0134 gr/DSCF) was approximate ly  22 p e r c e n t  g r e a t e r  t han  d u r i n g  

c o n v e n t i o n a l  o p e r a t i o n  (0.0104 gr/DSCF). 

o r g a n i c s  load ing  d u r i n g  r e c y c l e  o p e r a t  ion  (0.0190 gr/DSCF) approximated t b e  

ave rage  c o n t r o l l e d  o r g a n i c s  load ing  d u r i n g  c o n v e n t i o n a l  o p e r s t i o n  (0.0184 

gr/DSCF). 

The average  c o n t r o l l e d  e x t r a c t a b l e  

The ave rage  u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  load ings  a r e  l e 8 0  than  

t h e  ave rage  c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  d u r i n g  both r e c y c l e  and 

c o n v e n t i o n a l  o p e r a t i o n .  C o n t r o l l e d  emissions of e x t r a c t a b l e  o r g a n i c s  were 

27.7 percen t  h i g h e r  t han  u n c o n t r o l l e d  emis s ions  d u r i n g  r e c y c l e  o p e r a t i o n  and 

42.6 p e r c e n t  h i g h e r  d u r i n g  conven t iona l  o p e r a t i o n .  

i n d i c a t e s  t h a t  t h e  r e s u l t s  a r e  r e p r e s e n t a t i v e  of c o n d i t i o n s .  The mass o f  

e x t r a c t a b l e  o r g a n i c s  p e r  u n i t  volume measured in t h e  c o n t r o l l e d  e m i s s i o n s  

w s s  s i g n i f i c a n t l y  h i g h e r  t han  t h e  mass of e x t r a c t a b l e  o r g a n i c s  measured i n  
t h e  u n c o n t r o l l e d  emis s ions .  A p o s s i b l e  e x p l a n a t i o n  is t h a t  t h e  sc rubbe r  

w t e r  c o n t r i b u t e s  t o  t h e  e x t r a c t a b l e  o r g a n i c s  c o n c e n t r a t i o n  of  c o n t r o l l e d  

emis s ions  due t o  t h e  c o n c e n t r a t i o n  of e x t r a c t a b l e  o r g a n i c s  in t h e  w a t e r  m i e t  

c a r r i e d  ove r  from t h e  v e n t u r i .  

compounds t h a t  a r e  w a t e r  s o l u b l e  or m i s c i b l e  t h a t  vould  c o n c e n t r a t e  i n  t h e  

sc rubbe r  wa te r  t o  a deg ree  depending on g a s  phase c o n c e n t r a t i o n .  u a t e r  r e -  

c y c l e ,  and make-up. Condens ib le  hydrocarbons  on t h e  o t h e r  hand would tend t o  

condense on p a r t i c u l a t e  and be p h y s i c a l l y  removed by t h e  v e n t u r i .  The con- 

d e n s i b l e  hydrocsrbons  would t h e n  be  removed w i t h  t h e  v e n t u r i  p o d  s l u d g e  or 

appea r  a s  a n  o i l y  f i l m  on t h e  pond m t e r  which vould n o t  be r e c y c l e d .  

r e s u l t s  i n d i c a t e  t h a t  t h e  v e n t u r i  c o n t r o l s  c o n d e n s i b l e  hydrocarbons  by an 

ave rage  of 82.0 p e r c e n t  d u r i n g  r e c y c l e  o p e r a t i o n  and 76.8  percen t  d u r i n g  

c o n v e n t i o n a l  o p e r a t i o n .  

A r e v i e v  of t h e  d a t a  

The s c r u b b e r  u a t e r  would i n c l u d e  o r g a n i c  

The 
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2.4 COMPARISON OF TOC AND EXTRACTABlE ORGANICS EMISSION RESULTS 

Two a n a l y t i c a l  p rocedures  here used  d u r i n g  t h i s  program t o  q u a n t i f y  t h e  

c o n c e n t r a t i o n  of u n c o n t r o l l e d  and c o n t r o l l e d  o r g a n i c  e m b s i o n s  g e n e r a t d  

d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t i o n .  An i n s t r u m e n t a l  t e c h n i q u e  was 

used t o  d e t e r m i n e  t h e  c o n c e n t r a t i o n  of TOC p r e s e n t  in t h e  0.1N NaOH impinger  

s o l u t i o n s  g e n e r a t e d  d u r i n g  EPA Method 5E t e s t i n g .  

a l s o  ana lyzed  u s i n g  a e x t r a c t i o n / g r a v i u e t r i c  t e c h n i q u e  t o  d e t e r m i n e  t h e  

c o n c e n t r a t i o n  of e x t r a c t a b l e  o r g a n i c s .  The main o b j e c t i v e  of  performing 

both a n a l y s e s  on t h e  same samples  was t o  p r o v i d e  d a t a  t h a t  c o u l d  be used t o  

a s s e s s  t h e  u t i l i t y  of  b o t h  procedure8 i n  c h a r a c t e r i z i n g  o r g a n i c  e m i a s i ~ n s  

from a s p h a l t  c o n c r e t e  p l a n t s .  

The same samples  vere 

2.4.1 Comparison o f  Uncon t ro l l ed  TOC and E x t r a c t a b l e  Ornan ic s  

Emission R e s u l t s  

Tab le  2-9 p r e s e n t s  a comparison of  u n c o n t r o l l e d  TOC and e x t r a c t a b l e  

o r g a n i c s  e m i s s i o n s  d u r i n g  c o n v e n t i o n a l  and recycle o p e r a t i o n .  The a v e r a g e  

q n c o n t r o l l e d  TOC l o a d i n g s  d u r i n g  r e c y c l e  o p e r a t i o n  (0.165 gr/DSCF) v e r e  29.7 

p e r c e n t  h i g h e r  t han  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.116 gr/DSCF). 

ave rage  u n c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c e  l o a d i n g s  d u r i n g  r e c y c l e  o p e r a t i o n  

(0.0134 gr/DSCF) were 22.4 p e r c e n t  h i g h e r  t h a n  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  

(0.0104 gr/DSCF). During r e c y c l e  o p e r a t i o n .  t h e  ave rage  e x t r a c t a b l e  . 
o r g a n i c s  l o a d i n g  was 8.1 p e r c e n t  of t h e  TOC l o a d i n g  and 9.0 p e r c e n t  d u r i n g  

c o n v e n t i o n a l  o p e r a t i o n .  

The 

2.4.2 Comparison of  C o n t r o l l e d  TOC and E x t r a c t a b l e  Ornanics  

Emission R e s u l t s  

Tab le  2-10 p r e s e n t s  a comparison of  c o n t r o l l e d  TOC and e x t r a c t a b l e  

o r g a n i c e  e m i s s i o n s  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  o p e r a t  ion.  Average con- 

t r o l l e d  TOC load ings .  d u r i n g  r e c y c l e  o p e r a t i o n  (0.0416 gr/DSCF) vere 12.5 

pe rcen t  lower than  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.0468 gr/DSCF). Average 

c o n t r o l l e d  e x t r a c t a b l e  o r g a n i c s  l o a d i n g s  d u r i n g  r e c y c l e  o p e r a t i o n  (0.0190 
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RADIAN - 
gr/DSCF) were s l i g h t l y  h i g h e r  (3.2 p e r c e n t )  t han  d u r i n g  conven t iona l  opera-  

t i o n  (0.0184 gr/DSCF). 

t h e  TOC load ing  d u r i n g  r e c y c l e  o p e r a t i o n  and 39.3 p e r c e n t  d u r i n g  conven- 

t i o n a l  o p e r a t i o n .  

The e x t r c r t a b l e  o r g a n i c s  load ing  was 45 .7  p e r c e n t  of 

2.4.3 Di scuss ion  of TOC and E x t r a c t a b l e  Organics  Emissions R e s u l t s  

Because of t h e  l i m i t e d  q u a n t i t y  of  a v a i l a b l e  d a t a ,  i t  is d i f f i c u l t  t o  

deve lop  an a c c u r a t e  comparison be tveen  t h e  TOC and e x t r a c t a b l e  o r g a n i c s  

r e s u l t s .  To f o r m u l a t e  an o p i n i o n  about  t h e  two p rocedures .  one  must f i r s t  

e v a l u a t e  t h e  a n a l y t i c a l  p rocedures .  I t  i s  i u p o r t a n t  t h a t  s e v e r a l  f a c t o r s  be 

kept  i n  m i n d .  F i r s t ,  t h e  TOC a n a l y s i s  r e s u l t s  a r e  i n d i c a t i v e  of t h e  t o t a l  

mass of s o l u b l e  ca rbon ,  a s  o r g a n i c  s p e c i e s ,  i n  t h e  sample.  The e x t r a c t a b l e  

o r g a n i c s  a n a l y s i s  r e s u l t s  a r e  r e l a t e d  t o  t h e  mass of o r g a n i c  s p e c i e s  having  

a b o i l i n g  p o i n t  g r e a t e r  t han  300'F. 

d i r e c t  i n s t r u m e n t a l  t e c h n i q u e  r e q u i r i n g  a minimal amount of sample prepara-  

t i o n  ( r e f e r  t o  S e c t i o n  5.2) .  

a n a l y s i s  procedure  r e q u i r e s  sample p r e p a r a t i o n  ( r e f e r  t o  S e c t i o n  5.2) by 

means of e x t r a c t i o n  w i t h  ch loroform and d i e t h y l  e t h e r .  

t r a c t  i s  t h e n  evapora t ed  t o  d ryness  a t  room t empera tu re  b e f o r e  weighing.  

A l s o .  t h e  TOC a n a l y s i s  procedure  is  a 

On t h e  o t h e r  h a n d ,  t h e  e x t r a c t a b l e  o r g a n i c s  

The remaining ex- 

It is b e l i e v e d  t h a t  t h e  TOC a n a l y s i s  p rocedure  is more s u i t a b l e  than  

t h e  e x t r a c t a b l e  o r g a n i c s  procedure  f o r  c h a r a c t e r i z i n g  o r g a n i c  emissions from 

a s p h a l t  c o n c r e t e  p l a n t s .  
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2.11.4 Recycled Aspha l t  Pavement and A s p h a l t  Cement Smoke P o i n t  and 

F l a s h  P o i n t  R e s u l t s  

Smoke p o i n t  d e t e r m i n a t i o n  v a s  performed on a s i n g l e  sample of r e c y c l e d  

a s p h a l t  pavement (RAP) c o l l e c t e d  d u r i n g  t h e  Campbell t es t  program. The 

sample v a s  ana lyzed  by t h e  Oklahoma T e s t i n g  Labora to ry  and by Radian. 

smoke p o i n t  t es t  r e a u l t s  a r e  p r e s e n t e d  i n  T a b l e  2-24. The smoke p o i n t  

determined by Oklahoma T e s t i n g  L a b o r a t o r y  v a s  340°F. 

mined by Radian vas 370'F. 

The 

The smoke p o i n t  d e t e r -  

Samples of t h e  a s p h a l t  cement (AC) used d u r i n g  t h e  Campbell tes t  pro- 

gram v e r e  ana lyzed  fo r  smoke p o i n t  and f l a s h  p o i n t .  

f l a s h  p o i n t  analyses v e r e  performed by t h e  Oklahoma T e s t i n g  Labora to ry .  

smoke p o i n t  and f l a s h  p o i n t  data a r e  p r e s e n t e d  i n  T a b l e  2-24. 

The AC smoke p o i n t  and 

T h e  
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TABLE 2-24. SUMMARY OF RECYCLED ASPHALT PAVEMENT (RAP) SMOKE POINT 
RESULTS AND ASPHALT CEMENT (AC) SMOKE POINT ANJJ FLASH 
POINT RESUITS 

Oklahoma 
Tea t ing  Radiana 

C o l l e c t  ion  Sample Smoke Smoke F l a s h  
Date  Sample Deacr i p t i o n  Type Po i n  t P o i n t  P o i n t  

("F) (OF) (OF) 

11-12-83 Recycled Asphal t  Pavement RAP 340 3 70 - 

11-08-83 McGee Aspha l t  Cement AC 420 - 640 

11-12-83 A l l i e d  Chmical Asphal t  AC 345 - 5 50 
Cement 

%laah  p o i n t  and amoke p o i n t  a n a l y s i a  of the  AC performed by Oklahoma 
T e s t i n g  L a b o r a t o r i e s  on ly .  
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2.12 CONDENSIBLE HYDROCARBONS EMISSION RESULTS 

The  sample f r a c t i o n  v h i c h  condensed on t h e  v a l l s  of t h e  c h i l l e d  g l a s s -  

v a r e  is r e f e r r e d  t o  a s  c o n d e n s i b l e  hydrocarbons.  

r i n s e  v a s  used  t o  r e c o v e r  t h e  condensed hydrocarbons from t h e  impingers .  

The TCE was evapora t ed  t o  d r y n e s s  a t  r o a n  t e n p e r a m r e  t o  de t e rmine  t h e  mass 

of c o n d e n s i b l e  hydrocarbons.  Condens ib l e  hydrocarbon8 r e s u l t s  a r e  p r e s e n t e d  

i n  Table  2-25. 

A t r i c h l o r o e t h a n e  (TCE) 

2.12.1 Conven t iona l  O p e r a t i o n  Condens ib l e  Hydrocarbons Emission R e s u l t s  

Uncon t ro l l ed  c o n d e n s i b l e  hydrocarbons l o a d i n g s  v e r e  0.173, 0.0457, and 

0.114 gr/DSCF f o r  Runs C-1, C-2, and C-3, r e s p e c t i v e l y .  The c o n t r o l l e d  

c o n d e n s i b l e  hydrocarbons l o a d i n g s  Yere 0.0558, 0.0140. end 0.0086 gr/DSCF 

f o r  Runs C-1 .  C-2, and C-3, r e s p e c t i v e l y .  

2.12.2 Recycle O p e r a t i o n  Condensible  Bvdrocarbons Emission R e s u l t s  

U n c o n t r o l l e d  c o n d e n s i b l e  hydroca rbons  l o a d i n g s  were 0.136, 0.133, and 

0.0619 gr/DSCF f o r  Runs R-1. 8-2, and B-3, r e s p e c t i v e l y .  

c o n d e n s i b l e  hydroca rbons  l o a d i n g s  were 0.0114, 0.0311. and 0.0173 gr/DSCF 

f o r  Runs R-1, 8-2, and 8-3, r e s p e c t i v e l y .  

The c o n t r o l l e d  

2.12.3 D i s c u s s i o n  of  Condens ib l e  Hvdrocarbons Emission R e s u l t s  

The u n c o n t r o l l e d  c o n d e n s i b l e  hydrocarbons l o a d i n g s  v a r i e d  from 0.0457 

t o  0.173 gr/DSCF d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  and from 0.0619 t o  0.136 

gr/DSCF d u r i n g  r e c y c l e  o p e r a t i o n .  

l o a d i n g s  v a r i e d  from 0.0086 t o  0.0558 gr/DSCF d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  

and from 0.0114 t o  0.0311 gr/DSCF d u r i n g  r e c y c l e  o p e r a t i o n .  

l i m i t e d  d a t a  a v a i l a b l e .  i t  i s  d i f f i c u l t  t o  deve lop  any c o r r e l a t i o n s  between 

p r o c e s s  o p e r a t i o n  and d e g r e e  of  v e r i a b i l i t y  of  t h e  c o n t r o l l e d  and uncon- 

t r o l l e d  c o n d e n s i b l e  hydrocarbon e m i s s i o n s  d u r i n g  c o n v e n t i o n a l  and r e c y c l e  

o p e r a t  i on .  

The c o n t r o l l e d  c o n d e n s i b l e  hydrocarbons 

With t h e  
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TABLE 2-25. SUNMARY OF CONDENSIBLE HYDROCARBONS EMISSIONS 

Cor rec t ed  TCE 
Date  Run D e s c r i p t i o n  Rinse U t  (tugla grlDSCF l b s / h r  l b s / t o n  

CONTROLLED EMISSIONS 

Recvcle Opera t ion  

11-11-83 Run R-1 42.1 0.0114 
11-11-83 Run R-2 120 0.0311 
11-12-83 Run R-3 67.3 0.0173 

Average 76.3 0.0199 

Convent iona l  Opera t ion  

11-12-83 Run C-1 174 0.0558 
11-13-83 Run C-2 41.8 0.0140 
11-14-83 Run C-3 27 .O 0.0086 

Average 81 .o 0.0261 

1.36 0.0060 
3.54 0.0142 
2.07 0.0088 
2.32 0.0097 

5.59 0.0229 
1.43 0.0061 
0.89 0.0042 
2.64 0.0111 

UNCONTROLLED EMISSIONS 

Recvcle Opera t ion  

11-11-83 Run R-1  183 0.136 17.2 0.0750 
11-11-83 Run R-2 160 0.133 14.0 0.0559 
11-12-83 Run 8-3 91.9 0.0619 7.42 0.0315 

Aver B g e 145 0.110 12.9 0.0541 

Convent iona l  Opera t ion  

11-12-83 Run C-1 213 0.173 17.3 0.0710 
11-13-83 Run C-2 58.2 0.0457 4.58 0.0195 
11-14-83 Run C-3 142 0.114 12.2 0.0571 

Average 138 0.111 11.4 0.0492 

'Corrected f o r  t r i c h l o r o e t h a n e  b lank  r e s i d u e  
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The ave rage  u n c o n t r o l l e d  c o d e n s i b l e  hydroca rbons  l o a d i n g  d u r i n g  r e  

c y c l e  o p e r a t i o n  (0.110 gr/DSCF) approximated t h e  a v e r a g e  u n c o n t r o l l e d  con- 

d e n s i b l e  hydroca rbons  load ing  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (0.111 gr/DSCF). 

The ave rage  c o n t r o l l e d  c o n d e n s i b l e  hydrocarbons l o a d i n g  d u r i n g  r e c y c l e  ope r -  

a t i o n  (0.0199 gr/DSCF) vas approx ima te ly  2 4  p e r c e n t  less t h a n  t h e  conven- 

t i o n a l  o p e r a t i o n  c o n d e n s i b l e  hydrocarbons l o a d i n g  ( 0 . 0 2 6 1  gr/DSCF).  The 

ave rage  removal e f f i c i e n c y  of t h e  v e n t u r i  s c r u b b e r  v s a  82.0 p e r c e n t  d u r i n g  

r e c y c l e  o p e r a t i o n  and 7 6 . 8  p e r c e n t  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  
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2.13 COMPARISON OF TOC ANALYTICAL WETtlODS 

Two a n a l y t i c a l  methods were used t o  de t e rmine  t h e  TOC c o n c e n t r a t i o n s  of 

t h e  O . 1 N  NaOB impinger  a o l u t i o n s .  

i n  t h e  o r i g i n a l  r e p o r t )  c o n s i s t e d  of a c i d i f y i n g  t h e  sample below pll 2 v i t h  

E2S04 and pu rg ing  v i t h  n i t r o g e n  t o  remove i n o r g a n i c  carbon. 
s p e c i f i e d  i n  t h e  tes t  p l a n  f o r  t h e  T.J. Campbell e m i s s i o n  t e s t .  The second 

method vas t h e  EPA Method 5E p r o t o c o l  (see Appendix S e c t i o n  J.1). 

The o r i g i n a l  method ( t h e  v a l u e s  r e p o r t e d  

This method v a s  

To de te rmine  i f  t h e  tvo  me thodo log ie s  y i e l d e d  d i f f e r e n t  r e s u l t s .  t h e  

o r i g i n a l  samples were r e a n a l y z e d  u s i n g  bo th  methods. Tab le  2-26 p r e s e n t s  a 

comparison of t h e  o r i g i n a l  analysis ( a c i d i f i c a t i o n )  and t h e  r e a n a l y s i s  u s i n g  

bo th  methods (EPA Method 5E and a c i d i f i c a t i o n ) .  

R e s u l t s  of t h e  sample reanalysis i n d i c a t e  t h a t  EPA Hethod 5E p r o t o c o l  

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

e x p l a n a t i o n  f o r  t h e  lower v a l u e s  o b t a i n e d  by EPA Method 5E is t h a t  t h e  

absence of i n o r g a n i c  carbon is v e r i f i e d  and i f  p r e s e n t  t h e  r e s u l t s  a r e  

c o r r e c t e d  a c c o r d i n g l y .  With t h e  a c i d i f i c a t i o n  and pu rge  method, t h i a  s t e p  

is n o t  performed and i f  t h e r e  is incomplete  i n o r g a n i c  carbon removal ,  a h i g h  

b i a s  vould o c c u r .  
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5.2 ANALYTICAL MEZBODOLOCY 

The p r e v i o u s  s e c t i o n  desc r ibed  sampling procedures .  Thia s e c t i o n  

d e s c r i b e s  t h e  a n a l y t i c a l  p rocedures  and p o h t a  o u t  vhe re  samples  f o r  

a n a l y s i s  v e r e  r e t r i e v e d  from t h e  v a r i o u s  sample s t r e m a .  

The m a j o r i t y  of a n a l y s e s  f o r  t h i s  p r o j e c t  v e r e  performed a t  Rad ian ' s  

A u s t i n  l a b o r a t o r i e s .  Samples f o r  a n a l y s i s  r e s u l t e d  from t h e  f o l l o w i n g :  

p a r t i c u l a t e ,  TOCfextract  a b l e  o r g a n i c  a lcondens  i b l e  hydrocar-  

bons sampling t r a i n  for c o n t r o l l e d  and u n c o n t r o l l e d  a i r  

em is s ions ; 

p a r t i c u l a t e ,  

carbons .  and 

uncont ro  1 led 

TOCfext rac tab le  o r g a n i c a / c o n d e n a i b l e  bydro- 

t r a c e  me ta l s  sampling t r a i n  f o r  c o n t r o l l e d  end 

a i r  emis s ions ;  

p o l y n u c l e a r  a r o m a t i c  hydrocarbons  sampling t r a i n  f o r  c o n t r o l l e d  

and u n c o n t r o l l e d  s i r  em is 8 ion 8 ; 

sc rubbe r  v a t e r  t o  and from t h e  v e n t u r i ;  and 

v i r g i n  a g g r e g a t e  and r ecyc led  a s p h a l t  pavement. 

F igu res  5-7 th rough 5-10 p r e s e n t  a n a l y t i c a l  s c h m e s  f o r  t h e  t h r e e  

sampling t r a i n s ,  s c r u b b e r  = c e r a ,  and p r o c e s s  samples .  These f i g u r e s  i n d i -  

c a t e  v h e r e  samples  were r e t r i e v e d  from t h e  v a r i o u s  systema and t h e  a n a l y s e s  

performed. The fo l lowing  a n a l y s e s  v e r e  performed:  

g r a v i m e t r i c  a n a l y s i s  of s o l v e n t  r i n s e s ,  

e g r a v i m e t r i c  a n a l y s i s  of e t h e r  ch loroform e x t r a c t  of imp inge r s ,  

e t o t a l  o r g a n i c  ca rbon ,  
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major o r g a n i c s  and benzo(a )pyrene ,  

trace m e t a l s .  

t o t a l  s o l i d s ,  

pH and  t e m p e r a t u r e ,  and 

0 m o i s t u r e .  

A n a l y s i s  of  E x t r a c t a b l e  Oreanics--The e x t r a c t a b l e  o r g a n i c s  sample con- 

s i s t e d  of  t h e  m a t e r i a l  o b t a i n e d  by e x t r a c t i n g  t h e  0.1N NaOB impinger  s o l u -  

t i o n s  w i t h  a mixture of  ch lo ro fo rm and d i e t h y l  e t h e r .  The e x t r a c t a b l e  

o r g a n i c s  c o n t e n t  of t h e  NaOB impinger  samples  was determined u s i n g  t h e  

f o l l o w i n g  p rocedure .  F i r s t ,  a 400 m l  sample a l i q u o t  was a d j u s t e d  t o  pH 7 
u s i n g  H C 1  t o  improve e x t r a c t i o n  e f f i c i e n c y .  The sample was t hen  e x t r a c t e d  

w i t h  t h r e e  p o r t i o n s  of  a 3:l m i x t u r e  of  c h l o r o f o r m  and d i e t h y l  e t h e r  f o r .  a 

t o t a l  of  200 m l s .  The s o l v e n t  was t h e n  f i l t e r e d .  The f i l t r a t e  was evapo- 

r a t e d  t o  d r y n e s s  a t  room t e m p e r a m r e  (70-75') and weighed t o  a c o n s t a n t  

weight  f o l l o w i n g  d e s i c c a t i o n .  

A n a l y s i s  of  Condens ib l e  Hvdrocarbona--The c o n d e n s i b l e  hydrocarbon sam- 

p l e  c o n s i s t e d  of  t h e  m a t e r i a l  t h a t  condensed on t h e  w a l l s  of  t h e  c h i l l e d  

g l a s s w a r e .  

f o l l o w i n g  g r a v i m e t r i c  p rocedure .  

were r i n s e d  w i t h  t r i c h l o r o e t h a n e  (TCE). The  volume of each r i n s e  was d e t e r -  

mined g r a v i m e t r i c a l l y .  t h e  e n t i r e  sample was t r a n s f e r r e d  t o  a t a r e d  b e a k e r ,  

and e v a p o r a t e d  a t  room t e m p e r a t u r e .  

2 4  hours  and weighed t o  a c o n s t a n t  weight  t o  determine the mass of condensed 

hydrocarbon. 

by the s o l v e n t .  

The condensed hydrocarbon c o n t e n t  was determined u s i n g  t h e  

The impinge r s  and a s s o c i a t e d  g l a s s w a r e  

When d r y ,  t h e  beake r s  were d e s i c c a t e d  

Each sample we igh t  was c o r r e c t e d  for t h e  r e s i d u e  c o n t r i b u t e d  

T o t a l  Organ ic  Carbon (TOC) Analvsis--The TOC c o n t e n t  of t h e  EPA Method 

5E sodium hydrox ide  impinger  s o l u t i o n s  and s c r u b b e r  wa te r  f i l t r a t e  samples 
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v a s  de t e rmined  i n s t r u m e n t a l l y  u s i n g  t h e  p rocedure  s p e c i f i e d  i n  EPA Method 

5E. A Beckman Model 915B T o t a l  Carbon Ana lyze r  v a s  used t o  de t e rmine  t h e  

t o t a l  c a r b o n  c o n t e n t  and t o t a l  i n o r g a n i c  c a r b o n  c o n t e n t  of t h e  sample.  The 

c o n c e n t r a t i o n  of  ca rbon  p r e s e n t  i n  t h e  sample v a s  de t e rmined  by comparing 

t h e  sample r e s u l t s  v i t h  t h e  r e s u l t s  of s t a n d a r d s  prepared u s i n g  po ta s s ium 

hydrogen p h t h a l a t e .  

s u b t r a c t i n g  t h e  t o t a l  i n o r g a n i c  c a r b o n  c o n t e n t  from the t o t a l  c a r b o n  c o n t e n t .  

The t o t a l  o r g a n i c  c a r b o n  c o n t e n t  was de t e rmined  by 

G r a v i m e t r i c  A n a l y s i s  of S o l v e n t  Rinses--The sampling t r a i n  f o r  p a r t i c u -  

l a t e  and TOClex t r ac t ab le  o r g a n i c s  and t h e  t r a i n  which combined t r a c e  m e t a l s  

v i t h  p a r t i c u l a t e  and TOC/ex t r ac t ab le  o r g a n i c s  produced s e v e r a l  S o l v e n t  

r i n s e s  r e q u i r i n g  g r a v i m e t r i c  a n a l y s i s .  The s o l v e n t  rinses i n c l u d e d :  

e a c e t o n e  p robe  rinse, and 

t r i c h l o r o e t h a n e  probe rinse. 

The r i n s e  samples were p laced  i n  g l a s s  b o t t l e s  and t r a n s p o r t e d  t o  

R a d i a n ' s  A u s t i n  l a b o r a t o r i e s  f o r  a n a l y s i s .  The volume of s o l v e n t  i n  e a c h  

sample v a s  determined g r a v i m e t r i c a l l y  and t h e n  t h e  e n t i r e  sample was evapo- 

r a t e d  a t  room t e m p e r a t u r e .  The sample cou ld  n o t  be d r i e d  a t  e l e v a t e d  tem- 

p e r a t u r e s  because of  t h e  p o t e n t i a l  l o s s  of  hydroca rbons .  When d r y ,  t h e  

beake r s  vere d e s i c c a t e d  f o r  24 h o u r s  and then  weighed t o  a c o n s t a n t  we igh t .  

A c o n s t a n t  we igh t  i s  d e f i n e d  as t v o  v e i g h i n g s  t h a t  a g r e e  w i t h i n  0.5 mg O K  I 

p e r c e n t  of t h e  r e s i d u e  mass. 

The r e s i d u e  i n  t h e  s o l v e n t  p robe  r i n s e s  c o l l e c t e d  d u r i n g  t h e  t race 
metals runs v a s  d i s s o l v e d  in B C 1 ,  H N O j .  and H202 and was ana lyzed  by Induc- 

t i v e l y  Coupled Argon Plasma Emissions Spec t roscopy  (ICAPES). 

Smoke P o i n t  De te rmina t ion  of  Recycled A 8 D h a l t  Pavement--The smoke p o i n t  

of t h e  RAP samples v a s  determined u s i n g  a test  p rocedure  developed by t h e  

Oklahoma T e s t i n g  Labora to ry .  Based on t h i s  method, a sample of  RAP i s  f i r s t  

d r i e d  t o  a c o n s t a n t  we igh t  i n  a n  oven s e t  a t  140V. 500 grams of t h e  d r i e d  
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sample is t h e n  p l a c e d  i n  a s t a i n l e s s  s t e e l  bowl and h e a t e d  a t  a r a t e  of 2 5  

t o  30°F per minu te  w h i l e  s t i r r ing t h e  RAP v i t h  a s t a i n l e s s  s tee l  s p a t u l a .  

When t h e  sample t e m p e r a t u r e  i e  a p p r o x i m a t e l y  250°F, t h e  h e a t i n g  r a t e  i s  

d e c r e a s e d  eo t h a t  t h e  sample t e m p e r a t u r e  r ise i s  5 "  t o  10°F p e r  minu te  u n t i l  

t h e  emoke p o i n t  i s  r e a c h e d .  The smoke p o i n t  i s  r eco rded  as t h e  t e m p e r a t u r e  

a t  which t h e  RAP s t a r t s  t o  smoke. 

Smoke P o i n t  and F l a s h  P o i n t  D e t e r m i n a t i o n  of A s p h a l t  Cement--The smoke 

p o i n t  and f l a s h  p o i n t  of t h e  a s p h a l t  cement u s e d  d u r i n g  t e s t i n g  was d e t e r -  

mined by t h e  ASTM D92-Cleveland Open Cup p rocedure . '  

t h e  tes t  cup  i s  f i l l e d  t o  a s p e c i f i e d  l e v e l  w i t h  t h e  a s p h a l t  sample.  The 

t e m p e r a t u r e  of t h e  sample i s  i n c r e a s e d  r a p i d l y  a t  f i r s t  and t h e n  a t  a slow 

c o n s t a n t  r a t e  a s  t h e  smoke p o i n t  is approached.  As soon  a s  t h e  smoke is 
d e t e c t e d ,  t h e  t e m p e r a t u r e  of  t h e  sample i s  n o t e d .  To d e t e r m i n e  t h e  f l a s h  

p o i n t ,  t h e  t e m p e r a t u r e  i s  i n c r e a s e d  and a t  s p e c i f i e d  i n t e r v a l s ,  a s m a l l  t e s t  

f lame is passed a c r o s s  t h e  cup. The l o v e s t  t e m p e r a t u r e  a t  which a p p l i c a t i o n  

of t h e  t es t  f l ame  c a u s e s  t h e  v a p o r s  above t h e  s u r f a c e  of t h e  l i q u i d  t o  

i g n i t e  i s  t a k e n  a s  t h e  f l a s h  p o i n t .  

Based on t h i s  method, 

- 
'Annual Book of ASTN S t a n d a r d s ,  "Standard Tes t  Method for F l a s h  and F i r e  

P o i n t s  by C leve land  Open Cup," P a r t  23. P e t r o l e u m  P r o d u c t s  and L u b r i c a n t s  

(I), D92-72, pagee 27-32. 
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TABLE 6-2. SUMMARY OF TOTAL ORGANIC CARBON AUDIT SAMPLE MEASUREMENTS 

(A) ( R )  
A c t u a l  Radian A n a l y s i s  P e r c e n t  E r r o r  

Sample No. Date of Ana lys i s  Values  Values  (mg/L) R-A/A x 100 

EPA P repa red  Sample Results (9 /9 /83 )  
EPA 1 10-28-83 4.1 
EPA 2 t b r u  61.2 
EPA 3 11-02-63 61.2 
EPA 5 4. I 

Radian P repa red  Sample R e s u l t s  
S e t -  1 - Submitted 11-30-83 
Radian #1 80 
Radian #2 40 
Radian #3 80 
Radian 84 4 
Radian #5 4 
Radian 86 40 

S e t  2 - Submitted 12-12-83 
Radian #la 808 
Radian #2 20b 
Radian #3 2 0s 
Radian #4 80b 
Radian #5 808 
Radian #6 208 

4.5 
70 
69 
3 

8 5  
45 
81 
4 
3 

41 

8 5  
21  
19 
84 
77 
21  

9.76 
14.4 
12.7 

-26.8 

6.25 
12.5 

1.2 
0 

-25.0 
2.5 

6.25 
5 .O 

-5.0 
5.0 

-3.75 
5 .o 

asample i n  0.1 in. N ~ O H  metrix 
bSample i n  d i s t i l l e d  w a t e r  

( A )  (R)  ( R )  
Radian P e r c e n t  Rad i a n  P e r c e n t  

Sample Date of A c t u a l  h a l y s i s  E r r o r  Analysis E r r o r  
Number Ana lys i e  Value Method la R-A/AxlOO Method Z b  R-A/AKlOO 

Radian 1 Submitted 593 562 -5.2 604 1.8 
8-09-84 

Radian 2 119 108 -9.2 167 40.3 

Radian 3 59.3 40.9 -31.0 1 2 8  116 

'EF'A Method 5E P r o t o c o l  
b A c i d i f i c a t i o n  

29 
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APPENDIX A.l 

CONVENTIONAL OPERATION DATA 

INCLUDES 

A.1.2 Particle Size Distribution 
A.1.2.1 Uncontrolled Particle Size Distribution Emission 

Data 
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SLTMMARY OF UNCONTROLLED PARTICLE SIZE 
DISTRIBUTION SAMPLING DATA COLLECTED AT THE 

T .  J . CAMPBELL ASPHALT PLANT DURING 
CONVENTIONAL OPERATION 

Run Number 

Date 

T o t a l  mass c o l l e c t e d  (grams) 

T o t a l  meter volume 

Baromet r i c  p r e s s u r e  ( i n c h e s  Hg) 

O r i f i c e  p r e s s u r e  drop ( A H )  i n c h e s  H 2 0  

Meter t empera tu re  ( O F )  

Dry gas  f r a c t i o n  

S t a c k  t empera tu re  (OF) 

S t a t i c  p r e s s u r e  ( i n c h e s  Hg) 
Sample t i m e  (minutes)  

Molecular  we igh t  w e t  (grams/gram-mole) 

P e r c e n t  i s o k i n e t i  c 

P a r t i c l e  d e n s i t y  (grams/cc)  

S t a g e  1 (grams c o l l e c t e d )  

S t a g e  2 (grams c o l l e c t e d )  

Cyclone (grams c o l l e c t e d )  

F i l t e r  (grams c o l l e c t e d )  

Volume of gas  sampled (DSCF) 

P a r t i c u l a t e  c o n c e n t r a t i o n  (gr/DSCF) 

Vo lumet r i c  f low rate  (ACFM) 
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c-1 

11-12-83 

7.2943 

11.549 

28.495 

0.11 

83 

.622 

318 

-1.20 

62  

24.970 

103 

1.0 

2.9926 

1.2359 

1.0506 

2.0152 

10 .704 

1 0 . 5  

29,900 

c-2 

11-14-83 

5.7616 

13.798 

28.32 

0.10 

72 

.584 

303 

-1.20 

77 

24.526 

103 

1.0 

1.5725 

1 .0991  

0.8769 

2.2131 

12.964 

6.9 

30,600 

.3 

11-15-83 

9.9928 

15.006 

28.825 

0.10 

77 

.575 

298 

-1 .20  

8 1  

28.40 

112 

1.0 

3.2178 

2.3035 

1.3990 

3.0625 

14.218 

10 .8  

29,100 



APPENDIX A.l 

CONVENTIONAL OPERATION DATA 

INCLUDES 

A.1.3 Polynuclear Aromatic Hydrocarbons 
A.1.3.1 Uncontrolled Polynuclear 

Emission Data 
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APPENDIX A.l 

CONVENTIONAL OPERATION DATA 

INCLUDES 

A.1.3 Polynuclear Aromatic Hydrocarbons 
A.1.3.2 Controlled Polynuclear Aromatic Hydrocarbon 

Emission Data 
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APPENDIX A . 2  

RECYCLE OPERATION DATA 

INCLUDES 

A . 2 . 1  P a r t i c u l a t e  Mass ( M o d i f i e d  EPA Method 5E) 
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SUMMARY OF UNCONTROLLED PARTICLE S I Z E  
DISTRIBUTION SAMPLING DATA COLLECTED AT THE 

T . J .  CAMPBELL ASPHALT PLANT DURING 
RECYCLE OPERATION 

Run Number 

Date 

T o t a l  m a s s  c o l l e c t e d  (grams) 

T o t a l  meter volume 

Barometr ic  p r e s s u r e  ( i n c h e s  Hg) 

O r i f i c e  p r e s s u r e  drop (AH) i n c h e s  H 2 0  

Meter t empera tu re  ('F) 

D r y  gas  f r a c t i o n  

Stack t empera tu re  (OF) 

S t a t i c  p r e s s u r e  ( i n c h e s  Hg) 

Sample t i m e  (minutes)  

Molecular  weight  w e t  (grarnslgram-mole) 

P e r c e n t  i s o k i n e t i c  

P a r t i c l e  d e n s i t y  (grams/cc) 

S t a g e  1 (grams c o l l e c t e d )  

S t a g e  2 (grams c o l l e c t e d )  

Cyclone (grams c o l l e c t e d )  

F i l t e r  (grams c o l l e c t e d )  

Volume of gas  sampled (DSCF) 

P a r t i c u l a t e  c o n c e n t r a t i o n  (gr/DSCF) 

Volumetr ic  f l o w  ra te  (ACFM) 

A-104 

R- 1 

11-11-83 

2.0590 

8.413 

28.79 

0.14 

76 

.748 

312 

-1.20 

37 

108 

1.0 

1.1838 

0.2831 

0.4340 

0.1581 

7.983 

3.98 

29,000 
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A.2.3.1 Uncontrolled Polynuclear Aromatic Hydrocarbon 

Emission Data 
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RECYCLE OPERATION DATA 

INCLUDES 

A.2.3 Polynuclear Aromatic Hydrocarbons 
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APPENDIX B 

DATA REDUCTION EQUATIONS AND NOMENCLATURE 

INCLUDES 

B.l EPA Reference Methods 2 ,  3 .  4, and 5E 
B.l.l EPA Reference Method 2 - Determination of Stack 

B.1.2 FPA Reference Method 3 - Determination of Flue 

B.1.3 EPA Reference Method 4 - Determination of 

8.1.4 Volumetric Flow Rate Dry Standard Conditions 
B.1.5 Modified EPA Reference Method 5E 

Gas Velocity and Volumetric Flow Rate 

Gas Molecular Weight - Wet Basis 

Moisture Content in Stack Gases 

B.1.5.1 Determination of Particulate Emission 
Concentrations 

B.1.5.2 Determination of Percent Isokinetic 
During Sampling 

B.1.5.3 Determination of Mass Emission Rate 
Using the Area Ratio Method 

B.2 Determination of Total Organic Carbon (TOC) Emissions 
B.3 Determination of Trace Metals Emissions 
B.4 Particle Size Distribution - Andersen High Capacity 

8.5 Determination of Polynuclear Aromatic Hydrocarbon (PAH) Emissions 
Stack Sampler 

B.5.1 Concentration of PAH in Flue Gas 
B.5.2 Concentration of PAH in Scrubber Water 
B.5.3 Concentration of PAH in Scrubber Solids 

B.6.1 Determination of Weight Percent Solids 
B.6.2 Determination of Total Diss.olved Solids 

B.6 Total Solids Determination 

B-1 



APPENDIX B.l 

EPA REFERENCE METHODS 2, 3, 4, AND 5E 

INCLUDES 

B.l.l EPA Reference Method 2 - Determination of Stack 
6.1.2 EPA Reference Method 3 - Determination of Flue 

B.1.3 EPA Reference Method 4 - Determination of 
B.1.4 
8.1.5 Modified EPA Reference Method 5E 

Gas Velocity and Volumetric Flow Rate 

Gas Molecular Weight - Wet Basis 
Moisture Content in Stack Gases 
Volumetric Flow Rate Dry Standard Conditions 

B-3 



B.l.l EPA Reference Method 2 - Determination of Stack Gas Velocity 

Nomenclature: 
lb/Lbmole) (in Hg) 85.48 = Pitot tube constant - " sec [ ( (")(in H20) 

V = Velocity of the stack flue gas, actual feet per 

AP = Differential pressure measured by type S pitot, 
S second 

inches of water 
= Average stack temperature, O R  

TS 
Ps = Absolute stack pressure, inches of mercury 

M = Gas molecular weight (lbllb-mole) 

C = Type S pitot correction factor 
W 

P 

B.1.2 EPA Reference Method 3 - Determination of Flue Gas Molecular 
Weight - Wet Basis 

Equation : 

M = [(.44)(%C02 dry) + ( . 3 2 ) ( %  02 dry) + ( . 2 8 ) ( %  N2 dry)] x (l-Bw) + (18)(Bw) w 

Nomenclature: 

M = Molecular weight of gas on wet basis, lb/lb-mole 

B = Moisture fraction from EPA reference method 4 

44 = Molecular weight of CO2 

32 = Molecular weight of O2 

28 = Molecular weight of N2 

W 

w 

B-4 



B.1.3 EPA Reference Method 4 - Determination of Moisture Content in 
Stack Gases 

Equation: 

(EIWC) (1.339) 
(DGV) (Pm) (499.9)] B =  

Nomenclature: 

B = Moisture fraction 

MWC = Impinger wt gain, gms 

DGV = Dry gas volume, f t3 

P = Pressure at meter, in. Hg 

T = Temperature at meter, O R  

1.339 = Constant for converting grams of H20 to liters of 

W 

m 

m 

H20 vapor at standard conditions. liters or 

gram H j G  

499.9 ='Conversion of liters to cubic feet at standard 

liters 'R 
ft3 in Hg 

conditions, 

B.1.4 Volumetric Flow Rate Dry Standard Conditions 

Equation : 

Nomenclature: 

= DSCFM. dry standard cubic feet per minute Qsd 
B = Moisture fraction 

V = Velocity of the flue gas, feet per second 

A = Cross-sectional area of the duct, ft2 

Tstd = Standard temperature, 528% 

T = Stack temperature average, O R  

'std 
P = Absolute stack pressure, inches Hg 

W 

S 

S 

= Standard pressure, 29.92 inches Hg 

S 
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8 . 1 . 5  Modified EPA Reference Method 5A 

B . 1 . 5 . 1  - Determination of Particulate Emission Concentrations 
Equation : 

Nomenclature: 

CSE = Concentration of particulate matter in flue 
gas, corrected to dry standard conditions and 
reported in English units, grains/DSCF 

= Concentration of particulate matter in flue 
gas, corrected to dry standard conditions and 
reported in metric units, grams/DSCM 

'SM 

. $ = Mass of particulate matter collected, milligrams 

V = Dry gas volume corrected to standard 
M(STD) conditions, DSCF 

15.43  = Conversion of grams to grains 

0.0283 =Conversion of DSCF to DSCM 

B . 1 . 5 . 2  - Determination of Percent Isokinetic During Sampling 

Equation: 

vN % I = - x  100 
V- > 

1 TS 'M 1 
60 

- x  - x  - x  - 'M 1 where: V = - 
N T ' G X l - B  W TM 'S 

Nomenclature: 

% I = Percent isokinetic 

Vs = Average flue gas velocity (feet per second) 

VN = Average sample gas velocity (feet per second) 
at the nozzle during sampling 

VM = Sample dry gas volume at meter, Et3 

in duct during sampling - See Equation B . l . l  

B-6 



8.1.5.2 cont'd 

T = Elapsed sampling time, min. 

% = Cross-sectional area of nozzle, ft2 

B = Moisture fraction 

T = Flue gas temperature at stack, O R  

TM = Average gas temperature at meter, O R  

P = Absolute pressure at the meter, inches Hg 
Ps = Absolute pressure at the stack, inches Hg 

W 
S 

M 

B.1.5.3 - Determination of Mass Emission Rate Using the Area 
Ratio Method 

Equation: 

(m/t) x (As/An) = MFR (pounds per hour) 

Nomenclature: 

m = Amount of particulate sampled (pounds) 

t = Time sampled (hours) 

A s  = Area of stack (square feet) 

An = area of nozzle (square feet) 

B-7 



APPENDIX 8 . 2  

DETERMINATION OF TOTAL ORGANIC CARBON (TOC) EMISSIONS 
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B.2 Determination of Total Organic Carbon (TOC) Emissions 

Equation: 
- (TOC(L x VI) - (TOC x VI) 
- 

(9) DGV TOC 

Nomenclature: 

= Total organic carbon in gas phase, mgldscm 

= Total organic carbon in impinger catch, mg/l 
( 9 )  

(L) 

TOC 

TOC 

TOC = Tocal organic carbon in the impinger blank, 
(B) mg/l 

v = Total volume of impinger catch, 1 

DGV = Amount of gas sampled, standard conditions 

I 

dry standard cubic meters, dscm 
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APPENDIX B . 3  

DETERMINATION OF TRACE METALS EMISSIONS 
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B.3 Determination of Trace Metals Emissions 

Equation: 

A + T + (CxCT) + F + ( S  x ST) + N x NT) 

DGV 
TM = (E) 

Nomenclature: 

TM = Total trace metal specie mass concentration, ug/dscm 

A = Total concentration of trace metal specie in acetone 
(E) 

probe wash, pg 

T = Total concentration of trace metal specie in trichloro- 
ethane probe wash, ug 

C = Concentration of trace metal in the cyclone catch, pg/g  

CT = Total weight of cyclone solids, g 

F = Total concentration of trace metal specie in the filter, 
ug 

S = Concentration of trace metal in the NaOH impinger, pg/ml 

ST = Total volume of NaOH impinger catch, ml 

N = Concentration of trace metal in the nitric acid impinger, 
pg/ml 

NT = Total volume of the nitric acid impinger, ml 

DGV = Dry gas volume, standard conditions, dry standard 
cubic meters (dscm) 

B-12 



APPENDIX B . 4  

PARTICLE S I Z E  DISTRIBUTION - ANDERSEN HIGH 

CAPACITY STACK SAMPLER 

B-13 



~ . 4  

The p rocedure  f o r  c a l c u l a t i n g  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  

P a r t i c l e  S i z e  D i s t r i b u t i o n  - Andersen High Capac i ty  S t a c k  Sampler (AHCSS) 

p a r t i c u l a t e  caugh t  by t h e  AHCSS was t aken  d i r e c t l y  from t h e  o p e r a t i n g  manual 

f o r  t h e  AHCSS. 

Add up t h e  we igh t  g a i n s  f o r  t h e  f o u r  s tages  t o  o b t a i n  t h e  t o t a l  p a r t i c u l a t e  

c o l l e c t e d .  

D iv ide  t h e  amount c o l l e c t e d  i n  an i n d i v i d u a l  s t a g e  by t h e  t o t a l  amount 

c o l l e c t e d  t o  de t e rmine  t h e  pe rcen tage  of t h e  t o t a l  c o l l e c t e d  i n  each s tage.  

S t a r t i n g  w i t h  s t a g e  4 (backup f i l t e r )  compute t h e  cumula t ive  pe rcen t  less 

than  t h e  s t a g e d  s i z e  range.  The cumula t ive  p e r c e n t  less than  s t a g e  3 ( t h e  

cyclone)  i s  e q u a l  t o  the p e r c e n t  caught  i n  s t a g e  4 .  T h e  cumula t ive  p e r c e n t  

less t h a n  s t a g e  2 i s  t h e  sum of t h e  p e r c e n t  caught  on s t a g e  3 and t h e  p e r c e n t  

caught  on s t a g e  4 .  The cumulat ive p e r c e n t  less t han  s t a g e  1 i s  t h e  sum of 

t h e  p e r c e n t s  caught  on s t a g e s  4 ,  3 ,  and 2 .  

P a r t i c l e  d e n s i t i e s  shou ld  be c o n s i d e r e d  as 1 .0  gm/cm3 and the p a r t i c l e s  

should be  cons ide red  as s p h e r i c a l  s o  t h a t  the p a r t i c l e  s i z e d  can be  r e p o r t e d  

a s  e q u i v a l e n t  aerodynamic diameters.  

Using F i g u r e  B-1 w i t h  gas  f low ra te  a t  s t a c k  c o n d i t i o n s  and s t a c k  

t empera tu re ,  de t e rmine  t h e  d50 (50% E f f e c t i v e  Cut O f f  Diameter) f o r  each s t a g e .  

P l o t  t h e  r e s u l t s  on log p r o b a b i l i t y  graph p a p e r  w i t h  the p a r t i c l e  d i ame te r  

(dS0)  as t h e  o r d i n a t e  and t h e  cumula t ive  p e r c e n t  less than t h e  s t a t e d  s i z e  

r ange  by weight  as t h e  a b s c i s s a .  

B-14 
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APPENDIX B . 5  

DETERMINATION OF POLYNUCLEAR AROMATIC HYDROCARBON (PAH) EMISSIONS 

INCLUDES 

B . 5 . 1  Concentration of PAH in Flue Gas 
B . 5 . 2  Concentration of PAH in Scrubber Water 
B . 5 . 3  Concentration of PAH in Scrubber Solids 

B-17 



B.5 Determination of Polynuclear Aromatic Hydrocarbon (PAH) Emissions 

B.5.1 Concentration of PAH in Flue Gas 

Equation: 

'T - B PAH = 
( G )  DGV 

Nomenclature: 

PAH = Concentration of PAH specie in flue gas, pgldscm 

P = Total concentration of PAH specie, pg 

B = Specie blank, p g  

DGV = dry gas volume, standard conditions, dscm 

( C )  

T 

8.5.2 Concentration of PAH in Scrubber Water 

Equation : 

Nomenclature: 

PAH = Concentration of PAH in the scrubber water, pg/liter 

P = Total concentration of PAH specie, pg 

0 . 4  = Volume of scrubber water extracted, liter 

(W 

(T) 

B.5.3 Concentration of PAH in Scrubber Solids 

Eaua tion: 

Nomenclature: 

PAH = Concentration of PAH specie in scrubber solids, pg/grarn 

P 

S = Weight of scrubber solids extracted, g 

(S )  

= Total concentration of PAH specie, p g  0) 

B-18 



APPENDIX B . 6  

TOTAL SOLIDS DETERMINATION 

INCLUDES 

B . 6 . 1  
8 . 6 . 2  Determinat ion of T o t a l  Dissolved Solids 

Determinat ion of Weight Percent S o l i d s  

B-19 



B . 6  Total Solids Determination 

B . 6 . 1  Determination of Weight Percent Solids 

Equation: 

Nomenclature: 

= Weight % solids 
(WT) 

(F) 

(TI 

(0 

F = Final filter weight, 6 

F = Filter tare weight, g 

W = Weight of scrubber water filtered, g 

100 = conversion from fraction to percent 

B . 6 . 2  Determination of Total Dissolved Solids 

Equation: 

(T) W F  - w  
0.05 TDS = ( ) 

Nomenclature: 

TDS = Total dissolved solids, m g / l  

W = Weight of beaker and residue after evaporation, mg 

W = Beaker tare weight, mg 

0.05 = Volume of solution evaporated, liter 

(F) 

(TI 
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APPENDIX C 

FIELD SAMPLING DATA SHEETS 

INCLUDES 

C . l  Convent ional  Operat ion T e s t i n g  
C . l . l  EPA Refe rence  Methods 2 .  3,  4 ,  and 5E 

C . l . l . l  Uncon t ro l l ed  Emissions - EPA Reference Method 

C . 1 . 1 . 2  C o n t r o l l e d  Emissions - EPA Refe rence  Method 
2 ,  3, 4 ,  and 5E Data S h e e t s  

2 ,  3 ,  4 ,  and 5E Data S h e e t s  
C.1.2 P a r t i c l e  S i z e  D i s t r i b u t i o n  Data Shee t s  

C . 1 . 2 . 1  Uncon t ro l l ed  Emissions - P a r t i c l e  S i z e  

C.1.2.2 
Data S h e e t s  
C o n t r o l l e d  Emissions - P a r t i c l e  S i z e  
Data S h e e t s  

C.1.3 Po lynuc lea r  Aromatic Hydrocarbon (Pa) Data S h e e t s  
C . 1 . 3 . 1  Uncon t ro l l ed  Emissions - PAH Data Shee t s  
C.1.3.2 C o n t r o l l e d  Emissions - PAH Data S h e e t s  

C.2 Recycle Opera t ion  T e s t i n g  
C . 2 . 1  EPA Reference Methods 2 ,  3,  4 ,  and 5E 

C.2.1.1 Uncon t ro l l ed  Emissions - EPA Refe rence  

C.2.1.2 Con t ro l l ed  Emissions - EPA Refe rence  
Method 2 ,  3, 4 ,  and 5E Data S h e e t s  

Method 2 ,  3,  4 ,  and 5E Data S h e e t s  
C.2.2 P a r t i c l e  S i z e  D i s t r i b u t i o n  Data S h e e t s  

C . 2 . 2 . 1  Uncon t ro l l ed  Emissions - P a r t i c l e  S i z e  

C.2.2.2 Con t ro l l ed  Emissions Pa r t i c l e  S i z e  

C . 2 . 3  Po lynuc lea r  Aromatic Hydrocarbon (PAH) Data S h e e t s  

Data S h e e t s  

Data S h e e t s  

C . 2 . 3 . 1  Uncon t ro l l ed  Emissions - PAH Data Shee t s  
C.2.3..2 C o n t r o l l e d  Emissions - PAH Data S h e e t s  

C-1 
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APPENDIX C.l 

CONVENTIONAL OPERATION TESTING 

INCLUDES 

C.l.l EPA Reference Methods 2, 3, 4 ,  and 5E 
C.l.l.l Uncontrolled Emissions - EPA Reference 

Methods 2, 3, 4 ,  and 5E Data Sheets 
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VELOCITY PROFILE FIELD DATA 
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007 

DO8 

w9 

01 0 
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Dl4 
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020 

021 

\ 
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SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 - 

(,- ",-I1 Plant  Name> c 4184 ?bEL.\- A s.,\,z\t 
1 

Sampling Locat ion> 5 / 6 7  

Duct Dimensions L 

S amp 1 e I dent . > C ,+.I - uo@ - r( - rd- p 1 

~2 Date ll-o5'-g/ (MMODYY) Time S t a r t  /l::!lb (HHMI I )  Time Finish. / . s z \  (HHMM) 

f t .  

\ >  

(1-11 11:11 , ( 1 & 4 1  - x Z.;T;;' ft. o r  Diameter 
1w.11 PTCF ,Q' f  D%F \.?;A: Test Durat ion 4G- m i  n . 

S t a t i c  Press . ?'I L< "HzO % 02 

Ut 160:11 
A03 Nozzle bi:. . 7 3 2  inches % C O  -0- X Nz A+. \ 

( 1 - 3 )  ( 1 1 4  118111 - 0 - 
11¶:11 1y:11 l-. 'L 4, CHb -L'  - 

I(0:ll 1 4 1 3 1  

ear Press. zd%s "Hg % co t  . -  % Hz 

73- 
I n i t i a l  leak  ratp':LJ//a cfm Condensed Water If5-+-2 gms 

(6111 111;11 

( air1 , ( m i )  

II1:11 ( m i )  

(1-11 

Fina l  leak  r a t e  .om Cfm F i l t e r  w t .  gain 8. I .  S I ~ S  gms 
Operator i n i t i a 1 s f d / , u l  Probe wash w t .  gain 7 . L 6 1 g  gms 

M5 

/fla 

\ 
JB 

A09 

A1 0 

A1 1 

A1 2 

A13 

A I 4  

A15 

116 

A 1 7  

A1 8 

A19 

Azo 
U1 

U 2  

-rF- C3n:ole n - 5 -4g  Filter>>? I n i t i a l  W t .  b*2S-O-gc: 

Sample Analysis -- - 
Weather 
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SOURCE SAMPLING F I E L D  DATA 
EPA METHOD 5 

- Plant Name> . - 

Date - JMMDDYY) Time S t a r t  (HHMM) Time Finish ( H H M M )  
Ila:Il (1:0 

Duct Dimensions X f t .  or"b.:'ameter f t .  
IY;a1 in:rl 

PTCF X F  Test  Duration mi  n . 
Y, LS1;1I (6.XII 

N O Z Z T E -  inches % co P. N2 
( ( 8 1 1  ( l l r 1 )  1 1 * 0  

l19:11 la,*) (Y;Sl 

w:11 (ua)' -lm- 

Car Press .  "Hg % CO2 % H 2  

S t a t i c  Press .  " H z O  % 02 
I n i t i a l  leak r a t e  - cfm 
Final leak r a t e  C f m  F i l t e r  w t .  gain 
Operator i n i t i a l s  

% C H s  

C o n d z z % z T  gms Tm- (11:bJ 

gms 
Probe wash w t .  g a i n s m s  

(1l:rl lu:ll 

in:n IU:ll 
- -_ 

CJn:ole F i l  t e r  :ms 
Sample Analysis 
Weather 

1 Remarks 



MOISTURE AND IMPINGER CATCH DATA SHEET 

Impinger 
Number Solution Solut ion (mL) Configuration Weight (g) 

1 Q- r N M.=O (3- - 2 ro G-5 Final  
I n i t i a l  ~ S 7 . q  
Wt. Gain 

5 Final 
I n i t i a l  
W t .  G a i n  

6 Final  
I n i t i a l  
U t .  Gain 

7 F ina 1 

c-12 



A1 1 

II ::: 
A1 1 

111 

A I  6 

A17 1 A I S  

A19 

I: 
I, 

U2 

I 
SOURCE SAMPLING FIELD DATA '. / z  

EPA METHOD 5 . . . 

.. -. - - Plant  Name> bFAk &he\+ 
Sampling Locat ion> I h \ e e T  Sample Ident.> a fi<-/vA -Th-XtJ- 
Date ] , , / , ~ , / % 3  (MMDDYY) Time S t a r t  L \  

Duct D i m K i o n s  (A x ft. o r  Diameter 
PTCF .&L/ 

( H H M M )  Time F in i sh  IZc13 ( H H M M )  

ft . 
DGMCF 10 Test Durat ion ./ r (=dl min. 

IIdl (11111 

lano 

(II;O A 

.8 Nozzle Dla. . Z T ~  inches % C D  - a- x N:':sl Pa 
Ear Press. 28 .so w 
S t a t i c  Press. - 1 . z ~  " H z D  % 0 2  5 . 0  % CHs -73 - 
I n l t i a i  leak  r a t K ' D 1 6  cfm Condensed(%ter 2J6 .o gms 
Final  leak r a t e  .fi 1 b Cfm F i l t e r  w t .  ga in  q .'d S q c  gmS 

Operator i n i t i a l s  F,$&/~LL Probe wash w t .  ga in  y2056 gmS 

(II,Ll 

ins1 (D:ll 

(W:3l 

4 
% coz d. t X H 2  -a- 

liiT 
(6.11 (11:II 

( = : I 1  (D:11 



A03 
11-1) 

101 
( 1 - 3 1  

A05 

:a Ja 

109 

A1 0 

A l l  

A I  2 

A I  1 

&I 4 

AI5 

A I  6 

A17 

A111 

A19 

m 
A21 

u2 

SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 

P l a n t  Name> 

Sampl i ng Locat ion> Sample I d e n t . > c  am - I I t 2 -7 - rn  - T d  -+4 
Date (MMDDYY) TIme S t a r t  ( H H M H )  Time F in i sh  (HHMM) 

rlr:n (mu 
PTCF ZEF Test Durat ion min. 

Nozzle h a .  inches % co % N:s:’l 

Ear  Press. “Hg % coz % Hz 

I 1 I ; O  
Duct Dimensions X ft .-r ft. 

YII1 II 

(11:11 ( M I  I l l ,U  

(am (lkll (mi 

-nil- (6l:II 

Cfm F i l t e r  w t .  ga in  gms 

S t a t i c  Press. “HzO % 02 5; CHb 

I n i t i a l  leak  rath‘”’ C f m  Condensed lz te r  gms 
(In51 l1l:Sl 

11:s) (nil1 
F ina l  leak  r a t e  

Operator i n i t i a l s  ‘ Probe wash w t .  ga in  gms 
( X l l  (n:n 

CJn:ol e F i l t e r  I n i t l a l  W t .  
Sample Analys is  

I 
I 
1 
I 
1 
I 
I, 
I 
I 
I 
I 
I 
1 
I 
1 
1 

I 
a 



I 
1 
I 
I 
I 
I 
I 
I 

MOISTURE AND IMPINGER CATCH DATA SHEm 

Impinger 

Number Solu t ion Solution (d) Configuration Weight (g) 

1 

2 

3 

i 

5 

6 

Final 
I n i t i a l  
W t .  Gain J 94.4 

I n i t i a l  
Ut.  Gain $7-< 

F i n a l  
In i ta l  
!.%. Gain 2 3 

I n i t i a l  
W t .  Gaia I 

I n i t i a l  
W t .  Gain 6 . 4  

Final . ?o?o 
I n i t i a l  ("97. 5 
We. Gain 7.5 

Final 7 
~~ 

I n i t i a l  
WC. Gain 

Total Impingers Weight Gain (MWC) (grams) aL/l,.o Analyst 
c?-Tsceed s-lc Val. (=I 

C-15 



1 

k 6:' 102 

11-1) 

A03 
11-11 

104 
1 \ 4 1  

MI 

109 

A1 0 

A11 

A1 2 

A13 

I14 

A11 

A1 8 

L I T  

A l a  

A1 9 

KO 

*I1 

A22 

e 
UI 

! 
SOURCE SAMPLING FIELD DATA '. lL 

t4 Ti Sample Ident .> - 7- 

Plant ,  Name> c Q 

Date ll,)/3,/22 ( M M D D Y Y )  Time S t a r t  "$2~. (HHMM) TimeiFinfsT 1%' [ZM) 
f t .  

PTCF D'%F r . o r t ~  Test Duration qg m i n .  

Duct DimKions  

Nozzle Dla. .233 inches % C D  -0- % Nz 88.9 
8-1 111:1) (I1:Il 

ear Press. 28'. q l  w % coz L¶.a % H 2  (am 

(MI1 7m- (11:11 

- 
Sampling Location> LL? p 

(11;.1 
X 1 L ft. o r  Diameter - 

m:II .-Id- 
(u:al Y, 

-0 - 
(II:Sl 1Y:Il 

S t a t i c  Press. - I . I  0 "Hz0 % 0 2  s. \ % C H u  -o- 

I n i t i a l  leak r a t e  !alp (L11 cfm Condensed(%ter Z-+\ .8 F= 
Final leak r a t e  .06y C f m  F i l t e r  w t .  gain q.  3%5 gms 

(11;SI (a111 

1x11 111:11 
Operator i n i t i a l s  E P ~ / ~ L L  Probe wash w t .  g a i n  6 . 479.g gmS 

I 
1 
-i 

F i l t e r & O  7 0 I n i t i a l  Ut. .49P gm Cansole r > - ~ r l 5  

Sample Analysis 
Weather 

I 
B 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
m 
I 
I 

a 

- 



1 

I 
I 
1 
I 
I 
1 

A02 
11-1) 

1\01 
11-31 

1Dl 
(1.11 

MS 

AI7 

SOURCE SAMPLING FIELD DATA 21L- 
EPA METHOD 5 

Plant Name> 

Sampling Location> Sample Ident.>c. .  - l i \ 3 -  ? R A - T ~ ~ - @ I  

Date (MMDDYY) Time S t a r t  ( H H M M )  Time F i n i s h  (HHMM) 
Duct DimK.ions 

PTCF ut11 -ZFm;,l Test Duration min. 
Nozzle b i a .  inches % co 
Bar Press .  "Hg % c o 2  % H z  
S t a t i c  Press .  "Hz0 % 0 2  % CH, 

Final leak r a t e  

Operator i n i t i a l s  Probe wash w t .  ga in  gms 

(la:ll 
X f t  .or'";'ameter f t .  

(n:gl 

(U:II 

IIUII 

ID:¶) 

,% N? 
Il l ,¶l  (MI 

10,Sl (Q:¶1 

(um TsiT 1U:ll 
I n i t i a l  leak r a t e  (4111 C f m  C o n d Z  (11:lI gms 

C f m  F i l t e r  w t .  gain gms 
(11:11 ( a n  
(rill (am11 

I n i t i a l  Wt. g= Cansole F i l t e r  
Sample Analysis 

Weather - - 

-- - 

C-17 



MOISTURE AND IMPINGER CATCH DATA SHEET 

~ 
~ 

Impinger 
Number Solution Solution (I&) Configuration Weight (g) 

5 

Final g 5 4  0 
I n i t i a l  7n.7,a 
W c .  Gain , c a . r  

F i n a l  
I n i c i a l  
W t .  Gain ioq,&- 

F i n a l  
In i ta l  
!.'e. Gain 1.  4 

I n i t i a l  
U t .  Gain Io.\ 

F i n a l  
In1 t i a l  
WC. Gain 

Firral 
I n i t i a l  
W t .  Gain 

Final 
I n i t i a l  
U t .  Gain 

- I  
I 
I 
I 
I 
I 

C-18 



SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 

Plant Name> (' A+ m p  11 
Sampiin; L o c a t i o n > y &  Sample Ident .> cab,- 11/11 $4 N - T K I - 9  
Date tl-W-k> (MMDDYY) Tfme S t a r t  c Tl$3 (HHMI4) TIme F i n i s h H i 3 k  (HHMM) (1-11 

LII;.I - 



A02 
(1-11 

A01 
(1-11 

A M  
(1.31 

M5 

M9 

A10 

A l l  

A I  2 

A13 

a i 4  

A I S  

AI6  

A I 7  

A1 8 

A I  9 

uo 
U1 

u2 

u1 

SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 

P l a n t  Name> 
Sampling Location> Sample I d e n t . > L  . I , , q  - &?,QL\- IA.$( 

Date ( M M O D Y Y )  Time Star t  (HHM14) Time F i n i s h  ( H H M M )  
i1:a (l(;*I Ouct Dimensions 

PTCF z%!T Test Duration m i n .  
Nozzle b l a .  inches % CO % N::” 

Ear Press. “Hg % COZ % Hz 
Sta t ic  Press. “Hz0 % 0 2  

Final leak r a t e  Cfm 

X f t  .ormdi’ameter f t .  
(y:Il (mi 

Y,11 (11~51 

Ilk11 14-1 (1115) 

in:si 1a:si (mi 

1M:11 iusi 
% CHU 

75r 
Condensed Ua t e r  gms 
F i l t e r  w t .  g a i n  gms 

I n i t i a l  leak r a t r ’ ”  C f m  
14111 (11:11 

11:s) ia:u 

1x11 ( m i l  
Operator i n i t i a l s  ‘ Probe wash w t .  gain gmS 

Es, 

Cansole F i  1 t e r  In i t i a l  U t .  
Sample Analysis 
Weather 

-I - _- .. 

c-20 
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I 
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1 
I 
I 
I 
I 
I 
I 
I 
Y 
I 
I 
1 
I 
l 
!I 
I 
I 
I 
I 

MOISTURE AND IMPINGER CATCH DATA SHEET 

Imp i n  ger 
Configuration Weight (g) Number S o h  t ion Solution (mL) 

1 

3 L- 

5 

6 

7 

Final  
I n i t i a l  
U t .  Gain 70-5 

I n i t i a l  

I n i t a l  
Vt. Gain 1.5 

F i n a l  @& 
I n i t i a l  h7T.7 
U t .  Gain b.6- 

Final  
I n i t i a l  
W t .  Gain 

Final  
I n i t i a l  
We. Gain 

F i n a l  
I n i t i a l  
W t .  Gain 

Total Impingers Weight Gain (MWC)(grams) 7 x .  ( 

c-21 
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P 
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I 
I 
I 
I 
I 
1 
I 
I 

APPENDIX C . l  

CONVENTIONAL OPERATION TESTING 

INCLUDES 

C.l.l EPA R e f e r e n c e  Methods 2 ,  3 ,  4 ,  and 5 E  
C . 1 . 1 . 2  C o n t r o l l e d  Emissions - EPA R e f e r e n c e  

M e t h o d  2 ,  3 ,  4 ,  and 5 E  D a t a  S h e e t s  

C-23 



V E L O C I T Y  PROFILE F I E L D  DATA . - . ,  //I ' 



L / Z  
VELOCITY PROFILE FIELD OATA 

?:I P lant  Name> 

I 
I 
I 
I 
1 
I 
‘I 

I 
I 
.I 
,I 

I? ,‘ 
Sampling Location> Sample Ident .>  

(HHMM) Time F in ish  

(8111 mil (Odl 

LIUW 
11->1 Date (MMOOYY) Time S t a r t  

Duct D i k K i o n r  X ft. or“b;bmeter ft .  

PTCF % H 2 0  
IUIII 11x11 

% N 2  
II,:lI (1s:Yl 

( 0 1 1 1  Iu:sl 

“Hg % co Om 
11-ai Bar Press. 

1.m 
X C O z  % H2 S t a t i c  Press. “Hz0 - 

Operator I n i t i a l s  1LI.II IY I  
% CH, 

i11,11 % 0 2  1u111 I6l :JI  

- .I 
Y 

Dl4 

01 5 

01 6 

01 7 

010 

01 9 

Dto 

021 

Weather 



A03 
11-3) 

1 

101 
(1-3) 

ID5 

4 A10 

.~' All 

A1 2 

.A13 

A1 4 

A1 I 

A I  6 

A17 

AI 8 

A19 

M 

,- u1 

h a  

-1 .. 

Plant Name> Cm0Gu 
Sampling Location' 0- 1 Sample Ident .>  rnOKTuEF- -1 

Duct oik&sions ft. or Diameter ft . 
Date ///</83 ( M M D D Y Y )  Time S ta r t  (HHMM) Time F i n i s h 1 7 3 8  (HHMM) 

t3 in:s1 min. 

i M T  

110:a1 - % N z  
I l l , S )  ll*II 

in:si 
Ear Press. a'f'qs ' "Hg % cot % H z  

% ctic 
In i t i a l  leak rct.7 , 'O/O cfm Condensed(%ter 

. Fl l te r  w t .  gain Final leak r a t e  ".?b cfm 
Operator in . i t ia ls  m ' ? k / ~ ~  

inchei % CO 

1Y:SI 

I07 fl 5 9ms 
Sta t ic  Press .x% " H ~ O  % 0 2  

(Yd 7r?T 
(1l:Cl 

gms 
F S  

imn 

.i . in:v 
b o b e  wash. w t .  . .  gain 

I=.?) 

I 

I 
I 
I 
I 
1 
I 
I 
I 
I' 
I 

I 
I 
I 
I 
I' 
I 
I 
I 



I 
I 
I' 
I 
I 
I 
I 
(1) 
.I 
I 
I 
I 
I 
I 
Y 
I 
I 
I 

1 

2 

3 

4 

5 

.6 

7 

I .  

MOISTURE AND CATCH DATA SHEm 
I 

1 . .  Imp i n  g er 
Configuration Weight (E) Number Solution Solut ion (mt) 

MGn d5b r-4 ( I  . ' '  . F i n a l  a@. b 

. .... ,. . 
' F i n a l  7 s a $  '$io' 

' I n i t i a l  ~ J Y .  9 
[Ut. Gain 

,.: 

F i n a l  
I d t a l  
!.!e. Gain 0 . 2  

+- 
I F i n a l  

U t .  Gain 

F i n a l  
I n i t i a l  
U t .  Gain 

I' 
I LPitial 

t 
. I  



VELOCITY PROFILE FIELD DATA 

Weather 

. uu Remarks Y) 0 1  SU f 0. I .i bet 
I / 

f c-28 

I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 1  

I 
I 
I 
1 
I' 
I 
I 
'I 
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I 
I 
I 
I 
I 
I 
'I' 

I I 
I 
I 
I 
I 
'I 

i- 
I 

I I( 

t- 

n 
0 
W 

n 
r( 

8 
W 

.. 
m 
Y c 
QI 
M 
6 
PI 
E 

M 
G 
d 

0 
v) 

pr 
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SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 I*% P l a n t  Nam> 

1 
Sample I d e n t . > ~ ~ - / / ( 3 8 - P ~ H - G i i r  

( H H M M )  Time F i n i s h  - ( H H M M )  
.. +J/ 

, Sampling Locat ion,  

(l.;*I 
(MFIDDYY) Time S t a r t  Date 

Duct Dtk!:;ions X ft .or'";$meter ft. 
' : (1.1) 

Test D u r a t i o n  

. . S t a t i c  Press.  (el I n i t i a l  l e a k  r a t e  

F i n a l  l e a k  r a t e  

Sample A n a l y s i s  



MOISTURE AND IMPINGER CATCH DATA SHEET 

Impinger 

Number Solution Solution (d) Configuration Weight (g) 
i 

Final  8yfl.C '.;I 
I n i t i a l  7c , , 

W t .  Gain 131.L 

5 

6 

7 

M o l ,  . Final 
1ni  t a l  . E 3  
V t .  Gain -5 

M o d .  F i n a l  
I n i t i a l  . 
W t .  Gain 1b.C 

F h a l  I 

I n i t i a l  
W t .  Gain 

Final 
I n i t i a l  
U t .  Gain 

F i n a l  
I n i t i a l  
W t .  Gain 

Total  Impingers Weight Gain (MWC)(grams) 4 14-Y Analyst 
C a - y e e d  s w l e  Val. (CCW 

-.. 
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/ -  SOURCE SAHPL1:IG FIELO DATA 

k n 1 c.. - * METdoo 1.;;) Plant  Nam> 
Sampling Location,  l e 3  

.. 
I ,  c-33 I 



.. 
SOURCE SAMPLING FIELO DATA 

EPA METHOD 5 

I P l a n t  Name> 

Sampling Location, -- Sample [dent .>  Cprn - / / / 2 - ;7v , -0~~-  
Date (mooyy) T i m i  S t a r t  

PTCF 

?z  
(HHM4) Tim Fin ish  ( HHMM 1 

111:.1 Duct 0imlK:~onS X ft .-r ft.  

tion- 1 nches : co .. N l  

m:i1 
O%F l e s t  Ouratfon min. 

( a d  

ImII 

IU111 IY:II * 
11111) I l l 1 1  

in:u 
%l : to1 Hz 

IP;II-  
Ear  Press. 

S t a t i c  Press. 'Hi0 2 02 : a i r  
I n i t i a l  l e a k  ratha'l'l' 

F ina l  l e a k  r a t e  C f m  F i l t e r  w t .  ga in  
Operator i n i t i a l s  

nlr I11:11 

' '  cfm Condensed?Q)ter gms 
111:11 1a.11 

I1r11 

iagi (n:u 

qms 
Probe wash w t .  ga in  gms 

(ann 

I 
I 
I~ 
I 
I 
I' 
I t  

I) 
I 
I 
I' 
' I  



I 
I 
'I 
I 
I 

I 
'I 

MOISTURE AND IMPINGER CATCH DATA SHEET 

Imp in ger I 

Solution (d) Configuration Weight (g) Number Solution 

3 +-- 
4 .d!!LL- 

7 

Final 
Initial 
Ut. Gain 161.7 

F i ~ l  

We. Gain 

Inieal 
!.k. Gain I \ I ,o  

Final 
Initial 
We. Gain ! 13.1 

Final 7/7,6 
Initial 
We. Gain 1 6 , s  
Final 
Initial 
Wt. Gain 

Analyse Total Impingers Weight Gain (MWC) (grams) 
Car=sc,.d r w l e  Val. (-1 

5 30 -3 

c-35 



107. 
(1-11 

101 
(1.11 

Io( 
11-11 

SOURCE SAMPLING FIELD DATA 

P2-Y I Sample Ident.> M - 1113- PAH-Ol 
Plan t  Name> 

Sampling Locat ion> PF 
Date 1 I / /  ?,I73 ( M M D D Y Y )  Time S t a r t  0<<.3 (HHMI4) Time F in i sh  / / / 2  
Duct D i m K i o n s  z.qb x 2 . 6  
PTCF o i . f  DG?F ,.F Test Durat ion 

,L-- ff 1 7 e FP" 
(HHMM) 

L 111;a 
ft . 

96 cn:r' min. 

ft. o r  Diameter 

1M:SI 
% N2 

111:r1 (I1,rs 

inm 
"H20 % c z  % CHr -a- 

- 
Nozzle Dia. I u3 inches % C O  -0 6-7 

S t a t i c  Press. j- '=:'k7I 
ear  Press. z~I'2z "Hg % co1 % H 2  -a- 

Til- M0:N 1(I;3) 
q d3.q gms I n i t i a l  leak  ra tk " f 'O /@ cfm Condensed Water 

F ina l  leak  r a t e  , 0% cfm F i l t e r  w t .  'ga in  O.dg'(d7 gms 
Probe wash w t .  gain 0 ,  1'533 gms Operator 

ia:n 

'. 
u 1  

> 
Remarks 

'3 
I' 
I 

I 
I 
I' 
I 
I) 
I 
I' 
I t  

I 
I' 
I 
I 

I 

- 
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I 
I 105 
1s 

109 I A10 

All 

A1 2 1 A13 

A1 4 

P ::: 

.. 
SOURCE SAMPLING FIELD DATA 

EPA METHOD 5 . 
Plant Name> 

Sampling Location> CI, ILC Sample Ident .>cf im ~ ] I / > -  PRH - 0 V i - d (  - - -  
( H H M M )  Time Finish ( H H M M )  

PTCF X<?F Test Duration min. 

(18;aI 
( M M D D Y Y )  Time S t a r t -  

(1-11 

Duct Dimg::ions X f t .  0r"b';Bmeter f t  . I Mz Date 

1 103 Nozzle bi:. inches % CO 
Bar Press. "Hg 1% COz 

E 
e 

(n:o (Y:4l 

1ll:LI 
% N:M:S' 

III:Ll 
% Hz 

I X S l  IDIS) 

. - -".'I MI 

II-II ( I :# )  

(am 

(una1 7r?T (0 :w  
Static Press. "HzO % 0 2  % CHr 

' '  clin Xondensedlcter gms ' . fzl In i t i a l  leak r a t e  
11111 l I1 : l l  

(ann 

( X I 1  (=:)I 

gms Final leak r a t e  C f m  .F i l t e r  w t .  gain 
Operator i n i t i a l s  Probe wash w t .  gain gms 

I11111 

I I I I I I I I I I 

'. 
I u1 

Remarks 

I c-37 



MOISTURE AND IMPINGER CATCH DATA SHEET 

Impinger 
Configuration Weight (g) Number Solution Solution (d) - _  - 

W a O #  1 d. 5aYCV Final 8 3 O . L  
I n i t i a l  
W t .  Gain 

2 - ddx-l F i n a l  8i%,7 
I n i t i a l  
We. Gain 

Final 
I n i t i a l  
W t .  Gain 

Final 
I n i t i a l  
W t .  Gain 

6 

Final 
I n i t i a l  
W t .  Gain 

7 

Total Znpingers Weight Gain RrWC)(grams) &3, 9 Analyst 
C a - ~ e ~ - e d  a-lc V a l .  (pc;2rl I 

c-38  
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.. 

SOURCE SAMPLING FIELD DATA 
EPA MEMO0 5 

P l a n t  Name> 

Sampl Ing Locat ion> 

(WOOYY) Tim S t a r t  ("MI) Time F i n i s h  (HHMM) Date 
Duct O i m K k i o n s  

PTCF x- Test Durat ion min. 
Nozzle Oia. inches 2 co 
ea r  Press. 

S amp1 e I den t . > &h - I / I 4 -m 4 - CL( 7-g 
111:~l 

X ft .ormd;gmeter ft. 
in:si 

IUI11 (M:ll 
(Ydl 

Z Nz 
111:11 I l I A I  

(as1 m:s) 

11-1 

1mu 2 CD* z H z  

Static Press. "Hi0 2 0 2  % CHs 
7 3 -  111:11 

C o n d e n s e d c t e r  gms I n i t i a l  leak  Cfm 

F ina l  leak  r a t e  Cfm F i l t e r  w t .  ga in  
Operator i n i t i a l s  

(11:11 

(mi1 

(mil 

11111 

11111 

1X:II 

gms 
Probe wash w t .  ga in  gms 

' . MS 

7,): ... 
.~ 
.:I , 
I 

i 

' .  u3 



MOISTURE AND IMPINGER CATCH DATA SHEET 

Impinger 

Number Solution Solution (mt) Configuration Weight (g) 

1 

2 

3 

4 

5 ,  

6 

7 

L- 

Final 
Initial 
W t .  Gain 

Final 8x.y 

Inital 
!?c. Gain zq.4 

I n i t i a l  

Final 
In1 t i a l  
W t .  Gain . . 

Final 
I n i t i a l  
W t .  Gain 

F ina 1 
I n i t i a l  
W t .  Gain 

8 

i 



C 

APPENDIX C . l  

CONVENTIONAL OPERATION TESTING 

INCLUDES 

1 . 2  P a r t i c l e  
c . 1 . 2 . 1  

S i z e  Di s t r ibu t ion  Data 
Uncontrolled Emissions 
Data Sheets 

c-43 

Sheets 
- P a r t i c l e  Size 



IMPACTOR FIELD DATA a,;;, p l a n t  Name> CaWnirr!(\ 
Sampling Location, ' zw \c t  ?5.'D 6f1 1 Sample Ident .>  c,Apq - I /  /2- Ps D -d -4, 
Type o f  Impactor, A,4.r3;2S6d ( & C S S L  Impactor Substrate> -f?,,,bLF 

(MMDDYY) Time S t a r t  i L \ \ A  (HHMM) Time F in i sh  I?;:; (HHMM) 
( I I : o  

'oz Date I I -  I ~ - ~ F Z J  
WI (1.3) 

ft . 
Test Durat ion 62 min. 

- Oilct Dimensions b x z , p \  ft. or  Diameter 
(Y:M 11113) 

W : 9 I  
S t a t i c  Press. - 1 .  z d  "H20 

PTCF .d IYIII dtilF+ 

Ill:%) 7m- WOJ Bar Press. 28.?7< Hg 
Nozzle Oia. - Inches Condensed Water 137. \ gms 

In take  l eak  r a t e  . OIL, cfm Operator i n i t i a l s  E& ,+m 
n:#l 

W I I \  

(1-3) 

n:a 

804 

805 

BCd 

BO7 

i a 
L 810 

- = 011 

812 

81 3 

81 4 

81 5 

816 

81 7 

818 

SI9 

82u 

E21 



J 

IMPING R CATCH 
7- ft e 

Sample Ident. Inlet AND- Date f l -  12 - 8 3  
Analyst 

m- gain  133.c 

W t .  gain ' .t 

W t .  gain 

Initial 
m. gain 4 I 

I.=..- s a 2  co =s=zG=5 (qzc=s) 137.9 .. 

Samples f o r  Further Analysis: 
Sample 

No. Description Species 
Results 

( t o t a l  mg.) 

i 

1 c-45 



co1 
c02 

CO 3 

C04 

COS 

C06 

CO 7 

C08 

cog 

e1 2 

C13 

C14 

C15 

IMPACTOR FIELD DATA 

Analyst € P A  

a 
9 

10 

1 1  

1 2  

Final Filter 

Stack Gas Composition: 
(4:I) (11:71 

IL Moisture- % H Z  (dry) 0 
(11:s) 

0 

dry) 
(19:S) 

0 
IL CO (dry) 0 

(=:SI 
5 . 6  Other 

(46:5) 
% 02 (dry) 

Assumed particle density I .  (3 gmlcc 
(w:sl 

Assumed maximum particle diameter P 
LS7:S) 

Assumed minimum particle diameter um 
(74:s) 

Remarks 

~~ 

C-46 



.. 
IMPACTOR FIELD DATA 

(MMDDYY) Time St?.rt oiq ( H H M M )  Time F i n i s h  ll!fl ( H H M M )  

PTCFLG~ dtM?~ Test Duration 37 min.  

I: 
ft . - * 

Duct Dimensions x 2 -71  f t .  or Diameter 
(am 

( m a )  1uns1 a); 
no3 Bar Press. 2%. 3 L  "Hg Static Press. - 1 .  2 0  " H z O  

11-1) wlai  ( i i ; a i  1TiT 
Nozzle Dia. . ( 9 4  Inches Condensed Water 19s. b gmS 

=?V 4 I , , Intake leak rat: .'?I,-, cfm , operator in i t ia l s  FpA 
a:# 

n:ai (UIII 

- 
1 

b h a  
mtor 

1 4 n t u m  I d s  t 
w s t a c t  . Hat hi 1wlng.r 1. Yac. 
I". 1.30. I n l e t  Outlet T n O .  lem. In. Wg 

pt.  n= n 10 HIO -F .F *F .F 7 61uw 
Clat 

- '&=  >& - I L f  - 3 32 Dry air  purge when sampling wet streams 
Console I \ t l  3., ,56-J13 

Weather 
I 

c-47 



! IMPINGER CATCH 

Sample Ident .  Inlet AND- Date I[ I f  r)p -3 
( 

Analyst  

I m p i n g e r  NO. Solution used Solution tml) Coniiguration weight (mas) p 
Amount of Imp. Tip 

1 A 
2 

3 

4 

9 

L 

IMPINGER CATCH 

Sample Ident .  Inlet AND- Date 

Analyst  

I m p i n g e r  NO. Solution used Solution tml) Coniiguration weight (mas) 
Amount of Imp. Tip 

Final 
Initial 
W t .  gain 3 7 5 . 0  

' 
9 

1 

W t .  g a i n  

2 

- 
3 PY- vl 

- 
4 

9 W t .  gain 

L 
PY- vl 

YI;,,. 

as03 W t .  gain 3 7 5 . 0  

W t .  g a i n  

W t .  gain 

7 iinal 
Lnitial 
w t .  gak! 

1; L z -  -a c' N-3 1e.L 
_. 

Samples f o r  F u r t h e r  Analys is :  

Sample Resu l ts  
No. D e s c r i p t i o n  Species ( t o t a l :  mg.) 

Remarks 
[ . 

1 
c-48 

1' 



I co1 

4l co2 C03 

#, C04 

COS 

C06 

C07 

C08 

cog 

,@ 

9 

10 

_I 11 

_. 12 

F i n a l  F i l t e r  2.2131 

C l 2  a C13 

C14 @ 
1, 
I, 
a 
I 

IMPACTOR FIELD DATA 

Sample I d e n t .  CA- - \ \ , q  -Pa Date I \ - 1  - 83 

A n a l y s t  €Pfi 

c-49 



IMPACTOR F I E L D  DATA 

! 

L. . 010 

81 1 

81 2 

81 1 

014 

815 

816 

01 7 

818 

819 

020 

821 

C-50 



I! 
:8 I 

IMPINGER CATCH 

Sample Ident. Inlet AND- Date 

Analyst 

IWil'iga NO. 

1 

2 

3 

4 

5 

6 

7 

Solution U s e d  
munt of ** TiP 

Solut ion (ml) Configuration 

Samples for Further Analysis: 
Sample 

No. Descti p t i o n  Species 

W t .  gain . - 3  

Initial 
Wt.. gain . I 

1n ir la l  
W t .  sa+ -I .+ 

Results 
(total rng.) 

Remarks 

C-51 



co1 

c02 

C03 

C04 

COS 

C06 

CO 7 

C08 

cog 

9 

10 ‘ 
11 

12  

F i n a l  F i l t e r  

c12 

C13 

C14 3.062s- 

C I S  

IMPACTOR FIELD DATA 

Sample I d e n t . l ’ n m  -1115 - -#SA -TA/ -6 )  Date I I4 S - 8 3  

Analyst F f A  

Stack Gas Composition: 

% Moisture  % HZ (d ry )  

% C O Z  ( d r y )  L . 7  % C H b  (d ry )  

% CO ( d r y )  

% 02 (dry) 

0 
(115 )  

0 
(25:SI 

(13:s) 

( 4 : S )  

g8- L. % N Z  (dry )  
(=:51 

(*:5) 
S.C Other ( d r y )  

(51:s) 

Assumed p a r t i c l e  dens1 t y  1.0 gmlcc 

Assumed minimum p a r t i c l e  diameter urn 

(m:51 

Assumed maximum p a r t i c l e  diameter P 
(67: l l  

( 7 4 3 1  

Remarks 

C-52 



APPENDIX C .  1 

CONVENTIONAL OPERATION TESTING 

INCLUDES 

Ci1.2 P a r t i c l e  
c . 1 . 2 . 2  

S i z e  D i s t r i b u t i o n  Data S h e e t s  
Con t ro l l ed  Emissions - P a r t i c l e  

c-53 

S i z e  Data S h e e t s  



IMPACTOR F I E L D  DATA : I :  

BO2 
11-11 

B O 1  
(1-31 

C 
I 
1 
I 

Dry air  purge when samplina wet streams - ~. 

Console c 3 \  -sLo 
Weather 

Remarks 

c-54 



IMPINGER CATCH 

Sample Ident. Inlet AND- . Date 

5- --e 'a c- McstZ9s (srr=s) 

Samples f o r  Further Analysis: 
Sample 

_ .  

No. Descri p t l o n  Species 
Results 

(total mg.)  

'1) Remarks 

c-55 



co1 

co2 

C03 

C04 

COS 

C06 

CO 7 

C08 

t o 9  

c12 

C13 

C14 

C15 

IMPACTOR FIELD DATA - Analyst  

7 . / d  3 2 s  ./6r92- 
8 . i q I 0 5  aI4-359 
9 

10 

11 

12 

- 

_, 

- L ' q 8 b  ,2173 . 
125:71 

F i n a l  F i l t e r  

Stack Gas Composition: 

% Moisture % H Z  ( d r y )  

X C O Z  ( d r y )  

% CO ( d r y )  

% 0 2  ( d r y )  

[( : I1  (11:71 (111:lI 

( 1 1 3 1  

(25:SI 

(I9:51 

(4:Sl 

(l11:I) 

(=:SI 

(*:SI 

% CHS ( d r y )  

X N Z  ( d r y )  

Other ( d r y )  
(51:)) 

Assumed p a r t i c l e  dens i ty  p / c c  
(60:s) 

Assumed maximum p a r t i c l e  d'lameter P 
(67:5) 

Assumed minimum p a r t i c l e  diameter Pm 
(74:51 

C-56 



IMPACTOR F I E L D  DATA 

Date+MMOOYY) Time S t a r t  oSd0 
Duct Di ensions 2.9L x 

PTCF , $ /  

( H H M M )  Time Finish I 17- ( H H M M )  - 
ft . 

m i n .  

I t : (  & 
? G O  f t .  or 'O ihe te r  

1a41 

(LO.31 
dtM?F .:??5 Test Duration GL 

1% l U 1 0  

no3 Bar Press. 2 8 . S J  "Hg S t a t i c  Press. + ,.q< "HzO 
(1-31 T 

Nozzle Oia. 
Intake leak ra te  

BO4 

BOS 

806 

007 

81 1 

812 

81 3 

814 

815 

816 

817 

818 

819 

020 

821 

Dry a i r  purge when sampling wet streams 
Console F ~ I  - 5 ~  
Weather le Remarks 

P 
C-57 



IMPINGER CATCH 

I Sample Ident. Inlet AND- Date 0' 
Analyst 

Impinger Ha. 

1 

2 

3 

4 

5 

6 

1 

2 S O d  

Tip 
Configuration 

72 E.-- -a c* -w=c=?5 (s -1  I 3 v , q  
_. 

Samples for Further Analysis: 
Sample 

No. Description Sped es 
.. 

w t .  g- 

ut. gak! 7 .J 

FFnal 
I n i r i a l  

i 

w t .  gain 

Results 
( t o t a l  mg. )  

Remarks 

C-58 

I) 



i 

E 

co1 

co2 

C03 

C04 

C05 

C06 

C07 

C08 

cog 

1' 
a 

C l 2  

C13 

C14 

C15 

IMPACTOR FIELD DATA 

Stack Gas Composition: 

% Moisture % Hz ( d r y )  

% COZ ( d r y )  

x CO ( d r y )  

Z 02 ( d r y )  

Assumed p a r t i c l e  dens i ty  gmlcc 

( 4 5 )  ( 1 1 3 )  . 

% CH. ( d r y )  

% N Z  ( d r y )  

Other ( d r y )  

(111:5) (21:5) 

(Y:5)  (19:5) 

(n:5) ( 5 3 : 5 i  

(so:5l 

(a7:5) 

(74:5) 

Assumed maximum p a r t i c l e  dlameter P 

Assumed minimum p a r t i c l e  diameter w 
Remarks 

c-59 



IMPACTOR FIELD DATA. 

P lan t  Name> 
Sampling Location? OMf/e+ SD 
Type o f  Impactor> A n d p f - 4  f l k z  Impactor S u b s t r a t e  Q s e u ~ s  QNG& 
Date \ ( / I +  (MMDDYY) Time S t a r t  oq0 (HHMM) Time F i n i s h  oq-lq ( H H M M )  - ft . 

m i n .  
Duct Dimensions 
PTCF . f34 DGMCF . ,Zzq\  Test Duration 

T 

I l k 4 1  (1.11 la111 + 
b x 2 . ~ 0  f t .  or Diameter 

n o i  Bar Press .  8. 3 a “Hg S t a t i c  Press .  “ H z O  

Intake leak  rate(a% 016 cfm Operator i n i t i a l s  -LM E? 

.? 4 i A r  CY:¶ 

(MA1 

(1-31 
Nozzle Dia. o . M ~  Inches Condensed Water ‘‘?h . 9 gmS 

IlWl IUdl 

804 

nos 
BO6 

BO7 

, 010 

81 1 

81 2 

811 

81 4 

815 

816 

81 7 

818 

019 

820 

821 

.I Dry a i r  purge when sampling wet streams 
Console f l 3 l  - 5 2 0  
Weather 

! Remarks 1 

C-60 



IMPINGER CATCH 

Sample [dent. Inlet AND- Date 

Analyst 

BPinqu NO. sdu+ion used Solution (ml) Configuration Weight (gr-1 
h u n t  of I u q .  Tip 

5 F M  
Initial 

ut. gain 

.-  FFDaL 
IPitial 
Yt. g k t r  

Samples for  Further Analysis: 
Sample 

No. Des cri p t f  on Species 
- Results 

(tota.1 mg.)  

Remarks e 
C-61 



co1 

c02 

C03 

C04 

C05 

C06 

C07 

C08 

cog 

c12 

C13 

C 1 4  

C15 

IMPACTOR FIELD DATA 

Analyst 3, 7. 
I 

Stack Gas Composition: 

% Moisture % H z - ( d r y )  

% COZ ( d r y )  

% CO ( d r y )  

( 4 3 )  (1151  

(1O:I )  (25:51 

(?a:51 (l9:5) 

% C H 4  ( d r y )  

% N Z  ( d r y )  

O Z  ( d r y )  Other ( d r y )  
(46:5) (53:51 

Assumed p a r t i c l e  dens i ty  gm/ cc 

Assumed maximum p a r t i c l e  dlameter P 

Assumed minimum p a r t i c l e  diameter um 

Remarks 

(m:5) 

(67:5) 

(7a:5) 

C-62 



APPENDIX C . l  

CONVENTIONAL OPERATION TESTING 

INCLUDES 

C . 1 . 3  Polynuclear Aromatic Hydrocarbon (PAH) Data Sheets 
C . 1 . 3 . 1  Uncontrolled Emissions - PAH Data Sheets 

C-63 



SOURCE SAMPLING FIELD DATA 

s p h + l i  
EPA METHOD 5 

P lan t  Name> LA& b d  1 
Sampling Locat ion> x,, Sample Ident.>& -1114-flflP-z,~* 

102 
(1-11 

A03 
(1-11 

104 
(1-11 

109 

A1 0 

A l l  

A1 Z 
A13 

A14 

A1 I 

A1 6 

A1 7 

A1 8 

AI9  

uo 
u1 
UZ 

u3 

(HHMM) Time F in i sh  426 (HHMM) 

ft . 
Date \ \ - \ c l - 6 3  (MMDDYY) Time S t a r t  1 3 0 )  

PTCF .:! dGiF \.;(,;; Test Durat ion min. 
7q-4  Nozzle Oia. inches % C O  -0- % N:(O:” R 9 . 2  

Bar Press. ze.37 “Hg 
S t a t i c  Press. - 1 . z ~  “Hz0  % 0 2  

Fina l  leak  r a t e  C f m  F i l t e r  w t .  gain gms 

Duct Dim(%ions 6 x 2. Z\ ft. or“b;?arneter - 
W:Il 

(11;11 

(YSI - &‘m‘L’ 

1MO:Il 1rr:rI 

w:1) 

(a:II 
% t o *  Cdy % H z -  0- 

% CH,, 7m- 
I n i t i a l  leak  radu“! o;q cfm Condensed Water 203. ’! 9 5  

l&lS (11:11 

Operator i n i t i a l s  1 1 4 ~  Probe wash w t .  gain-ms 
(n:n 111:11 

F i l t e r  . . I n i t f a 1  U t .  gm Cansol e 3 -.qc/&- 
Sample Analys is  I .  

Weather Co\o>-Zh;+ 
\ 



MOISTURE AND IMPINGER CATCH DATA SHEET 

Impinger 

Number Solution Solution (d) Configuration Weight (9) 

4 

5 

6 

Final SI?.\ 
I n i t i a l  qa9.3 
W t .  Gain la9.8 
Final 
I n i t i a l  q 3 & .  
Ut. Gain 11.0 

F i ~ l  L Si.3 
Inical  
!.!e. Gain 28.1 

Final 
I n i t i a l  
W t .  Gain 

- 

F i n a l  
I n i t i a l  

- Ut. Gain 
L 

7 Final 
I n i t i a l  
We. Gain 

L J L J 

C-65 



APPENDIX C.l 

CONVENTIONAL OPERATION TESTING 

INCLUDES 

C.1.3 Polynuclear Aromatic Hydrocarbon (PAH) Data Sheets 
C.1.3.2 Controlled Emissions - PAH Data Sheets 

C-67 
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MOISTURE AND IMPINGER CATCH DATA  SHE^ 

Impinger 
Configuration Weiqht ( 5 )  Number s o l u t i o n  Solut ion (mL) - 1 

3 SI:t, G$ 

4 

5 

6 

7 

Final  
I n i t i d  
W t .  Gain 

F i n a l  - I n i t i a l  
ut.  Gain 

F i n a l  - I n i t a l  
!?t. Gain - 
F i n a l  
I n i t i a l  
We. Gain - 
Final 
I n i t i a l  
W t .  Gain 

F i e a l  . 

I n i t i a l  - 
W t .  Gain 

3 
a 
I 

1 
I 
li 
I '  

1 
C-70 
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i 

I 
I 
I 
I 

i 

APPENDIX C . 2  

RECYCLE OPERATION TESTING 

INCLUDES 

C . 2 . 1  EPA Reference Methods 2 ,  3, 4 ,  and 5 E  
C . 2 . 1 . 1  Uncontrolled E m i s s i o n s  - EPA Reference 

Method 2 ,  3, 4 ,  and 5E Data Sheets 

C-71 



C F "  

e 
arc 
C n L  
C C  

0 u 

n 
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0 
W 
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0 
CI 

W 

n 
m 

8 
W 

.. 
al 
u 
C 
al 
M 
6 
W 

M 
C 
rl 
1 
b 
0 

v1 

a 
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I 
1 
I'  
I 
I 
I 
I 

1 
I 
1 
I 
I 
I 

i 
I 

85  

'c 

1' 
RADIAN - 

I 

h 
0 
0 
W 

n 

0 
- 

W 

h - 
8 
W 

.. 
m 
u 
C 
al 
M 
6 
al 
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0"; 

.. 
a 
U 

- 
PI > 
U 

cy 

0 NI 
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n 
0 u 
W 

n 

0 
n 

v 

n 

0 u 
n 

W 

.. 
QY 
U 

5 
2 
M a 



1- 

I 
I 
I 
I 
I 
I 
I 

102 
(1-11 

A03 
( 1 - 3 1  

AOb 
(1 - I )  

S O U R C E  SAMPLING FIELD DATA 

Sample Ident.>- 
LefP < 

Plant Name> I . . / .  Crm,= 
S a m p l i n g  Location> L&t 
Date j l - l ~ ~ . - V ~  (MMDDYY) Time S t a r t  / 7 (HHMII) Time F i n i s h  1 ( H H M M )  

(4:8l  tlk*l 
f t .  

PTCF q 4  D$?F /.LJ!,'? Test Duration q R  m i  n . 
Duct Oimensions b; 

Nozzle Dia. ,? 7 9  
e a r  Press .  2 r( ,' -6 " H g  

S t a t i c  Press .  - 1 .  hc " H z O  % 0 2  

I n i t i a l  leak r a t e  . t ; i i  cfm Condensed Water 

f t .  or Diameter - 
 in:^ u: x+ 

(um (mi 180:ll 
II inches % CO .- 0- ,o  N 2 Sk-S 

I?! % c o z  qs iii.:a~ 7 % H* &W' 
(mi, IY:¶l imai 

110:11 w:ai 1UIII T i l -  
CB % C H b  - LJ - 

133 .o gms ,.~.. 
9ms 
gms 

Final leak r a t e  . g?c cfm F i l t e r  w t .  gain \ .  S&3' 
pll , 

Operator i n i t i a l s  - < p b /  /i?c,T 
lll:Il 1ls:n 

Probe wash w t .  gain 4 .  ~~~~3 



1 

- 
Wt . Gain - L I 

I n i t i a l  
W t .  Gain 

T o t a l  lmp inge r s  Weight Gain (LHWC) (grams) \3 - f .@ Analys r  
Car==r-cd s-le V a l .  

C-76 



- 

I 

1 A03 
(1.11 

I 
I 

109 I A10 

A11 

I ::: 
A14 

A1 9 

. ,  

SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 

I , P l a n t  Name>-C-'.<!vi./?::i ,4 < . ? / I  r! I r 
I 

-9 Sampl i ng Location>=/- Sample Ident.> <' 4 m  - 1 1 1 1  -7m -- 
Date l;-fI-f33 ( M M O D Y Y )  Time S ta r t  0843' ( H H M M )  Time Finish 093% ( H H M M )  

f t .  
PTCF OGMCF ) ,  ?I;;. , Test Duration +z3 min. 
Nozzle Dia. > 

ear  Press. 73- 7 5  "g % coa q .Z % Ha 

( 1 m I  Duct Dimgi:ions x $;;-ft. or%?ameter . -  

lnchesAZ-Ifl% CO - 0 - % N i W h  

Stat ic  Press. - I .  a: "HaO % 0 2  % CHc - 6'': 
In i t ia l  leak ra te  -01:  cfm Condensed Uater ' tqz. \ pmS 
Final leak rate  : 2 s  cfm F i l t e r  w t .  gain I .Sc\% JlllS 

Operator initia- 

(b:5l 

,.>-a 
- e- ((dl Ill:r) 

m:II 

ia1:11 
lb""3 

(10:51 1M11 73- 

ia:n 

(am 
Probe wash w t .  gain y .sq\ grrs ins1 

Cansol e n - 5Yh' F i l t e r  8ta- 005 In i t i a l  W t .  

I 



A02 
(1.11 

A03 
(1-1) 

A M  
(1-11 

'. 

M I  

!a > 18 

a 9  

A10 

A11 

A I  2 

A I  1 

A14 

113 

A16 

A11 

418 

A19 

M 

u1 
A22 

.. 
SOURCE SAMPLING FIELD DATA 

EPA METHOD 5 
Plant Name, .. 

~ 

Sampling Location> Sample Ident.> c a m -  -7-.u .L.J-& 
Date (MMDDYY) Time Start- 
Duct Dim%ions X f t .  
PTCF XEF 1X:N 

7 Ll1111 
Nozzle Dia. 1 nches 
ear  Press. "Hg 

iam 
Sta t ic  Press. "HzO 
I n i t i a l  leak ratiUYd1 

(1111 

7uT 
C f m  

I..., .-.-. 
Final leak r a t e  C f m  

11111 

(=.It 
Operator I n i t i a l s  ' 

(HHMII )  Time Finish (HHMM) 
(Ik.1 

o r"Game t e  r f t .  
."..I 

Test Duration m i n .  
(M:Sl 

% co x N 1  

% C D Z  % Ha 
5 02 % CHb 

( I l , l )  (IkII 

IY.ll IDdI 

11I;11 

CondensedlTter Ill:., gms 
F i l t e r  w t .  gain gms 

iaw 
Probe wash w t .  gain gms 

ID111 

In i t i a l  U t .  gm Can:ole F i  1 t e r  
Sample Analysis 
Weather 

U S  Remarks 

C-78 
-a- _-- 

I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
b 
I 
1. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

i I 

MOISTURE AND IMPINCER CATCH DATA SHEET 

Impinger 
Configuration Weight (g) Number Solu t ion  Solution (mL) 

w a .  6-r Final a 1 0. m YI.0 I+ r-LQ 
Initial 701.7 

O,IN L O *  N 2.93 G - 5  Final l;laG,p 
Initial 715. I 
We. Gain [.ci 

Wt. Gain I Z L . ~  

2 

Inital F q3.b 
Final 

!.k. Gain .7 

Final 7/L,o 
Initial 31 (, .z 
Wt. Gain 

3 

m% #NOT A2 SQ G -s 4 

5 Q-7 M 04 Final Y40.a 
Initial q3q,q 
Wt. Gain .3 

c-79 



SOURCE SAMPLING F I E L D  DATA 
EPA METHOD 5 

.. I 

1 
1 (e, I n i t i a l  leak  rati"': '",Y l a d  cfm Condensed lc te r  l R O . 0  gms . - 

F ina l  leak r a t e  . O / O  Cfm F i l t e r  w t .  gain 2.0#4'9 gms I 
I 
I 

US 1 
. Ja , '  I 

. .. I 
1 
1 
,I 
I 
I 

Plan t  Name> C a m p ~ p / /  

Sampling Location; I- r t  

Duct Dimensions + x 7("2 ft. o r  Diameter - p-rn-i -- c -  
~2 Date J / - / / - k T  (MMOOYY) Time S t a r t  Jp$r (HHM4) Time F i n i s h  I 7 3 0  (HHMM) 

(.:a1 (II:w (1-11 

ft . 
P T C F  - Vd DGMCF f G I Z . 2  Test Dura t i on_ j l&  min. 

i ( D r 1  

W:ll IY:U (*SI 

S d . 5  
Bar Press. 7P.77 ''Hg 1 x COZ q . 3  % Hz - 
S t a t i c  Press. - t .Lo "Hz0 x 01 % CHo -0 - 

I 101 Nozzle Oia. .' 2 73 i nches x c o  -0- .- N2 (1-11 
((dl I11111 (11:lI 

ladl ( p d l  

Ti l -  

- 
m1r1 

I11:Sl 

LII:lI (at11 

I : ,  ( m r l  .,!. ( a 1 1  
Operator i n i t i a l s  . qpA)m& f Probe wash w t .  gain- ms 

109 

11 0 

11 I 

41 2 

A 1 1  

411 

115 

AI6  

Y*: .̂  
A1 8 

A1 9 

uo 
U1 

;u2 

gm F i l t e r  012 I n i t i a l  W t .  0 . s 3 6 9  
Sample Analys is  



I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MOISTURE AND IMPINGER CATCH DATA SHEET 

h p i n g e r  
Configuration Weight (g) Number Solution Solution (mL) 

5 

6 

7 

I n i t i a l  
U t .  Gain l S B . 6  

Final v D > ,  0 

U t .  Gain 8 . u  
I n i t i a l  ms, 

In1 t al 
!.?t. Gain X T % '  

I n i t i a l  
W t .  Gain L.S 

Final 
I n i t i a l  
U t .  Gain 

Final 
I n i t i a l  
U t .  Gain 

.- . Final 
I n i t i a l  
U t .  Gain 

Total Impingers  Weight Gain (MWC) (grams) I Analyst 
~ 1 - ~ e r , e d  s w l e  V O ~ .  (&I 

c-81 



SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 

P lan t  Name> Grr  67 bell 
Sainpl i n g  Locat ion> -7% /e+ Sample Ident.>y,, c ( ( 1 ~  - ?4U-TaJ-df 

4& (HHMf4) Time F in i sh  C94b (HHMM) 
f t .  Duct Dimensions b x 2.21 ft. o r  Dtameter 

PTCF .9$ DG?F , ~ ~ ~ , ~ ~ ’  Test Durat ion 48 min. 

(11.41 - * Mz Date 1 1 - 1 2 - ~ 3  (MMDDYY) Tlme S t a r t  
(1-11 I I : # l  

in.o 

103 Nozzle Oia. . 2+3 inches ” x c o  - 0 -  % N;’” 6 3.8 
(11;SI , (1-1) I1:bl , 

Ear Press. 2 r  4 3 s  “ Hg z t o 2  4!T Ib H 2  - 0- 
x CHk - 0- 

in:11 

ral;ll 
sy m,11 

(#&SI 
S t a t i c  Press. -/.& “HzO x 02 

IYIII -m- 
AM I n i t i a l  leak  r a t e  . e l f  cfm Condensed Water 185. lp gms 

Fina l  leak r a t e  -00‘) C f m  F i l t e r  w t .  gain I 4% gmS 

Operator i n i t i a l s  &Y>R-r Probe wash w t .  ga in  3. S%11. gms 

1115 
( 1 4  

[a:n 

m:11 lD’l1 

MS 

18 

LO9 

A1 0 

A 1 1  

A I  2 

A13 

A1 4 

A I S  

A1 6 

AI7  

L18 

AI 9 

KO 

A21 

K2 

A Z ~  Remarks d o 4  172a 0 c B 2  I 

. *-~ c-82 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 



I 

101 
(I . 

11-31 

A1 1 

1 ::: 

z /  
SOURCE SAMPLING FIELD DATA /& 

EPA METHOD 5 
P l a n t  Name7 
Sampling Location> Sample Ident.> cam. ,/)l -Pad - 3 .  -#/ 
Date (MMDDYY) Time S t a r t  (HHMM) Time Finish ( H H M M )  

PTCF D(GF Test Duration min.  

Ear Press .  "g % COZ % H z  

i11:1) 
Duct Di&;l(&ions X f t .  or5;Hmeter f t  . 

Nozzle E:. 1 nches % co 

In i t i a l  leak rat~'"l " cfm Condensed Mater gms 

W:%l (n:ii 

% N r ' I  
1U:iI 

Ilk11 

IS851 

(1l:rl 

I1111 

Mdl - 
iam 

% CHs 
-110:11 i11:11 

Stat ic  Press. "HzO x 0 2  

Final leak r a t e  Cfftl F i l t e r  w t .  gain gms 

73ir 

1~111 i11:1) 

u3m 111m 

iP:n iS:Jl  
Operator i n i t i a l s  Probe wash w t .  gain gms . 

=l 

Cansol e Fi 1 t e r  In i t ia l  U t .  
Sample Analysis 

'0 1 u3 Remarks 



MOISTURE AND IMPINGER CATCH DATA SHEET 

Impinger 

Number Solu t ion  Solut ion (I&) Configuration Weight ( 8 )  

1 

5 .. 

6 

? 

Final.  $6 I. ‘d 
U t .  Gain 16 2 .  ( 
I n i t i a l  Zs‘i.7 

F i n a l  
I n i t i a l  
W t .  Gain , I .  9 

F i n a l  
I n i t i a l  
W t .  Gain 

F i n a l  
I n i t i a l  
W t .  Gain 

I 

I 

I 

I 
I 
I 

0’ 

a 

I 
I 
I 
I 
I 
I 

c-a4 



I 

I 

APPENDIX C.2 

RECYCLE OPERATION TESTING 

INCLUDES 

C.2.1 EPA Reference Methods 2 ,  3 ,  4 ,  and 5E 
C.2.1.2 Con t ro l l ed  Emissions - EPA Reference Method 

2 ,  3 ,  4 ,  and 5E Data Shee t s  

I 
I 
I 
I 
I c-as 



i 
Y 
6 U  o u  o u  d o  

n w  
0 2  

I Y L, 0 .  a 

L, al 
f 
0 

+ 
s 

.. 
0 

M 
C 
i 

I I 

f 

1 
I 5.( e- 

.. 

0 

+ +  D 

+ 

I 
I 
I 
I 
1 
I 
I 
I1 
I 
I 

_ _  I 
I 
I 
I 
I 
I 
I 
I 
I 



'I 



MOISTURE AND IMPINGEB CATCH DATA SHEET 

Impinger 
Solution (d) Configuration Weight (R) Number Solut ion 

D" 7 

3 4 

* Final 
I n i t i a l  n- 
We. Gain 

h 4 o A .  Final  
I n i t i a l  
W t .  Gain 7.q 

Total  Impingers Weighc Gain ( M W C )  (grams) L z q . \  Analyst 
ca==ed S W l C  V a l .  (DGP') 

3 

i, 
I' 
I 

I' 
I 
.I 
I 

- I  
I 
3 

I 
I 

I 
I 

* 

i 

9' 







~ 

- 
EIOISTLRE AND IXPINGER CATCH DATA SHEET 

Impinger 
Nmber Solution Solution (mL) Configuration Weight (g) 

1 

2 

3 

4 

5 

6 

7 

0. I AI #=OH 2-00 

5.6 .  

I 
’ -  F i n a l  2’9.4 

I n i t i a l  
W t .  Gain 

We. Gain 3 
F h a l  

!.!e. Gain 

Final  
I n i t i a l  
W t .  Gain 2.4 
F i n d  

U t .  Gain 0.0 

Final  
In1 t ia l  
W t .  G a i n  11.5 

Final  
I n i t i a l  
W t .  Gain 



,' 

SOURCE S A M P L I N G  FIELD DATA 
EPA METHOD 5 . 

Sampling Location> ' Dk+ / p +  

F i l t e r  w t .  gain 

-. 
- --- OOQ Ini t ia l  Ht.-SOb?- F. - 

-.'I Sample Analysis 
Weather . I .  .qP . , .. 

113 Remarks 

C-92 



.~ 72 
SOURCE SAMPLING FIELD DATA 

EPA METHOD 5 
P1.ant N a m >  

Sampling L o c a t i o n >  &T,F 7 Sample Ident.*'&q-r,I I-?'4+Cui--@'[ 
(MMOOYY) Tlme S t a r t  (HHMI4) Tlme F i n i s h  

ft . 
m i  n . cn:u T e s t  D u r a t i o n  

5 t a t i c ' P r e s s .  

Sample A n a l y s i s  

. .  ~ 

. .  . 

c-93 . .  ! . ,  ., ' -.- .... . ./1 I . \ , -  



- 

I 
I 

MOISTLIRE AND MPINGER CATCH DATA S H E n  

Impinger 

\ 

\ 

Weight (g) Number Solution Solution ( r d )  Configuration 

F.inal 
I n i t i a l  

1 d . i  f l a o u  LIs(14 

I W t .  Cain 

2 0. I d40 /j 2 \ 5 0  & F i n a l  F9.7 
2 Ini t ia l  

U t .  Cain i ~ \ \ t . \  - 
In i ta l  

3 

4 5: I ,'c e G J  Final 
I n i t i a l  
Wt. Cain i t  a 2, I 





~~ 

9 I 
. .  SOURCE SAWI:NG F I E L D  DATA -vr 

8 
Samp 1 e I dent  . >&a - / I /  L-?fl&FW# 1 E 

19 
Io 
e 

_>., 

EPA I ~ O D  5 
Plant Nam> 

. ampling Location> .e:;' 
(HHW4) Ti,me F i n i s h  (HHMM) ' 101 Date (HMDDYY) .Time Start (1-11 

(11:41 

X f t .  or"b'?ameter f t .  Duct Did%ions 

Nozzle D l a .  
Bar Press. 
Static Press. 

(z, 'Initiai leak ,ratr"' 

W : I I  

(IS51 
min. -.- Test Duration 

IM:ll  T .  

PTCF (MIS1 X F ' Y . "  
inches : , Z CO % Nz 

i l l:Sl iII:¶I 

(x:rl  imil 

:. ,e 

x coz % " 2  -. "Hg ' -. . (1-11 I 8 : I l  

i 8 I S I  

"HzO 02 Ib CHI, 
-r5r 117:11 

.. cfm Condensed%ter 7 .  gms . 
i11:11 

iatn 

i.: (a111 

W11 

l11;S) 

in:n 

gms 
gms 

Final leak rate C f m  Fllter w t .  gain 
Operator in i t ia l s  Probe wash w t .  gain 

- .  

.. . ' Q 
r 

---- 
. .  , .- _- u3 Remarks ---- . -  . . .  ..._ 

.. 

r :. 

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

C-96 . 



\ , . 
0- 

MOISTITRE AND IMPINGER CATCH DATA SHEET 

Impinger 7 

Number Solution Solution (mL) Configuration Weight (g) 

8 
1 n ) , ~ &  2ra-Q 

8 
a 
It 
I I 

2 

3 L- 

5 

6 

I n i t i a l  
U t .  Gain 1b.t- 

Final 
I n i t i a l  
U t .  Gain 

F-1 
I n i t i a l  
U t .  Gain 

I Final 
I n i t i a l  
U t .  Gain 

c-97 



C.2.2 P a r t i c l e  
c . 2 . 2 . 1  

APPENDIX C .  2 

RECYCLE OPERATION TESTING 

INCLUDES 

S i z e  D i s t r i b u t i o n  Data 
Uncon t ro l l ed  Emissions 
S i z e  Data S h e e t s  

c-99 

S h e e t s  
P a r t i c l e  



IMPACTOR FIELD DATA 

'1-11 
Sampling Location' W Sample Ident .> cw~ - t I / l -  i ' ~ ~ . i . . / - @ (  
Type o f  Impactor>' I?& ;-<FFJ l r < 5  Impactor Substrate> & : u h , e /  f tic%> 

(HHMM) 
ft. 

Test Dura t ion  min. 

Ifw- 
16,1l * - 

iJ Nozzle Dia. inches Condensed Water- 1W.b gms 

i '.' 

Oaz Date i / . / / - 6  3 ( M M O O Y Y )  Time S t a r t  253 (HHMM) Time F in i sh  (1-11 
x 2 .  ZI f t .  o r  Diameter 

( a n a l  

. .  2dmD:a' 

3: In take  leak  rateaqiz,7 c fm Operator i n i t i a l s  

k (SI:)) 
Duct Dimensions 

PTCF . 0 4  
boa Bar Press. 

! 

.I .. 
OGMCF . y:,? 7 - .  

"Hg. .~ S t a t i c  Press. - f '. - "H20 
lisT ,-$ .r (1-11 (11:aI 

6Pfl /TU 
1al:11 

(db:Yl 

I 

001 

nos 
BO6 

MI7 

y d  c; ( ( € 2  = '.437=/ 
= I 5 3 C L  G A S  Dry a i r  purge when sampling wet streams 

Heather 
Console D - S 4 S  

c-100 



~. 

IMPINGER CATCH 
. . .  . . .~ ~. 

. -  Sample Ident. Inlet AND- Date .i, I 

, _. 

AmDune of W- Tip 
h p i n g e r  No. salutian Used Solution [ml )  configuration 

1 

2 

3 

4 

H2.0 - 2 L 5 - 0  6 - 5 .  

57.2- 
7 

w-..- Gal nm=zE?s (s=r-=s) .. 
Samples f o r  Further Analysis: 
Sample 

No. Description Species 
- 

Results 
(total mg.)  

Remarks e 
c-101 



co1 

co2 

CO 3 

C04 

COS 

C06 

CO 7 

COB 

cog 

c12 

C13 

C14 

c1s 

.. IMPACTOR FIELD DATA 

Sample I d e n t .  Cf im- l r r l .  ?IO -6) Date 1 1  - I  1 - 8 3  

Ana 1 ys t Ef f i  

Stack Gas Composition: 

'b Moisture  'b Hz (d ry )  

% C O Z  ( d r y )  

X CO ( d r y )  0 % N Z  ( d r y )  

% 0 2  ( d r y )  

0 
( I I : 5 )  

@ 
(25:5) 

R G . 5  

(1:5) 

q . ' t  % CH. ( d r y )  
(II):5) 

(19!5) 

8 . B  Other ( d r y )  0 
(51:51 in:5) 

Assumed p a r t i c l e  dens i ty  \ .o gmlcc 
(&3:5) 

Assumed maximum p a r t l c l e  dlameter P 
(67:s) 

Assumed minimum p a r t i c l e  diameter um 
(71:5) 

Remarks 

c-102 



C.2.2 Particle 
c.2.2.2 

APPENDIX C.2 

RECYCLE OPERATION TESTING 

INCLUDES 

Size Distribution Data 
Controlled Emissions - 

c-102 

Sheets 
Particle Size Data Sheets 



IMPACTOR FIELD DATA 
* .  

*!;) P l a n t  Name> &&/I 
Sampl ing  Loca t ion>  & , t l e t  -a Sampl e I d e n t  .> G H I  

PTCF - GM?F 

Type o f  Impactor>  A n s l e r a e  Impac to r  S u b s t r a t e >  

DateI///J (MMDDYY) Time S t a r t  (HHMM) Time F i n i s h  ( HHMM) 
11:61 T m:q 

Duct  Dimensions X ft. o r  D iameter  f t .  
11-31 

IYdI rn:ci 

W:11 1W1l  
Tes t  D u r a t i o n  min. 

IUI11 
003 Bar  Press.  “Hg S t a t i c  Press .  “HzO 

( 1 . 3 )  (11:O (111 
Condensed Water gms ,. g+ i nches  Nozzle Dia. C 

I n t a k e  l e a k  r a t e  c f m  Opera to r  i n i t i a l s  
in:&) ( X : 6 l  

O W 1  [ a 7 1  

301 

BO5 

BO6 

307 

310 

81 1 

312 

31 3 

311 

31 5 

316 

31 7 

B I B  

819 

920 

921 

Dry a i r  purge when samp l ing  wet streams 

Console 
Uea t h er 

. Remarks 

C-104 



' I  
\ '  . _  

IMPINGER CATCH 

Sample Ident. Inlet  A N D -  Date 

Ana 1 ys  t 

lmpinqer N o .  solution used Solution ( m l )  Configuration Weight (graus) 
mu+ of Iw. TiP  

Samples for Further Analysis: 
Sample 
No. Description Species 

- \  
Results 

( to ta l  m g . )  

Remarks *) 

C-105 



IMPACT32 fIELD 3ATA e, P l a n t  Name> TJ. ca,tJLr// 
Sampling Location> O,,+let Sample Ident.> P S D  / A m L  
Type o f  Imp,actor> Andpmrl Impactor Subs t r a t e>  

(1-11 Date / / ) l ! i k3  ( M M D D Y Y )  T ime S t a r t  ( H H M M )  Time Finish ( HHMM ) 
111:41 

Duct Dimensions X f t .  or  Diameter f t .  
Test Duration min .  

L11:11 

1P:o 111811 

LWII P 
PTCF ZT 

IUII) 
803 Bar Press. "Hg S ta t i c  Press. "H20 

L1I:N T 
Nozzle Dia. & &?? inches Condensed Water gmS 

trr.lI 

(udl 

(1-31 

ia:a 
Intake leak rate  /&!:# cfm Operator i n i t i a l s  

804 

: 805 

806 

BO? 

81 1 

812 

81 3 

816 

815 

B16 

017 

818 

819 

Irn 

Y21 

. .  

Dry a i r  purge when sampling wet streams 
Console 
Weather 

- 1 Remarks 
-3  

C-106 



. .  . .  

1 ’. IMPACTOR FIELD DATA .~ 

813 

814 

815 

a 
i 
l l i  

1’ 
1’ 
3. 

814 

81 7 

818 

81 9 

urn 
K1 

Dry a i r  purge  when samp l ing  wet streams 

Console P -31-5-20 
Weather 

C-107 
. .  



IMPINGER CATCH 
;"s? jL-2 + L 3  

Sample Ident. Inlet AND- Date 

Analyst 
hwunt of 

Solution (ml) 
w. Tip 

Configuration ImpFnger NO. Solution Used 

l,+2Ll G-s - 2 a  L 

C -5 IL 3 N 2sm L 

P 

!& 

I 
h o d .  

I 
I 
I' 
I 

Results 
( t o t a l '  mg. ) 

Samples f o r  Further Analysis:  
Sample 

No. Description Species 
. 

Remarks 

c-108 



f 

co1 

co2 

CO 3 

C04 

COS 

C06 

CO 7 

COB 

t o 9  

c12 

C13 

C14 

C15 

1 016 I 

IMPACTOR FIELD DATA 

Sample I d e n t .  eampk[\ 753 3 o ~ t t  Date 

Analyst %E-+ 
/ ( [  

Stack Gas Composition: 

% Moisture  % H t  ( d r y )  

% C O Z  ( d r y )  

% CO ( d r y )  % Nt ( d r y )  

% 02 ( d r y )  Other (dry) 

(4:51 (11:I) 

% C H 4  ( d r y )  
1Ill:JI (25:51 

(19:1) (= : ( I  

(U:5l (13:51 

Assumed p a r t i c l e  dens i ty  gmlcc 
(sO:51 

Assumed maximum p a r t i c l e  d'lameter P 
( 6 7 : 5 )  

Assumed minimum p a r t i c l e  diameter !.m 
(74:51 

Remarks 

c-109 



IMPACTOR F I E L D  DATA 

P lan t  Name> 

Sampling Locat ion> 0 ALy 
Type o f  Impactor>-J f l K  iu 

Duct Dimensionsi .7L x 2.Lo f t .  o r  Diameter 
PTCF I 2d 

< 4 Ivl D ~ E J  I A 5 0  Le,\ i- 
I 

Sample Ident.>. cA..-- I I I \  -Rs3-,jL\ -p,’ 
Impactor Substrate> Q r r ~ r ~  A,< I 

O02 Date I I  I / J  /5--1 (MMDDYY) Time S t a r t  0 7 S  (HHMM) Time F in i sh  738 (HHMM) 

ft . 
Z K . q t ? $ ’  Test Durat ion 23 min. 

(1-31 (11(1 -0 + - 
lmo 

‘I: 
803 Bar Press. 2% , 37 ( ’“Hg S t a t i c  Press. 4 .&?’ “HzD 

(1-11 

IUrO 

111:1l 7 i i r  . Irk i nches Condensed Water 34.0 gms Nozzle Dla. 

I n take  leak rate( OIL cfm Operator i n i t i a l s  M E’’ 8 ‘ 4  

m:ri (UIl’ 

804 

805 

808 

BO7 

\.. . 810 

81 1 

81 2 

1111 

81 I 

81s 

816 

81 7 

81.9 

819 

020 

U1 

I 

Dry a i r  purge when sampling wet streams 

Weather 
Console R - 3 1  - A b  

c-110 



i 

... MOISTURE AND IMPINGER CATCH DATA SHEET 
- 

b p i n g e r  
so1ucion (mL) Configuration Weight (g) Number S o l u  cion 

1 

2 * - 24.- 

% 3 

4 .$: ],(&($ 

5 

6 

Final 73+,F.d, 
I n i t i a l  70 f.7 
We. Gain a 
F i n a l  637.4 
I n i t i a l  
W t .  Gain 

F i n a l  447.7 
Inica l  yq7 .7  
!.'e. Gain 2 

Final  690-0 
W t .  Gain 
I n i t i a l  w&9 

F i n a l  
I n i t i a l  
W t .  Gain 

F i n a l  
I n i t i a l  
W t .  Gain 

.e .. 

7 Final  
I n i t i a l  
Wt. Gain 

Total lmpingers Weight Gain @iWC)(grams) Analysc 
Ca=-ccted s-le V a l .  (rCrr) 

c-111 



co1 

c02 

CO 3 

C04 

COS 

C06 

C07 

C08 

cog 

c12 

C13 

C14 

C15 

IMPACTOR F I E L D  DATA 

Sample I d e n t .  crIm?aE& ?sD 4 &TL5T Date 

Analyst  mrc 
////Z 

Stack Gas Composition: 

% Moisture  % H Z  ( d r y )  

% COZ ( d r y )  

% CO ( d r y )  

( r :51  (1I:I) 

(10:5) (25;51 

[lZ:S\ 

(4b:5) (53:LI 

% CHI (d ry )  

% N Z  ( d r y )  
(l9:3) 

% O t  ( d r y )  Other (dry )  

Assumed p a r t i c l e  densi ty  gmlcc 

Assumed maximum p a r t i c l e  dlameter Pl 

Assumed minimum p a r t i c l e  diameter um 

(b0:ll 

( 6 7 5 1  

(71:5) 

Remarks 

c-112 

a 
I 
FI 
Y 
1 
Ir 
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 



IMPACTOR FIELD DATA 
B 
gay;;l P l a n t  Name> ' d m  > e A C O L A A  - 

Sampl i ng Location> +7 ~ Sample Ident.> Can - 1 1 / 5 -  P S 0 - r j - k  -@g 
Type of Impactor> Pdefred f l k a  Impactor Subs t ra te>  R G E ~ E <  FI 

+ (HHMM) Time FinishG 3 7  (HHMM) 

Duct Dimensions -:lf,,f x Z 66 f t .  o r  Diameter 
PTCF- . B 4 DGMC 

f t  . 
min.  

4 - l -  
' 

(14' Date 1 / 1 5 )  ( M M D D Y Y )  Time S t a r t  u 
- 

BO1 a< 
(1-31 7m- 1 Nozzle t 9 s  

(mi 

i m s )  
F .pyq Test D u r a t i o n  32 

IUISI 
ar Press.. ,Z E . ~ 5  ": Sta t i c  Press. 4. . S F  "HzO 

' 

(1l:sl 
)i a 0 .I;' 5' Condensed Water 1 q a . b  1 

Intake leak r a t i a ' $ .oz  cfm Operator i n i t i a l s  M &t" 
trs:r) (Ut11 

805 

' 806 

807 

_.- I I I I I I I I I I I 
I I I I 

Dry a i r  purge when sampling wet streams 

Ueather 
Console R -3 I ..5.2(, 
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IMPINGER CATCH 

Sample Ident. Inlet AND- Date 

Analyst 

Impinge NO. Solution used 

1 -% 

5 

6 

7 

mt of 
Solation (mil 

*. T i p  
Configuration 

72 L=zz= c* E?=zc5Fs (s-1 192 ,L 
.. 

Samples for Further Analysis: 
Sample 

No. Description Species 
- 

Y 
u 
a 
1 

'I 

Results 
(total mg.)  

I 
I 
1 
1 

. Remarks 

C-114 E 



IMPACTOR FIELD DATA 
a 

:I@:: . 

c12 

c13 

C14 

co1 

co2 

C03 

C04 

COS 

C06 

CO 7 

C08 

cog 

9 

10 

11 

1 2  

. a i q o s  . z / 6  8' Fina l  F i l t e r  

Stage Subs t ra tes  . Final W t .  Tare W t .  Net Wt. 
# 1.0. (qm) (qm) (sm) 

I 
.li 
I 
1 
s 

Stack Gas Composition: 
CIS % Moisture % HZ (dry)  

(4:5) (11:s) 

( l8 : l )  (25:s) 

(Y:sl 139:5l 

1rS:Sl (53:s) 

% C O Z  (dry)  

% CO (dry)  

% OZ (dry)  

% CH. (dry)  

% N Z  (dry)  

Other (dry)  

Assumed p a r t i c l e  dens i ty  F / C C  
(Ca:ll  

Assumed maximum p a r t i c l e  dYameter v 
( 6 7 : s )  

Assumed m i n i m u m  p a r t i c l e  diameter um 
(74: l l  

1 C-115 



APPENDIX C. 2 

RECYCLE OPERATION TESTING 

INCLUDES 

C.2.3 P o l y n u c l e a r  Aromatic Hydrocarbon (PAH) Data S h e e t s  
C.2.3.1 U n c o n t r o l l e d  E m i s s i o n s  - PAH Data Sheet s  

C-117 



SOURCE SAMPLING FIELD DATA . .. . J 
EPA METHOD 5 ... . 

A>? A4 E:l P l a n t  Name> C A w O b l i L L  If 
.- Sampling Locat ion> i , , / F  . ~. I .- 

Sample I d e n t . > ( a M -  111s - 84 p - -& -@ I 

:* Date 1.1) r l -1s-c i )  (MMOOYY) Time S t a r t  C3Sc (HHMM) Time F i n i s h  100-5 ( H H M M )  
111:q - . .  ft. 

-- . 
, , PTCF min. ' . 

R9. I 

3. L Z CHu .. 6- 

111;11 - 0-  
(all1 b 7 , S I  

(6031 111111 

% C O  - 0 -  

I 
:- . e a r  'Press. % t o 2  y'"; % Hz 

S t a t i c  P r e s s .  - ,  " H z O  'b 0 2  

I n i t i a l  l e a k  ratA'"!o,,H cfm 

F I n a l  l e a k  r a t e  . O I Z  cfm F i l t e r  w t .  ga in  

gmS 
. 

Condensed U a t e r  3/6 . A  

Probe wash w t .  ga in  

Trrr 
la84 (11:u 

111:11 

1*11 

(1-3) 

gms ~ , 
ID111 

Operator i n i t i a l s  fpf l  / cOc(0'AL 

105 

."6 

IC 
.lo? 
A1 0 

A1 I 

A1 2 

A1 1 

11 4 

A15 

A I  6 

111 

1 A10 

A19 

uo 
UI 

uz 

\ 

., '. a UI  



Sampling Location> Sample Ident.> C4,., 1115 - S A P  -Xd-df 
( M M D D Y Y )  Time Start ( H H M I I )  Time Finish ( H H M M )  

f t .  or Diameter f t .  
Test Duration min. 

- 118..1 

111:41 tn.91 

IYlll W . L l  

pp:, X 

- 
Duit 0imK:ions 
PTCF Z ? F  

% Nz 
(1l:rl 111:SI 

i m s i  

111;S) 
% t H c  

@ 101 Nozzle E:. inches % co 

I 
11-11 I b d l  

Bar Press. “Hg % cot % Hz 
Static Press. “Hz0 % 0 2  

la111 1um 

IY+l IYd) -m- (e, Initial leak rate C f m  Condensed Mater p S  

Final leak rate C f m  Filter wt. gain gms 

Operator in i t ia l s  Probe wash w t .  gain gms 

11111 111:11 

111:1l ia:n 

I Q l l  lml1 

I 

109 

AI b 

K1 

CJnwle F i  1 t e r  Initial Wt. 

Sample Analysis 
Weather 

Remarks 

C-119 
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MOISTURE AND IMPINGER CATCH DATA SHEET 

Lnpinger 
Number 3 

I 
S o h  c ion  Solution (I&) Configuration Weinht (g) 

Final  
I n i t i a l  m& 
WC. Gain adY> 

F i M l  507d 
I n i t i a l  4 %.-3 
We. Gain 6R.q 

1 - 
2 

3 S i  1:,,6$ F h l  d f / * T  4 
- 

I n i t a l  
Vt. Gain 73 0 

I . .  



11 
I 
1 
1 
1 
3 
E 
li 
I 
I 

E 
I 
I 
1 
I 
I 
8 
I 

APPENDIX C.2 

RECYCLE OPERATION TESTING 

INCLLDES 

C.2.3 Po lynuc lea r  Aromatic Hydrocarbon (PAH) Data Sheets 
C.2.3.2 C o n t r o l l e d  Emissions - PAH Data Sheets 

c-121 



Sample I d e n t . > m -  /I/>-- W - O w - 6 1  

min. 
. .  

iu:ai 
101 Nozzle D i d .  . t d 3  1 nches x co 0 % N2 * 

, . (1.1) 
ear 'Press. 2 S % l S  "Hg % COz !::?. % Hz '$." I 

Condensed Water Initial leak 
Final  leak rate .Am C f m  Filter wt. gain 

, .  
~. .:. . 

,; 

3- a X CHc (j.'" 
w r i  8 11-4 110:11 

% 0 2  
733-  

'11:1l 

, .  . , ., 
! i  

4111 
gms :. ,. 

... .. .._ .. 
Opera tor i n i  t i  a 1 s ,~$X,w 

(rill 

w : i i  

ID111 
Probe w a s h  w t .  gain gms 

g m  D 37 F i  1 ter Initial U t .  . 

Sample Analysis 
Mea ther 

P 

1 
I 
- 



SOURCE SAMPLING FIELD DATA 
EPA METHOD 5 

Plant  Name> 
Sampling Locat ion> %n&r Sample Ident.> a&- ///s-&P-/3uT. 
Date (MMDDYY) Time S t a r t  (HHMM) Time F i n i s h  ( HHMM 1 
Duct Dimensions X 

PTCF 

., 
111:a1 W1l , 

ft. o r Y a m i t e r  ft. 
tu:11 cnm 

Test Durat fon min. 
0 

111111 

I l I # l l  

110:31 117~11 

% N:M:” 

- z F  
um 

lIl:11 

IBII) lxm 

7m 

Nozzle h a .  inches % t o  
. .  1 m 1  

Bar Press. “Hg % coz % H z  

S t a t i c  Press. “Hz0 % 0 2  

I n i t i a l  leak  Cfm Condensed Mater gms 
F ina l  leak  r a t e  Cfm F i l t e r  w t .  ga in  gms 

I, CHr 

ll l l l  i11:11 

Ill211 
Operator i n i t i a l s  Probe wash ut.  ga in  gmS 

1JI:ll inn11 

. _- 

C-123 I 



I 
1 
I 
I 

APPENDIX D 

SAMPLING LOGS 

I 
I 
I 
t 
I 
I 
I 
I 

INCLUDES 

D.l Daily Sampling Log 
D.2 Chain of Custody Log 
D.3 Sample Identification Log 

1 
I 
I 
1 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 

APPENDIX D . l  

DAILY SAMPLING LOGS 
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DAILY SUMMARY LOG 
November 8 .  1983 

Clock P a r r l c u l a t e  Runs P a r t i c l e  S i z e  O i S r r i b u r i o n  
l i m e  I n l e t  O u t l e t  I n l e t  O u t l e t  V i s i b l e  Emissions 

1405 
I416 
1425 
1428 
1431 
1443 
1445 
1451 
1457 
1458 
1509 

1521 
1523 
1530 
1543 
1548 
16UO 
1608 

1 5 1 n  

s t a r t e d  TY" c-va  + 
f i n i s h e d  1 s t  p o r t  
s t a r t e a  2nd p o r t  

s t a r t e a  3rd p o r t  + 
b 

t i n i s h e d  2nd p o r t  

f i n i s h e d  3rd  p o r t  

s t a r t e d  4 t h  p o r t  

f i n i s h e d  rum C-V 

startea TU" c -va  
4 

f i n i s h e d  1 s t  p o r t  

s t a r t e d  2nd p o r t  

I 
t l n i r h e d  2nd p o r t  

s t a r t e a  3 r d  p a r t  + 
f i n i s h e d  3rd  p o r t  

s t a r t e a  4 t h  p o r t  

f i n i r h e  i 4 t h  p o r t  
s t a r t e a  5 t h  p o r t  

Novmber I O .  1983 

C I  ock Particulate Runs P a r t i c l e  S i z e  D i s t r i b u t i o n  
V i s i b l e  Emissions l i m e  I n l e t  O u t l e t  I n l e t  O u t l e t  

IOUU 
1030 
1043 
I IUO 
I103 
I105 
1115 
1121 
1125 
I130 
1133 
I134  
1139 
1140 
1146 
I 1 4 7  
1150 
I 1 5 3  
1155 
1157 
I159 
123U 
1300 
1330 

1430 
15UO 
1505 
I530  
1600 
1620 
1630 

1400 

s t a r t e d  run  R - Y *  
b 

f i n i s h e d  l i t  p o r t  
S t a r t e d  2nd p o r l  

r t a r t e a  run R - V  
I . I I t a l t  3 r d  por t  

I l i n i r h e d  l s c  p o r t  
s t a r t e d  2nd por t  

I 

1 4 
t i n l r h e d  2nd p o r t  
s t a r t e d  3rd p o r t  

f i n i s h e d  3rd  p o r t  
1. f i n i s h e d  3rd p o r t  

o b s e r v a t i o n s  s t a r t e a  

Observa t ions  stoppea 

s t a r t e a  run R - I  
o b s e r v a t i o n s  Cont inued 

1 
o b s e r v a t i o n s  stopped 

1 
stopped run R-1 

o b s e r v a t i o n s  cont inued + 
o b s e r v a t i o n s  Stopped  
o b s e r v a t i o n s  continues 

4 
Observa t ions  stoppea 
o b s e r v a t i o n s  continued 

'Run stopped.  p l a n t  changed TO convenr ione l  operncion m i x .  

I 
I 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

a 
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I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
I 
1 
I 
I 
i 
I 

I IO0 
I 104 
1115 
1136 
1145  
1200 

1224 
I230 
1245 
1253 

DAILY SUMMARY LOG (Cont inued)  
N w m b e r  11. 1983 

o b s e r v d t l o n i  cont inued 

ObServaclons stoppea 
4 

s ta r ted  run PSD R-3 

1 
f in i shed  run P s o  R-3 

s t a r t e d  run PSO R - 1  

C l o c k  P a r t i c u l a t e  Runs P a r t i c l e  Size O i l t r i b u t l o n  
1 i n e  ' In le t  Out1e1 I n l e t  OYt let  V i r l b l e  Emissions 
0713 
0738 
080U 

star tea  run PSD R - 2  
f i n i shed  r"" PSD R-2 

Observations s t a r t e d  U819 
on30 
U039 s t a r t e d  run n.1 
0843 s t a r t e a  run R-i  
0855 f i n l shed  1 s t  p o r t  f i n i shed  1 s t  p o r t  
o w  r ra r rea  2nd p o r t  s t a r t e a  2nd port 
0909 I i n i r h e d  2na p o r t  
0911 s ta r ted  3rd p o r t  
0913 
0915 v 
0923 t i n i i h e d  3rd p o r t  
0925 s t a r t e a  4th p o r t  
0931 4 f i n i shed  3 r d  p o r t  
0931 I i n i r h e d  run 11-1 
U Y 4 5  
0955 s t a r t e a  4th port 
1003 
1009 
1015 
1030 

4 

I 
1 

i i m r h e d  2nd p o r t  
r r a r t m  3rd port 

I 

O b s e r v a t i o n s  stopped 
ab re rva t l on r  continued 
o b s e r v a t l o w  stopped I 

1308 
I130 
1337 
1354 

1 + 
i i n i r h e d  run Pso R - l  

t i n i r h e d  4 th  p o r t  
1356 sLarted.5ch p o r t  
14"" 
1412 1 observa t ions  continued 

1 t ln l shed  5Lh pa r r  
142U Star ted 6rh p o r l  
1430 
1433 f imrh  run i t -1  
1 4 4 2  
1500 

1519 
1 5 %  

observat ions stopped 
A 

1 
1515 r i a r t e a  run R - 2  

I531 f l n l r h e d  1 s t  p o r t  

s t a r t e d  run PSO R - 4  
O b w v a t l o n l  cont inued I I 

1533 
1541 
1542 
1545 
1552 
1555 
161 I 
1613 
1622 
1629 
1630 
1645 
1646 .-.- 

s tarted run R - 2  

I 

startea 2no port 

1 
f i n i r h e a  2nd p o r t  
s t a r t e d  3ra p r t  
f i n i s h e d  3rd p o r t  
s t a n d a r d  4th port 

s t a r t e d  5 t h  port 
I 

I. 
i i n i i h e d  4th p o r t  

t i n i r h e a ' 5 r h  por t  
1mLI v s t a r t e d  6 r h  p o r i  
I651 i i n i r h e d  1 s t  p o r t  
1658 s t a r t e d  2nd p o r t  
I104 i i n i i h e d  run u.2 

1 7 1 1  s t a r t e d  ?rd p o r t  

I 
..., + ,118 

1123 f i n i shed  3rd p o r t  
1724 s t a r t e d  4 t h  p o r t  
1730 f i n l shed  run R-2 
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DAILY SUMMARY LOG (Continued) 
NOvmber 12. 1983 

Clock P a r t i c u l a t e  Runs P a r t i c l e  Size O i r t r i b u t i o n  
Out let  v i s i b l e  Lmi r r i on r  l ime ' I n l e t  Outlet I n l e t  

0713 
0722 
u729 
0130 
0746 
0748 
0150 
0800 

U006 
0810 
0812 

0820 

U827 
0832 
0834 

0844 
0846 
09UU 
0925 

I 1 2 9  
1130 
I145 
1 1 4 1  
1 1 5 1  
I ZOO 
1203 
1204 
1216 
1218 
1220 
1222 
1230 

1231 
1232 
1230 
1239 
1243  
I302 
1303 
1315 
1319 
1330 
I 3 4 5  
I4UU 
1 4 1 5  
Iq in 

uno1 

on19 

0826 

on41 

143u 
1 4 4 5  
l5UO 
I514 

1szu 

r t a r ted . run  R-3 
t 

t i n i r h e a  1 s t  p o r t  
s t a r t e d  2nd por t  

1 
f i n i r h e  1 3rd p o r t  

f i n i shed  2nd port 
s ta r ted  3rd por t  

s ta r red  4 t h  po r t  
I 
4 

f i n i s h e d  run R - 3  

s t a r t e d  run c-I 
f i n l l h e d  1st  p o r t  
s t a r t e a  2nd part 
f i n i shed  2nd p o r t  
s t a r t e d  3rd por t  

f i n i shed  3rd  por t  

scartea 4 t h  p o r t  

4 

1 

I 
I 

l i n l s h e d  run c-1 

s t a r t e a  run H - 3  

f in ished 1 s t  p o r t  
s ta r ted  2nd p o r t  
f i n i shed  2nd p o r t  

s t a r t e a  3rd port  

f i n i shed  p o r t  
started 4th pa r t  

4 

1 
I 

f i n i r h e a  4th p o r t  
s t a r t e d  5 t h  p o r t  

f i n i s h e d  5th po r t  
s t a r t e a  f t h  po r t  

1 
+ t i n i r h e d  run R-3 

s t a r t e d  run c-I 
I 

t i n i r h e d  1 s t  p o r t  
s t a r t e d  2nd p o r t  

1 
f in i shed  2nd p o r t  
s t a r t e a  3rd parr 

t i n i shed  4 t h  port 
s t a r t e a  s rh  po r t  

f i n i shed  5rh p o r t  
s ta r ted  6 t h  p o r t  

f i n i shed  run C-1 

I 

I 

I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
0 
I 
I 
I 

D-6 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

DAILY S W Y  LOG (Continued) 

NOIRnbel  1 3 .  1983 

Clock Particulate nuns Particle S i z e  Oistributian 
l i m e  Inlet Outlet Inlet Outlet V i s i b l e  fnlirionr 

unuo 
on30 

on53 
0045 

0900 
OY09 
0912 
0915 
OYZB 
0930 
u94u 
0954 
UY56 
1000 

IUUY 
1016 
1017 
I021 
1024 
1033 
1034 
1036 
1038 
lOP5 
1050 

IU54 
1 I U U  
1103 
1112 
1130 
1145 
1154 

iuue 

started run c-2 

tinirhea 1 s t  por t  
started 2nd port 

+ 
1 

tinirhed 2nd p o r t  
startea ~ r a  p o r t  

I 
tinlrhed 3 r d  porc 
startea 4th port  

b tinirhea run c -2  

s t a r t e a  run c-z 
finirhea 1 s t  por t  
s tar ted h a  p o r t  

tinlrhed 2nd pori 
smrcea ~ r a  port 

finished 3ra port 

s t a r t e d  4th port 

tiniihea 4 t h  port 
s t a r t e d  5th port 

finirhea 5th port 
starred tth port  

+ 
I. 

I 

1 
I 

I 
I 

tinirhea run c-2 

rrarrea run PSO c-z 

IS startea 

Observat ions  stopped 

observat ions  continued 

1 
I 

finished run Psn 
C-Z 

observations stoppea 
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DAILY SUMMARY LOG (Continued) 

Novenber 14. 1903 

P a r t i c u l a t e  Runs P a r t i c l e  S i z e  O i S t r i b u t i o n  Clock 
Time ]"le1 Outlet 1nlet  Outlet V i s i b l e  E m i s s i o n s  

on13 

o m  
0027 

0030 
0839 
0840 
0852 
0853 
0854 
0900 
UYU6 
09U8 
u910 
0913 
0915 
0921 
0929 
U930 
0936 
0946 
u947 
0949 
1000 
1003 
1015 
1030 
1100 
1130 
1200 
1209 
1215 
1225 
I226 
1230 
1242 
1243 
1245 
1259 
1301 
1306 
1313 
1315 
1310 
1401 
14u4 
1405 
1406 
1 4 1 2  
1413 
1415 
1422 
1423 
1425 
1426 
1427 

s ta r tea  run c-3  

l i n i r h e a  1s t  p o r t  
s ta r teo  2nd p o r t  
I i n i shea  Zna p o r t  

s t a r r e d  316 p o r t  

t i n i r h e a  3 r d  p o r t  

1 

1 

I t a r t e a  4th p a r t  

t i n i r h e a  run c-3  
1 

sta r tea  run  PAH c-I 

t i n i shea  1 s t  por t  
s ta r tea  2nd p o r t  
p lan t  a w n  

resume 2nd port 

i 

1 
t i n i r h e d  2nd porr  
s t a r t e a  3 r d  par t  

1 
tinirhea 3ra p o r t  
$ C a r t e 4  4 t h  p o r t  
p lan t  d w n  

startea run c-3 

r r a r t e a  2nd p o r t  

1 
f i n i s h e d  1 s t  p o r t  

I 
1 

f i n i s h e d  2nd p o r t  
s t a r t e d  3rd port 

t i n l r h e d  3 r d  p o r l  
s tarted 4th p o r t  

1 

I 

t i n i r h e a  4 t h  p o r t  
s t a r t e a  5rh p o r t  

4 
f i n i shed  5 th  p o r t  
s t a r t e a  6 t h  p o r i  

f i n i shed  run C-3 

scarred run PAH c-I 
f i m r h e o  1s t  parr  
starced 2nd p o r t  

t i n i r h e a  2na port  
startea 3ra porc 

l i m r h e d  3 r a  p o r t  

s t a r t e d  4 t h  p o r t  

1 

1 

1 

I 
t 

I. 
p l a n t  down 
r e s ~ n e  4 t h  p o r t  

f i n i shed  4 t h  p o r i  
s t a r t e a  5 th  p o r t  

1 
l i n i r h e d  5 th  p o r i  
s ta r ted  6 r h  p o r t  

I 
4 

p l a n t  down 

s t a r t e a  run PSO c -3  

I 
t l n i t h e a  run PSO c-3 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

D-8 

I 
1 
I 



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

DAILY SUMMARY LOG (Continued) 

November 1 5 .  1983 

C l o c k  P a r t i c u l a t e  RYIIS Parricle S i z e  D i s t r i b u t i o n  
Time I n l e t  O u t l e t  l n 1 e t  O Y t l e t  V i s i b l e  Emissions 

U916 
0921 f i n i s h e d  l i t  p o r t  
0922 s t a r t e d  2nd p o r t  
0932 

0937 s t a r t e d  3rd p o r t  

4 0934 f l n l r h e d  2na p o r t  

"O?O 
t "1_1 

0949 f i n l s h e a  3rd p o r t  
0950 
0953 s t a r t e d  4th p o r t  

1ou5 f i n i s h e d  run PAn R-I  
1011 

1000 I 
1019 
1030 
1036 
1037 
1045 
1053 
1100 
12uu 
1215 
1225 
123U 
124b 
13uu 
1315 
133u 
1345 
14uu 

s t a r t e d  run P A n  n - i  

1 

1 

t i n l l h e d  1 s t  p o r t  
s t a r t e d  2nd p o r t  

I 
f i n i s h e d  2nd p o r t  
s t a r t e a  3rd p o r t  

f i n i s h e d  3rd p o r t  
s t a r t e d  4 t h  p o r t  

f i n i s h e d  4th p o r t  
s r a r t e a  5 t h  p o r t  

1 
f i n i r h e  J 5 t h  p o r t  
s t a r t e d  6 t h  p o r t  

4 f i n i s h e d  run P m  R-I  

s t a r t e d  run PSD n-5  

1 
f i n i s h e d  run PSO R-5 

o b i e r v a t i  

1 
l l n l l h e d  r"" PSU c-3 

M s t a r r e d  

IS stopped 
3s cont inued 

IS stoppea 
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APPENDIX 73.2 

C H A I N  OF CUSTODY FORMS 
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APPENDIX D.3 

SAMPLE IDENTIFICATION LOG 
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T.J. CAMPBELL ASPBAZT PLANT - SAHPLE LOG 

c- 2 ::a ( c-174 

C- 5 
C-6 

c- 7 
C-8 
c-9 
c- 10 
C-11 
c-12 
C-I3 
c-1L 
c-15 
C- 16 
c-17 
C-18 
c-I9 

c-20 
c-21 

C-I75 

C-I76 

c-2L 
c-25 
c-26 

C-27 
c-28 
C-29 
C- 30 
C-31 

- c-37 
c-38 
c-39 
C-M 
C-41 
C-42 
c-43 
c-L4 
c-L5 
C-46 
c-47 
C-L8 
c-49 
c-50 
c-51 
c-52 
c-53 

11-8-83 

. 
11-10-83 

1 

1 
1 . 

c 
OXIIO8-IN-MS-OI 

U p B h U k  

. .  

:*01 

D-22 
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1200 
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1300 

1121 
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T . J .  CAMPBELL A S P W T  PLANT - SAMPLE LOG 

(Continued) 

Dare Sample ID Time S-ling S u p l a  Type Sample N d e r  
L o u t i o n  

C-56 
C-55 
C-56 
c-57 
c-59 
C-60 
C-61 
C-6 1 
C-62 

C-63 
C-64 
C-65 
C-66 
C-67 
C-68 
C-69 
C-70 

-83 

.83 

08L3 b 1 . L  

0 I 

. i 
c4M- 11 11-PW-om-02 c-71 

C-72 
c-73 
c-76 
c-75 
C-76 
c-77 

C-168 

I515 

1519 1 :  
-11 11-PSC-OUT-03 

c4M- 11 I I-PAH-IN-02 C-70 
c-79 
c-80 
c-81 
c-82 
c-83 
C-BL 

C-85 
C-86 
c-87 
C-88 
c-89 
c-90 
c-91 - 

1645 

. . 
0760 11-12-83 

c-90 
c-93 
c-91 
c-95 
C-96 
c-97 

0713 

w 
1151 

. 
c-98 
c-99 
c- LOO 
c- I01  
c-LO2 
c-LO3 
c- LO& 
c-I05 

c-IO1 
C-IO8 
C-109 
c-110 
C-112 
C-113 
C-116 
C - 1 1 1  

c4M-1112-WIN-02 

. 
wr- 11 12-M-IN42 

w-1112-M-Our -02  

I 

. 
1151 

1129 our1ar 

I * . 
D-23 



I I' 

11- 

T . J .  CAMPBELL A S P W T  PLANT - SAMPLE LOG 
(Coaclnued) 

S w l a  N d e r  Dace Sampls ID I h  sampling S a m p h  Type 
lacllcion 

, 2 4 3  C-116 
C-117 
c-118 
c-I19 
c-I20 
c-122 
C-123 
c-124 
C- 125 
C-126 
G I 2 7  

c- 129 
C- 130 
C-131 
C-I32 
C-133 
C-135 
C-136 
c-137 
0 1 3 8  
c-139 
c-140 
C-141 

C- 106 
0 1 2 1  

c-134 

c- I I5 
c-128 

C-141 
c-142 
c-143 
C-144 
c-145 
C- 146 
c-147 
c-148 
c-149 
c-I50 
c-151 
c-152 
c-153 
C-154 
C-IS5 
C-156 

c-IS7 
C- 158 
c-159 
C-160 
C-161 
C-162 

C-163 

C- 164 

11-16-83 

I 

4 
11-12-83 
11-12-83 
11-I&-83 

11-12-83 
11-13-83 
1 I- 14-83 
11-14-83 I 
11-14-83 

I 
11-15-83 

11-15-63 

11-10-83 

11-10-83 

CAE- 1113-PU-IN-01 0956 l d n c  

CAE- II14-PllgIN-OI 0827 InlOC 

CAE-1112-mom-02 1129 h l L 1 O C  

ml-111J-PAR-OLlI-OI 0853 C7Ir1.c 
CAn- I I I4-PAB-om-01 0813 Ourlac 

CAn- 11 I4-BAQ-OUI-OI I209 Dueler I 
I 4 

O r  

CAn-1115-BAP-IN-01 

0909 

I 
CAU-1115-BAP-IN-01 
5 ft. ersin1eee s c a d  

5 fC. ocain1eBa Llcee.1 

PSD-1-IN 1253 

probe 

probe 

I)-24 

Inlac I 
our1ar 
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T.J. CAMPB!ZLL A S P U T  PLANT - SAMTLE LOG 
(Coacinued) 

C-I65 
C- 166 
C-167 
G I 6 8  
C-169 
'2-170 
C-I71 
C-172 
c-173 
c-174 , 

c-175 
GI76 

c-177 
c-178 
c-179 
c-180 
C-181 

c- I82 
GI83 
C-I84 
c-185 
C- 186 

GI87 
c-188 
c-189 
c-I90 
c-191 
GI92 
c-193 

C-I94 
GI95 

C- 196 
C-197 

c- 198 
c- I99 
c-200 
c-201 
c-202 
C-203 
C-204 

- 

PSD-2-IN 
PSC-3-IlI 
PSD-4-IN 
CAK-1111-PSD-OUT-3 
CE- 11 12-PSWVI-4 
UICIIIZ-PSWVI-5 
CAK-1112-PSWUI-6 
CAE+l114-PSWUF7 
cM-I1Is-Pswm-8 
-ice or c-3. c-4 
CO.~O.~LO or c-9. c-10 
m o i r e  of G15.C-16. 

CQppomicm of C-l2.C-23 
' C-17 

bmpo.ic. of c-39. c-u 
cowomica or c-u.c-43 
bmpo.ir. of c-48.c-49 

b.pO.ic. or c-56.~57 
m o s i C a  of C-51.C-52 

&mwmico of C-59.C-60 
W o m i r a  of C-65.C-66 
bmpmirs of C-68.C-69 
-sic- of C-73.C-14 

6 7 5  
c m p r i c .  of c-8O.C-81 
CDmpO.iC. Of c-87.C-88 
-aim of C-Y4.C-95 
-sir0 Of c-101.c-I02 

b m p O . i C .  of  c-107.c-108 
bmpesice  of C-103.C-lM 

c-paira or c-u2.c-113. 
C-114 

b m p o m i c ~  Of c-119.c-120 

1418 
I014 
1225 

1519 
0715 
1232 
0940 
0908 

0907 

Corpoairc of C-132.C-133 
Colpoaire of C-139.C-140. 

c-141 
CAK-1114-UP-Om-01 1209 
CAK-1 114-PAP-IN-0 I 1301 
CAK-1115-PAP-om-01 0859 
Cm!-L1IS-BAP-IN-OI 0909 
Un-1113-PAE-IN-01 
CAH-1114-PAH-IN41 

ufiiii~-~~sz~-az 
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T.J. CAMPBELL A S P U T  P U N T  - SAMPLE LOG 
(Continued) 

c-205 

0 2 0 6  

C-207 

c-208 

C-209 

c-211 

G212  

C-213 

C-214 

C-215 

C-216 

C-217 

c-218 

C-219 

0 2 2 0  

c-221 

c-222 

C-223 

C-224 - 
c-225 

C-226 

C-227 

c-228 

C-229 

C-230 

11-08-83 

11-08-83 

11-10-83 

11-IC-83 
11- 11-03 

11-11-83 

11- 11-03 

11- 12-83 

11-17-83 

11-12-83 

11- 12-83 

11-13-83 

11-13-83 

11-14-83 

11-14-83 

11-14-83 

11-16-83 

11-15-83 

11-15-83 

11-08-83 

11-12-83 

11-13-83 

11-14-83 

11-14-83 

11-15-83 

1400- 
1600 

1415-  
1615 

. 1100- 
1155 

1110 

0900- 
1 U O  

1605- 
1650 

1605- 
1650 

0830- 
-0900-- 

0830- 
0900 

1140- 
1340 

1160 
1340 

0920- 
LO20 
092C- 
1020 

OBJD- 
0945 

0850- 
0945 

IUC- 
1400 

1230- 
1600 

0915- 
1050 

0915- 
1050 

1400- 
~ 1615 

1160- 
12-60 

09- 

. D-26 
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T. J. W B E L L  ASPHALT PLANT - SAMPLE LOG 
(Continued) 

C-5L 
C-55 
C-56 
c-57 
c-59 
C-60 
C-6 I 
C-61 
C-62 

C-63 
C-64 
C-65 
C-66 
C-67 
C-68 
C-69 
c- 70 
C-71 
C- 72 
c-73 
E-74 
c-75 
C-76 
c-77 
C-168 

c-78 
c-79 
C-80 
C-81 
C-82 
c-83 
C- 84 

C-85 
C-86 
c-87 
C-88 
c-89 
c-90 
c-9 I - 
c-90 
c-93 
C-9& 
c-95 
C-96 
c-97 

c-98 
c-99 
c-LOO 
c-101 
c-102 
c-103 
C-104 

C-105 
C-IO7 

- c-IO8 
C-109 
c-110 
c-112 
c-113 
c-114 
c-111 

11- 11-83 0843 

I I- 

t 

11-, 

'83 

83 

-our-01 

UU- I1 ll-Pw-om-02 

c 
CbK. I1  11-PSD-OUT-03 

cbn- 111 I-PAU-IH-02 

c 
CAR- 1112-Ti!-IN-02 

CAU- I 112-MIN-02 

w 1 1 1 2 - ~ 0 l m - 0 2  

D-27 
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APPENDIX E 

LABORATORY ANALYTICAL RESULTS 

INCLmES 

E . l  P a r t i c u l a t e  Mass (EPA Method 5F) R e s u l t s  
E .  1.1 Sample F r a c t i o n  Resu l t s .  
E.1.2 Laboratory Notebook Data 

E.2.1 Sample F r a c t i o n  R e s u l t s  
E . 2 . 2  Laboratory Log 

E .3  T o t a l  Organic  Carbon (Ai r  Emissions Only) 
E.3.1 Sample F r a c t i o n  R e s u l t s  
E.3.2 Laboratory Data Computer P r i n t o u t s  

E.4.1 Sample F r a c t i o n  R e s u l t s  
E . 4 . 2  Computer P r i n t o u t  of Laboratory Data 

E . 5 . 1  Sample F r a c t i o n  R e s u l t s  
E.5.2 Impactor S u b s t r a t e  Weighing Data Shee t s  

E . 2  E x t r a c t e d  T o t a l  Condensed Hydrocarbons 

E.4 Trace Metals ( A i r  Emissions Only) 

E.5 P a r t i c l e  S i z e  D i s t r i b u t i o n  

E . 5 . 2 . 1  Andersen H i g h  Capaci ty  S tack  
Sampler Impactor S t a g e  Weighing 
Data S h e e t s  

S u b s t r a t e  Weighing Data  Shee t s  
E.5.2.2 Andersen Mark I11 Impactor  

E .  6 

E . 7  A n a l y t i c a l  Sample Matrices 

Po lynuc lea r  Aromatic Hydrocarbons . ( A i r  Emissions Only) 
E.6.1 Sample F r a c t i o n  R e s u l t s  

E . 7 . 1  Convent ional  T e s t  S e r i e s  Mat r i ces  
E.7.2 Recycle  Test  S e r i e s  M a t r i c e s  

E-1 



APPENDIX E.l 

PARTICULATE MASS (EPA METHOD 5E) RESULTS 

INCLUDES 

E.l.l Sample  Fraction Results 

E-3 
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APPENDIX E.  1 

PARTICULATE MASS (EPA METHOD 5 E )  RESULTS 

INCLUDES 

E . 1 . 2  Laboratory N o t e b o o k  Data 
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APPENDIX E. 2 

EXTRACTED TOTAL CONDENSED HYDROCARBONS 

INCLUDES 

E . 2 . 1  Sample  Fraction Results 
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APPENDIX E . 2  

EXTRACTED TOTAL CONDENSED HYDROCARBONS 

INCLUDES 

E . 2 . 2  Laboratory Log 
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APPENDIX E . 3  

TOTAL ORGANIC CARBON ( A I R  EMISSIONS ONLY) 

INCLUDES 

E.3.1 Sample Frac t ion  Results 

E - 1 7  



E-18 



TOTAL ORGANIC 

APPENDIX E . 3  

CARBON (AIR EMISSIONS 

INCLLDES 

E . 3 . 2  L a b o r a t o r y  Data C o m p u t e r  

E-19 

ONLY) 

P r i n t o u t s  
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F . l . l . l  Summary of Results 

Table F.l.l.l Virgin Aggregate Percent Moisture 

Date 

11-08-83 
4 
c 

11-12-83 
11-13-83 
11-14-83 
I 

T i m e  

1400 
1512 
1605 
1345 
0920 
0850 
1235 

- 

F - 4  

% Moisture 

2.34 
2.70 
3.05 

2.32 
2.64 
2.62 

2.68 
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Table F.1.2 Uncontrolled Emissions Wet Bulb/Dry Bulb Measurements 

Wet Dry 
Date Time Bulb Bulb % Moisture 

11-08-83 
11-12-83 
11-12-83 
11-13-83 
11-14-83 
11-14-83 
11-14-83 
11-15-83 

1416-1521 
1151-1243 
1418-1520 
0956-1050 
0827-0936 
1014-1143 
1301-1426 
1225-1400 

162 297 
172 313 
172 309 
163 289 
174 315 
169 313 
176 309 
176 298 

31% 
40% 
40% 
32% 
42% 
37% 
44% 
44% 
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F.1.3 Pressure 
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CONVENTIONAL OPERATION 

INCLUDES 

Drop Measurements 
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Table F.1.3 Pressure Drop Measurements 

Date T i m e  

11-12-83 1100 
1200 
1320 
1301 
1330 
1400 
1430 
1501 

11-13-83 0801 
0829 
0858 
0929 
0959 
1030 
1105 
1129 

11-14-83 0803 
0830 
0900 
0930 
1000 
1030 
1108 
1130 
1200 
1230 
1300 
1406 

11-15-83 1207 
1230 
1300 
1355 

AP Inches 
W.C. 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.0 

13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.0 

13.0 
13.0 
13.0 
13.0 
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Tab le  F.1.4 

Date T i m e  

11-12-83 1100 
1130 
1200 
1230 
1301 
1330 
1400 

- 

~~ 

1430 
1501 

11-13-83 0801 
0829 
0858 
0929 
0959 
1030 
1105 
1129 

11-14-83 0803 
0830 
0900 
0930 
1000 
1030 
1108 ~~ 

1130 
1200 
1230 
1300 
1406 

11-15-83 1207 
1230 
1300 

Water Flow Rates 

Water Flow Rates 
T o t a l  gpm V e n t u r i  gpm 

215 
215 
220 
220 
220 
220 
220 
220 
220 

215 
220 
215 
220 
220 
220 
220 
220 

215 
215 
215 
215 
215 
215 
220 
220 
220 
220 
220 
220 

210 
210 
220 

F-12 

4 1  
4 1  
4 1  
4 1  
42 
42 
42 
4 2  
42 

4 1  
42 
42 
42 
42 
42 
42 
42 

42 
42 
4 1  
4 1  
42 
42 
42 
42 
43 
42 
42 
42 

30 
30 
30 
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F . 2 . 1  Virg in  Aggregate and Recyc le  Asphalt  Pavement Percent  
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F . 2 . 1 . 1  Summary of R e s u l t s  
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F.2.1.1 Summary of Results 

Table 2 . 1 . 1  Virgin Aggregate Percent Moisture 

Date - T i m e  % Moisture 

11-10-83 1100 2.07 
4 1100 1.92 

11-11-83 0900 1.46 
4 1400 1.83 

12-12-83 0835 1.20 
11-15-83 0915 6.88 

Table 2.1.2 Recycle Asphalt Pavement Percent Moisture 

Date T i m e  % Moisture - 

11-11-83 0900 1.48 
4 1440 1.40 

11-12-83 0835 2.12 
11-15-83 0915 4.88 
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F-17 

DATA 
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Tab le  F . 2 . 2  Uncontrol led Emissions Wet Bulb/Dry Bulb 

Wet Dry 
Date T i m e  - Bulb Bulb X Mois tu re  

11-15-83 0909-1005 181 313 50 
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F . 2 . 3  Pressure 
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Table F.2.3 Pressure Drop Xeasurements 

AP Inches 
Date __ Time W.C. 

11-10-83 0930 13.5 
1000 13.5 
1033 13.5 
1100 13.5 
1130 13.5 
1401 14.0 
1431 14.0 
1457 13.5 
1531 14.0 
1552 14.0 
1612 14.0 

11-11-83 0837 
0901 
0930 
1001 
1030 
1100 
1130 
1210 
1230 
1300 
1332 
1400 
1430 
1501 
1531 
1602 
1630 
1700 
1726 

11-12-83 0700 
0730 
0801 
0830 
0900 

11-15-83 0738 
0800 
0830 

0930 
0957 
1030 
1055 

n m  

F-20 

12.5 
12.5 
12.5 
14.5 
14.5 
14.5 
14.5 
14.0 
14.0 
14.0 
L b . 0  
14.0 
14.0 
14.0 
13.5 
13.5 
14.0 
14.0 
14.0 

14.0 
14.0 
14.0 
14.0 
13.5 

13.0 
13.0 
13.0 
11 n 

13.0 
12.5 
12.5 
12.5 

__.- 
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Table F.2.4 

Date Time 

11-10-83 1000 
1033 
1100 
1130 
1401 
1431 
1451 
1531 
1552 
1612 

11-11-83 0837 
0901 
0930 
1001 
1030 
1100 
1130 
1210 
1230 
1300 
1332 
1400 
1430 
1501 
1531 
1602 
1630 
1700 
1726 

11-12-83 0700 
0730 
0801 
0830 
0900 

11-15-83 0738 
0800 
0830 
c x 3  
0930 
0957 
1030 
1055 

- 

Water Flow Measurements 

Water Flow Rates 
Total gpm Ventori gpm 

250 40 
250 50 
250 40 
260 41 
230 40 
230 40 
441 44 
441 44 
220 40 
230 42 

235 40 
235 40 
225 40 
220 38 
220 41 
220 41 
220 41 
220 41 
220 42 
220 41 
220 42 
220 42 
220 41 
220 41 
220 41 
220 41 
220 42 
220 41 
220 41 

215 42 
220 42 
220 41 
220 42 
220 41 

210 30 
205 30 
205 30 

30 225- ~ 

210 30 
215 30 
210 30 
210 30 

water flow to  presprays and settling chamber washout was 
turned o f f .  

F-22 
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Table F.3.1 Collection Data 

Date - Time Processing Co. 

11-08-83 1315 Kerr-McGee, Wynnewood, OK 

11-12-83 -- Allied Chemical, Strod, OK 
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G . l . l  Summary of V i s i b l e  Emissions 
G.1.2 V i s i b l e  Emissions F i e l d  Data S h e e t s  
G.1.3 Summary Log of V i s i b l e  Emissions 
G.1.4 V i s i b l e  Emissions Observat ion Loca t ions  

G.2.1 Summary of V i s i b l e  Emissions 
G.2.2 V i s i b l e  Emissions F i e l d  Data S h e e t s  
G.2.3 Summary Log of V i s i b l e  Emissions 
G.2.4 V i s i b l e  Emissions Obse rva t ion  Loca t ions  

G . 3  V i s i b l e  Emissions Observer C e r t i f i c a t i o n  C e r t i f i c a t e  
G . 4  EPA Method 9 G u i d e l i n e s  

G . 2  Recycle  Opera t ion  Data 
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CONVENTIONAL O P E R A T I O N  DATA 

G.l.l Summary of 

I N C L U D E S  

Visible Emissions 
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CONVENTIONAL OPERATION DATA 

INCLUDES 

G . 1 . 2  V i s i b l e  E m i s s i o n s  F i e l d  Data S h e e t s  
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FACILITY 
SUMMARY OF VISIBLE EMISSIONS 

t 
P; 

I 
Wind Ve loc i t y :  10-20 1 

I 

Date: / / / / 2 / ~ 3  

Type o f  Discharge:2hCL 
Locat ion o f  Discharge:5crbbbpy 0'' 

Height  o f  Po in t  of Discharge: 30' 
Oescri p t i o n  o f  Background:&r - sc&& cbudj  

Descr ip t ion  of Sky: b/4 IZ 

Wind D i rec t i on :  5 I; 

Color of P l m e :  &,'kc 
Durat ion o f  Observation: 3 h r  35-m'n 

Type of Plant:/& /+ cnnc rek  

Distance from Observer t o  Discharge Point:@ 
Height  of Observation Point :  0 '  

D i r e c t i o n  of Observer f r o m  Discharge Point :€  

+lek 

Detached Plume: /Jz ' 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 

2 4 6 , 0 .~ 10 12 I! 16 . IC 20 22 24 2G 28 30 32 X z 5 . 1  



FACILITY 
SUMMARY OF VISIBLE EMISSIONS 

,I Date: // //3/#3 '' Location of Discharge:gcru.bbcc cu{''t Height of Observation Point :  0 

1 Descr ip t ion o f  Background:5ca?%rd 

1 Wind D i rec t ion :  S E  Wind Ve loc i t y :  

I 

Type o f  Plant:/%@/f Ghccek 
Distance from Observer t o  Discharge Po in t :  KO'  

D i r e c t i o n  o f  Observer from Discharge Point :  E 

Type of Discharge: hCk 
I 

Height of Po in t  o f  Discharge: 30' 

Descr ip t ion o f  Sky: b/ue 

Color o f  ~ l u n e : & X / F *  Detached Plume: 
Durat ion o f  Observation: / h r  10m;,, 

I 
s 
1 
I 
I 
I 

30 

25 

23 

2 4 15 0 19 12 18 16 . it2 20 22 24 2C 28 30 32 3; tF. 



DATA VALIDATION 

Plume Observation Record Form 1 7 1  ’ 
I 

Oeckad By /Kh44omc? c A, d k  1 
source iT-G,?z,k// L&LA Cd. 

Obmcrver ,L @/c, 9 Addram 

Type of inste l lat ian 7. 

he1 J&5 Steck Et.  2 8 ’  
Observers Distance frum Stack 

Wind Spetd / 5- D i r e c t 2  

P l u m  Color 

- 
/&J Pt. 

Plume Behavio 
Steam P l w  

Start Time //To 
Ending The 
Ending Weather 

Wind Speed / P  Direct= 

Sky Condition 

No. U n i t s  i n  Rcens of 
mtandard 
5 minfhr. allov 
No. Unito  of v10. 

Remarlu* 

- 

b 

G-8 



I 
I 
1 
I 
S 
1 
1 
I 
0 
I 1 
P 
d 
I' 
I 
I' 
1 
I 
I 
I 

5 
I DATA VALIDATION 1 

Plume Obeervetion Record Form 

source TI  6-5, de / /  &A C J  
Obaerver & TT /'Q Mdrear 

cbedud By -/9k/Ohmcp c+ 

Fuel &,4r stack Et. JG 

Plme Color 
plume Background A/& Y 

S t e m  P l m e  

3' 
Start  Time ,/JOG 
Ending Time ,/? 
Ending Vesther A{? 
Sky Condition 

No. Units in Exceas of 
atandard 
5 midhr. allow 
No. Units of VIO. 
Remarko : 

BEP. e 2 3  6/11?0 G- 9 



Wind Speed 7 -S- Direct ?c? 
Sky Condition ?? C/dG 

No. Units in Rceas of 
mtandard 
5 mia/hr. allow 20 
No. Units of VIO.  

- 

bmTb : 

AQ-23 6/1/78 G-10 
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I 
1 
I 
I 
I 
I 
I 
I 
t 
1 
I 
1 
I 
I 

1 
I 
I 
I 

i 

DATA VALIDATION 

Plume Obeervacion Record Form 

b t e  /,//a/R7 source JT /OM bp// eun=c c0. 
Obasrvcr & r T ,  %, Mdramr 

QIaJud By Jk/o hn MC? c, k.9 dk 
me of i m t a 1 b t i o o  d y h f l  
Ph,cr P4,t 
puel & Stmck ut. 36l 

7 

Obatgers Diatancc from Stack 

Wind Spehd ,? -< D i r e c t s  
Sky Condition 
Plume Color 
PI- Background A / Q ~  
Plme Behavior 
Stem P 1 w  

detached 8 Pt .  from stack 
attached E F t .  dieoipated ," 

Start Time a 
Ending Time /4 70 
Ending Weather r$ .?,y-" 
W i n d  Speed I - ? Direct&5 

Shy Condition Pf C/A, 

No. Unite i n  Rccse of 
atandard 

5 a l h r .  a l l w  20 
No. Units of VIO.  

Relaarb : 

G-11 
gEv. e 2 3  611170 

3 



FAC I L ITY 
SUMMARY OF V I S I B L E  EMISSIONS 



I 
I MTA QALIDhTION 

P l m e  Observation Record Form 

I / y ,  1 m t e  /, i /  7 ' / --, Source 77Pomb<///  Pons[ Loa 
Obrenwr 1 (w?/r /c. Address 

Observers Distance from Stack 

W i n d  Spebd - ? D i r e c t L d  , b 

7 
S t e m  P l w  1 detached L P t .  f r o m  stack 
attached /Ft. dissipated 

Start Time /?@e 

Ending Weather -7' I Wind Speed -3 D i r e c t a d  
Sky Condition / /c'  0 F 

NO. Unit8 in Exceos of 
otsndard 

3 
1 

No. Units of V I O .  

9 

G-13 

/ 



DATA VALIDATION 

Plume Observation Record Form 

?%Gi. c 0.m source KT[onb~ /  6 
Obmnwr &fa ;c Addream 

ameked By L5k IC9 
Type of i n s t s l l a t i m  

Fuel f W S  Stack Et.  2 
Observers Diatance from Stack 

2 

,? r.67 f 

/vu Ft .  
W i n d  Speed 3-4  D i r e c t m  
Sky Condition r f e n  e 

Plume Background J;;C~ &e 
plrrmm color I ,  

Plum Behavior 

Stem P l m e  
detached A p t .  from stack 
attached m F t .  dissipated, \ - Start Time f l 9 D  0 

Ending Time DqS7i 
Ending Ueather c/ear ,TL~ 
W i n d  Speed 9-q Directaq- 

Sky Condition P/fu r 
No. Units  i n  Exceas of 
atandard 

5 a l h r .  allow 20 
No. U n i t s  of VIO.  

Remarb : 

1 
I 
1 
I 
1 

; I  
1 
I 
I 
I 

' I  
I 
I 

!q I 
I 

q9 / I 
I 
I 

-23 b l l l70  G-14 .u ~ 
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I 
1 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

3 
DATA VALIDATION 

PPme Obmxvetion Record Porn 
I _ -  

Data /,//3/23 Source 
Obmerver 1 &K '9 Addre.. 
Checkad By 
me of inrtallatiol, I+ 
C0.lCr-e k 

fie1 &L Stack Et.  30' 
Observers Dietance from Stack 

Uind Specd 3 -r D i r e c t 2  
Sky Condition c/&F 
PI-e Color I, , A ,  14. 
Plme Background /,, 9 

m 0 Pt. 

Plme Behavior ./q?5hl5 
S t e m  Pl- 

detached +Pt. from s t a c k  
attached L F t .  d i s e i p a c e d  

S t a r t  T h e  / f l P O  - 
Ending Weather /-/vO J 30 
Ending Time /o 3-Y 

Wind Speed ?- c D f r e c t S  
Sky Condition C'/+L-L/ 

No. Units in  cess of 
ntandard 
5 m.la/hr. allw 20 
No. U d t a  of VIO. 
Remerka : 

Eo. AQ-23 611178 G-15 

i 



Plume Obecrvetion Record Form 

L 80 

me of instul lat ion 

I 
I 

h t e  ////3/83 Source 
Obrnennr V C I  0 Mdreaa 
necked By 

Fuel Stack Et .  70/ 
Observers Distance from Stack 

Wind Specd 7 -7 D i r e c t 2  
Sky Condition C / e r r r  
Plume Color 

Po Pt. 

P l w  Baclrgrod b/ue 

Stem P l m e  
detached L P t .  from stack 
attached a F t .  dissipated 

Start Time 

W i n d  Speed .?-? Direct= 

Sky Condition p / Y O  y 

No. Units i n  Rceas of 
atandard 
5 e / h r .  a l l w  
No. Waits of VIO.  

Remark8 : 

G-16 

~~ ~ 
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G.1.3 Summary 

APPENDIX G.l 

CONVENTIONAL OPERATION 

of 

INCLUDES 

DATA 

Visible Emissions 
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Conventional Operation Observations 

Time 
Date Start s t o p  (min) 

11/12 1130 1430 180 

11/13 0800 1054 175 
1103 1154 52 
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I 
I 

A P P E N D I X  G.l 

CONVENTIONAL O P E R A T I O N  DATA 

I N C L U D E S  

G . 1 . 4  V i s i b l e  E m i s s i o n s  O b s e r v a t i o n  Locations 

I 

I 

I 
G-19 
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0 CONTROL 

rowm 

. ipproximare 
P o e i r i o n  uiscance 9ireccion oi Observer 

YO.  Dare T h e  from stack ( t c )  from Discharqe Po& 

1 11-12-83 0722-1429  LOO-150 E 

2 11-13-03 0800-1150 80-100 5-SE 

Figure 1-2. Locations of v i s i b l e  emissions observations 
during conventional operation. 

G-20 

B a 

~ 

I 
I 
I 
1 
I 
I 
I 
I 
I' 
I 
I 
I 
1 
I 
1. 
I 
1 
I 
I 



‘I 
I 
I 

I 
I 
I 
‘I 
.I 
I 
I 
I 
I 
I 

I 
I’ 
I 

APPENDIX G .  2 

RECYCLE OPERATION DATA 

INCLUDES 

G . 2 . 1  Summary of V i s i b l e  E m i s s i o n s  
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ROAD 

@a@ I 

-z- 

NOTTOSCALE 

Figure  1-2. Loca t ions  of  v i s i b l e  emis s ions  o b s e r v a t i o n s  
d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  
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G . 2 . 2  V i s i b l e  

APPENDIX G.2 

RECYCLE OPERATION DATA 

INCLUDES 

E m i s s i o n s  F i e l d  D a t a  
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FACILITY 
SUMMARY OF VISIBLE EMISSIONS 

I 
I' 

al 

1 
I 

Type o f  Discharge: 5 kck 
Location o f  Discharge:S,crq bber out let 

Height  o f  Point  o f  Discharge: 
Descr ip t ion  o f  Background: clear 
Descr ip t ion  of Sky: blue 
Wind D i r e c t i o n :  A/ Wind V e l o c i t y :  is-20 f?Qx 
Color of P l m e :  ~ h i k  
Duration o f  Observation: 3 h r  1sm:m 

Distance from Observer t o  Discharge Point :  3 
Height  o f  Observation Po in t :  0' 

D i r e c t i o n  o f  Observer from Discharge P o i n t : S  i 
Oetached Plume: 3so' 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 

30 

25 

ZJ 
. , : . i  ~ 



~~~ 

I 
'I 
i I 
1 
I 
I 
I 

1 I 
'I' 
I I 
I 
I 
I 
I 
d 
I 

I I 
I' 

I I 
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DATA VALIDATION I 



Observers Distance f r w  Stack 

Wind Spetd 230 Direct& 

250 - Pt- 
Sky Condition /./G U f  
Plrnne e l o r  /.J /7/ ?+ 

P l m e  Background &/iy 
Plme Behavior 7 
Stem Plume h c m  I j & o n  

detached D Ft .  from stack 
attached E F t .  dissipated - Start Time //40 

Ending Time //,? P 
Ending Weather CkQr 
V i n d  Speed 2. 0 DirectLI  
Sky Condition C & v  

No. Units i n  kcems of 
atandard 

5 mia/hr. allow 20 
No. Units of VIO. 

Remarlrs : - 

I DATA VALIDATION 7 I' 
I 

I 
I 
I 

I 
I 
I 
I 
I 
l i  

I 

G-28 



I 
‘I 
I 3 
I 
1 I 
I 
I 
I I 
‘I’ 
\ I 
I 
I 
I 
(I 
d 
I 
I 
I 
I I 

L”a’jqt10- 
detached L P t .  from stack 
attached &Ft. dieeipated 

- Start  Time / 4 P R  
Ending T h e  / ro C’ 

Ending Weather C=&V 

Wind Speed 2d DirectMW 
Sky Condition C &C?icIIJ 

No. Units  i n  Excess of 
standard 

5 d n / h r .  a l l w  20 
No. Waits of VIO. 
Remarks : 

- 

tC‘ , f  L&, ,<+eq7 Y m  cc 99 
0 {4 

3 
I M I A  VALIDATION i 

G-29 



4 
I' 
I" 
I 
I 
I 
I 

- 1  I 
I' 
I 

-1 
il 
I 
I 
1) 
I 
1) 
I 

- 
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DATA VALIDATION 

Plume Obeervntion Record Form 1 1  
Dlte // m / P 7  Source 7 7;- CG mhP // CO, 
Obrerver A &IT I 9  Addrear 
Checked By Ok/Q h o q c i  P,jLy 
rrpe of ine ta l la t im P ~ L Q  /f 
o rl P ye f e  

Am1 k 5  Stack Et. 3 
Observere Distance from Stack 

Wind Spetd 220 Direct f l IJ 
Sky Condition ?!Y'GV 

?lo - 
.//OD Pt* 

Plume b l o r  hJh / ' t e  

- 
Background / / Y e  

Plume Behavior *,*f 
S t e m  Plume fimrmigcrhlon 

detached 0 Pt .  from stack 
attached Z F t .  diseipated 

e - Start Time /<-p 5 
Ending Time / L e o  
Ending Weather F / P Q /  
Vind Speed 20 Direct&&' 

Sky Condition C / q G F  

No. Units i n  Rceas of 
atandard 

5 &/hr. allow 20 
No. k i t e  of VIO.  

Remarks : 
I - 

1 ,  c k r  T9,c<VVc ! ) ( \ C L  
(r 

e 2 3  bl l l78  G-30 

~~ ~ 



I 
1 
I 
I 
i 

W i n d  Spekd 20 D i r e c t d w  

Sky b n d i t i o n  P / ~ Q  r 
P1-c Color dc/h .;LP 
P l m  Background /5/ue 
Plme Behavior A M - 7  
Stem PI- F-+jqf\ o n  

detached o p t .  from atack 
attached u t .  diss ipated 

Start Tfme MLka 
Ending T h e  / L  7 1  
Ending Weather c/ec;r 
Wind Speedo- Dircctd/Li  
Sky Condition P/eclr 

No. Units i n  Exceas of 
atandard 

5 min/hr. allow 20 
No. Unite of VIO.  

Rcmerka: 

' EEV. AQ-23 6 f l f 7 0  G-31 



FACILITY 
SUMMARY OF VISIBLE EMISSIONS 

Date: //////f3 
Type o f  P l a n t :  Asp# CoQcvek 
Type o f  Discharge:Shck 

Locat ion o f  Discharge : s r u  bher O k b l d  
Height  o f  P o i n t  o f  Discharge: 30' 
Descr ip t ion  o f  Background: c/ew S k y  

Oescr ip t ion  o f  Sky: b k  

Color o f  PI m e :  L J ~ ~ ' + ~  

Durat ion o f  Observation: 3 h r  3'Xn'- 

Wind Direction:~k' /Y/9 -113L j 13c.9 -'" ' 

I 

1 

Distance from Observer t o  Discharge P o i n t : a -  
He ight  o f  Observation Point :  0 
D i r e c t i o n  o f  Observer from Discharge Point :  

I I 

Wind V e l o c i t y :  1-r  
Detached Plume: 6 C  -2CC' 

SUMMARY OF AVERAGE OPACITY SUMMARY OF AVERAGE OPACITY 

2 4 6 0 10 12 14 16 . i0 20 22 24 26 28 30 32 34 # 
I 



1 MIA VALIDATION I 
Plume Obeervarion Record Form 

h t e  / / / / I  / P3 Source T,J- P bp // 
Oboerver 1 Addreaa fwn- , I 4  

Observers Dietance from Stack 

wind Spetd .S D i r e c t z  
Sky b n d i t i o n  r/pOT 
P l m c  b lor  

12.7 Ft. 

Backgrotid A/L/e 
Plume Behavior 
S t e m  P l m e  

detached P t .  from stack 
attached /Ft. diaeipated 

&ding Weather r/pfif 
Uind Speed j @  D i r e c t L J  

Sky Condition c / e ~ j  
No. Units in Rceao of 
atandard 

5 min/hr. allow 
No. units of VIO.  

Remarb : 

i 

L/ 



MIA VALIDATION 

Plme Obeervetion Record Form 

source s f i m / j e  
Addmmr 

Cbdmd By ,+ 01% 
Type of i n s t a l  

f i e 1  &s Stack Et .  a 
Oboerverd 5LstanCe frw Stack 

Wind Spe&d Sr D i r e c t z d  
Sky Condition P / P c t F  

Plume &lor wh,'+ 
P l w  Background b/&, 
Plume Behavior &**/ 
S t e m  P l m e  

detached A P t .  from stack 
m t t a c h e d a F t .  diss ipated 

Start Time 
Ending Time b (3 5 9  
Ending Weather 

Vind Speed 5 D i r e c t d f  
Sky Condition &Q/ 

No. Units i n  h e a r s  of 
mtandard 

5 &/hr. allov 
NO. Units of VIO. 
Remarkr: 

REV- 4-23 b11170 G-34 



Wind S p e e d j k 3  Direct& 
Sk9 Condition r J G Q ~  

No. Units i n  Exceas of 
atandard 

5 mlnlhr. a l l o v  20 
No. units of n o .  
Remarb : 

3 

I DATA VALIDATION 



RATA VALIDATION 

Plume Observation Record Form r ' p  
3 Source q 

8 
h e 1  Stack Et. 7 30/' 8 

I T i 3  4, 
A' 
CEI 
8 
1' 
g' 
J! 
0 
8 
il' 
I 
8 
a 

Obaerrnr A & r C / Q  

meckad By 
me of inetol 

Addreaa 

h- 

Observere Diatmce frum Stack 

Wind Spetd 7 ->- Direct& 
Sky tondition C/Co 
pi- &lor L J ~  +e 
P l m  Background &/up 
Plme Behavior 
Stem P l m e  

/z- Ft. 

detached L F t .  from stack 
attached a F t .  dissipated 

Start Time 
Ending Time 

Ending Weather C /Y(,V $ ~ 5 - &  

Wind Speed 3 - 5' D i r e c t 2  
Sky Condition 

NO. Unit6 in Rccaa of 
standard 

5 mhlhr. allow 
No. Units of VIO. 
hmnrka : 

G-36 



5' E" 
si 
jj) b t c  1 / I ,/ 1 7 Source 7~rr CQ 

f/ QeeLad By- OK/ohoma C f y  O K  

DATA VALIDATION 

Plume Obecrvatfon Record Form 

fwr C / Q  Mdrem Observer A 

me of ine to l la t ian  /phR/f 

Observere Dietance from Stack 

wind Specd a D i r e c t z  

P l m e  Color PA /Yc 

S t e m  P l u  

@ detached 3 Ft .  from StAck 
attached J c L F t .  die8 ipated - 

Start  ~h /Jn Q 

, Lnding Weather p 

NO. Units i n  Rceae  O f  

No. Gaits of V I &  

G-37 



I U T A  VALIDATION 

G - 3 8  Em. 4-23 611178 



7 

DATA VALIDATION I 



Address 

Qeckad By o/C/ahcK?7c? C.L, L?k 
Type of i n s t a l l a t i o n  w/f 

C r e  e P/G b,7? 

he1  &=i Stack Et.  - 
Observer6 Distance from Stack 

Wind Spetd / -3 D i r e c t 5  
Sky Condition C/Pc?/ 

P l w  Background 6h.e 
Plume Behavior UeFflcr i l  - 
S t e m  PI- 

I 

so Pt .  - 
Plrnne b l o r  L d L 7 I k  

- 
5 I Uup'81 

detached 0 Pt .  from stack 
attached X F t .  diseipated 

/G 6-6 
Ending Time /& r"/ 

- Start  Time 

Ending Weather P/eQr <cG 
Wind Speed 3 - 5  D i r e c t 2  

Sky Condition (/-e O Y  

No. Units in Excers of 
mtmndard 

5 m.f.n/hr. a l l o v  20 
No. U n i t s  of VIO.  

Remerke : 

G-40 
== 4-23 bI1 l70  



- Start  T h e  / 7/30 
Ending Time / 9/ /7  
Ending Weather C / O r i y  - <c 
Wind Speed ? - f D i r e c t 2  
Sky Condition </PO / 

NO. unit6 in R C C O S  O f  

atandard 
5 ad?. allow 20 

No. Unite of VIO.  

Remarks : 

gEp. AQ-23 bll178 



Fuel m-7 Stack Et .  & 
Observere Distance from Stack 

Wind Spetd D i r e c t s  
Sky Condition A*/- c< r 
Plume calor , , ~ / ’ ~ ~  j ?  
P l w  Background A:’/[/ 

Plvme Behavior A, 2 L ’ ,  &/ 
Stem P l m e  

detached d Pt .  fro stack 
attached Z F t .  dissipated 

/.BP Pt. $--I 6 

* 9 C O q i n  

Start Time -2 0 2  
Ending Time /7 759 
Ending Weather e/Go r Go‘ 
Wind Speed JLqY 5’ Direct* 

Sky Condftfon Plea/  

No. Unite i n  Exceae of 
standard 

5 m / h r .  allow 20 
No. Units of VIO. 

Remarka : 

\ 

111; 
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DATA VALIDATION 

Plume Observation Record porn I &E 1 
b t a  //.J/z /$3 Source 
ObWrPer 1- ffl6 ('9 Addrew 

Observers Distance from Stack 

Plume Color 

Plume Behavior * 

S t e m  Plume 

P l w  Backgrourrd / /UP 

detached A P t .  from stack 
attached B F t .  diesipaced 

- Start Time 
Ending T h e  O&? 
Ending Veather , lddlv  ( / n L s t f y  

Wind S p e e d " k  D i r e c t ~ t ~  
Sky C o n d i t i o n r - A l \ ,  c /ok 

No. Units i n  &cess of 
mtandard 
5 min/hr. allow 
No. Units of VXO. 
Remerka : 



DATA VALIDATION 
@ 

source 7-7- e4@ // 1' 
ID 
[lF; 
1: 
B 
r 
' ,  J 
61 
il: ., 

f 
(R 
g 
I k 
4 
;il: 
u 

Plume Obeervetion Record Form 

b t e  3 
Observer c &W,@ Addream 
ameked By Ok/Q /Id 0 7  q c/+ dX 

h e 1  &d Stack E t .  3' 
Oboervera Dietance f r w  Stack 

Sky C a d i t i o n  
Plme clolor 

P l W  B8CkgrOd h / U  9 \' 

Steam P1- 
detached O P t .  from stack 
attached e F t .  diseipated 

Start  Time 

G-44 

NO. h i t 6  in kcems O f  

standard 

5 mlnlhr. allow 20 
NO. Ilni t ,  of v10. 
Remarla : 



FACILITY 
SUMMARY OF VISIBLE EMISSIONS 

@$ Date: /,//(/cy3 

I, I 

/* /f LO,, C e  Type o f  P 1 a n t : h P  

Type o f  Discharge: fhck 
Location of Discharge: s c a b h e r  outlet  
Height  o f  Point  o f  Discharge: 30’ 
Descr ipt ion o f  Background: c/wr 
Descr ipt ion o f  Sky:&? 

Color of PI me:  Uh, ‘fe 
Duration o f  Observation: 2,4f 35-rn1h 

Distance from Observer t o  Discharge P o i n t :  3sZ;’ 

Height  o f  Observation Point :  0 -13 ’ 
D i r e c t i o n  of Observer f r o m  Discharge Point:[-5i  

/ 8: Wind D i r e c t i o n :  d -L’d Wind V e l o c i t y :  /d-/’ 

8 
Detached Plume: ~ c U  -3 W’ 



Datd / / / / , s -  k 3 
ObmrPcr L i s  

Type  of i n s t a l l a t i o n  
Cbeckad By 

he1  Stmck Et .  & 
Oboervers Distance from Stack 

Wind Spekd /d -ii<Direct& 
Sky Condition f /&ir 

P l w  Background ‘a< 9 
Plme Behavior 

S t e m  P l m e  

253 Pt .  

Plume 61or  L L 4 , ’ t e  

?=- GUY, h 3  
detached O P t .  from stack 
attached m F t .  diss ipated 

Start Tfme R K I5 - m y x  -. 
Ending Time O Y Y y  -T,S?$-y - 
Ending Weather //Po r Y5-O 
Wind Speed 1 0  -/I D i r e c t A  

Sky Condition 

No. U n i t s  i n  Rceas of 
atandard 

CU / eq F 

\ 5 d n l h r .  allov 20 
No. Unita of n o .  
Remarkm: 

ki+Grrt R A P  

DATA VALIDATION 

Plume Observation Record Porn 

Addram 

f l k h h n r n a  I / 

I 

G-46 



2 

I DATA VALIDATION 1 

Stack Et.  - - Fuel 
Observers Distance from Stack 

Wind Spetd /O-/gDirect&b 
Sky budit ion C/&f 
Plme b l o r  L,,JhJ-? 
Plrnnc Background h/c/ 
Plme Behavior ,-,b tr: ; , 9 i i  

detached 0 P t .  from stack 
a t t a c h e d a t .  dissipated 

270 Ft. 

Stem P l w  i9 oop'n3 .. 

- Start Time OSOL 1 

Ending Weather P / - ? a r  47d 
Ending Time C c i F 7  

Wind Speed [ O V F  DirectA/W 
Sky Condition C / 4 q /  'c9 

No. Units in Excess of 
atandard 

5 min/hr. allow 20 
No. U n i t s  of VIO. 
Remrka : 

G-47 



Fuel Stack Et. - 
Observers Distance f r w  Stack 

Uind Sped /dvcDirect&d 
Sky Condition C / C G Y  
Plums Color 
P l m  Background h/we 
Plme Behavior 

S t e m  P l w  / QO?'OJ 

- 2 T O  Pt. 

-5 
detached o p t .  from stack 
a t t e c h e d a F t .  dissipated 

/ o o o  - Start T h e  
Ending T h e  /OS-'? 
Ending Weather ~ / P G /  e 
Yind Speed / b  73- DirectLLU' 

Sky Condition P/QG 4 

No. Units i n  hceas of 
atandard 

5 fnla/hr. a l l w  20 
No. Units of VXO. 

&marka : i 
7 '  



APPENDIX G .  2 

RECYCLE OPERATION DATA 

INCLUDES 

G . 2 . 3  Summary Log of V i s i b l e  E m i s s i o n s  
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Recycle Operation Observations 

Date Start s top (min) 
Time 

11/10 1000 1100 60 
1140 1159 19 
1400 1500  60 
1505 l b 0 0  5 5  
1620 1630  11 

11/11 0819 1003  105 
1009 1015 7 
1104 1136 33 
1308 1337 30 
1400 1442  43 
15 30 1 5 4 1  1 2  
1545 1718 9 4  

11/12 0722 0806 45 
0812 0925 74 

11/15 0815 0845 30 
0855 1100 125 

G-50 



A" 

3. 

G . 2 . 4  V i s i b l e  

APPENDIX G . 2  

RECYCLE OPERATION DATA 

INCLUDES 

Emissions Observation Locations 
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0 CONTROL 

TOWER 

ROAD 

0 

H 
u 

i 
i R 0 

. 

srncn 

DRUM MIXER 

CONVEV0.W po S %  gj 

> 

srncn 

DRUM MIXER 

CONVEV0.W po S %  gj 

> 

-z- 

NOTlOSCALE 

AQQrOXimate 
Posit ion DisCanCe Direction o €  Observer 

NO.  Dace T i m e  Irom Stack ( I C )  from Discharge Polnc 

1 11-10-83 1000-1625 1000 SE 
2 11-11-83 0819-1136 125 NE 
3 11-11-83 1300-1118 100 S!4 

4 11-12-83 0722-0925 200 e 
5 11-15-83 0815-1054 250 E-SE 

c - convenciona1 operation 
R - recycle  operation 

Figure 2-2. Locat ions  of visible emissions observations 
during recyc1.e operation. 

G-52 

1 
f 
& 
c 



APPENDIX G . 3  

VISIBLE EMISSIONS OBSERVER CERTIFICATION CERTIFICATE 
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. . . . . . . . . . .  ... .... .. -. .~ -- - 

I' .~ 

STATE: OF NORTA CAROLINA 
DEPARTNUT OF NATVRAL RESOURCES 6 COMMUNITY DEVELOPMENT 

D i V i S i O N  OF ENVTXONMLVTAL HANAGENENT 

"NCTICE" 

1 
E 

T h i s  i s  t o  advise  J p  c n Qr\ e I w L r c , a  

you sucess fu l ly  complated requiremenrs for: 

Renewal of "Cer r i f i ca re  of Comperency t o  Determine Vis ib le  Emissions" and thereby 

w i l l  r equ i r e  renewal on 318Y . Please a t t a c h  t h i s  no t i ce  t o  

your c e r t i f i c a t e  as it is r h e  o f f i c i a l  n o t i c e  of r e c e r t i f i c a t i o n .  

t h a t  on q 1 13 / 8.7 

I 
8 
~- E 
6 
1. 
1' 
1 
E 

J 
911 

C e r t i f i c a t i o n  t o  determine v i s i b l e  emissions,  by completion of a cource of i n s t ruc -  

t i o n  an2 having demonstrated competency i n  performing v i s i b l e  emission eI~a1uaticr.s .  

Enclosed is a " C e r t i f i c a t e  of Competency t o  Determine Vis ib le  Emissions" issued 

by t h e  S t a t e  of North Carolina, Environmental Management Division. T h i s  ce r7 i -  

f icate s h a l l  remain v a l i d ,  u n t i l  , a t  which time 

it w i l l  r equ i r e  renewal  by r e c e r r i f i c a t i o n .  

Schools w i l l .  be made a v a i l a b l e  t o  you f o r  renewal purposes around the  time your 

certif icate is due t o  expi re .  For information concerning t h e  scnool(s), ca l l  

your r eg iona l  a i r  q u a l i t y  o f f i c e  or your l o c a l  a i r  po l lur ion  con t ro l  program 

p r i o r  t o  your expi ra r ion  da te .  

t i o n a l  e r r o r  (P. 0. E . )  if a n y ,  f o r  black and white smoke f igured from your 

Also, included below is your pos i t i ve  observa- 

f i e l d  axam. 

"P. 0. E." For Black Smoke 

"P. 0. E." For White Smoke 

~f .a 
3 . 6  

I 
'f 
9 Did not  meet requirements f o r  v i s i b l e  emissions c e r t i f i c a t i o n .  

G-54 
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APPENDIX G . 4  

EPA METHOD 9 GUIDELINES 
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APPENDIX H 

SCRUBBER PROCESS MONITORING INFORMATION 

INCLUDES 

H.l Conventional Operation Data 
H.l.l Temperature and pH Measurements of Venturi 

Scrubber Water 
H.1.2 Total Organic Carbon (TOC) Measurements of 

Scrubber Water 
H.1.3 Trace Metal Measurements of Scrubber Water 
H.1.4 Polynuclear Aromatic Hydrocarbon Measurements of 

Scrubber Water and Effluent Scrubber Solids 
H.1.5 Total Solids Measurement of Scrubber Liquor 

During Conventional Operation 
H.2 Recycle Operation Data 

H.2.1 Temperature and pH Measurements of Venturi 

H.2.2 Total Organic Carbon (TOC) Measurements of 

H.2.3 Trace Metal Measurements of Scrubber Water 
H.2.4 Polynuclear Aromatic Hydrocarbon Measurements of 

H.2.5 Total Solids Measurement of Scrubber Water 

Conventional and Recycle Operation 

H.4.1 Conventional Operation Analytical Test Series 

H.4.2 Recycle Operation Analytical Test Series Matrices 

Scrubber Water 

Scrubber Water 

Scrubber Water and Effluent Scrubber Solids 

H.3 Copies of Field Laboratory Notebook Support Data for 

H.4 Analytical Test Matrices 

Matrices 

H.5 Sample Identification and Sample  Logs 
H.6 Calibration Verification of Signet Flosensors 

H-1 



APPENDIX H . l  

CONVENTIONAL OPERATION DATA 

INCLUDES 

H . l . l  Tempera tu re  and pH Measurements  of V e n t u r i  
S c r u b b e r  Water 
H . l . l . l  I n l e t  V e n t u r i  S c r u b b e r  Water 
H.1.1.2 E f f l u e n t  V e n t u r i  S c r u b b e r  Water 

H - 3  



H.l.l Temperature and pH Measurements of Venturi Scrubber Water 

H.l.l.l Inlet Venturi Scrubber Water 

Temperature 
Date Time O C  PH 

11-08-83 1400 
11-08-83 1510 
11-08-83 1600 

11-12-83 1140 
11-12-83 1240 
11-12-83 1340 

54 
54 
54 

53 
56 
58 

7 .53  
7.43 
7.24 

7.28 
7.30 
7 .31  

11-13-83 0920 5 1  7 . 3 1  
11-13-83 1020 54 7.29 

11-14-83 0850 
11-14-83 0945 
11-14-83 1230 
11-14-83 1400 

37 
46 
53 
54 

7 . 4 3  
7 .36  
7.31 
7.34 

H . 1 . 1 . 2  Effluent Venturi Scrubber Water 

Temperature 
Date Time O C  PH 

11-08-83 1415 
11-08-83 1515 
11-08-83 1605 

11-12-83 1140 
11-12-83 1240 
11-12-83 1340 

66 
67 
68 

67 
68 
7 1  

11-13-83 0920 65 
11-13-83 1020 67 

7.30 
7.13 
6 .89  

7.18 
7 . 1 5  
7.18 

7 .24  
7.12 

11-14-83 0850 63 7 . 1 2  
11-14-83 0945 64 7.18 
11-14-83 1230 69 7.15 
11-14-83 1400 7 1  7 .22  
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APPENDIX H . l  

CONVENTIONAL OPERATION DATA 

INCLUDES 

H.1 .2  Total Organic Carbon (TOC) Measurements of 
Scrubber Water 
H . 1 . 2 . 1  Inlet Venturi Scrubber Water 
H . 1 . 2 . 2  Eff luent  Venturi Scrubber Water 

H - 5  



H.1.2 T o t a l  Organic  Carbon (TOC) Measurements of Scrubber  Water 

H.1 .2 .1  I n l e t  V e n t u r i  Scrubber  Water 

TOC Sample TOC 
Date  T i m e  m g l a  Vol. (ml) T o t a l  (mg) 

11-12-83 1140-1340 160  996 159 
i i - i 3 -a3  0920-1020 1 8 0  700 126 
11-14-83 0850-0945 186  705 131 
11-14-83 1230-1400 1 8 0  635 114 

H . 1 . 2 . 2  E f f l u e n t  V e n t u r i  Scrubber Water 

TOC Sample TOC 
Date  T ime  mgla Vol. ( r n l )  T o t a l  (mg) 

11-12-83 1140-1340 160  995 1 5 9  
11-13-83 0920-1020 250 715 179 
11-14-83 0850-0945 230 715 164 
11-14-83 1230-1400 200 755 1 5 1  

H-6 
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APPENDIX H . 1  

CONVENTIONAL OPERATION DATA 

INCLUDES 

H . 1 . 3  Trace Metal Measurements of Scrubber Water 
H . 1 . 3 . 1  I n l e t  Venturi Scrubber Water Trace 

H . 1 . 3 . 2  Eff luent  Venturi Scrubber Water Trace 

H.1.3.3 Eff luent  Venturi Scrubber Water Suspended 

Metal Content 

Metal Content 

S o l i d s  Trace Metal Content 
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APPENDIX H . l  

CONVENTIONAL OPERATION DATA 

INCLUDES 

~ . 1 . 4  Polynuclear Aromatic Hydrocarbon Measurements of Scrubber 
Water 
H . 1 . 4 . 1  Benzo(a)Pyrene and Related PAHs i n  I n l e t  

Venturi Scrubber Water Samples 
H . 1 . 4 . 2  Benzo(a)Pyrene and Related PAHs i n  Effluent 

Venturi Scrubber Water Samples 
H.1 .4 .3  Benzo(a)Pyrene and Related PAHs in  Venturi 

Scrubber Water So l ids  

H - 9  
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APPENDIX H .  1 

CONVENTIONAL OPERATION DATA 

INCLUDES 

H . 1 . 5  T o t a l  Solids Measurements of Scrubber Water 
H . 1 . 5 . 1  I n l e t  Venturi  Scrubber Water 
H . 1 . 5 . 2  E f f l u e n t  Venturi  Scrubber Water 

H-13 



H.1.5 T o t a l  S o l i d s  Measurements of S c r u b b e r  Water 

H.1 .5 .1  I n l e t  V e n t u r i  Sc rubbe r  Water 

% Suspended D i s s o l v e d  
Date Time S o l i d s  S o l i d s  m p / E  

11-08-83 1400-1600 0 1660 

11-12-83 1140-1340 0.016 1860 

11-13-83 0920-1020 0 .002  1780 

11-14-83 0850- 0 .002 1770 

11-14-83 1230-1400 0 1790 
~ ~~~ ~ ~~ ~ ~ ~ _ _ _ _ _  ~~ 

H.1.5.2 E f f l u e n t  V e n t u r i  Sc rubbe r  Water 

% Suspended D i s s o l v e d  
Date Time S o l i d s  S o l i d s  mg/E 

11-08-83 1400-1600 0.720 1680 

11-12-83 1140-1340 0 . 6 7 1  1850 

11-13-83 0920-1020 0 .653  1760 

11-14-83 0850-0945 0.518 1770 

11-14-83 1230-1400 0.524 1810 
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APPENDIX H.2 

RECYCLE OPERATION 

INCLUDES 

H . 2 . 1  Temperature and pH Measurements of  Venturi  
Scrubber Water 
H . 2 . 1 . 1  I n l e t  Venturi  Scrubber Water 
H . 2 . 1 . 2  E f f l u e n t  Venturi  Scrubber Water 

H-15 



H.2.1 Temperature and pH Measurements of Venturi Scrubber Water 

H.2 .1 .1  I n l e t  Venturi Scrubber Water 

Temperature 
Date Time O C  PH 

11-10-83 1100 

11-11-83 0900 
11-11-83 0945 
11-11-83 1440 
11-11-83 1605 
11-11-83 1650 

11-12-83 0830 
11-12-83 0900 

11-15-83 0915 
11-15-83 1000 
11-15-83 1050 

47 

33 
42 
54 
55 
55 

43 
44 

7.37 

7.46 
7.32 
7.25 
7.28 
7.28 

7.46 
7.40 

48 7.44 
54 7.46 
57 7.49 

H.2.1.2 Effluent Venturi Scrubber Water 

Temperature 
Date Time O C  PH 

11-10-83 

11-11-83 
11-11-83 
11-11-83 
11-11-83 
11-11-83 

11-12-83 
11-12-83 

11-15-83 
11-15-83 
11-15-83 

1110 

0900 
0945 
1440 
1605 
1650 

0830 
0900 

0915 
1000 
1050 

61 

55 
55 
65 
67 
68 

61 
63 

80 
77 
79 

7.16 

7.18 
7.10 
7.22 
7.20 
7.22 

7.22 
7.11 

7.11 
7.10 
7.15 
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APPENDIX H.2 

RECYCLE OPERATION DATA 

INCLUDES 

H.2.2 T o t a l  Organic Carbon Measurements 
H .2 .2 .1  In l e t  V e n t u r i  Scrubber  Water 
H.2.2.2 E f f l u e n t  V e n t u r i  Scrubber  Water 
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H.2.2 T o t a l  Organic Carbon Measurements of  Scrubber Water 

H . 2 . 2 . 1  Inlet  V e n t u r i  Scrubber  Water 

TOC Sample TOC 
Date Time mgl i  Vol. ( m l )  T o t a l  (mg) 

11-11-83 0900-1440 170 980 167 
11-11-83 1605-1650 180 683 123 
11-12-83 0830-0900 170 710 121  
11-15-83 0915-1050 190  995 189 

H.2.2.2 E f f l u e n t  V e n t u r i  Scrubber  Water 

TOC Sample TOC 
Date  T i m e  mgl i Vol. (ml) T o t a l  (mg) 

11-11-83 0900-1440 170 1000 170 
11-11-83 1605-1650 190 695 132 
11-12-83 0830-0900 170 695 118 
11-15-83 0915-1050 190 1030 196  

H-18 
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APPENDIX H.2 

RECYCLE OPERATION DATA 

INCLUDES 

H.2 .3  Trace Metal Measurements of Scrubber Water 
H . 2 . 3 . 1  I n l e t  Venturi Scrubber Water Trace Metal 

H . 2 . 3 . 2  Eff luent  Venturi Scrubber Water Trace 

H . 2 . 3 . 3  

Content 

Metal Content 
Eff luent  Venturi Scrubber Water Suspended 
S o l i d s  Trace Metal Content 

H-19 
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APPENDIX H. 2 

RECYCLE OPERATION DATA 

INCLUDES 

H.2.4 Polynuclear Aromatic Hydrocarbon Measurements of Scrubber Water 
H.2.4.1 Benzo(a)Pyrene and Related PAHs in Inlet 

Venturi Scrubber Water Samples 
H.2.4.2 Benzo(a)Pyrene and Related PAHs in Effluent 

Venturi Scrubber Water Samples 
H.2.4.3 Benzo(a)Pyrene and Related PAHs in Venturi 

Scrubber Water Solids 
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APPENDIX H . 2  

RECYCLE OPERATION DATA 

INCLUDES 

H.2.5 T o t a l  Solids Measurements of Scrubber  Water 
H.2.5.1 I n l e t  Venturi  Scrubbe r  Water 
H . 2 . 5 . 2  E f f l u e n t  V e n t u r i  Scrubber  Water 
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H.2.5 T o t a l  S o l i d s  Measurements of Scrubber Water 

H.2.5.1 I n l e t  Venturi  Scrubber Water 

% Suspended D i s s o l v e d  
Date T i m e  S o l i d s  S o l i d s  m g / L  

11-10-83 1100-1150 0 1740 
11-11-83 0900-1440 0.010 1960 
11-11-83 1605-1650 0.010 1970 
11-12-83 0830-0900 0.018 1890 
11-15-83 0915-1050 0.006 1860 

H.2.5.2 E f f l u e n t  Venturi  Scrubber Water 

% Suspended D i s s o l v e d  
Date T i m e  S o l i d s  S o l i d s  mg/E 

11-10-83 1100-1150 0.597 1750 
11-11-83 0900-1440 0.309 1950 
11-11-83 1605-1650 0.469 1970 
11-12-83 0830-0900 0.301 1900 
11-15-83 0915-1050 0.115 1820 
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APPENDIX H.3 

Copies of Field Laboratory Notebook Support Data f o r  
Conventional and Recycle Operation 
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APPENDIX H.4 

ANALYTICAL TEST MATRICES 

INCLUDES 

H.4.1 Conventional Operation Analytical Test Series Matrices 
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APPENDIX H . 4  

ANALYTICAL TEST MATRICES 

INCLUDES 

H.4.2 Recycle O p e r a t i o n  A n a l y t i c a l  T e s t  S e r i e s  Matrices 
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SAMPLE 

H.5.1 Sampling 

APPENDIX H . 5  

IDENTIFICATION AND SAMPLE LOGS 

INCLUDES 

LOR d -  

H.5.2 Sample Identification 
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H.5.2 Sample Identification 

T.J. CAMPBELL ASPBALT PLANT - SAMPLE LOG 

c-205 

C-206 

c-207 

C-208 

c-209 

c-211 

C-212 

E-213 

c-214 

c-215 

C-116 

C-117 

c-218 

c-219 

c-220 
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C-222 

c-223 

C-224 - 
c-22s 
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C- 2 30 

11-08-03 
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11-11-83 
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11-12-83 

11-13-83 

11-13-83 

11-14-83 
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11-14-83 

11-14-83 

11-15-83 

ll-1>83 
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11-11-83 
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11-14-83 

11-15-83 
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APPENDIX H.6 

CALIBRATION VERIFICATION OF SIGNET FLOSENSOR 
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APPENDIX I 

QUALITY ASSURANCE INFORMATION 

INCLUDES 

1.1 T o t a l  Organic  Carbon (TOC) A u d i t  Sample R e s u l t s  
1.1.1 Summary of EPA Supp l i ed  TOC A u d i t  Sample Ana lys i s  
1.1.2 Summary of Radian Supp l i ed  TOC Audit  Sample Ana lys i s  
1 . 1 . 3  Summary of Radian A n a l y t i c a l  S e r v i c e s  

Labora to ry  I n t e r n a l  Q u a l i t y  Assurance Samples 
1 . 2  Sample Blank Cleanup E v a l u a t i o n  Data 

1.2.1 EPA Method 5E P a r t i c u l a t e  Mass Blank Cleanup 

1.2.2 E x t r a c t e d  Total Condensible  Hydrocarbon Blank Cleanup 

1 . 2 . 3  T o t a l  Organic  Carbon Blank Cleanup Data Summary 
1 . 2 . 4  T r a c e  Meta l s  Blank Cleanup Da ta  Summary 
1 . 2 . 5  Po lynuc lea r  Aromatic Hydrocarbon Blank Cleanup Data 

Summary ( I n l e t  and O u t l e t )  
1.2.6 A n a l y t i c a l  Sample Matrices 

1 . 3 . 1  Sampling Equipment S e l e c t i o n  and P r e p a r a t i o n  
1 . 3 . 2  EPA Reference Methods 2 .  3 ,  and 5 E  Sampling, PAH 

Sampling, and P a r t i c l e  S i z e  De te rmina t ions  
1 . 3 . 3  Sample A n a l y s i s  Q u a l i t y  C o n t r u l  
1 . 3 . 4  Data Reduct ion 

P rocedures  
1 . 4 . 1  Equipment P r e p a r a t i o n  
1 . 4 . 2  Sampling and A n a l y t i c a l  P r e p a r a t i o n  
1 . 4 . 3  Samplg Ana lys i s  
1 . 4 . 4  Data Reduction 

Data  Summary 

Data Summary 

1 .3  Sampling Equipment and P rocedures  Q u a l i t y  C o n t r o l  

1 . 4  P r o c e s s  Monitor ing and Sampling Q u a l i t y  Assurance 



APPENDIX 1.1 

TOTAL ORGANIC CARBON (TOC) AUDIT SAMPLE RESULTS 

INCLUDES 

1.1.1 Summary of EPA Supp l i ed  TOC Audit  Sample Ana lys i s  
1.1.2 S u m a r y  of Radian Supp l i ed  TOC Audit Sample A n a l y s i s  
1.1.3 Summary of Radian A n a l y t i c a l  S e r v i c e s  Laboratory 

In t e rna l  Q u a l i t y  Assurance Samples 
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h 
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1.1.1 Summary of EPA Supplied TOC Audit Sample Analysis 

EPA Audit US' Value Absolute 
Value mgll mgJ1 Diff. mgJ1 

4.1 4 . 5 0  0 .4  
61.2 70 8.8 
61.2 69 7.8 
75 .82  14 61.8 
4.1 3 -1.1 

Radian Analytical Services Lab 

Sample may have been old and deteriorated 

1-4 
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1 . 1 . 2  Summary o f  Radian S u p p l i e d  TOC Audit  Sample 
A n a l y s i s  

S e t  1 s u b m i t t e d  1 1 / 3 0 / 8 3  
A c t u a l  PAS V a l u e  A b s o l u t e  

Value mg/l  mg/l D i f f .  m g / l  

80 85 5 

40 45 5 

80 84 4 

4 4 0 

4 3 -1 

40 4 1  1 

1-7  

S e t  2 s u b m i t t e d  1 2 / 1 2 / 8 3  

V a l u e  m g / l  m d l  D i f f .  mg/l  
A c t u a l  PAS Value  A b s o l u t e  

801 85 5 

202 2 1  1 

201 1 9  -1 

802 84 4 

801 7 1  -3 

20' 2 1  1 

Sample in 0 . 1  N NaOH m a t r i x  
Sample in d i s t i l l e d  water 



~ - ~ 

i 

Project No. 
TITLE Book No. 

I I 1  



~ ~ . . . - .. - . - 

Project No. 



7 
3 
J 

Ul 
W 
U 
,d 

> 
c 
u 
ffl 

m 
d 

.: 

d 

m 
.A 

; 
22%- 
Z C  

m L  
c n  

C 
C Z  

n c  
m u  
a n  

q n  

r 

C 
0 
.r( 

U 
m 
c 
0 
n 
c 
0 
U 

m 
.A 

rv 

C 
C 
U 
c 
a 
T 
c 
a 
C 

c 
LL 

.- 

c c  
'4 m 
42 

n w  
3 3  

ac'm 

I- 
Q 

: c 

. - [ u m * v I . o t .  
1-10 01 01 01 01 01 01 01 

1' 
1 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
1 
I 
J 
I 
- 



m 

rt 

m 

UT e 

UY 
m 

I- - - _ _  - - - - - - -. 



1 . 1 . 3  Summary of Radian Analyt ica l  Services  
Laboratory Internal  Quality Assurance 
S amp 1 es 

Actual Measured Absolute 
Value mg/l Value mgll Diff. mg/l 

20 24 .5  4 . 5  

20 2 3 . 2  3 . 2  

1-12 
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APPENDIX 1.2 

SAMPLE BLANK CLEANUP EVALUATION DATA 

INCLUDES 

1.2.1 EPA Method 5E Particulate Mass Blank Cleanup Data 

1.2.2 Extracted Total Condensible Hydrocarbon Blank Cleanup 

1.2.3 Total Organic Carbon Blank Cleanup Data Sumary 
1.2.4 Trace Metal Blank Cleanup Data Summary 
1.2.5 

Summary 

Data Summary 

P'olynuclear Aromatic Hydrocarbon Blank Cleanup Data Summary 
1.2.5.1 Benzo(a)Pyrene and Related PAHs in Inlet 

1.2.5.2 Benzo(a)Pyrene and Related PAHs in Outlet 
Blank Sample 

Blank Sample 

1-13 



1 . 2  Sample Blank and Cleanup E v a l u a t i o n  Data 

1 . 2 . 1  EPA Method 5A P a r t i c u l a t e  Mass Blank 
Cleanup Data Summary 

Res idue  
Sample D e s c r i p t i o n  W t  g a i n  (g) 

T r i c h l o r o e t h a n e  s o l v e n t  .0017/150 ml 

Acetone s o l v e n t  r e s i d u e  .0003/150 m l  
I n l e t  g l a s s  probe ( a c e t o n e  0.0109 

I n l e t  g l a s s  probe (TCE wash) 0.0230 
O u t l e t  g l a s s  p robe  ( ace tone  0.0089 

O u t l e t  g l a s s  p robe  (TCE 0.0049 

S t a i n l e s s  steel  probe 0 .0149 

S t a i n l e s s  s teel  p robe  0.0066 

r e s i d u e  

wash) 

wash) 

wash) 

( a c e t o n e  wash) 

(TCE wash) 

Blank Value 
Corr .  f o r  So lven t  

-- 
-- 
0.0105 

0.0212 
0.0082 

0.0037 

0.0146 

0.0055 

1 . 2 . 2  E x t r a c t e d  T o t a l  Condensible  Hydrocarbon Blank Cleanup R e s u l t s  

So lven t  Residue 
Sample D e s c r i p t i o n  Volume m/s E L k L  

NaOH b lank  chloroform/ 

Ch lo ro fo rmfe the r  s o l v e n t  

T r i c h l o r o e t h a n e  s o l v e n t  

e t h e r  e x t r a c t e d  200 0.0011 

200 0.0016 b lank  

b l ank  200 0.0007 
In l e t  impinger b l ank  C / E  200 0.0022 

~~ 

O u t l e t  impinger  b l a n k  C / E  200 0.0008 

1.2.3 T o t a l  Organic Carbon Blank Cleanup R e s u l t s  

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

In l e t  impinger  t r a i n  b l ank  
O u t l e t  impinger  t r a i n  blank 

1 - 1 4  

mg/l  TOC 
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APPENDIX 1.2 

SAMPLE BLANK CLEANUP EVALUATION DATA 

INCLUDES 

1.2.6 Analytical Sample Matrices 
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APPENDIX 1.3 

SAMPLING EQUIPMENT AND PROCEDURES QUALITY CONTROL 

INCLUDES 

1.3.1 Sample Equipment Selection and Preparation 
1.3.2 EPA Reference Methods 2, 3, and 5E Sampling, PAH 

Sampling, and Particle Size Determinations 
1.3.3 Sample Analysis Quality Control 
1.3.4 Data Reduction 

1-41 



APPENDIX I. 3.1 

SAMPLING EQUIPMENT SELECTION AND PREPARATION 

INCLUDES 

1.3.1.1 Prior Cleaning Procedures 
1.3.1.1.1 EPA Method 5E Glassware and Probe Lines 

1.3.1.1.2 PAH Glassware and Probe Liner Cleaning 
Cleaning Procedure 

Procedure 
1.3.1.2 Calibrated Field Equipment 

1.3.1.2.1 S-Type Pitot Certification 
1.3.1.2.2 Differential Pressure Gauge 

1.3.1.2.3 Temperature Measuring Device 

1.3.1.2.4 Orifice and Gas Meter System 

1.3.1.2.5 Sampling Nozzle Certification 

Certification 

Certification 

Certification 

1-43 



I. 3.1.1 P r i o r  Cleaning P rocedures  

1.3.1.1.1 EPA Method 5E Glassware and Probe L i n e r  
Cleaning P rocedure  

A l l  EPA Method 5E g l a s s w a r e  w a s  thoroughly c l eaned  p r i o r  t o  u s e  i n  
t h e  f i e l d  us ing  t h e  f o l l o w i n g  p rocedure .  

a F i r s t ,  thoroughly wash with a s t r o n g  l a b o r a t o r y  g rade  
soap ( i . e .  Alconox) and r i n s e  w i t h  d e i o n i z e d  wa te r .  

a Second, f i r e  i n  a ceramic k i l n  f o r  24 hours  a t  5OO0C t o  
remove any remaining o r g a n i c s .  A f t e r  c o o l i n g ,  r i n s e  w i t h  
methylene c h l o r i d e  t o  remove k i l n  r e s i d u e .  

a T h i r d ,  w h i l e  wearing l a t e x  g l o v e s  sea l  a l l  j o i n t s  w i t h  
aluminum f o i l  t h a t  h a s  been r i n s e d  w i t h  methylene c h l o r i d e .  

0 F i n a l l y ,  c a r e f u l l y  package i n  bubble  wrap f o r  t r a n s p o r t a t i o n  
t o  t h e  test s i te .  

Each g l a s s  and s ta inless  s t ee l  p r o b e  l i n e r  w a s  thoroughly washed 
u s i n g  a c l e a n  probe b rush  and ace tone .  T r i c h l o r o e t h a n e  w a s  used t o  
f i n a l l y  r i n s e  t h e  l i n e r s .  A l l  probe l i n e r s  were s e a l e d  w i t h  aluminum 
f o i l  u n t i l  ready f o r  u s e  i n  t h e  f i e l d .  

1 . 3 . 1 . 1 . 2  PAH Glassware and Probe  Cleaning P rocedure  

The g l a s sware  and probe l i n e r ( s )  used i n  c o l l e c t i n g  PAH samples 
w a s  c l eaned  us ing  t h e  procedure i n ~ I . 3 . 1 . 1 . 1  
used f o r  any o t h e r  sampling t o  h e l p  p r e v e n t  con tamina t ion .  A f i n a l  
methylene c h l o r i d e  r i n s e  w a s  performed i n  t h e  f i e l d  p r i o r  t o  u s e  i n  
c o l l e c t i n g  PAH s a m p l e s .  

The PAH g l a s sware  was n o t  

1-64 



APPENDIX 1.3.1.2 

CALIBRATED FIELD EQUIPMENT 

1.3.1 2 

INCLUDES 

1 Type S Pitot 

1-45 

Tube Certification 



TYPE S PITOT TU?*: INSPECTION DATA FORM 
I: 
‘1 

P i t o t  tube assembly l e v e l ?  y e s  

P i t o t  t u b e  openings  damaged? yes  ( e x p l a i n  below) //no 

z = A s i n  y = G, ( 7 / G f  c m  ( i n . ) ;  <0.32 c m  ( < ~ / E I  i n . ) ,  

,I w = A s i n  €I = fl .o&/ c m  ( i n . ) ;  < . 0 8  c m  (<1/32 i n . )  

I L / 6 Z  cm ( i n .  ) ‘I; .’ k / 6  3 c m  ( i n . )  pb 

I d 

C a l i b r a t i o n  r e q u i r e d ?  Yes L-- no 

Q u a l i t y  .4ssurance Ziandbook i-12-1.7 

E 
3 . 1 . 1 2 - 3  

1-46 



TYPE S PITOT 1’LT’FF: INSPECTION DATA FORM 

P i t o t  tube assembly l e v e l ?  LI Yes no 

P i t o t  tube openings damaged? yes  ( e x p l a i n  below) -no 

a =  / 0 ( < l o o ) ,  a ,  = / 0 ( < l o o ) ,  p,  = e 0 ( < s o ) ,  1 

B,  = - 0  ( < 5 O )  

Y = T+ O ,  e = / 0 ,  A = y / q  c m  ( i n . )  

z = A s i n  y = e CAT ( i n . ) ;  CO.32 ~ ( < 1 / 8  i n . ) ,  

w = A s i n  8 = O - d / 6 Q m  ( i n . ) ;  < . 0 8 . c m  (<1/32 i n . )  

.-is6 -SIB ( i n . )  Pb , e m  ( i n . )  

D = , i 3 7 - q  em ( i n . )  t 

C a l i b r a t i o n  r e q u i r e d ?  yes  / s o  

Q u a l i t y  Assurance tiandbook i.12-1.7 

3 . 1  . 1 2 - 3  
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c 
I 
1 

no I; 

TYPE S PITOT IUFF: INSPECTION DATA FORM 

P i t o t  t u b e  assembly l e v e l ?  / yes 

P i t o t  tube openings damaged? y e s  ( exp la in  below) y no 

z = A s i n  y = cm ( i n . ) ;  cO.32 cm (<1/8 i n . ) ,  

w = A s i n  0 = a , o g L / /  cm ( i n . ) ;  c . 0 8  cm (<1/32 i n . )  

I 
1 
I 
I I . /AD cm ( i n . )  pb +'6Z cm ( i n . )  

J 
1 
I Cal ib ra t ion  r equ i r ed?  Yes /-no 

- 
Qual i ty  Assurance ilandbook i.12-i. 7 

3.1 .12 -3  
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APPENDIX 1.3.1.2 

CALIBRATED FIELD EQUIPMENT 

INCLUDES 

1.3.1.2.2 Differential Pressure Gauge 
Certification 
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APPENDIX 1 . 3 . 1 . 2  

CALIBRATED FIELD EQUIPMENT 

INCLUDES 

1 . 3 . 1 . 2 . 3  T e m p e r a t u r e  M e a s u r i n g  D e v i c e  
C a l i b r a t i o n  
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CALIBRATED FIELD EQUIPMENT 

INCLUDES 

1.3.1.2.4 Orifice and Gas Metering System Certifications 
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APPENDIX 1 . 3 . 1 . 2  

CALIBRATED FIELD EQUIPMENT 

3 

INCLUDES 

1 . 3 . 1 . 2 . 5  S a m p l i n g  Nozzle  C a l i b r a t i o n s  
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i S o z z l e  
1 i d e n c i f i c a t i o n  
I No. 

D i  
( i n c h e s )  

. / E 5  

. I H 3  

D Z  
( i n c h e s )  

- /8/ 

. IBS- 

D 3  
( i n c h e s )  

Average  
D iame c e r 
( i n c h e s )  

. /E5 

. / 2 ? /  

Y o t e :  The =ximum a c c e ? t a b l e  d i f f e r e n c e  b e r c e e n  any  t w o  D e s s u r e T e n t s  i s  
0 . 0 0 4  i n c h e s .  If  chis t o l a r a x e  cznnot  be  met che  n o z z l e  s n o u l d  n o t  
b e  u s e d .  

F i g u r e  . N o z z l e  C e l l j r a c i o n  Dzca S n e e c  
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APPENDIX 1 .3 .2  

EPA REFERENCE METHODS 2 ,  3 ,  AXD 
SAMPLING, PAH SAMPLING, AND 

PARTICLE S I Z E  DETERNINATIONS - 
EQUIPMENT AND PROTOCOL 

INCLUDES 

1 . 3 . 2 . 1  Summary of E q u i p m e n t  

1 . 3 . 2 . 2  Sampling Protocol 
During T e s t i n g  

1-85 
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5 

1 . 3 . 2 . 1  Summary of Equipment Used During  Sampling 

A summary of the  equipment used during sample 
c o l l e c t i o n  is presented  i n  Tables  1 . 3 . 2 . 1 . A  and 1 . 3 . 2 . 1 . B .  
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TABLE I.3.2.1.A. RADIAN EQUIPMENT USED DURING T.J. CAMPBELL 
CONCRETE ASPHALT TESTING 

Date 

11/08/83 

11/10/83 

11/11/83 

11/11/83 

11/12/83 

11/12/83 

11/13/83 

11/14/83 

11/14/83 

11/15/83 

Run Description 

Part./Cond.Hyd.C-1 

T.M.Part/Cond.Hyd.R-1 

T.M.Part./Cond.Hyd.R-2 

Part./Cond.Hyd.B-1 

Part. /Cond .Hyd .R-2 

T.M.Part./Cond.Hyd.C-1 

Part./Cond.Hyd.C-1 

Part./Cond.Hyd.C-2 

BaP/Org.C-1 

BaPj0rg.R-1 

Probe/ 
Location 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Inlet 
Outlet 

Console 

D-548 
RS495N 

D-548 
4837 

D-548 
4837 

D-548 
4837 

D-548 
4837 

D-548 
4837 

D-548 
4837 

D-548 
4837 

D-548 
4837 

D-548 
4837 

Pitot1 

P-002 
P-003 

P-002 
P-003 

P-002 
P-003 

P-002 
P-003 

P-002 
P-003 

P-002 
P-003 

P-002 
P-003 

P-002 
P-001 

P-002 
P-001 

P-002 
P-001 

Nozzle 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

NZ-119 
NZ-118 

The probe and pitot are a single unit.nurnber corresponds to pitot 
calibration. 
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TABLE 1 .3 .2 .1 .B .  RADIAN IMPACTOR EQUIPMENT USED DURING 
T . J .  CAMPBELL CONCRETE ASPHALT TESTING 

Andersen 
Date Run D e s c r i p t i o n  L o c a t i o n  Type Console  Nozzle 

11/10/83  PSD' R-1' O u t l e t  Mk I11 R-31-520 1-003 

11 /11 /83  PSD-R-2 O u t l e t  Mk 111 R-31-520 1-003 
PSD-R-1 I n l e t  HCSS D-548 1-004 
PSD-R-3 O u t l e t  Mk I11 R-31-520 1-003 
PSD-R-4 O u t l e t  M k  111 R-31-520 1-003 

11/12/83  PSD-C-13 O u t l e t  Mk I11 R-31- 520 1-003 
PSD-C-1 I n l e t  HCSS D-548 1-004 

11 /13 /83  PSD-C-2 O u t l e t  Mk 111 R-31-520 1-003 

11 /14 /83  PSD-C-3 O u t l e t  Mk 111 R-31-520 1-003 
PSD-C-2 In l e t  HCSS D-548 1-004 

11 /15 /83  PSD-R-5 O u t l e t  Mk I11 R-31-520 1-003 
PSD-C-3 I n l e t  HCSS D-548 1-004 

PSD--Particle S i z e  D i s t r i b u t i o n  

C-1--Conventional Opera t ion  and S e q u e n t i a l  Run Number 
' R-1--Recycle Opera t ion  and S e q u e n t i a l  Run Number 
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1 . 3 . 2 . 2  SAMPLING PROTOCOL 

EPA METHOD 2 

P r i o r  t o  v e l o c i t y  t r a v e r s e s  p i t o t  l i n e s  were l e a k  checked, t h e  

p i t o t s  w e r e  v i s u a l l y  i n s p e c t e d  t o  de t e rmine  i f  t hey  had been damaged. 

Magnehelica gauges were checked and ze roed  and thermocouples and pyrometers 

were checked. Each sample p o i n t  w a s  sampled t w i c e  and t h e  ave rage  of t h e  AP's 

and t empera tu res  u s e d  f o r  c a l c u l a t i o n s .  

P r i o r  t o  i n l e t  sampling t h e  n u l l  a n g l e  w a s  determined a t  each 

sampling p o r t .  The n u l l  .angle  is d e f i n e d  h e r e  as t h e  a n g l e  of a S-type p i t o t  

t u b e ,  from p e r p e n d i c u l a r  r e q u i r e d  t o  o b t a i n  a z e r o  r e a d i n g  on t h e  Magneheli@ 

a t t a c h e d  t o  t h e  p i t o t  t u b e .  

p i t o t  t u b e  i n t o  t h e  d u c t  a t  r i g h t  a n g l e s  t o  t h e  d u c t .  The S-type p i t o t  

t u b e  was r o t a t e d  c lockwise  (+) and coun te rc lockwise  (-) u n t i l  a z e r o  r e a d i n e  

w a s  o b t a i n e d  on t h e  MagnehelicB gauge a t t a c h e d  t o  t h e  S-type p i t o t  t u b e .  I n  

a l l  p o r t s  t h e  n u l l  a n g l e  w a s  o b t a i n e d  a t  90' Erom p e r p e n d i c u l a r  f o r  c lockwise  

and coun te rc lockwise  r o t a t i o n  of t h e  S-type p i t o t  tube.  Th i s  i n d i c a t e d  t h e  

g a s  f low w a s  p a r a l l e l  t o  the duc t  w a l l s .  

This  was accomplished by i n s e r t i n g  the S-type 

Another check of whether t h e  g a s  f low was s t r a t i s f i e d  o r  n o t  was t o  

check t h e  v o l u m e t r i c  g a s  f low r a t e s  a t  t h e  i n l e t  and o u t l e t .  I f  t h e  two 

( c o r r e c t e d  t o  a c o n s t a n t  02) a r e  w i t h i n  10% of  each o t h e r  t h e  i n l e t  gas  flow 

d e t e r m i n a t i o n s  would be  cons ide red  r e p r e s e n t a t i v e  of a c t u a l  c o n d i t i o n s .  For 

t h e  s i x  p a r t i c u l a t e  and two BaP runs the r a t i o  of t h e  v o l u m e t r i c  gas  flow 

rate of t h e  u n c o n t r o l l e d  emis s ions  ( s c r u b b e r  i n l e t )  and t h e  v o l u m e t r i c  gas  

f low rate  of t h e  c o n t r o l l e d  emissions ( s c r u b b e r  o u t l e t )  averaged 97% & 6%.  
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EPA METHOD 3 

The dry molecular  weight  of  t h e  f l u e  gas  was determined u s i n g  t h e  

grab sampling t echn ique  d e s c r i b e d  i n  EPA Method 3. 

A s m a l l  diaphragm pump and a s t a i n l e s s  s t ee l  probe were used t o  

e x t r a c t  t h e  f l u e  g a s  which w a s  c o l l e c t e d  i n  a T e d l a d ' b a g .  P r i o r  t o  sampling 

t h e  Tedlar@ bag was evacua ted  and t h e  sampling t r a i n  was l e a k  checked and 

purged of s e v e r a l  r e s i d e n c e  volumes. A s p e c i f i c  volume of f l u e  gas  i s  

t r a n s f e r r e d  t o  t h e  o r s a t .  The known volume of f l u e  gas  i s  passed  through 

two abso rb ing  s o l u t i o n s  d e s i g n e d . t o  s e l e c t i v e l y  remove CO2 and 02. 

used t o  tes t  t h e s e  s o l u t i o n s  w a s  t o  p a s s  ambient  a i r  through t h e  o r s a t .  The 

v a l u e s  o b t a i n e d  should be c o n s i s t e n t  w i t h  t h e  a c t u a l  v a l u e s  of ambient a i r  

( e .g .  2 0 . 9 %  02, 0% C 0 2 ) .  I f  n o t  t h e  system w a s  l e a k  checked o r  t h e  abso rb ing  

s o l u t i o n s  chane led .  Also i f  more than 6 p a s s e s  of t h e  f l u e  gas  through t h e  

abso rb ing  s o l u t i o n s  were r e q u i r e d  t o  o b t a i n  a c o n s t a n t  (~0.3% d i f f e r e n c e ,  

a b s o l u t e )  r e a d i n g  f o r  e i t h e r  C 0 2  o r  02, the a p p r o p r i a t e  s o l u t i o n  w a s  changed. 

I f  t h e  system passed  t h e  Q-C checks t h e  f l u e  g a s  sample w a s  analyzed.  The 

a n a l y s i s  w a s  r e p e a t e d  u n t i l  two s e p a r a t e  a n a l y s i s  d i d  n o t  d i f f e r  by more than  

0.3% a b s o l u t e .  

One check 
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MODIFIED EPA METHOD 5.E 

P r i o r  t o  each  mass d e t e r m i n a t i o n  sampling r u n  the f o l l o w i n g  

p r o t o c o l  was obse rved .  The sampling train w a s  set  up and l e a k  checked a t  

15 i n c h e s  Hg. If t h e  l e a k  check r a t e  was g r e a t e r  than 0.02 CFM t h e  l e a k  was 

found and c o r r e c t e d .  The Probe h e a t e r  and h o t  box h e a t e r  were tu rned  on 

and t h e i r  t empera tu res  monitored.  

zeroed. The S-type p i t o t  t u b e s  were v i s u a l l y  checked f o r  damage and l e a k  

checked. When the c h e c k l i s t  was complete and t h e  probe and hotbox had reached 

o p e r a t i n g  t empera tu re  t h e  run commenced. 

The Magneheli&' gauges were checked and 

A t  t h e  end of the run t h e  sampling t r a i n  w a s  l e a k  checked a t  t h e  

h i g h e s t  vacuum encountered d u r i n g  t h e  run.  A l l  runs  m e t  l e a k  check c r i t e r i a  

excep t  t h e  BaP sampling on 11/14/83. During t h a t  run t h e  XAD-2 c a n n i s t e r  was 

broken w h i l e  i t  was being withdrawn from t h e  l a s t  p o r t .  

Po lynuc lea r  Aromatic Hydrocarbon 

The p r o t o c o l  used f o r  t h e  p o l y a r o m a t i c  hydrocarbon sampling w a s  t h e  

same a s  t h a t  used f o r  t h e  Method 5E d e t e r m i n a t i o n s .  

P a r t i c l e  S i z i n g  

P r i o r  t o  each p a r t i c l e  s i z e  d i s t r i b u t i o n  sampling run performed on 

t h e  s c r u b b e r  o u t l e t  ( c o n t r o l l e d  emis s ions )  t h e  f o l l o w i n g  p r o t o c o l  w a s  ob- 

s e r v e d .  The sample t r a i n  w a s  s e t  up and l e a k  checked a t  15 i n c h e s  Hg. If 

t h e  l e a k  r a t e  exceeded 0.02 CFM t h e  l e a k  w a s  found and c o r r e c t e d .  The Andersen 

Mark 111 impac to r  was prewarmed f o r  15-20 minutes  b e f o r e  sampling s t a r t e d .  

The AHCSS was l e a k  checked a t  10 inches Hg. The AHCSS w a s  t h e n  

allowed t o  h e a t  i n  t h e  s t a c k  f o r  a t  l e a s t  45 minutes w i t h  t h e  n o z z l e  o u t  of 

t h e  flow. 

No f i n a l  l e a k  checks on any p a r t i c l e  s i z e  d i s t r i b u t i o n  sampling 

r u n s  were made s i n c e  p u l l i n g  a vacuum on t h e  impactor  runs  t h e  r i s k  of re- 

distributing t h e  par t ic1.e  mass. 
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APPENDIX 1.3.3 

SAMPLE ANALYSIS QUALITY CONTROL 

1.3.3.1 
1.3.3.2 
1.3.3.3 
1.3.3.4 
1.3.3.5 

1.3.3.6 

INCLUDES 

EPA Method 5E Particulate Mass 
Total Condensible Hydrocarbons 
Total Organic Carbon (TOC) 
Trace Metal (ICAPES) 
Particle Size Distribution 
Determination 
Polynuclear Aromatic Hydrocarbon (PAH) 
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1 . 3 . 3 . 1  MODIFIED EPA METHOD 5 E  PARTICULATE MASS 

P r i o r  t o  u s e ,  t h e  b a l a n c e  used f o r  weighing the p a r t i c u l a t e  f i l t e r s  

w a s  c a l i b r a t e d  u s i n g  a N a t i o n a l  Bureau of  S t a n r d a r d s  Class S - 1  weight se t .  

The f i l t e r s  were baked a t  500°F, d e s s i c a t e d  and weighed. The f i l t e r s  were 

s t o r e d  i n  p o l y e t h y l e n e  p e t r i  d i s h e s  u n t i l  they were used.  A f t e r  sampling 

t h e  f i l t e r s  were r e t u r n e d  t o  t h e  p e t r i  d i s h e s .  The f i l t e r s  were d e s s i c a t e d  

and weighed t o  a c o n s t a n t  weight .  The same b a l a n c e  was used f o r  bo th  i n i t i a l  

and f i n a l  f i l t e r  weighings.  

A s  a q u a l i t y  c o n t r o l  check on t h e  e f f ec t  of h a n d l i n g  and t r a n s p o r t  

of t h e  f i l t e r s  f i n a l  weight  d e t e r m i n a t i o n  were made on t h e  two f i l t e r s  used f o r  

t h e  p a r t i c u l a t e  t r a i n  b l a n k s .  A we igh t  g a i n  of 0.1 and 0 . 4  mg w a s  recorded.  

1 . 3 . 3 . 2  EXTRACTED TOTAL CONDENSIBLE HYDROCARBONS 

The e x t r a c t e d  t o t a l  condens ib l e  hydrocarbon measurements were o b t a i n e d  

from two s o u r c e s ,  t h e  NaOH e x t r a c t i o n  and t r i c h l o r o e t h a n e  rinse. Blanks were 

analyzed t o  de t e rmine  i f  t h e r e  was a s i g n i f i c a n t  s o u r c e  of sample con tamina t ion  

from any r e a g e n t s  or s o l v e n t s  used f o r  s ampl ing  o r  sample r ecove ry .  The 

b l anks  ana lyzed  i n c l u d e :  t h e  chloroform-ether  s o l v e n t ,  an e x t r a c t i o n  of t h e  

NaOH used ,  t h e  t r i c h l o r o e t h a n e  s o l v e n t  u sed  f o r  g l a s s w a r e  r i n s e ,  and i n l e t  

and o u t l e t  impinger  t r a i n  b l a n k s .  No s i n g l e  b l ank  c o n t r i b u t e d  s i g n i f i c a n t l y  

t o  t h e  sample a n a l y s i s  s o  a b l ank  v a l u e  w a s  determined from t h e  ave rage  of 

t h e  b l anks .  

Care was t aken  d u r i n g  e v a p o r a t i o n  of t h e  s o l v e n t s  t o  make s u r e  no 

con tamina t ion  of the samples  occur red ,  and any anomalies  were no ted .  Follow- 

ing e v a p o r a t i o n  t h e  beake r s  w e r e  d e s s i c a t e d  24 hours  and weighed a t  24-hour 

i n t e r v a l s .  
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1 . 3 . 3 . 3  TOTAL ORGANIC CARBON (TOC) 

The TOC w a s  d e t e r m i n e d  u s i n g  a Beckman 915-B TOC a n a l y z e r  acco rd ing  

t o  FPA Method 415-1. The ins t rumen t  u t i l i z e s  c a t a l y t i c  combustion t o  o x i d i z e  

o r g a n i c  carbon t o  C 0 2 .  A N i t rogen  c a r r i e r  gas  i s  used t o  sweep t h e  sample 

through t h e  non-d i spe r s ive  i n f r a r e d  d e t e c t o r  which measures t h e  l eve l  of 

C O z  i n  t h e  sample.  

A c a l i b r a t i o n  cu rve  i s  c o n s t r u c t e d  u s i n g  potassium hydrogen phtha- 

l a t e  (KHP) as a carbon s t a n d a r d .  S t anda rds  from 0-100 ppm as C are used t o  

c o n s t r u c t  t h e  c a l i b r a t i o n  cu rve .  A s  a sample p a s s e s  through t h e  d e t e c t o r ,  

t h e  d e t e c t o r  produces an e l e c t r o n i c  s i g n a l  i n  p r o p o r t i o n  t o  t h e  c o n c e n t r a t i o n  

of t h e  sample.  The s i g n a l  i s  reproduced as a peak v i a  a s t r i p  c h a r t  r e c o r d e r .  

The sample peak h e i g h t s  a r e  compared t o  t h e  c a l i b r a t i o n  s t a n d a r d s  peak h e i g h t s  

t o  c a l c u l a t e  t h e  sample c o n c e n t r a t i o n .  

P r i o r  t o  f i e l d  sample a n a l y s i s  5 EPA a u d i t  samples and 6 Radian a u d i t  

samples were analyzed.  In a d d i t i o n  six q u a l i t y  a s s u r a n c e  (QA) samples were 

submi t t ed  w i t h  t h e  f i e l d  s a m p l e s .  Two i n t e r n a l  q u a l i t y  a s s u r a n c e  samples were 

a l s o  analyzed a t  t h e  same t i m e  a s  t h e  f i e l d  samples .  A t o t a l  of 18 q u a l i t y  

a s s u r a n c e  samples were ana lyzed .  Th i s  exc ludes  one EPA a u d i t  sample whose 

a c t u a l  c o n c e n t r a t i o n  was i n  doubt .  A s t a t i s t i c a l  a n a l y s i s  i n d i c a t e s  t h a t  t h e  

95% conf idence  i n t e r v a l  (C.1.) f o r  t h e  mean e r r o r  ( i . e .  b i a s )  i s  2.5 51.6 mg/l. 

This i n d i c a t e s  the samples are b i a s e d  s l i g h t l y  p o s i t i v e .  The QA sample 

r e s u l t s  i n d i c a t e  a 95% p r o b a b i l i t y  t h a t  95% of t h e  f i e l d  sample d a t a  have 

errors between - 6 . 7  mg/l t o  1 1 . 7  mg/l ( i . e .  2 . 5  + 9 . 2  m g / l ) .  Th i s  r e p r e s e n t s  

t h e  P = . 9 5 ,  y = . 9 5  t o l e r a n c e  l i m i t  based on t h e  QA sample r e s u l t s .  Another 

way of  l o o k i n g  a t  t h i s  i s ,  i f  w e  measured a TOC v a l u e  of 200 mg/l w e  are 95% 

c o n f i d e n t  t h a t  95% of t h e  t i m e  t h e  maximum e r r o r  w i l l  be  less than 6%.  

D u p l i c a t e  a n a l y s e s  were performed on two of t h e  f i e l d  samples, 

C-211 and C-212. The d u p l i c a t e  a n a l y s e s  were performed on d i f f e r e n t  days .  

There was no d i f f e r e n c e  between t h e  two a n a l y s e s .  
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1 . 3 . 3 . 4  TRACE METALS (ICAPES) 

Several a n a l y t i c a l  q u a l i t y  a s s u r a n c e  checks were performed t o  

v e r i f y  t h e  q u a l i t y  of  t h e  trace metals d a t a .  Dup l i ca t e  a n a l y s e s  and s p i k e s  

were performed on 10% of t h e  samples. Also a n  internal  q u a l i t y  c o n t r o l  

sample w a s  ana lyzed  f o r  each element .  The d u p l i c a t e  a n a l y s e s  were cons i s -  

t e n t l y  w i t h i n  - + 10% of each  o t h e r .  

107% and averaged 102%. The i n t e r n a l  QC sample r e c o v e r i e s  ranged from 95% 

t o  103% and averaged 102%. The resul ts  of t h e  a n a l y s e s  are p r e s e n t e d  i n  

Tab le  I .3 .3 .4A.  

The s p i k e  r e c o v e r i e s  ranged from 95% t o  

The c o n c e n t r a t i o n s  of t h e  trace me ta l s  were determined u s i n g  

I n d u c t i v e l y  Coupled Argon Plasma Emission Spectroscopy (ICAPES) acco rd ing  t o  

EPA Method 200.7.  The t e c h n i q u e  combines t h e  m u l t i e l e m e n t a l  c a p a b i l i t i e s  of 

emis s ion  spec t roscopy  wi th  a radio-frequency gene ra t ed  argon plasma s o u r c e .  

S t anda rds  f o r  t h e  elements  of i n t e r e s t  are a s p i r a t e d  i n t o  t h e  Argon 

plasma and t h e i r  r e l a t i v e  emis s ions  i n t e n s i t i e s  a r e  determined by t h e  photo- 

m u l t i p l i e r  t u b e  f o r  t h a t  e lement .  These v a l u e s  are s t o r e d  v i a  t h e  u s e  of a 

computer which w i l l  t hen  c a l c u l a t e  sample c o n c e n t r a t i o n  by comparing t h e  

e lectr ical  cha rge  g e n e r a t e d  by t h e  p h o t o m u l t i p l i e r  tube d u r i n g  sample 

a s p i r a t i o n  t o  t h e  c u r r e n t  measured d u r i n g  s t a n d a r d i z a t i o n .  

Sample i n f o r m a t i o n  such as a n a l y t i c a l  d i l u t i o n  f a c t o r  and weight  of  

s o l i d s  d i g e s t e d  i s  e n t e r e d  i n  t h e  i n s t r u m e n t s  computer. The i n s t r u m e n t  then 

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

S e v e r a l  a n a l y t i c a l  q u a l i t y  a s s u r a n c e  checks were performed t o  v e r i f y  

t h e  q u a l i t y  of  t h e  t r a c e  metals d a t a .  D u p l i c a t e  a n a l y s e s  and s p i k e s  were 

performed on 10% o f  t h e  samples.  

f o r  each element .  A l so ,  two sampling t r a i n  f i e l d  b l anks  were ana lyzed .  The 

d u p l i c a t e  a n a l y s e s  were c o n s i s t e n t l y  w i t h i n  - +IO% of each o t h e r .  

c o v e r i e s  ranged from 95% t o  107% and averaged 102%. 

eries ranged from 95% t o  103% and averaged 102%. The r e s u l t s  of t h e  a n a l y s e s  a r e  

p r e s e n t e d  i n  Table  1.3.3.4A and Tab le  1 .2 .4 .  

An i n t e r n a l  q u a l i t y  c o n t r o l  sample w a s  analyzed 

The s p i k e  re- 

The i n t e r n a l  QC sample recov- 
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1 . 3 . 3 . 5  PARTICLE SIZE DISTRIBUTION DETERMINATION 

The Andersen High Capac i ty  S t a c k  Sampler (AHCSS) samples were 

weighed on a Mettler H-80 a n a l y t i c a l  b a l a n c e .  P r i o r  t o  use  t h e  ba l ance  w a s  

c a l i b r a t e d  w i t h  a se t  of c l a s s  S-weights.  

between 1 . 5  and 20.0 grams. Fol lowinz are t h e  r e s u l t s  of t h a t  c a l i b r a t i o n :  

Sample we igh t s  were t y p i c a l l y  

True 
W t  (p )  

0.0500 
0 .200 
0.500 
1.0000 
2.0000 
3.0000 
5.0000 

10.0000 
20.0000 
30.0000 
50.0000 
75.0000 

100.0000 

Balance 
Reading (9)  

0.0502 
0 .2002 
0 .5001 
1.0001 
2.0002 
3.0000 
4.9999 

10.0002 
20.0000 
30.0004 
50.0004 
75.0009 

100.0009 

% D e v i a t i o n  
D i f f / A c t u a l  x 100 

0.40 
0 . 1 0  
0 .02  
0 . 0 1  
0 . 0 1  

0 
-0.002 

0.002 
0 

0 . 0 0 1  
0.0008 
0 .0001  
0.0001 

The samples  were t r a n s p o r t e d  t o  t h e  Aus t in  l a b s  i n  d e s s i c a t o r s  

s o  they were ready t o  weigh immediately.  The p e t r i  d i s h e s  and th imbles  

were weighed t o  a c o n s t a n t  weight  d e f i n e d  a s  a weight  change of less than 

1% of the t o t a l  p a r t i c u l a t e  m a s s .  

The Andersen s u b s t r a t e s  were weighed on a Mettler AE-163 f i v e  

p l a c e  a n a l y t i c a l  b a l a n c e .  P r i o r  t o  u s e  t h e  b a l a n c e  w a s  c a l i b r a t e d  u s i n g  a 

set  of class S-weights.  The f i l t e r  w e i g h t s  w e r e  t y p i c a l l y  between 0 . 1  and 

0 . 2  grams. Fol lowing a r e  t h e  r e s u l t s  of t h a t  c a l i b r a t i o n :  

T r u e  
JL!a 
0.00200 
0.00500 
0.01000 
0.02000 
0.05000 
0..10000 
0.20000 
0.30000 
0.50000 

Balance 
Reading (& 

0.00201 
0.00504 
0.01006 
0.01997 
0.04997 
0.09996 
0.20000 
0.30006 
0.50002 
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% D e v i a t i o n  
D i f f / A c t u a l  x 100 

0.50 
0 .80  
0 .60  
0.15 
0 .06  
0.04  

0 
0 . 0 4  
0.004 



s 
1' 
E 

1 .3 .3 .5  c o n t ' d  

The Andersen s u b s t r a t e s  were r ecove red  i n  the f i e l d ,  p l aced  i n  

i n d i v i d u a l  p e t r i  d i s h e s  f o r  t r a n s p o r t  t o  A u s t i n  l a b o r a t o r i e s .  They were 

pu t  i n  d e s i c c a t o r s  and d e s i c c a t e d  72 hour s  b e f o r e  t h e  f i r s t  weighing. Follow- 

i n g  t h e  f i r s t  weighing i t  was found t h a t  a m a j o r i t y  of t h e  f i l t e r s  weighed 

l e s s  t han  t h e i r  o r i g i n a l  t a r e  weight .  Because of t h e  weight l o s s e s  t h e  

f i l t e r s  were n o t  weighed t o  a c o n s t a n t  we igh t .  

1 . 3 . 3 . 6  POLYNUCLEAR AROMATIC HYDROCARBON (PAH) 

The sample c o n c e n t r a t e s  were a n a l y z e d  by GC-MS w i t h  o p e r a t i o n  i n  

t h e  s e l e c t e d  i o n  mon i to r ing  mode (SIM). I n d i v i d u a l  PAHs were s e p a r a t e d  by 

employing a fused  s i l i c a  c a p i l l a r y  column. Mass s p e c t r a l  d a t a  were s t o r e d  

on a magnetic d i s c  f o r  i n t e r p r e t a t i o n  and r e f e r e n c e .  

I d e n t i f i c a t i o n  of i n d i v i d u a l  PAHs was based p r i m a r i l y  on two 

c r i t e r i a :  chromatographic  r e t e n t i o n  t i m e  and mass s p e c t r a l  c h a r a c t e r i s t i c s .  

The appearance of key fragment ions  of  t h e  compound a t  a p r e c i s e  r e t e n t i o n  

time i s  i n d i c a t i v e  of t h e  p re sence  of t h e  compound. I n  g e n e r a l ,  PAHs are 

r e l a t i v e l y  s t a b l e  i n  t h e  i o n  s o u r c e  of  a mass s p e c t r o m e t e r .  The major 

(base peak) fragment co r re spond ing  t o  t h e  molecu la r  we igh t  of t h e  compound 

(M ) ;  f ragments  a r e  g e n e r a l l y  found a t  M -2 and M / 2  ( co r re spond ing  t o  a 

double  I .3 .3 .6 .A charged i o n ) .  The re la t ive  i n t e n s i t i e s  of t h e s e  fragment 

i o n s  a r e  a l s o  examined i n  o r d e r  t o  conf i rm t h e  i d e n t i f i c a t i o n .  Tab le  

I . 3 .3 .6 .A  l i s t s  t h e  i n d i v i d u a l  PAHs measured and t h e  key c h a r a c t e r i s t i c s  
employed f o r  t h e  i d e n t i f i c a t i o n .  The i n t e r n a l  s t a n d a r d ,  phenanthrene-dlO, 

se rved  a s  a marker t o  v e r i f y  r e t e n t i o n  t i m e  t o  w i t h i n  50.1 minutes .  A f u r t h e r  

d i s c u s s i o n  of PAH sampling and a n a l y s i s  i s  p r e s e n t e d  i n  S e c t i o n  5 . 4 .  

+ + + 

Two sample t r a in  f i e l d  b l a n k s  w e r e  analyzed t o  de t e rmine  background 

Contamination l e v e l s  f o r  t h e  PAHs. The r e s u l t s  a r e  p re sen ted  i n  Tab les  1 . 2 . 5 . 1  

and 1 .2 .5 .2 .  
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Once an i n d i v i d u a l  PAH had been i d e n t i f i e d ,  t h e  s e l e c t e d  i o n  

area of t h e  chromatographic  peak Corresponding t o  t h e  base  peak fragment 

was o b t a i n e d .  T h i s  area w a s  compared t o  t h e  co r re spond ing  a r e a  of t h e  

i n t e r n a l  s t a n d a r d .  The c o n c e n t r a t i o n  of t h e  compound w a s  then c a l c u l a t e d  

u s i n g  a known re sponse  based on t h e  NBS c a l i b r a t i o n  s t a n d a r d  shown i n  

Tab le  1 . 3 . 3 . 6 . 8 .  
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TABLE 1.3.3.6.A. KEY CHROMATOGRAPHIC AND MASS 
SPECTRAL DATA OF PAH5 

Compound 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benz(a)anthracene 

C hry s ene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(j)fluoranthene 

Benzo(e)pyrene 

Benzo(a)pyrene 

Perylene 

Indeno(l,2,3-c,d)pyrene 

Benzo(g,h,i)perylene 

Retention 
Time, Min 

17.2 

17.4 

21.1 

21.8 

25.7 

25.9 

29.7 

29.8 

30.1 

30.8 

31.0 

31.2 

37.7 

39.6 

Key Fragment Ions (Intensity) 
M+ 

178(100) 

178 (100) 

202 (100) 

202(100) 

228(100) 

228(100) 

252(100) 

252 (100) 

252(100) 

252 (100) 

252 (100) 

252 (100) 

276(100) 

276(100) 

M+-2 

(176(15) 

176(15) 

200 (15) 

200(15) 

226(23) 

226(23) 

250(16) 

250(16) 

250(16) 

250(16) 

250(16) 

250(16) 

274(27) 

274(27) 

M+/2 

89(16) 

89(16) 

lOl(23) 

lOl(26) 

- 

- 

126(23) 

126(23) 

126(23) 

126(23) 

126 (23) 

126 (23) 

138 (37) 

138(37) 
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TABLE I.3.3.6.B. COMPOSITION OF ANALYTICAL STANDARD 
USED FOR GC-MS ANALYSES* 

Compound 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo (a)pyrene 

Benzo(g,h,i)pyrene 

Indeno(l,2,3-c,d)pyrene 

NBS Certified Concentration, p g / d  

5.06 2 0.1 

3.29 2 0.1 

10.1 & 0.2 

9.8 * 0.1 
5.0 T 0.1 

4.7 - + 0.1 
5.1 2 0.1 

5.0 0.1 

5.3 0.1 

4.0 - + 0.1 
4.1 - + 0.1 

* NBS SRM 1647 
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APPENDIX 1 .3 .4  

DATA REDUCTION 

INCLUDES 

1 . 3 . 4 . 1  EF'A Method 5E P a r t i c u l a t e  Mass 
1 . 3 . 4 . 2  T o t a l  Condensed Hydrocarbons 
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1 . 3 . 4 . 1  MODIFIED EPA METHOD 5E PARTICULATE MASS 

Raw f i e l d  d a t a  i s  r e d u c e d  t o  e n g i n e e r i n g  u n i t s  u s i n g  Rad ian ' s  Source 

Sampling Data Reduct ion Computer Program. Copies of t h e  d a t a  r e d u c t i o n  p r i n t -  

o u t s  are p r e s e n t e d  i n  Appendix A .  The program u s e s  t h e  c a l c u l a t i o n s  o u t l i n e d  i n  

EPA Method 5 p rocedure .  As a check s e v e r a l  r u n s  were hand c a l c u l a t e d  u s i n g  t h e  

e q u a t i o n s  p r e s e n t e d  i n  Appendix B .  

1 . 3 . 4 . 2  EXTRACTED TOTAL CONDENSED HYDROCARBONS 

T o t a l  r e s i d u e  we igh t s  were determined Erom t h e  e v a p o r a t i o n  of t h e  

t r i c h l o r o e t h a n e  impinger  and g l a s s w a r e  r i n s e  and t h e  e v a p o r a t i o n  of t h e  

c h l o r o f o r m l e t h e r  s o l v e n t  e x t r a c t i o n  of t h e  NaOH impinger c a t c h e s .  

The r e s i d u e  weight  of  t h e  t r i c h l o r o e t h a n e  impinger  and g l a s sware  

r i n s e ,  c o r r e c t e d  f o r  t h e  b l ank  r e s i d u e s  was c a l c u l a t e d  by t h e  fo l lowing  

e q u a t i o n :  

Correcred residue mass(g) - Total residue w ( g )  - [ ( so lvent  blank x total sample volume) + impinger blank(g;]  

The s o l v e n t  b l a n k  c o r r e c t s  f o r  t h e  r e s i d u e  f r a c t i o n  from t h e  s o l v e n t  and 

t h e  impinger  b l ank  a c t s  as a g e n e r a l  background c o r r e c t i o n .  

1 .oo14z5p. x Total NaOH volume ( m l s )  
400 mls 

Residue ut 
4oo mls Carrecced residue mass (8 )  - x Total NaOH volume (mls) 

Four b l anks  were ana lyzed :  t h e  ch lo ro fo rm-e the r  s o l v e n t ,  a n  e x t r a c t i o n  of a 

400 m l  a l i q u o t  of t h e  0 . 1  N NaOH used i n  t h e  impingers  and two impinger b l a n k s  

( i n l e t  and o u t l e t )  ( s e e  S e c t i o n  1 . 2 . 2  f o r  f r a c t i o n  r e s u l t s ) .  The blank r e s u l t s  

i n d i c a t e d  t h e  a n a l y t i c a l  v a r i a b i l i t y  of t h e  a n a l y s i s  was l a r g e r  than a c t u a l  

d i f f e r e n c e s  between t h e  d i f f e r e n t  b l a n k s .  Fo r  t h i s  r eason  a n  ave rage  b l ank  

of 1 . 4 2 5  mg/400 m l s  w a s  used t o  c o r r e c t  t h e  r e s i d u e  mass. 
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1 . 3 . 4 . 2  c o n t ' d  

The c o r r e c t e d  t r i c h l o r o e t h a n e  r e s i d u e  mass i s  added t o  the 

c o r r e c t e d  r e s i d u e  we igh t  from t h e  chloroform-ether  e x t r a c t i o n  of t h e  NaOH 

to  g i v e  a t o t a l  condensed hydrocarbon we igh t .  

o r  g r l d s c f  are g iven  below: 

The c a l c u l a t i o n s  f o r  mgldscm 

= T o t a l  r e s i d u e  mass (9) 1000 mg 
dscm dscm sampled g 

dscf  d sc f  sampled g 
gr = T o t a l  r e s i d u e  mass (g) 15.43 g r  
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APPENDIX 1 . 4  

PROCESS MONITORING AND SAMPLING QUALITY ASSURANCE PROCEDURES 

INCLUDES 

1 . 4 . 1  Equipment P r e p a r a t i o n  
1 . 4 . 2  Sampling and A n a l y t i c a l  P r e p a r a t i o n  
1 . 4 . 3  Sample Ana lys i s  
1 . 4 . 4  Data Reduction 
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1.4.1 EQUIPMENT PREPARATION 

The Magnehelic@ gauge used to measure the pressure drop across the 

venturi scrubber was calibrated prior to use using an incline manometer (for 

calibration certification, see Section 1.3.1.2.2). Two water knockouts were 

placed in line between the MagnehelidB gauge and the venturi. This removed 

any moisture which otherwise might have gotten into the Magnehelic gauge and 

lead to faulty readings. 

The percent moisture determinations were made using a Mettler PC 

4400 top loader balance. The balance was calibrated prior to use with a 

set of class P weights. Samples for percent moisture determinations typically 

ranged from 400-600 grams. The results of that calibration follow:, 

Actual 
Wt (9) 
5.00 
25.00 
50.00 
100.00 
200.00 
250.00 
500.0 
750.0 

1000.0 

Balance 
Reading (9) 

5.00 
25.01 
50.00 
100.02 
199.99 
249.99 
499.9 
749.9 
999.9 

% Deviation 
Diff/Actual x 100 

0 
0.04 
0 

0.02 
-0.005 
-0.004 
-0.02 
-0.01 
-0.01 . 

The Signet Flosensor was used without any additional postfactory 

calibration or preparation. However, the flosensor was calibrated after the 

testing was complete (see Section H.6 for calibration information). 

MRI personnel recorded periodic water flow measurements and venturi 

pressure drop measurements. 

1.4.2 SAMPLING AND ANALYTICAL PREPARATION 

Sampling of the virgin aggregate and recycle asphalt pavement 

presented somewhat of a problem getting a representative sample. To get as 

representative a sample as possible as approximate 10 pound grab sample was 

taken and repeatedly riffled to obtain the final 500 g sample used for 

moisture analysis. 
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1 . 4 . 3  SAMPLE ANALYSIS 

A laboratory oven was used to determine the percent moisture of the 

virgin aggregate and recycle asphalt payment. The oven was closely controlled 

to 105 C and monitored using a dial thermometer. This close temperature 

controlling eliminated bias that could be caused by fluctuations of the drying 

temperature. The samples were allowed to dry overnight and cooled to room 

temperature before the final weight determination was made. 

0 

1 . 4 . 4  DATA REDUCTION 

The percent moisture is defined as weight of water per weight of 

sample. To calculate percent moisture the weight loss after drying (the 

water fraction) is divided by the sample size and multiplied by 100. 

x 100 weight loss from drying (9) % moisture = sample weight wet (9) 

These values were tabulated for data presentation. 
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APPENDIX J 

SAMPLING AND ANALYTICAL 
EQUIPMENT AND PROCEDURES 

INCLUDES 

J.l Summary of Standard Sampling Equipment 

5 . 2  Modified EPA Reference Method 5E 

5.3 Particle Size Distribution Equipment 

5 . 4  Polynuclear Aromatic Hydrocarbon Equipment 

5.5 Venturi Scrubber Solution 

5.6 Process Solids Sampling and Analysis 

and EPA Reference Methods 

Equipment and Procedures 

and Procedures 

and Procedures 

Measurements 
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APPENDIX J.1 

SUMMARY OF STANDARD SAMPLING 
EOUIPMENT AND EPA REFERENCE METHODS 

INCLUDES 

J.l.1 EPA R e f e r e n c e  Methods 1 . 2 , 3 , 4 ,  5 E ,  and 9 
5.1.2 C h a n g e s  a n d / o r  M o d i f i c a t i o n s  to  EPA 

M e t h o d s  d u r i n g  the T e s t  P r o g r a m  

J , 
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J.l.1 EPA Reference Methods 1, 2 .  3 ,  4 ,  5 E ,  and 9 

The f o l l o w i n g  EPA Reference Methods were used du r ing  t h i s  emission tes t  

program. These methods a r e  t aken  from t h e  Environmental  R e p o r t e r ,  Volume I - 
F e d e r a l  R e g u l a t i o n s ,  S e c t i o n  1 2 1 ,  "a i r ,"  Appendix A .  

0 EPA Method 1 - Sample and V e l o c i t y  T r a v e r s e s  f o r  S t a t i o n a r y  
Sources .  T h i s  method s p e c i f i e s  t h e  number and l o c a t i o n  of 
sampling p o i n t s  w i t h i n  a d u c t ,  t a k i n g  i n t o  account  d u c t  s i z e  
and shape and l o c a l  f low d i s t u r b a n c e s .  

0 EPA Method 2 - Determinat ion of S t a c k  Gas V e l o c i t y  and 
Volumetr ic  F lowra te .  T h i s  method s p e c i f i e s  t h e  measurement 
of  gas v e l o c i t y  and f l o w r a t e  u s i n g  a P i t o t  t u b e ,  manometer. - - 
and t empera tu re  s e n s o r .  The p h y s i c a l  dimensions of t h e  p i t o t  
t u b e  and i t s  spa t i a l  r e l a t i o n s h i p  t o  t h e  t empera tu re  s e n s o r  
and any sample probe are a l s o  s p e c i f i e d .  

0 EPA Method 3 - Dete rmina t ion  of  S t a c k  Gas Molecular  Weight. 
Th i s  method d e s c r i b e s  t h e  e x t r a c t i o n  of a gas  s a m p l e  from a 
s t a c k ,  removal of m o i s t u r e  by condensa t ion ,  and a n a l y s i s  of  
the r e s u l t i n g  gas  sample f o r  0 2 ,  C O 2 ,  and CO by means of an 
Orsat a p p a r a t u s .  The assembly and o p e r a t i o n  of t h e  r e q u i r e d  
sampling t r a i n  is  s p e c i f i e d .  

0 EPA Method 4 - Dete rmina t ion  of Mois tu re  Content  i n  Stack Gases. 
T h i s  method d e s c r i b e s  t h e  e x t r a c t i o n  of a gas  sample from a 
s t a c k  and t h e  removal and measurement of t h e  m o i s t u r e  i n  t h a t  
sample by condensa t ion  impinge r s .  The assembly and o p e r a t i o n  
of t h e  r e q u i r e d  sampling t r a i n  i s  s p e c i f i e d .  

0 EPA Method 9 - V i s u a l  De te rmina t ion  of  t h e  Opaci ty  of Emissions 
from S t a t i o n a r y  Sources .  T h i s  method d e s c r i b e s  how t r a i n e d  
o b s e r v e r s  a r e  t o  de t e rmine  t h e  o p a c i t y  of emis s ions .  The 
d u r a t i o n  and frequency of  o b s e r v a t i o n s ,  o r i e n t a t i o n  of t h e  
o b s e r v e r  w i t h  r e s p e c t  t o  t h e  s o u r c e ,  sun  and background, 
methods of  d a t a  r e c o r d i n g  and c a l c u l a t i o n ,  and q u a l i f i c a t i o n s  
of  o b s e r v e r s  are s p e c i f i e d .  

0 EPA Method 5 E  - Determinat ion of P a r t i c u l a t e  Emissions from 
t h e  Wool F i b e r g l a s s  I n s u l a t i o n  Manufactur ing I n d u s t r y .  Th i s  
method d e s c r i b e s  t h e  c o l l e c t i o n  of  p a r t i c u l a t e  matter and 
t o t a l  o r g a n i c  ca rbon  (TOC) from a s t a c k  and t h e  a n a l y t i c a l  
s p e c i f i c a t i o n s  f o r  t h e  TOC a n a l y s i s  ( s e e  a t t a c h m e n t ) .  
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Federal Zcpsler / Vol. - 
(c) Al l  monitorinq devices rcquired 

under this section are to be recalibrated 
quarterly in acccrdance with 2roccdures 
under 0 60.12 (!:](3]. 
(Sac. 114 of the C!can Air ACI~ as amended 
I42  U.S.C. 74141 

5 60.684 Reeordkqing and r.pomng 
requirements. 

[a) AI 30minute intemals during each 
2-hour test run of each performance leal 
of a wet scrubber control de*:ice and at 
least once every 4 h o u n  therealter. the 
owner or operator shall record the 
measurements required by P @n.sa3(al. 

(b) A I  30-minute intervals during each 
&hour test run of each perfomance test 
of a wet electrostatic precipitator 
control device and at least once every 4 
hours thereafter. the owner or operator 
shall record the mcosurcmcnls required 
b y  S 60.6831b). exccpt that the 
concentration of total residue in the 
water shall be recorded once during 
each performance test and once per day 
thereafter. 

(c] Records of the messuremenls 
required in paragraphs (a) and (b) o f th is  
section must be re!aiaed for at least 2 
years. 

(d) Each owner or operator s h d  
submit writ ten semiannual reports 01 
exceedances of control device operating 
paramete3 required to be monitored b y  
para~rsphs  (a) and (b] of this seclion 
and wr i l lcn documec!ution of. and a 
report of corrective maintenaxe 
re:uired as a result 01. quar:erly 
caiibro!iona o: the manilori?g dcvices 
requi;ed in 3 60.68'2(c). Far the pu;pose 
of  these rc?or!s. exceedances are 
defined as any nottitorina data Ilia: are 
less th in 70 percent cf the lcrvesl value 
or greater t i a n  130 perccnt of L\r highest 
value of each operating p x a n c l e r  
recorded durins the most recent 
performance test. 

re3a in  in fo::e until and unless h e  
Agcncy. in delegating eiifurccmcnl 
authority to a State under secLion AL1l(c) 
of the Act. anprokes rcpar l i ig  
requirements or a n  aitcmative m e x s  of 
comoiiance survsii lmce ariopted by 
such State. In that event. ai'fectau 
lacilities within the Stde wi l l  be 
relieved of the obliuation 10 comply with 
this section. provided that Ihry ccmply 
with the requirement5 established hy the 
$,:ate. 
(scc. 111 oi the Ckan A:r ACI. .IS drnenied 
(42 U.S.C. 7414l l  

g 60.685 Test methods ana proemure% 

01 this part. except as  providcd under 
f a.8(bl. shall be used to detemize 
compliance with 3 u).6UZ iii lalluwa: 

lravenes: 

( e ]  Thc requirements of this sectio? 

(dl Reference mcthods in Appendis A 

(I]  Method 1 fur sample :and wlucity 

~L 

ATTACLYENT 

49. No. 26 I Tuesday. February  i. 1984 1 Proposed Rules 4601 - 
(1) Method 2 for stack gas velocity 

ar.d volumetric flow rate: 
(3 )  Method 3 for stack sa3 dr; 

molecular weight 
(41 hlethod 4 for stack gas moisture 

content and h-mp 
(i] Method 5E for the measurement of 

paniculate emissions. 
Lbl The sampling time far each test :F29s emisaiun lkg!hl, 

run s h d l  be at least 2 hours and the 

be 255 d a m .  
(c) The performance test shall be  

conducted while h e  product with the 
highest loss on ignition (LOI) expected 
to be produced by the affected facil i ty is 
being manufactured. 

(d] For each lest run. Ihe parliculate 

mass emission rate. R. shall be 
computed as follows: 

8x IO-' min- kg 
W=CxQ,x 

volume of gRs sampled shall C.= ptrrticulats concentration as determined 
by Reference Method 5E [mg/dscml. 

Q,.=stack gas volumetric flow rate as 
determined by Reference McL$od 2 
(dscm/minl. 

[e) The glass pul l  rate. P. for h e  
rnanufncturing line shall be computed as 
lollows: 

( Y ) .  h-E 

Oxlo--' min-Mg 
P=LXW.X hl:< 

where: 
P=glass pull rate IMaihJ. 
L=line speed [m/min). 
W.-trimrned mat width Iml. 
M-mat gram weight ( a / m l .  
LOl-loas on ignition (weight percmlJ. as 

determined by. A S M  Standard Test 
Method DZ5M-Ea "Ignition h3s of 

hy reference-see J 80.17). 

fravimevically after removal 01 uncombined 
warn. The condensed panimlate material 
collected in the impingar solutions i s  
dctarmined as total organic d o n  (TOO 
using a nondirpenive infrsmd type of 
analyzer. Tho sum o i  the filtered particulate 
mass and the condcrusd psniculata mattcr is 
reponed an the total paniculate mas#. 

L .4ppom1us 
2.1 Sompling Tmln. The equipment l i s t  lor 

the lampiing min is the $ami a i  described in 
Scction 21 01 Reference Method 5 except 2s 
lU~iows: 

21.1 h b e  Liner. Same a i  describcd in 
Scccion 21.2 olReIennca Method 5 except 
&ism only borosilicate or qusnr glari l i n e n  

21.2 FillerHolder. Same m i  descnbed in 
Suction 2.1.5 of Relennca Melhod S with the 
sddl!ion of s leek-light connection in the rear 
h j l l  cf the fil:er holder deriged lor inscrlion 
of a Ihevmocoupla or other lamperamre qau?e 
lcr measuring the sa;nF!o gas ail 
tvmpcraiurl?. 

2.2 Somple Rxovery. The equipmunt l t d i  
lor a;mp!t! r e c o t - e y  i s  the Jams PII described 
in Sectior. L2 olRcference Methad 5 except whcre: 

E=mass emission level lka/hlrl. three wash bottles am needed inrtcsd 01 two 
R=mass emission rate (kn/hl, and only glass storage bottles and lvlnels 
P,,-sverage glass pull ram (Mgjhl. may be used. 
[Scc. 114 of the Clean Air Act. as emended :3 rlnol).jis. The equipment l i s t  far 
(12 U.S.C. 71101 dnalysis i i the same a$ Section L3 of 

3. ~ ~ ~ ~ ~ d i ~  A Io pan 60 is amended Rdcrence Method 5 wilh h e  adiitionsl 
by adding new Reference blerho,j 5~ as en,uipment lor TOC map js i s  as described 

helow: 
follows: 2.1.1 Sample Bkcndcr or Homogenizer. 
Appendix A-Referancs hlelhods V:aring type SI uitraianic 

2.5.3 Hy;lodemic S.vrln#e. D Io lUrd 

Emhiions Frnm ha W w I  f i b e ~ ~ s s  23 .4  TomI ovonic curboa -4miYzer. 
lnrulalioo Manulacmtins industry 

Cured Heinforced Rcrins" (incorporatcu 

For each 2-hour le31 run. the aver*% 
glass pull rate shall be computed from at 
Icast three glass pul l  rates determined at 
in!2TyaIa of at leas1 30 minutes during 
the tcst run. 

(0 'Or each lest rcn' lhe particulate 
mass emission level. E shall be 
compulcd as fallows: 

R 
€ 3 -  

r., 

2.3.2 ,wognmc Strrrer. . . . . .  
Muthod 5CDelemrinaliun ol Plnicvlara cilpocitv- 

Occkmsn stode1915 with 215 B inirared 
anaigzcr or equiralrnt and a recoder. 

1. ; Ip~ l i cob: l i t~  onti P:%:lpie. 2.1.5 Drc i r r .  IU mi. 
1.1 .!plicubllil~-. TSis method IS x . 6  Wmer hi.+. T2n~eraiiire-contmiled. 

applicable for the de!emm.liim of 
particulaie emisriuna i;im voul liber-+laro 
inaulation msnuiaclmnp dourcrs. 

a::hdrilwn isokineuca!lr. h n  the 'JUU~CC acd 
collected on a ulaar fiber filter maintained a t  
P temperature in Ihc range ul120'?14'C 
(::rY$S'F] and in IOIUl io3s ai0.1 .ViVdOIi. 
The filtered paniculate mass. which includes 
m y  maicrid that condenrei a i  or above the 
filtration tcmpenture. i i  deiermined 

z.3.; 

3. He"??mm 

L:,:lrme?;;c Fhshs. 1.m ml and %J 

1.2 P h c i p l e .  Paniculate mailer is  3.1 Sonipiinv The rcaqenu uscd in 
s.,mp~iny are me same as uaed in Rcierencr 
$tethud 5 with the addition 01 0.1 .s NaOH 
(iiarolve 40 8 of ACS reagent grade NaOH in 
,htillad w a t e r  and dilute to 1 lilcrl- 

in aamplc recovery am the same 81 u e d  in 
Rafcrence \leihod 5 with the oddition Of 

3.2 Sonvple Recovery. Thm reaten:¶ 1;5l?d 
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d,stilied waer and 0.1 .VSirOH ar dcrulbcd 
I" Secllon 3.1. 

.Anoluis. The rcagcntr u w d  in 
aca!ysir are the sonm u s  ~n Rciurcncc! 
5trtbnd 5 except as foliowr: 

3.3.1 Carbon Dimde.F:er Il'cicr. 
Uiriil ied or deionized water that ha3 IIPW 
iwshly boiled lor 15 minutes and coded IU 
room temperaiurc w h i r  preveniinp exposuru 
10 ambient a i r  with a ccncr rented wiih an 
hiCanlC  lube. 

cstccntrated. a i i h  a dropper. 

D iso ive  2.12% p of dried potassium 
bqhrhalate in CG.free waier and to 1 liter in 
a volumeiric flair. This mlunvn contains 
LOW mpli q m i x  carbon. 

32.4 Inorpqic Carbon S&d Soloriori~ 
IJisoI\-e 4.404 a anhydrous s~iliuin carbonalv 
mahout 500 ml oi  CO;-fme w i e r  in a I lit?, 
volumetric f lask Add 3AY7 g anhydrous 
sodium bicarbonate to the flask and dilute Io 
I l iter with COI-free wilier. This so lu t im  
contains 1.ooO mg/l inorpanic carbon. 

5.3 

1.1.2 1idrochior;c.irid I lCl ,  

3.35 Orpnlc Ccrim SIdCA S"/"li"i,. 

3.3.5 O . T J T ~ ~  Cos. C h - h e .  
4. Pmcedum. 
4.1 Sompling. The iamplinp procedures 

are (he same as in Section 4.1 oi Refereoc~ 
Method 5 except 88 Ioilorrs: 

irmperdnve of UIe rdtered pas meam rather 
than lbe filter campamant air iempenturc. 
13 mainmined at IZO'=lI'C [ 2 8 = t i F l .  

4.1.2 lmp;nger Solurionr. 0.1 N K a O H  ii 
used in p l a u  of wsler in (be impinnen. The 
voiumesof the solutions &the same as in 
Reierence Method 5. 

4.2 Svmple Recover)- The sample 
m o v e y  pmcedum i. a. iuilows: 

K a l e r  i 6  uaed to rima and clean the probe 
p a m  prior to lhe acetone rinse. Save portms 
of h e  waier. acetone. and 0.1 .V?&Oil u.ed 
for cleanup as b i a n b  lollowing lhc procedure 
as in Sectmn 4.2 01 Reference rMethod i. 

Conlmnerho. 1. The filter i s  removed and 
itored in the same m a m e i  as In Secliun 4 2  o i  
Reierence Method 5. 

Cmilniner No. 2 Use water to r ime  the 
sample nonlc.  pmbc. and froal ha l iu f  h e  
Kiter holder lhree time, in the manner 
dexribed in Section 4.2 of Rcference Mclhud 
5 eicapl that no brushing i s  done. Put a l l  [he 
wash waler in one container. s ~ a l .  and Inbal. 

Conlamer NoYo. 3. Rinse and brush Ihe 
sample noale. probe. and front half 01 the 
filter holder with acetone as described for 
Container No. 2 in Section 4.2 o i  Rcierence 
Meihod 5. 

Corlainer.Vo. 4. Place the conients o i  ihe 
silica gel impinger in its anginal container as 
described ior Container No. 3 in Section 4.2 
oi Reference Meihod 5. 

Conminer K a  5. Mesaure the liquid in the 
iiril three inpingen and record the volume or 
weigh! a3 described for !he lmpinger water 
in Section 4 2  o i  Reference Method 5. Do not 
discard th i i  liquid. but place i i  in a sample 
conlainer using P giar3 funnel IO aid in the 
vanaler fmm the mapingin or qraduatcd 
cylinder l i iuaedl to the sample coniainer. 
Rinse each impweer lhwouphly with 0.1 N 
XaOH three times. as well ar the graduaied 
c!linder l i i rued l  and the furiel. and put 
1n-e rin9ings in h e  same sample contauler. 
S e d  the container and label to clearly 
idenlily ita contems. 

4.3 Anoirr is  The procedures iur analysis 
are the same 8 8  in Section 4.3 o i  Reierence 
Merhod 5 with erceplionr noted as iulluwa: 

ConlainerKa. I. De~erminaiion of weiRht 

4.1.1 Fiirmrfon Tampemm~.  The 

ATTACHMENT 

yain on the filler is the lame as deacnbcd ior 
Contuinrr No. 1 LII Section 4 ~ 3  o i  Rciercncc 
Slnhod 5 ercrpt lhal h e  fillers must bo d r i d  
at:O'=S'C IWF=lO'FJ and i l l  ami!icnt 
plPlsYlr. 

tonroinrrs .Vus. 2 and 3. Analyze Ih? 
c ~ ~ c t ~ n i i  o f  Conlainers Xor. 2 and 3 as 
deicnbcd for Gmtainer So. 2 in Scciiun 1 ~ 2  
a i  Reference %leihod 5 except that 

prrssurP. 

8 .  described for container No. 3 in S R ! ~  
4.3 of Reference Method 5. 

-ll.'oler mnd Acelone Blonh '- Conramprr 
Determme the water and acetone blanh 
values following the procedures ior Amrune 
B 1 . d  Container in Senion 4.3 of Reicrence 
blothod 5. Eraparale the samples a t  ambirnl 
iemperatvre [:o"B'C IsB'=lO'F!I and 
pW5,"re. 

Coc:uiner.V,,. 5. For the dewmination o i  
!mal orpanic carbon. periorm two analyses 
on successive identical samples. iie.. t o l d  
carbon and inorpnic carbon. The desired 
quaniily ia the diflemnce between the TWO 
value. obtained. Both analyse, are based on 
cmrefsion of sample carbon into carbon 
diukide lor measurement by  a nondirpenive 
ininred ansiyzer. Resulti of a n a l y m  repirter 
as peaks on a stnp chan recorder. 

apeatinp paramciera for rhe lwa channels 
i n v o k e  the combustion lube peckinp malciial 
and tcrnperrlure. In the t o t ~ l  carbon C ~ R M C ~ .  
a high lcmpemture 1950'C ll74O'F!] Iurnncr 
heats a Harlellny combustion tube packad 
wiih cobalt oxide-imprepaled asbestos hbcr. 
The oxygen in the c i r n r r  pas. the elevated 
Icmprrature. and catalyiic effect of lhe 
packinq result in oxidalion of both organic 
ana inorpanic carbonaceous material  10 COI 
and steam. In lha inoqsnic carbon channel. a 
low temperature ( I M ' C  [ W Y ) [  iurnMce hents 
a glass tvhe containing q u a m  chips.wetted 
with 85 percenl phosphoric acid. The acid 
l ib~ratcr  CCh and s t e m  from inorwnic 
carbonstas. The operating lemperslurc i s  
below that required to oxidize organic muller. 
Follow !he manufaciureir inslrucliana lor 
ssrcmbly. t n u n q .  calibration. and owra~ion 
oflhe analyzer. 

As sampin C o l l U l e d  in 0.1 N NaOl4 often 
contam a high measure olinorpanic carbon 
lha l  inhibits repeetable dctermmetiom a i  
TOC. sample pretreatmeni ia necessary. 
Measure and record the liquid volume 01 each 
umple.  If lhe iample contains solids or an 
immiscible liqliid. homopenire the sample 
with a bicn&r or ui tr~sonics unid 
ralirianorv repeatability i s  obtained. 
T r a d e r  a mprcienlalire poruon of 10 to 15 
ml Io a 30ml beaker. acidify with aboul 2 
drops 01 concentraled HCI Io a pH o f  2 or 
1.38. W a r m  the acidified ,ample at SO'C 
(12O'F) in a water bath for 15 minute,. Whdo 
stirring (he sample m l h  II maunehc xirrer. 
wi lhdrdv a 2s Io 50-4 sample fmm the 
beaker and inject i t  into !he mtal carbon pon 
a i  the analycer~ Measure (he peak heighi. 
Repeat h e  injections until h r e c  c o n ~ e ~ i n v e  
pedis are obtained wi lhm e10 prcc;it o i  LX 
average. 

Repent the analyses for ail !he samples and 
the 0 ~ 1  N N a O H  blank. h p s r e  standard 
cuwes ior to ld  carbon and ior inorganic 
carbon 01 10. 20. 30. qo. 50. w. 80. and i w  m p l  
I by diluting with C(X-frae watcr 10. 20. 30. 
40, and 50 ml of the two riock d u t i o n ~  io 

Cm!o i :w  ,\-e. +, Weiph the spent o i l i m  p d  

The Wnciple difference, between 
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T O C  mg. 

sample from TOC analysis in Section 4.3. 
C,=Cancentraiiun o f  TOC in the liquid 

mp!I. 
V,=TotaI volume of liquid ranplu. ml. 

6.2 Corlcenrrtiiion oic'mdenlrd 
Ponicoiofe d~lorerbl, 
C=:o.LmlIlm/v.~~l Eq. SE-3 

Where: 
o.mi=Cramr per millipam. 
C,=Concenmuon of condenrcd p a m ~ l i l l e  

mailer ul w a d  pas. dr?. baris. corrwicd 
IO otandard conditions. g!dscm. 

~ ! ~ < ~ , = V o i m e  of gas rampir m c i m r c d  by 
,he dry gar meter. corrrcted 1 0  stmdm4 
conditions. drcm. f r o r  Srciion 5.3 or 
Reference Method 5. 

6.3 TOI"1 Porr;c"lc!e C'.a,.r..~r.~;iilln. 

C,=C.-C. Eq.5% 

Where: 
&=Tutal panicuhtc conc:~.ni: i t ! :~~~~. dry 

barn co-cird IO slandard cimditsuns. 
p/dscm. 

&=Cancentration o i  iilccred paniculale 
matier in stack pas. dry basis. corrected 
to stancard conditions. g i b c m .  irom 
Equaciun 5 4  u i  Reirrcncc Method 5. 

;. OiIhop:oph?.. The biblio;r;.ph! I S  the 
s i l m ~  as in Seclion 6 o i  Reierence % l c r l d  5 
r i i h  the addition o i ihe  fcllowin?: 
:.I Amcncm Public Health ASsoCmIiu#~. 

American Water \Yolks Associalinn. Wale? 
Pollution Conlrol Federalion. Siandord 
Methods lor the Examination of M'alcr and 
Wilsiew~tcr. Fifteenth Edition. Warhinpton, 
D.C. 1980. . 
,b7 Dus *IN Fir4 m I., am, 
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5 . 1 . 2  Changes a n d / o r  M o d i f i c a t i o n s  t b  EPA Methods d u r i n g  t h e  T e s t  Program 

0 EPA Method 1 - The u n c o n t r o l l e d  emis s ions  sampling l o c a t i o n  
d i d  n o t  meet t h e  minimum requ i r emen t s  set  f o r t h  i n  EPA Method 1. 
A l t e r a t i o n s  t o  t h e  i n l e t  sampling l o c a t i o n  was n o t  f e a s i b l e .  
A t o t a l  of 1 6  sampling p o i n t s  were used t o  c h a r a c t e r i z e  t h e  
u n c o n t r o l l e d  emis s ions .  A g r e a t e r  number of sampling p o i n t s  
w a s  n o t  f e a s i b l e  because of t h e  h i g h  p a r t i c u l a t e  c o n c e n t r a t i o n s .  
The g a s  f low r a t e  determined a t  t h e  v e n t u r i  i n l e t  compared 
f a v o r a b l y  w i t h  t h e  o u t l e t  gas  f low rate. T h i s  comparison l e a d s  
c r e d i b i l i t y  t o  t h e  s e l e c t i o n  of sampling p o i n t s  on the v e n t u r i  
i n l e t  . 
EPA Method 2 and 3 - No major changes were made t o  t h e s e  r e fe renced  
methods. 

0 

0 EPA Method 4 - Mois tu re  d e t e r m i n a t i o n s  were performed simul- 
t aneous ly  w i t h  t h e  c o l l e c t i o n  of p a r t i c u l a t e  and TOC d u r i n g  
EPA Method 5E. 

0 EPA Method 9 - V i s i b l e  emission r e a d i n g s  were on ly  mea- 
su red  d u r i n g  a b l u e  sky background. T h i s  m o d i f i c a t i o n  
was performed t o  minimize i n t e r f e r e n c e s  t h a t  can occur  
when r e a d i n g  a condensed hydrocarbon plume w i t h  a g rey  
background. 

0 EPA Method 5E - S e v e r a l  m o d i f i c a t i o n s  were made t o  t h e  pro- 
cedure .  Acetone and t r i c h l o r o e t h a n e  probe and n o z z l e  r i n s e s  
were used i n s t e a d  of  water and a c e t o n e .  Backhalf g l a s sware  
was r i n s e d  w i t h  t r i c h l o r o e t h a n e  and t h e  impinger c a t c h e s  were 
e x t r a c t e d  w i t h  c h l o r o f o r m l e t h e r  t o  de t e rmine  t o t a l  e x t r a c t e d  
c o n d e n s i b l e  hydrocarbons i n  a d d i t i o n  t o  TOC a n a l y s i s .  Inor- 
g a n i c  ca rbon  w a s  s t r i p p e d  from t h e  s a m p l e s  p r i o r  t o  t o t a l  o r g a n i c  
carbon a n a l y s i s .  
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5 . 2 . 1  Modified EPA Method 5E Equipment S e l e c t i o n  and P r e p a r a t i o n  

A modif ied v e r s i o n  of  the sampling p rocedure  s p e c i f i e d  i n  EPA Method 5E 

was used t o  de t e rmine  t h e  p a r t i c u l a t e  mass g r a i n  load ing  a t  t h e  v e n t u r i  

s c rubbe r  i n l e t  and o u t l e t .  M o d i f i c a t i o n s  t o  t h e  EPA Method 5E equipment 

c o n s i s t e d  o f :  

e i n s t a l l i n g  a v a r i a b l e  t r a n s f o r m e r  t o  c o n t r o l  t h e  probe 
t empera tu re  a t  250°F - + 25"F, 

e i n s t a l l i n g  a p r o p o r t i o n a l  t empera tu re  c o n t r o l l e r  t o  m a i n t a i n  
t h e  t empera tu re  of t h e  gas  s t r eam downstream of t h e  f i l t e r  
h o l d e r  a t  250°F + 5°F ( c o n t r o l l e d  accu racy  + 1% of f u l l  
r ange  - 400°F), - - 

e i n s t a l l i n g  a d d i t i o n a l  impingers  d u r i n g  t r a c e  metal sampling, and 

e i n c o r p o r a t i n g  a s t a n d a r d  Greenburg-Smith impinger i n  t h e  f i r s t  
impinger p o s i t i o n .  

The remainder of t h e  sampling equipment is t h e  same as t h a t  s p e c i f i e d  i n  EPA 

Method 5E. 

5 . 2 . 2  EPA Method 5 E  Modified Sampling P rocedure  

M o d i f i c a t i o n s  t o  t h e  EPA Method 5E sampling procedure c o n s i s t e d  of u s i n g  

U l t r e x  n i t r i c  a c i d  (10%) in impingers  t o  c o l l e c t  t r a c e  m e t a l  samples.  

5.2.3 Modified Sample Recovery P rocedures  

5 . 2 . 3 . 1  P a r t i c u l a t e  Mass 

A f t e r  sampling was complete,  t h e  sampling t r a i n  was disassembled and t h e  

ends capped t o  p r e v e n t  con tamina t ion  of  t h e  sample. The probe and n o z z l e  were 

brushed and r i n s e d  t h r e e  times w i t h  a c e t o n e  and t h e  r inse c o l l e c t e d  i n  a pre- 

weighed g l a s s  b o t t l e .  The probe and n o z z l e  were then brushed and r i n s e d  w i t h  

t r i c h l o r o e t h a n e  and t h e  r i n s e  c o l l e c t e d  i n  a s e p a r a t e  g l a s s  b o t t l e .  A l l  of  t h e  

g l a s sware  upstream of t h e  f i l t e r  was washed t h r e e  t i m e s  w i t h  a c e t o n e  followed 

by a f i n a l  t r i c h l o r o e t h a n e  r i n s e .  The a c e t o n e  and t r i c h l o r o e t h a n e  glass- 

ware r i n s e s  were added t o  t h e  r e s p e c t i v e  probe wash s o l v e n t  s t o r a g e  con- 

t a i n e r s .  The f i l t e r  w a s  c a r e f u l l y  removed from t h e  f i l t e r  ho lde r  w i t h  
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tweezers,  p l aced  i n  a l a b e l e d  p e t r i  d i s h  and then sealed f o r  t r a n s p o r t  back 

t o  Aust in  f o r  weighing. 

5 . 2 . 3 . 2  E x t r a c t e d  Condensible  Hydrocarbons 

During EPA Method 5E sampling,  hydrocarbons p r e s e n t  i n  t h e  f l u e  gas  

condensed on t h e  s u r f a c e  of t h e  cooled g l a s s w a r e  downstream of t h e  f i l t e r  

h o l d e r  and i n  t h e  f i r s t  two impingers .  The  f i r s t  two impingers  c o n t a i n e d  

250 m l  of 0 . 1  N NaOH t o  h e l p  f a c i l i t a t e  the c o l l e c t i o n  of c o n d e n s i b l e  hydro- 

carbons.  A f t e r  sampling,  t h e  c o n t e n t s  of  the f i r s t  two impingers  were com- 

bined and s t o r e d  in a g l a s s  b o t t l e  w i t h  a t e f l o n  l i d  i n s e r t .  The two i m -  

p inge r s  were then  r i n s e d  w i t h  0 . 1  N NaOH and t h e  r i n s e  w a s  added t o  t h e  g lass  

sample s t o r a g e  b o t t l e .  

The g l a s sware  downstream of f i l t e r  h o l d e r  "back h a l f . "  p l u s  t h e  f i r s t  

two impingers  were then r i n s e d  w i t h  a known volume of t r i c h l o r o e t h a n e  t o  

r ecove r  any hydrocarbons condensed on t h e  g l a s sware .  The t r i c h l o r o e t h a n e  

r i n s e  w a s  s t o r e d  i n  a s e p a r a c e  g l a s s  b o t t l e  w i t h  a t e f l o n  l i d  i n s e r t .  

5 .2 .3 .3  T o t a l  Organic  Carbon 

F l u e  g a s  samples f o r  t o t a l  o r g a n i c  carbon a n a l y s i s  were c o l l e c t e d  i n  

' the  0 . 1  N NaOH impingers  used d u r i n g  Proposed EPA Reference Method 5E sampling.  

Sample r ecove ry  i s  t h e  same a s  d e s c r i b e d  i n  S e c t i o n  5 . 2 . 3 . 2 .  

5 . 2 . 3 . 4  Trace  Metals 

During trace me ta l  sample c o l l e c t i o n ,  an impinger  c o n t a i n i n g  250 m l  of 

10% U l t r e x  n i t r i c  a c i d  w a s  p l a c e d  downstream of  t h e  two NaOH impingers  i n  

t h e  EPA Method SE sampling t r a i n .  Upon complet ion of sampling, t h e  f i l t e r  

and NaOH impinger  samples w e r e  r ecove red  using t h e  procedure d e s c r i b e d  i n  

S e c t i o n  5 . 2 . 3 . 1  and 5 . 2 . 3 . 2 .  The 10% "03 impinger  s o l u t i o n  was r ecove red  by 

f i r s t  p l a c i n g  t h e  impinger  s o l u t i o n  i n  a 500 m l  Nalgene b o t t l e .  The HN03 

impinger w a s  t hen  r i n s e d  w i t h  a s m a l l  q u a n t i t y  of 10% U l t r e x  "03 and t h e  

r i n s e  added t o  t h e  Nalgene sample b o t t l e .  
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5.2.4 Modified Sample Analysis Procedures 

5.2.4.1 Particulate Mass 

The EPA Method 5E par-ticulate mass sample consisted of the filter, the 
acetone-front-half rinse, and the trichloroethane front-half rinse. Filter 

analysis consisted of dessicating the filter for 24 hours and then weighing 

to a constant weight. 

The acetone and trichloroethane rinse volumes were gravimetrically 

determined. The rinse samples were then transferred to individual clean, 

dry, tared 250 ml beakers for evaporation. The samples were evaporated to 

dryness at room temperature. When the samples were dry they were dessicated 

for 24 hours and then weighted to a constant weight. 

5.2.4.2 Extracted Condensible Hydrocarbons 

The extracted condensible hydrocarbon sample consisted of the "back 

half" trichloroethane rinse and the 0.1 N NaOH impinger sample described in 

Section 5.2.3.2. 

Analysis of the trichloroethane "back half" rinse consisted of several 

steps. 

Each rinse sample was then transferred to clean and preweighed beakers. The 

rinse samples were then allowed to evaporate to dryness at room temperature. 

The beakers were then dessicated for 24 hours and then weighed to a constant 

weight. A constant weight is defined as two weighings that agree within 

0.5 mg or 1 percent of the residue mass. 

First, the volume of each rinse sample was determined gravimetrically. 

Each trichloroethane rinse sample was corrected f o r  the solvent blank. 

The actual magnitude of the solvent blank correction was dependent upon 

the volume of trichloroethane present in each sample. To determine the 

magnitude of the trichloroethane blank, a known volume of unused trichloro- 

ethane solvent was evaporated using the above procedure. The mg of residue 

remaining after evaporation was then correlated to the volume of trichloro- 

ethane to generate a blank correction factor (mg of blank residuelvolume of 

trichloroethane in the sample). 

The condensible hydrocarbon content of the NaOH impinger sample was 

determined using the following procedure. First, the pH of a 400 ml sample 
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a l i q u o t  was a d j u s t e d  t o  pH 7. The sample a l i q u o t  was then e x t r a c t e d  u s i n g  

3 p o r t i o n s  of a 3:l e t h e r l c h l o r o f o r m  s o l v e n t  mix tu re .  The s o l v e n t  e x t r a c t  

w a s  then t r a n s f e r r e d  t o  a c l e a n  preweighed beake r .  The sample was then 

allowed t o  e v a p o r a t e  t o  d ryness  a t  room t e m p e r a t u r e .  A f t e r  24 hours  of 

d e s s i c a t i o n  t h e  sample w a s  weighed t o  a c o n s t a n t  weight .  The t o t a l  sample 

r e s i d u e  was then  determined by m u l t i p l y i n g  by t h e  r a t i o  of t o t a l  sample 

volume d i v i d e d  by t h e  sample a l i q u o t e  volume. An e t h e r l c h l o r o f o r m  s o l v e n t  

r e s i d u e  b l ank  was determined and then used t o  a d j u s t  each NaOH impinger 

sample.  

The e x t r a c t e d  c o n d e n s i b l e  hydrocarbon sample c o n s i s t e d  of t h e  t r i c h l o r o -  

e t h a n e  r e s i d u e  p l u s  t h e  sodium hydroxide e x t r a c t e d  r e s i d u e .  

5 . 2 . 4 . 3  T o t a l  Organic  Carbon (TOC) 

T h e  TOC c o n t e n t  of t h e  EPA Method 5E sodium hydroxide impinger  s o l u t i o n  

was determined i n s t r u m e n t a l l y  d u r i n g  t h i s  program. A 20 m l  a l i q u o t  of t h e  

NaOH impinger s o l u t i o n  w a s  a c i d i E i e d  w i t h  H~SOI, and then spa rged  w i t h  n i t r o g e n  

g a s  t o  remove any i n o r g a n i c  carbon. Th i s  p rocedure  d i f f e r e d  from the Proposed 

EPA Reference Method 5E i n  t h a t  Method 5E s p e c i f i e s  ana lyz ing  t h e  i n o r g a n i c  

carbon and s u b t r a c t i n g  t h a t  v a l u e  from t h e  t o t a l  carbon t o  g i v e  t o t a l  o r g a n i c  

carbon.  

The sample w a s  t hen  analyzed u s i n g  a Beckman 915B T o t a l  Carbon Analyzer.  

The TOC c o n c e n t r a t i o n  of t h e  sample w a s  determined by comparing t h e  sample 

r e s u l t s  w i t h  t h e  r e s u l t s  of s t a n d a r d s  p repa red  u s i n g  potassium hydrogen 

p h t h a l a t e .  Blank TOC c o r r e c t i o n s  were n o t  r e q u i r e d  because of  i n s i g n i f i c a n t  

TOC b l ank  v a l u e s .  

5 . 2 . 4 . 4  Trace  Metals 

Trace  m e t a l  samples  c o l l e c t e d  u s i n g  t h e  EPA Method 5E sampling t r a i n  

were analyzed u s i n g  I n d u c t i v e l y  Coupled Argon Plasma Emission Spectroscopy 

(ICAPES). The t echn ique  combines t h e  m u l t i e l e m e n t a l  c a p a c i t y  of emission 

spec t roscopy  w i t h  a radio-frequency g e n e r a t e d  argon plasma s o u r c e .  

P r i o r  t o  a n a l y s i s ,  t h e  s o l i d s  c o l l e c t e d  i n  t h e  sampling system were 

d i g e s t e d  i n  a n  a c i d i c  s o l u t i o n  c o n t a i n i n g  H2S04, "03, and H 2 0 2 .  The re- 

s u l t i n g  d i g e s t i o n  s o l u t i o n  w a s  d i l u t e d  t o  a known volume. The N a O H  and 

H N 0 3  impinger s o l u t i o n s  r e q u i r e d  no s p e c i a l  p r e p a r a t i o n  p r i o r  t o  a n a l y s i s .  
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A n  ARL Model 34000B ICAPES was used to analyze the trace metal samples. 

The aqueous sample was aspirated into the argon plasma, which may reach 

temperatures of 10.000"K. The emission is focused onto a grating which dif- 

fracts the light according t o  the Pashen Runge theory. The diffracted light 

bands pass through slits set up for each element of interest. A photomultiplier 
tube was used to measure the signal passing through each slit. 

The system is computer controlled to allow f o r  simultaneous multielement 

determinations. This is accomplished by means of comparing the electrical 

charge of each photomultiplier tube during sample analysis, to the electrical 

charge generated during standardization. 
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5 . 3  P a r t i c l e  S i z i n g  Equipment 

5 . 3 . 1  Equipment S e l e c t i o n  

5 . 3 . 1 . 1  Andersen High Capac i ty  S tack  Sampler 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  at  the v e n t u r i  i n l e t  was determined 

u s i n g  a n  Andersen High Capac i ty  S tack  Sampler (AHCSS). The AHCSS was chosen 

because of i t s  a b i l i t y  t o  hand le  g a s  streams w i t h  a h i g h  g r a i n l o a d i n g  wi thou t  

o v e r l o a d i n g  t h e  s t a g e s  or us ing  unaccep tab ly  s h o r t  sampling t i m e s .  The mess 
c o n s i s t s  of  two impac t ion  chambers, fo l lowed  by a cyclone and a back-up a b s o l u t e  

th imble  ( s e e  F i g u r e  J . l)  

which can  b e  p l o t t e d  t o  r e p r e s e n t  t h e  en t i r e  s ize  f r a c t i o n .  P r e p a r a t i o n  of the 

impac to r  f o r  u se  r e q u i r e s  t h a t  i t  be  washed i n  soap  and water and then  r i n s e d  

w e l l  w i t h  w a t e r  t o  remove a l l  t h e  soap .  The AHCSS is then  wiped w i t h  a c l e a n ,  

l i n t - f r e e  c l o t h  and r i n s e d  w i t h  a c e t o n e  t o  complete  d r y i n g  and t o  remove any 

o i l  which may be p r e s e n t .  

The p a r t i c l e s  are f r a c t i o n a t e d  i n t o  f o u r  s i z e  r anges  

A r i g h t  a n g l e  probe and s t r a i g h t - n e c k  i s o k i n e t i c  sampling n o z z l e  was 

used t o  a l l o w  t h e  AHCSS t o  be  o r i e n t e d  i n t o  t h e  gas  s t r eam.  Use of  t h e  

s t r a i g h t  n o z z l e  minimizes t h e  e f f e c t  of pre- impact ion of l a rger  p a r t i c l e s  

t h a t  might occur  w i t h  a goose neck n o z z l e .  F i g u r e  J-1 g r a p h i c a l l y  d e p i c t s  

t h e  AHCSS sampling t ra in .  

5 .3 .1 .2  Andersen Mark I11 Cascade Impactor  

I I  

I 
I 
I 
I 
I 
I 1  

I1 
1 
I 
I 
I 

The p a r t i c l e  s i z e  d i s t r i b u t i o n  a t  t h e  s c r u b b e r  o u t l e t  w a s  u n s u c c e s s f u l l y  a t tempted 

I 
I 
'I) 
I 
I 

u s i n g  an Andersen Mark I11 Cascade Impactor .  The impactor  acrodynamical ly  

c l a s s i f i e s  a e r o s o l s  i n t o  n i n e  s i z e  f r a c t i o n s .  Glass f i b e r  impactor  s u b s t r a t e s  

were used t o  f a c i l i t a t e  t h e  c o l l e c t i o n  of t h e  p a r t i c u l a t e .  The s u b s t r a t e s  

were p r e t r e a t e d  by baking them a t  500'F for  f o u r  hour s .  

t h e n  d e s s i c a t e d  and weighed t o  t h e  n e a r e s t  0 . 0 1  m i l l i g r a m .  Preweighed sets 

of s u b s t r a t e s  were s t o r e d  i n  p o l y e t h y l e n e  p e t r i  d i s h e s  u n t i l  they were u s e d .  

The s u b s t r a t e s  were 

A r i g h t - a n g l e  probe and s t r a i g h t - n e c k  i s o k i n e t i c  sampling n o z z l e  was 

used t o  p r o p e r l y  o r i e n t a t e  t h e  Mark I11 impac to r  i n t o  t h e  gas  s t r e a m .  Due 

t o  t h e  h i g h  m o i s t u r e  c o n t e n t  a t  t h e  o u t l e t  f l u e  gas  a n  a u x i l i a r y  h e a t i n g  

system ( h e a t i n g  t a p e  and i n s u l a t i o n )  w a s  n e c e s s a r y  t o  e l e v a t e  t h e  o p e r a t i n g  
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Figure J . l .  Schematic of the Andersen Model HCSS High Grain-Loading Impactor 
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t empera tu re  of t h e  impactor  t o  v a p o r i z e  m o i s t u r e  i n  t h e  sample gas  and t o  

p reven t  m o i s t u r e  condensa t ion  i n  t h e  sample r .  To p rov ide  a d d i t i o n a l  resi-  

dence time t o  e v a p o r a t e  m o i s t u r e ,  a h e a t e d  6-inch r u n  of 0 .5  i n c h  I . D .  p i p e  

w a s  used between t h e  n o z z l e  and t h e  impac to r .  A thermocouple mounted i n  t h e  

g a s  s t r eam d i r e c t l y  behind t h e  impactor  w a s  used t o  monitor  t h e  impactor  g a s  

t empera tu re .  F i g u r e  5-3 d e p i c t s  t h e  Andersen Mark I11 impactor  sampling t ra in .  

5 . 3 . 2  Sampling 

P a r t i c l e  s i z e  d i s t r i b u t i o n  sampling w a s  performed a t  a s i n g l e  p o i n t  of 

ave rage  v e l o c i t y  i n  t h e  f l u e  g a s  stream a t  b o t h  t h e  v e n t u r i  i n l e t  and out-  

l e t  l o c a t i o n .  T h i s  sampling p o i n t  w a s  s e l e c t e d  from p r e v i o u s  v e l o c i t y  

t r a v e r s e  d a t a .  I s o k i n e t i c  sampling f low r a t e s  a t  t h e  impactor  n o z z l e  were 

p r e c a l c u l a t e d  based o n , v e l o c i t y  d a t a  o b t a i n e d  d u r i n g  ear l ie r  sampling 

(modif ied EPA Method 5E) .  Opera t ion  of  b o t h  t h e  AHCSS and Andersen Mark 111 

r e q u i r e s  t h a t  t h e  f low rate  through t h e  impac to r  b e  k e p t  c o n s t a n t .  T h i s  

requirement  e l i m i n a t e s  t h e  p o s s i b i l i t y  of a d j u s t i n g  t h e  flow r a t e  i f  v a r i a -  

t i o n s  i n  gas  v e l o c i t y  o c c u r s .  

P r i o r  t o  sampling a t  t h e  i n l e t ,  t h e  AHCSS w a s  allowed t o  p r e h e a t  i n  t h e  

d u c t  f o r  approximately 45 minutes t o  a l l o w  ample time f o r  t h e  u n i t  t o  r each  

thermal  e q u i l i b r i u m  w i t h  t h e  f l u e  gas .  

S p e c i a l  sampling problems were encoun te red  a t  t h e  v e n t u r i  o u t l e t  due t o  

t h e  h i g h  moi s tu re  c o n t e n t  and e n t r a i n e d  water d r o p l e t s  p r e s e n t  i n  t h e  gas  

s t r eam.  An a t t e m p t  was made t o  e l i m i n a t e  t h e  excess  m o i s t u r e  problem by 

p r e h e a t i n g  t h e  sample gas  and e v a p o r a t i n g  t h e  wa te r  d r o p l e t s  p r i o r  t o  e n t e r -  

i n g  t h e  Andersen Impactor .  To h e l p  accomplish t h i s ,  the sampling nozz le  and 

impactor  e x t e n s i o n  t u b e  were h e a t  t r a c e d  and i n s u l a t e d .  The h e a t  t r a c e d  

impactor  was then hea ted  f o r  one hour p r i o r  t o  i n s e r t i o n  i n t o  t h e  sample gas  

stream. 

During sampling, t h e  h e a t  t r aced  Andersen impactor  w a s  unab le  t o  m a i n t a i n  

t h e  f l u e  gas  above t h e  m o i s t u r e  due p o i n t  t empera tu re .  A s  a r e s u l t ,  t h e  

impactor s u b s t r a t e s  became wet d u r i n g  sampling and a p a r t i c l e  s i z e  d i s t r i b u -  

t i o n  sample could n o t  be  s u c c e s s f u l l y  o b t a i n e d  a t  the v e n t u r i  s c rubbe r  o u t l e t .  
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5 . 3 . 3  Sample Recovery 

5.3.3.1 Andersen High Capac i ty  S tack  Sampler 

A f t e r  sampling the AHCSS w a s  brought  back t o  t h e  l a b  a n d  allowed t o  c o o l .  

Each s t a g e  was c a r e f u l l y  removed, one a t  a t i m e ,  and the p a r t i c u l a t e  brushed 

i n t o  a t a r e d  p e t r i  d i s h .  The backup a b s o l u t e  th imble  w a s  removed and p l aced  

i n  a g l a s s  j a r  and k e p t  u p r i g h t .  The p e t r i  d i s h e s  and thimble were s t o r e d  

i n  a d e s s i c a t o r  f o r  shipment back t o  A u s t i n .  

5 .3 .3 .2  Andersen Mark I11 Cascade Impactor 

The Andersen Mark I11 impactor  was brought  back t o  t h e  l a b  and d r i e d  in 

an oven o v e r n i g h t  a t  250'F. 

impactor top were r i n s e d  w i t h  a c e t o n e  t o  remove any p a r t i c u l a t e  adhe r ing  t o  

t h e  wal l s .  The s u b s t r a t e s  w e r e  t hen  r ecove red  t ak ing  c a r e  t o  remove any 

f i l t e r  o r  p a r t i c u l a t e  adhe r ing  t o  t h e  s t a g e ,  c r o s s h a i r  o r  s p a c e r  and r e t u r n i n g  

i t  t o  i ts  o r i g i n a l  p e t r i  d i s h .  The d i s h e s  were s e a l e d  and packed f o r  s h i p -  

ment back to  A u s t i n .  

When c o o l  t h e  n o z z l e ,  e x t e n s i o n  t u b e ,  and 

5 . 3 . 4  Sample Ana lys i s  

Upon r e t u r n i n g  t o  the .Rad ian  l a b o r a t o r i e s  i n  A u s t i n ,  t h e  AHCSS and t h e  

Andersen Mark I11 impac to r  samples w e r e  dess ica ted  f o r  a minimum of 24 hours  

and then weighed t o  a c o n s t a n t  we igh t .  A m a j o r i t y  of t h e  Andersen Mark I11 

impactor  s u b s t r a t e s  expe r i enced  a n e g a t i v e  we igh t  g a i n .  The we igh t  l o s s  can 

be  a t t r i b u t e d  t o  t h e  h i g h  m o i s t u r e  c o n t e n t  and subsequent  l o s s  of s u b s t r a t e  

m a t e r i a l  d u r i n g  sample r ecove ry .  

5 . 3 . 5  Data Reduction 

A d e t a i l e d  d i s c u s s i o n  of t h e  d a t a  r e d u c t i o n  procedure used t o  i n t e r p r e t  

t h e  AHCSS da ta  i s  p r e s e n t e d  i n  Appendix B.4. 
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5 . 4  P o l y n u c l e a r  Aromatic Hydrocarbon Equipment and Procedures  

5 . 4 . 1  Equipment S e l e c t i o n  and P r e p a r a t i o n  

5 . 4 . 1 . 1  Sampling T r a i n  Components 

F i g u r e  5 .4  g r a p h i c a l l y  i l l u s t r a t e s  t h e  sampling t r a i n  used t o  c o l l e c t  

f l u e  g a s  f o r  p o l y n u c l e a r  a romat i c  hydrocarbon (PAH) a n a l y s i s .  

t r a i n  i s  s imi l a r  t o  t h e  EPA Method 5E sampl ing  t r a i n  d e s c r i b e d  i n  S e c t i o n  

5.2.1. The major d i f f e r e n c e  between t h e  two sampling trains i s  t h e  impinger 

c o n f i g u r a t i o n .  

The PAH sampling 

The PAH impinger  t ra in  c o n s i s t s  of a d ry  impinger f o r  c o o l i n g  t h e  gas  

b e f o r e  e n t e r i n g  a g l a s s  c a n n i s t e r  c o n t a i n i n g  XAD-2 r e s i n  f o r  PAH a b s o r p t i o n .  

Following t h e  XAD-2 r e s i n  c a n n i s t e r  i s  a second dry impinger  used t o  c o l l e c t  

any condensate  forming downstream of  t h e  XAD-2 resin.  A n  i n - l i n e  thermocouple 

was used t o  h e l p  monitor  t h e  gas  s t r e a m  t empera tu re  as i t  e n t e r e d  t h e  XAD-2 

c a n n i s t e r .  Aluminum f o i l  w a s  wrapped around a l l  t h e  g l a s sware  i n  the h o t  

box, t h e  two dry impingers  and the XAD-2 r e s i n  c a n n i s t e r .  Th i s  w a s  done t o  

h e l p  minimize any p o s s i b l e  PAH p h o t o d e g r a d a t i o n  t h a t  might o t h e r w i s e  occur  

d u r i n g  sampling.  

5 . 4 . 1 . 2  P r e p a r a t i o n  f o r  Sampling 

P r i o r  t o  sampl ing ,  t h e  EPA Method 5E f i l t e r s  used d u r i n g  PAH sample 

c o l l e c t i o n  w e r e  e x t r a c t e d  w i t h  methylene c h l o r i d e ,  baked a t  500°F f o r  two 

h o u r s ,  and then d e s s i c a t e d  and weighed. The f i l t e r s  were s t o r e d  i n  g l a s s  

p e t r i  d i s h e s  t h a t  were p r e v i o u s l y  r i n s e d  w i t h  methylene c h l o r i d e .  

The XAD-2 resin was p repa red  f o r  u s e  by e x t r a c t i n g  t h e  r e s i n  i n  a 

s o x l e t  e x t r a c t o r  u s i n g  t h r e e  s o l v e n t s .  Methanol,  e t h e r ,  and p y r i d i n e  

were i n d i v i d u a l l y  used t o  e x t r a c t  the XAD-2 r e s i n  f o r  2 4  h o u r s .  Following 

e x t r a c t i o n ,  t h e  r e s i n  w a s  s t o r e d  i n  methanol  u n t i l  ready f o r  u se .  

3 . 4 . 1 . 3  Sample C o n t a i n e r s  P r e p a r a t i o n  

A l l  of t h e  sample c o n t a i n e r s  used t o  s t o r e  PAH samples were p repa red  

f o r  u s e  by means of r i n s i n g  w i t h  methylene c h l o r i d e .  
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5 . 4 . 2  Sampling P rocedure  

The sampling p rocedure  u s e d  t o  c o l l e c t  PAH samples i s  s imi l a r  t o  t h e  

p rocedure  used t o  c o l l e c t  EPA Method 5E samples  ( d e s c r i b e d  i n  S e c t i o n  5.2). 

5 . 4 . 3  Sample Recovery and A n a l y s i s  . P r e p a r a t i o n  

5 .4 .3 .1  Sample Recovery 

When sampling had been completed,  t h e  PAH sampling t ra in  was r e t u r n e d  

t o  t h e  mobile  l a b o r a t o r y  f o r  sample r ecove ry .  

t r a i n  produced f i v e  d i s t i n c t  samples .  They were: 

The r ecove ry  of  each sampling 

t h e  methylene c h l o r i d e  n o z z l e  and probe l i n e r  r inse,  

t h e  f i l t e r ,  

t h e  combined condensa te  t r a p p e d  i n  t h e  f i r s t  impinger and t h e  
methylene c h l o r i d e  r i n s e  of  a l l  g l a s sware  between t h e  f i l t e r  
and t h e  XAD-2 resin c a n i s t e r ,  

t h e  XAD-2 resin,  and 

t h e  methylene c h l o r i d e  r inse of t h e  g l a s sware  downstream of  
t h e  XAD-2 resin c a n i s t e r  and p r i o r  t o  t h e  s i l i c a  g e l  impinger .  

P a r t i c u l a t e  mat ter  c o l l e c t e d  d u r i n g  t h e  PAH i n l e t  s c r u b b e r  sample on 

11-14-83 could n o t  b e  r e t r i e v e d  u s i n g  methylene c h l o r i d e .  For t h i s  sample,  

a f i n a l  a c e t o n e  wash w a s  used t o  r e c o v e r  t h e  p a r t i c u l a t e  matter. The XAD-2 
r e s i n  w a s  washed from t h e  r e s i n  canister i n t o  a p i n t  Bal l@ j a r  u s i n g  methylene 

c h l o r i d e  and s e a l e d  w i t h  a t e f l o n  l i n e d  l i d .  The f i l t e r  was c a r e f u l l y  re- 

moved from t h e  f i l t e r  h o l d e r  and p l aced  i n  i ts  o r i g i n a l  l a b e l e d  glass p e t r i  

d i s h .  

f o i l  f o r  t r a n s p o r t  back t o  Radian 's  A u s t i n  l a b o r a t o r i e s .  

p robe  r i n s e s  were washed i n t o  c l e a n  amber g l a s s  b o t t l e s  f o r  s t o r a g e  and 

s e a l e d  w i t h  t e f l o n  l i n e d  caps .  During sample r ecove ry ,  i ncandescen t  l i g h t i n g  

w a s  used t o  minimize sample exposure t o  u l t r a v i o l e t  l i g h t  which photodegrades 

benzo(a )pyrene .  

The B a l l  j a r  and p e t r i  d i s h  were i n d i v i d u a l l y  wrapped w i t h  aluminum 

The g la s sware  and 
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5.4.3.2 P r e p a r a t i o n  f o r  A n a l y s i s  

The PAH sampling t r a i n  produced f i v e  sample f r a c t i o n s ;  

t h e  methylene c h l o r i d e  n o z z l e  and probe r i n s e ,  

t h e  f i l t e r ,  

t h e  f i r s t  impinger condensa te  and methylene c h l o r i d e  g l a s s -  
ware r inse of t h e  g l a s sware  downstream of  t h e  f i l t e r  and 
upstream of t h e  XAD-2 resin canis ter ,  

t h e  XAD-2 r e s i n  and methylene c h l o r i d e  r i n s e ,  

t h e  methylene c h l o r i d e  r i n s e  of t h e  g l a s sware  downstream 
of  t h e  XAD-2 r e s i n  c a n i s t e r  and p r i o r  t o  t h e  s i l i c a  g e l  
impinger . 

S o l i d  samples were e x t r a c t e d  in s o x h l e t  e x t r a c t o r s  f o r  twenty-four 

hour s  w i t h  methylene c h l o r i d e .  The s o l i d  samples were: 

t h e  f r o n t - h a l f  ( n o z z l e  r i n s e ,  p robe  r i n s e ,  and f i l t e r  
c a t c h ) ,  and 

t h e  XAD-2 r e s i n .  

The methylene c h l o r i d e  r i n s e s  a s s o c i a t e d  w i t h  t h e  s o l i d  sample f r a c t i o n s  

were inc luded  i n  t h e  s o x h l e t  e x t r a c t i o n s .  

In a d d i t i o n  t o  t h e  above sample f r a c t i o n s ,  t h e  sample c o l l e c t e d  a t  t h e  

v e n t u r i  s c rubbe r  i n l e t  on 11-14-83 i n c l u d e d  an a c e t o n e  probe and n o z z l e  

r i n s e .  The s o l i d s  were f i l t e r e d  and the  a c e t o n e  f i l t r a t e  w a s  c o n c e n t r a t e d  

t o  approximately one m i l l i l i t e r  and added a l o n g  w i t h  t h e  f i l t e r e d  s o l i d s  

t o  t h e  methylene c h l o r i d e  n o z z l e  and p robe  r i n s e  s o x h l e t  e x t r a c t i o n .  

The aqueous and non-aqueous s o l v e n t  phases  of t h e  l i q u i d  samples were 

s e p a r a t e d  u s i n g  a s u p e r a t o r y  f u n n e l .  

d r i e d  u s i n g  anhydrous sodium s u l f a t e .  The l i q u i d  samples i n c l u d e d :  

The methylene c h l o r i d e  f r a c t i o n  w a s  then 
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a t h e  s t a c k  condensa te  and methylene c h l o r i d e  r i n s e  of t h e  
g l a s s w a r e  downstream of t h e  f i l t e r  and upstream of t h e  
XAD-2 r e s i n  c a n i s t e r ,  and 

rn t h e  methylene c h l o r i d e  r inse of  t h e  g l a s s w a r e  downstream of  
t h e  XAD-2 resin canister and p r i o r  t o  t h e  s i l i c a  g e l  impinger.  

The r e s u l t i n g  methylene c h l o r i d e  sample f r a c t i o n  w a s  r e t a i n e d  f o r  PAH 

a n a l y s i s .  

P r i o r  t o  sample e x t r a c t i o n ,  samples  were i s o t o p i c a l l y  l a b e l e d  us ing  

benzo(a)pyrene-dlZ t o  serve as a QC r e c o v e r y  check compound. 

A l l  e x t r a c t s  were c o n c e n t r a t e d  t o  one m i l l i l i t e r  by means of a 

Kuderna-Danish e v a p o r a t i o n  a p p a r a t u s .  

3 . 4 . 4  PAH Sample A n a l y s i s  

The sample c o n c e n t r a t e s  d e s c r i b e d  i n  5 . 4 . 3 . 2  above were analyzed by 

GC-MS w i t h  o p e r a t i o n  i n  the s e l e c t e d  i o n  mon i to r ing  mode (SlM). I n d i v i d u a l  

PAH compounds were s e p a r a t e d  by employing a fused  s i l i c a  c a p i l l a r y  column. 

The chromatographic  c o n d i t i o n s  and o t h e r  i n s t r u m e n t a l  parameters  a r e  summarized 

i n  Tab le  J-1. Mass s p e c t r a l  d a t a  w e r e  s t o r e d  on a magnetic d i s c  f o r  

i n t e r p r e t a t i o n  and r e f e r e n c e .  

I d e n t i f i c a t i o n  of  i n d i v i d u a l  PAH compounds w a s  based p r i m a r i l y  on two 

c r i t e r i a :  chromatographic  r e t e n t i o n  t i m e  and mass s p e c t r a l  c h a r a c t e r i s t i c s .  

The appearance of key fragment i o n s  of the compound a t  a p r e c i s e  r e t e n t i o n  

t i m e  is  i n d i c a t i v e  of  t h e  p re sence  of t h e  compound. I n  g e n e r a l ,  PAH com- 

pounds are r e l a t i v e l y  s t a b l e  i n  the i o n  s o u r c e  of a m a s s  s p e c t r o m e t e r .  The 

major ( b a s e  peak) f ragment  co r re spond ing  t o  t h e  molecu la r  weight  of t h e  com- 

pound (M ) ;  f ragments  a r e  g e n e r a l l y  found a t  M -2  and M I2 ( co r re spond ing  t o  

a doub le  charged i o n ) .  The r e l a t i v e  i n t e n s i t i e s  of t h e s e  fragment i o n s  are 

a l s o  examined i n  o r d e r  t o  confirm t h e  i d e n t i f i c a t i o n .  Tab le  5-2 l i s t s  

t h e  i n d i v i d u a l  PAH compounds measured. The i n t e r n a l  s t a n d a r d ,  phenanthrene 

-d10, s e rved  a s  a marker t o  v e r i f y  r e t e n t i o n  t i m e  t o  w i t h i n  2 0 . 1  minute.  

+ + + 

Once an i n d i v i d u a l  PAH compound w a s  i d e n t i f i e d ,  t h e  s e l e c t e d  i o n  a r e a  of 

t h e  chromatographic  peak corresponding t o  t h e  b a s e  peak fragment was o b t a i n e d .  
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TABLE J-1. GC-MS CONDITIONS FOR EXTRACTABLES 

Ins tnnnent 

Ionization voltage 

Column 

H flow rate 

Initial temp 

Initional hold 

Program rate 

2 

Final temp 

Final hold 

Injector temp 

Injection 

Sample size 

Hevlett Packard 5985A 

70eV 

SE54 fused silica capillary 

30 cm/sec 

25" 
2.0 min 
8"lmin 

3OO0C 
20 min 

25°C 
cool on-column 

1 IJL 

TABLE 5-2. POLYWJCLEAR AROMATIC HYDROCARBONS DETERMINED BY GC-MS 

Phenanthrenes (178) 
Phenanthrene 
Anthracenes 

Pyrenes (202) 
Pyrene 
Fluoranchene 

Chrysenes (278) 
Chrysene 
Benz(a)anthracene 
Triphenylene 

Benzopyrenes (252) 
Benro(a)pyrene 
Benzo(e)pyrene 
Perylene 
Benzo(b)fluoranthene 
Benzo(j)Lluoranthene 
Benzo(k)fluoranchene 

Benzoperylenes (276) 

Benzo(g.h.i)perylene 
Indeno(l,2,3-c.d)pyrene 

Note: The molecular weight of each group is shown in pqrenchesrs. 
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T h i s  a r e a  was compared t o  the co r re spond ing  area of t h e  i n t e r n a l  s t a n d a r d .  

The c o n c e n t r a t i o n  of t h e  compound w a s  then c a l c u l a t e d  using a known r e sponse  

based on a c a l i b r a t i o n  s t a n d a r d .  

5 . 4 . 5  Data  Reduct ion 

A d e s c r i p t i o n  of t h e  PAH d a t a  r e d u c t i o n  procedure is p r e s e n t e d  i n  

Appendix B.  
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APPENDIX 5.5 

VENTURI SCRUBBER WATER MEASUREMENTS 

INCLUDES 

5.5.1 Sample Collection 
5.5.2 Sample Recovery Procedures 
5.5.3 Sample Analysis 

5.5.3.1 Temperature and pH 
5.5.3.2 Total Organic Carbon 
5.5.3.3 Trace Metal Analysis 
5.5.3.4 Polynuclear Aromatic Hydrocarbon (PAH) Analysis 
5.5.3.5 Total Solids 

5 . 5 . 4  Data Reduction 
5.5.5 Flow Rate Measurements 



5.5 V e n t u r i  Scrubber  Water Measurements 

J . 5 . 1  Sample C o l l e c t i o n  

P r o c e s s  water samples  c o l l e c t e d  d u r i n g  t h e  f i e l d  t e s t i n g  program i n c l u d e :  

s c rubbe r  water t o  t h e  v e n t u r i  s c r u b b e r ,  and 

a s c r u b b e r  water from t h e  v e n t u r i  s c r u b b e r .  

A sample of  t h e  p r o c e s s  water pumped t o  t h e  v e n t u r i  s c r u b b e r  was c o l l e c t e d  a t  

t h e  f l o a t i n g  i n t a k e  pump. The v e n t u r i  s c r u b b e r  r e t u r n  water sample was 

c o l l e c t e d  a t  t h e  bottom o f  t h e  v e n t u r i  as t h e  water  w a s  g r a v i t y  f e d  t o  t h e  

s e t t l i n g  pond. The samples  were c o l l e c t e d  in amber g l a s s  b o t t l e s  w i t h  t e f l o n  

l i d  i n s e r t s .  

Three sets of p r o c e s s  wa te r  samples  w e r e  c o l l e c t e d  d u r i n g  each sampling 

p e r i o d ,  whenever p o s s i b l e .  P r o c e s s  u p s e t s  f r e q u e n t e d  t h e  c o l l e c t i o n  of 

t h r e e  samples d u r i n g  s e v e r a l  sampling p e r i o d s .  

5 . 5 . 2  Sample Recovery Procedures  

During each sampling run a t  l e a s t  two v e n t u r i  s c r u b b e r  i n f l u e n t  and 

e f f l u e n t  wa te r  samples  were c o l l e c t e d .  The g rab  samples  c o l l e c t e d  d u r i n g  

each sampling run w e r e  composited and f i l t e r e d  t o  de t e rmine  t o t a l  suspended 

s o l i d s .  T h i s  combined f i l t r a t e  w a s  u sed  f o r  a l l  subsequent  a n a l y s e s .  

5 . 5 . 3  Sample Ana lys i s  

5 . 5 . 3 . 1  Temperature and pH 

A Type-K thermocouple and d i g i t a l  r eadou t  w a s  used t o  measure the 

t empera tu re  of each s c r u b b e r  s a m p l e .  An Orion d i g i t a l  hand-held p o r t a b l e  

pH meter w i t h  t empera tu re  compensator was used t o  measure t h e  pH of each 

sc rubbe r  water sample. Be fo re  each pH measurement t h e  meter  w a s  s t a n d a r d i z e d  

w i t h  a pH 7 and pH 10 b u f f e r .  

5 . 5 . 3 . 2  T o t a l  Organic Carbon 

A d e t a i l e d  d e s c r i p t i o n  of  t h e  TOC a n a l y s i s  procedure is presen ted  i n  

S e c t i o n  5 . 2 . 4 . 3 .  
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5 . 5 . 3 . 3  Trace Metals  Ana lys i s  

A d e t a i l e d  d e s c r i p t i o n  of t h e  trace m e t a l s  a n a l y s i s  procedure i s  

p resen ted  i n  S e c t i o n  5 . 2 . 4 . 4 .  

5 . 5 . 3 . 4  Polynuc lea r  Aromatic Hydrocarbon (PAH) Ana lys i s  

A 400 m l  a l i q u o t  of t h e  f i l t e r e d  s c r u b b e r  wa te r  was used f o r  PAH 

a n a l y s i s .  The a l i q u o t  w a s  sp iked  w i t h  40 ~1 of a 1000 ppm benzo(a)pyrene- 

d12 s p i k i n g  s o l u t i o n .  Using a s e p a r a t o r y  f u n n e l ,  t h e  a l i q u o t  w a s  e x t r a c t e d  

t h r e e  times w i t h  50 ml p o r t i o n s  of MeC12 .  The e x t r a c t  w a s  then f i l t e r e d  

t o  remove any remaining w a t e r .  The f i l t e r  f l a s k  was then r i n s e d  w i t h  ano the r  

50 m l  p o r t i o n  of MeCL2. The sample w a s  c o n c e n t r a t e d  t o  one m l  and analyzed 

by GC-MS a s  o u t l i n e d  i n  S e c t i o n  5 . 4 . 4 .  

5 . 5 . 3 . 5  T o t a l  S o l i d s  

The suspended and d i s s o l v e d  s o l i d s  c o n t e n t  of each s c r u b b e r  water 

sample was determined o n - s i t e  u s ing  t h e  composi te  sample.  The suspended 

s o l i d s  c o n t e n t  of each composi te  s c rubbe r  w a t e r  sample w a s  determined by 

f i r s t  f i l t e r i n g  t h e  sample u s i n g  a preweighed f i l t e r .  The f i l t e r  and s o l i d s  

were then d r i e d  a t  50°C and weighed. 

The d i s s o l v e d  s o l i d s  c o n t e n t  of each s c r u b b e r  wa te r  sample w a s  d e t e r -  

mined by p l a c i n g  a 50 m l  a l i q u o t  of t h e  f i l t r a t e  i n t o  a preweighed 100 m l  

beake r .  

d e s s i c a t e d ,  and weighted t o  de t e rmine  r e s i d u e  we igh t .  

The f i l t r a t e  was t h e n  evapora t ed  t o  d r y n e s s  i n  an  oven a t  50"C, 

5 . 5 . 4  Data Reduction 

A d e s c r i p t i o n  of t h e  d a t a  r e d u c t i o n  p rocedures  used t o  reduce t h e  

v e n t u r i  s c rubbe r  p rocess  water d a t a  i s  p resen ted  i n  Appendix B .  

5 . 5 . 5  Flow Rate Measurements 

The t o t a l  f l ow rate  of w a t e r  t o  t h e  v e n t u r i  and t o  t h e  v e n t u r i  t h r o a t  

w a s  monitored u s i n g  S i g n e t  S c i e n t i f i c  Paddle-wheel f l o s e n s o r s .  The f l o s e n o r s  
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were i n s t a l l e d  i n  v e r t i c a l  s e c t i o n s  of  p i p e  on t h e  d i s c h a r g e  s i d e  of t h e  

pump. I n s t a l l a t i o n  of the s e n s o r s  i n  t h i s  manner was necessa ry  t o  e n s u r e  

t h a t  t h e  f low of water covered t h e  en t i r e  c r o s s - s e c t i o n a l  a r e a  of t h e  p i p e s  

f o r  an a c c u r a t e  measure of f low rate  which i s  based upon stream v e l o c i t y .  

The f l o s e n s o r s  were coupled w i t h  ana log  read-out d e v i c e s  which i n c l u d e d  

f low accumulators .  Flow rate d a t a  w a s  r e c o r d e d  r o u t i n e l y  d u r i n g  each 

p a r t i c u l a t e  and c o n d e n s i b l e  hydrocarbons l o a d i n g ,  t r a c e  m e t a l s ,  and poly- 

n u c l e a r  a romat i c  run .  
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APPENDIX 5.6 

VIRGIN AGGREGATE AND RECYCLED ASPHALT 
PAVEMENT (RAP) MOISTURE DETERMINATIONS 

INCLUDES 

5.6.1 Sample Collection 
5.6.2 Sample Preparation and Analysis 
5.6.3 Data Reduction 
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J . 6  V i r g i n  Aggregate and Recycled Aspha l t  Pavement (RAP) M o i s t u r e  Deter- 

m i n a t i o n s  

5 . 6 . 1  Sample C o l l e c t i o n  

Grab samples  of t h e  v i r g i n  a g g r e g a t e  and r e c y c l e d  a s p h a l t  pavement were 

c o l l e c t e d  f o r  a n a l y s i s  d u r i n g  each sampling p e r i o d .  The v i r g i n  a g g r e g a t e  

w a s  c o l l e c t e d  a s  t h e  a g g r e g a t e  dropped o n t o  t h e  f eed  conveyor b e l t .  Samples 

of  t h e  r e c y c l e  a s p h a l t  pavement w e r e  c o l l e c t e d  from t h e  conveyor b e l t  l e a d i n g  

t o  t h e  r o t a r y  drum mixer. Two g a l l o n  bucke t s  were used t o  c o l l e c t  the 

s o l i d  samples .  Samples were c o l l e c t e d  f o r  a n a l y s i s  d u r i n g  each p a r t i c u l a t e ,  

t r a c e  m e t a l ,  and p o l y n u c l e a r  a romat i c  hydrocarbon run .  

5.6.2 Sample P r e p a r a t i o n  and Ana lys i s  

Each v i r g i n  a g g r e g a t e  and r e c y c l e d  a s p h a l t  pavement sample w a s  pre-  

pared f o r  a n a l y s i s  by r i f f l i n g .  R i f f l i n g  reduced t h e  sample s i z e  from 

abou t  1 0  pounds t o  abou t  500 grams. 

The 500 gram samples w e r e  then t r a n s f e r r e d  t o  a preweighed aluminum pan. 

The sample and pan were then weighed t o  t h e  n e a r e s t  0 .1  grams. The sample 

w a s  t hen  d r i e d  a t  105°C f o r  24 hours .  

d i f f e r e n c e s  determined.  

T h e  sample was reweighed and t h e  

5.6.3 Data Reduct ion 

The m o i s t u r e  c o n t e n t  of t h e  samples w a s  c a l c u l a t e d  u s i n g  t h e  fo l lowing  

e q u a t i o n :  

M = (C-B)-(A-B)/(C-B) x 100 
S 

where: 

M = m o i s t u r e  c o n t e n t  of s o l i d s ,  % 

A = f i n a l  we igh t  of s o l i d s  p l u s  pan a f t e r  d r y i n g ,  grams 

B = tare we igh t  of pan, grams 

C 

S 

= i n i t i a l  we igh t  of  s o l i d s  p l u s  pan b e f o r e  d r y i n g ,  grams 
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APPENDIX K 

PROJECT PARTICIPANTS 

INCLUDES 

T.  J. Campbell Co. Pe r sonne l  
1. Ted Campbell - P r e s i d e n t  
2 .  
3 .  David Kuzmic - P l a n t  Opera to r  

O'Flynn Sewell  - P l a n t  Manager 

Midwest Research I n s t i t u t e  Pe r sonne l  
1. W i l l i a m  Te r ry  - P r o j e c t  Monitor 

Radian Pe r sonne l  
1. Michael R. Fuchs - P r o j e c t  D i r e c t o r ,  Report ing 
2 .  Er ic  P. Anderson - Gas Sampling Team Leader,  Lab 

3 .  Michael J .  Kral l  - Gas Sampling Team Leader 
4 .  Tim W. T ro fe  - Gas Sampler 
5 .  Vince L. L a r a  - Gas Sampler 
6 .  C .  Ba r ry  Chapman - Cleanup/Lab. Lab  Ana lys i s  
7.  C a r l  S .  Galloway - S o l i d s  and L i q u i d s  Sampler 
8 .  Lee Garc i a  - V i s u a l  De te rmina t ions  of Opaci ty  
9 .  L a r r y  A. Rohlack - Repor t ing  

A n a l y s i s ,  Data Reduction, Report ing 

1 0 .  Ann E. Behl - Report ing 

CMI Corpora t ion  Pe r sonne l  
1. Louren Shave - S e n i o r  Engineer  
2 .  Don R a t a j c z a k  - S e n i o r  F i e l d  Engineer 

Environmental  P r o t e c t i o n  Agency Personnel  

Emission Measurement Branch 
1. P e t e r  Westlin - T e c h n i c a l  Support  
2 .  Clyde E .  R i l e y  - Task Manager 

I n d u s t r i a l  S t u d i e s  Branch 
1. Michael Clower - A s s i s t a n t  P r o j e c t  Lead Engineer 
2 .  J e f f r e y  Telander  - P r o j e c t  Lead Engineer 

S tanda rds  Development Branch 
1. Rick Colyer  - SUB P r o j e c t  Engineer  
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APPENDIX L 

PERTINENT CORRESPONDENCE 

INCLUDES 

L.l Re: Site Visit Report for T. J.  Campbell Co., 20 October 

L.2 Re: Letter of Site Specific Plant Change Recommendations, 
1983 - To: MK. Clyde E. Riley, EPA 

21 October 1983 - To:- MK. Ted Campbell, T. J. Campbell 
Construction Company 

L.3 Re: Sampling Performed at the T. J. Campbell Asphalt Plant, 
28 November 1983 - To: Mr. Clyde E. Riley, EPA 

L.4 Re: Preparation of TOC Quality Control Samples for Proficiency 
Testing, 1 December 1983 - To: Mr. Clyde E. Riley, EPA 

L.5 Re: Presentation of Analytical Matrices for T. J. Campbell 
Sample Analysis, 5 December 1983 - To: Mr. Clyde E. 
Riley, EPA 

L.6 Re: Preliminary Data From the T. J. Campbell Asphalt Plant, 
8 December 1983 - To: Mr. Clyde E. Riley, EPA 

L.7 Re: Calibration Verification of Signet Flosensor, 29 December 
1983 - To: MK. Clyde E. Riley, EPA 
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20 October 1983 

APPENDIX L.  1 

222-078-03-02 

Mr. Clyde E .  R i l e y  
U.S. Environmental  P r o t e c t i o n  Agency 

Research T r i a n g l e  Pa rk ,  North C a r o l i n a  27711 

Re: S i t e  V i s i t  Report  f o r  T .  J. Campbell Co. 

ESEDlEMB (MD-13) 

C o n t r a c t  No. 68-02-3850, Work Assignment 03 
Method Development and T e s t i n g  f o r  Aspha l t  Concrete  P l a n t s  

Dear M r .  R i l e y :  

On October 1 2 ,  Clyde R i l e y  of the EPA and Michael  Fuchs of Radian v i s i t e d  t h e  
T .  J .  Campbell Co. a s p h a l t  c o n c r e t e  p l a n t  i n  Oklahoma C i t y ,  Oklahoma. The 
purpose of t h e  v i s i t  was t o  a s s e s s  t h e  f a c i l i t y  f o r  adequacy and r e p r e s e n t a -  
t i v e n e s s  r e g a r d i n g  sampling r equ i r emen t s  f o r  an impending f i e l d  t es t  a t  t h e  
p l a n t .  The purpose of  t h e  f i e l d  test  is t o  p r o v i d e  d a t a  t o  a s s i s t  EPA i n  
a review of t h e  New Source Performance S tanda rds  (NSPS) f o r  a sDha l t  c o n c r e t e  
p l a n t s .  The emphasis of t h e  p r o j e c t  i s  t o  i n v e s t i g a t e  p l a n t .  emis s ions  o p a c i t y  
du r ing  p roduc t ion  w i t h  r e c y c l e d  a s p h a l t  pavement (RAP). The a s p h a l t  pavement 
i n d u s t r y  r e q u e s t e d  a review of t h e  NSPS because of pu rpor t ed  h i g h e r  hydro- 
carbon e f i i s s ions  d u r i n g  r e c y c l e  o p e r a t i o n s  which gene race  a "b lue  haze" ,  
r e s u l t i n g  i n  h i g h e r  p l u m e  o p a c i t y  above t h e  NSPS of 20%. Mr. R i l e y  and M r .  
Fuchs  v i s i t e d  t h e  Dover Equipment and Machine Company a s p h a l t  c o n c r e t e  p l a n t  
on October 1 4 .  The s i t e  su rvey  r e p o r t  f o r  t h a t  f a c i l i t y  w i l l  be  submit ted 
by 30 December 1983. 

Midwest Research I n s t i t u t e  (MRI) under c o n t r a c t  t o  ESED as t h e  NSS c o n t r a c t o r  
h a s  sc reened  a c o n s i d e r a b l e  number of a s p h a l t  c o n c r e t e  p l a n t s .  The T .  J. 
Campbell p l a n t  w a s  s e l e c t e d  as a c a n d i d a t e  s i t e  f o r  f i e l d  tes t ing  based upon 
p l a n t  o p e r a t i o n  ( r e c y c l e ) ,  c o n t r o l  equipment ,  and adequacy for sampling pur- 
poses .  T h i s  r e p o r t  d e s c r i b e s  t h e  f a c i l i t y  w i t h  r e g a r d  t o  t h e  sampling re- 
quirements  of t h i s  p r o j e c t .  - 

The T .  J. Campbell p l a n t  is a CMI Corp. drum-mix a s p h a l t  p l a n t  i n c l u d i n g  a 
w e t  v e n t u r i  f o r  p a r t i c u l a t e  c o n t r o l .  The o r i g i n a l  p l a n t  w a s  modif ied t o  
a l low u t i l i z a t i o n  of RAP and h a s  a r a t e d  p r o d u c t i o n  c a p a c i t y  of 350 tons  
pe r  hour .  The  streams t o  be  sampled are: 

- -_ 

0 

- 0  

0 

0 

0 

0 

0 

0 

C o n t r o l l e d  a i r  emiss ions ,  

Uncon t ro l l ed  a i r  e m i s s i o n s ,  

Water t o  v e n t u r i  s c r u b b e r ,  

Water from v e n t u r i  s c r u b b e r ,  

P r e s s u r e  d rop  a c r o s s  v e n t u r i ,  

V i r g i n  aggregace,  

Recycled a s p h a l t  pavement, and 

Asphal t  
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A schemat i c  of t h e  T .  J .  Campbell p l a n t  and t h e  parameters  t o  be measured 
a t  each t e s t  l o c a t i o n  are i d e n t i f i e d  i n  F i g u r e  1. F i g u r e  2 p r e s e n t s  t h e  
sampling matrix which i d e n t i f i e s  t h e  number of measurements f o r  each param- 
eter a t  each tes t  l o c a t i o n  d u r i n g  each test series.  A t  t h i s  t ime ,  t h r e e  
test series  are proposed: 

c o n v e n t i o n a l  p l a n t  o p e r a t i o n ,  

1.25-30% r e c y c l e  o p e r a t i o n  w i t h  normal wa te r  f low rate t o  

1.25-30% r e c y c l e  o p e r a t i o n  w i t h  reduced w a t e r  flow r a t e  t o  

v e n t u r i ,  and 

v e n t u r i  t o  produce the "b lue  h a z e . "  

Based upon t h e  sampling mat r i s  p re sen ted  i n  F i g u r e  2 and t h r e e  test  se r ies ,  
t h e  e s t i m a t e d  c o s t  of t e s t i n g  a c t i v i t i e s  a t  t h e  T.  J .  Campbell p l a n t  is about  
$95,000 i n c l u d i n g  about  2000 t e c h n i c a l  l a b o r  hour s .  T e s t i n g  i s  p r e s e n t l y  
planned f o r  two weeks beginning November 7 ,  1983. Completion of t h e  t e s t i n g  
schedu le  w i l l  be ve ry  much dependent upon p l a n t  o p e r a t i o n s  t o  p rov ide  1) con- 
v e n t i o n a l  and recycle p roduc t ion  a t  a m i x  comparable t o  t h e  t e s t i n g  s c h e d u l e ,  
and 2)  T t o  10 hour s  of p roduc t ion  each day f o r  t h e  two-week p e r i o d .  Produc- 
c i o n  i s  a f f e c t e d  by sales (Xr. Campbell informed us t h a t  they have adequate  
sales t o  ma in ta in  p r o d u c t i o n  over  t h e  two-week p e r i o d )  and by t h e  wea the r .  
Asphal t  c o n c r e t e  cannot  be l a i d  d u r i n g  w e t  o r  co ld  (<45"F) wea the r .  

Following a r e  b r i e f  d e s c r i p t i o n s  of t h e  sampling l o c a t i o n s  and t h e  adequacy 
and r e p r e s e n t a t i v e n e s s  of  each .  

C o n t r o l l e d  A i r  Emissions 

The o u t l e t  s t a c k  i s  a r e c t a n g u l a r  d u c t  3 1  inches x 36 i n c h e s .  
of t h e  d u c t  i s  t h e  exhaus t  f a n  w i t h  a f l o w  c o n t r o l  damper j u s t  above t h e  
f a n .  Two sets of p o r t s  are i n - p l a c e .  About e i g h t  f e e t  above t h e  damper 
are t h r e e  3-inch p o r t s ,  and about  e i g h t  f e e t  above t h o s e  p o r t s  a r e  s i x  3- 
i n c h  p o r t s .  Loading and flow r a t e  measurements w i l l  b e  taken a t  t h e  s i x -  
p o r t  l o c a t i o n ;  p a r t i c l e  s i z e  d i s t r i b u t i o n  samples w i l l  b e  c o l l e c t e d  con- 
c u r r e n t l y  w i t h  p a r t i c u l a t e  l o a d i n g  s a m p l e s  a t  t h e  lower set  of p o r t s .  
According t o  EPA Elethod 1 p r o t o c o l ,  twenty-four t r a v e r s e  p o i n t s  a r e  neces- 
s a r y  a t  t h e  s i x - p o r t  l o c a t i o n .  

?he  s i x - p o r t  l o c a t i o n  i s  abou t  30 t o  35 f e e t  above ground l e v e l .  
w i l l  have t o  b e  e r e c t e d  t o  reach t h a t  l eve l .  S c a f f o l d i n g  w i l l  a l s o  be 
n e c e s s a r y  t o  a c c e s s  t h e  t h r e e - p o r t  l o c a t i o n .  I t  i s  a n t i c i p a t e d  t h e  same 
s c a f f o l d i n g  s t r u c t u r e  can  be  used f o r  b o t h  l o c a t i o n s .  

One problem was i d e n t i f i e d  w i t h  t h e  c o n t r o l l e d  emis s ions  sampling l o c a t i o n .  
Water m i s t  was p r e s e n t  i n  t h e  f l u e  g a s e s ,  and wa te r  was s e e n  l e a k i n g  from 
seams i n  t h e  s t a c k .  L iqu id  wacer in t h e  d u c t  c r e a t e s  a d i f f i c u l t  sampling 

A t  <he base  

S c a f f o l d i n g  
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s i t u a t i o n  and may a l so  s e r v e  as a method o f  c o n t r o l  o f  hydroca rbon  e m i s s i o n s .  
The f a c i l i t y  had p l anned  on i n s t a l l i n g  a d e m i s t e r  on  t h e  p l a n t ;  i n d e e d ,  t h e  
d e m i s t e r  h a s  been d e l i v e r e d  t o  t h e  p l a n t .  B u t  CMI  e l i m i n a t e d  t h e  water m i s t  
by a d j u s t i n g  t h e  v e n t u r i  t h r o a t ;  a manual ,  e x t e r n a l  a d j u s t m e n t .  Plr. Louren 
Shave of CELI w a s  c o n t a c t e d  d u r i n g  t h e  s i t e  v i s i t  and a g r e e d  t o  a d j u s t  t h e  
v e n t u r i  t h r o a t  t o  e l i m i n a t e  t h e  water m i s t  p roblem p r i o r  t o  t h e  f i e l d  t es t s  
beg inn ing  November 7 .  

U n c o n t r o l l e d  A i r  Emiss ions  

D r u m  f l u e  g a s e s  w i l l  a l s o  b e  sampled p r i o r  t o  t h e  w e t  v e n t u r i  s c r u b b e r .  The 
d u c t  work between the drum mixer  and t h e  v e n t u r i  i s  c o m p l i c a t e d .  The g a s e s  
e x i t  t h e  drum i n t o  a d u c t  which carr ies  t h e  g a s  upward a b o u t  10 t o  1 2  f e e t .  
The g a s e s  t h e n  f low h o r i z o n t a l l y  i n  a t r i a n g u l a r  d u c t .  The t r i a n g u l a r  d u c t  
f u n n e l s  t h e  g a s  t o  a 90' domward  bend i n t o  t h e  v e n t u r i .  The only p r a c t i c a l  
l o c a t i o n  f o r  s ampl ing  p o r t s  is i n  t h e  t r i a n g u l a r  s e c t i o n  of  t h e  d u c t .  

Radian p roposes  t o  have f o u r  3- inch po rcs  mounted e q u i d i s t a n t l y  a c r o s s  t h e  
wid th  o f - t h e  t r i a n g u l a r  d u c t ,  as shown i n  F i g u r e  3 ;  and  one  6- inch  p o r t  i n  t h e  
c e n t e r  of  t h e  s i d e  of t h e  d u c t .  The 3- inch  p o r t s  w i l l  be used f o r  f low r a t e ,  
l o a d i n g ,  and a s s o c i a t e d  measurements .  The 6- inch p o r t  w i l l  be used f o r  p a r t i -  
c le  s i z e  d i s t r i b u t i o n  s a m p l i n g .  
Plethod 1 c r i t e r i a  b u t  i s  t h e  b e s t  p o s s i b l e  a p p l i c a t i o n .  I t  can  be a rgued  
t h a t  a d d i t i o n a l  p o r t s  w i l l  a l l o w  t h e  c o l l e c t i o n  of more r e p r e s e n t a t i v e  samples ;  
however ,  t h e  number of t r a v e r s e  p o i n t s  which can  b e  sampled w i l l  be c o n t r o l l e d  
by t h e  sample  c o l l e c t i o n  t ime which w i l l  b e  l i m i t e d  due  t o  t h e  h i g h  p a r t i c u l a t e  
l o a d i n g .  

It is  d i f f i c u l t  t o  a s s e s s  t h e  a c c u r a c y  of test  r e s u l t s  which w i l l  be deve loped  
a t  t h e  v e n t u r i  i n l e t  sampl ing  l o c a t i o n .  However, a method which w i l l  be  used 
t o  e v a l u a t e  t h e s e  r e s u l t s  i s  a comparison of  measured g a s  f l o w  rates  a t  t h e  
v e n t u r i  i n l e t  and i n  t h e  s t a c k .  Flow r a t e ,  p a r t i c u l a t e  l o a d i n g ,  and p a r t i c l e  
s i z e  d i s t r i b u t i o n . d a t a  w i l l  be s u s p e c t .  Gas phase  d a t a  s u c h  as B a P  and con- 
d e n s i b l e  hydroca rbons  s h o u l d  be  r e p r e s e n t a t i v e .  

Gas s t r e a m l i n e s  i n  t h e  v e n t u r i  i n l e t  d u c t  are  a f f e c t e d  by t h e  t r i a n g u l a r  d u c t ,  
as shown i n  F i g u r e  4 .  To o b t a i n  g a s  v e l o c i t y  measurements  and t o  d e t e r m i n e  
t h e  p r o p e r  a l ignmen t  of t h e  probe  d u r i n g  p a r t i c u l a t e  l o a d i n g  s a m p l i n g ,  a t  each  
t r a v e r s e  p o i n t  a n  S-type p i t o t  w i l l  be  i n s e r t e d  and r o t a t e d  u n t i l  a n u l l  r e a d i n g  
i s  o b t a i n e d .  The p o s i t i o n  of  t h e  p robe  w i l l  b e  n o t e d ,  and t h e  p r o p e r  a l ignmen t  
of  t h e  probe  € o r  neasu remen t s  i s  t h e n  90" from t h e  n u l l  r e a d i n g  a l i g n m e n t .  

The proposed  l o c a t i o n  f o r  i n s t a l l a t i o n  of t h e  sampl ing  p o r t s  is abou t  two 
f e e t  u p s t r e a m  from w a t e r  s p r a y s  i n  t h e  t r i a n g u l a r  d u c t  f o r  c o o l i n g  t h e  f l u e  
g a s e s  p r i o r  t o  t h e  v e n t u r i .  These are c o - c u r r e n t  s p r a y s  a c c o r d i n g  t o  ' i n f o r -  
ma t ion  provided  and s h o u l d  n o t  i n t e r f e r e  w i t h  sampl ing  a c t i v i t i e s .  

The sampl ing  l o c a t i o n  w i l l  n o t  meet EPA 
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T h e  p o r t s  which w i l l  be mounted a c r o s s  t h e  top of t h e  d u c t  can b e  e a s i l y  
accessed .  However, i t  w i l l  be necessa ry  t o  i n s t a l l  s c a f f o l d i n g  t o  a c c e s s  
t h e  s i d e  e n t r y  6- inch p o r t .  

Water t o  V e n t u r i  Scrubber 

Samples of water be ing  s u p p l i e d  t o  t h e  v e n t u r i  w i l l  b e  c o l l e c t e d  a t  t h e  
f l o a t i n g  pump i n t a k e .  The i n t a k e  f l o a t s  o u t  i n  t h e  pond and access t o  t h e  
i n t a k e  i s  a c r o s s  a wooden plank.  
c o n t a i n e r .  
c o l l e c t i o n .  

The flow r a t e  of water t o  t h e  v e n t u r i  w i l l  be monitored a t  two l o c a t i o n s  us ing  
paddle  wheel-type s e n s o r s .  F l o s e n s o r s  w i l l  be i n s t a l l e d  i n  t h e  p o s i t i v e  pres- 
s u r e  main l i n e  t o  t h e  v e n t u r i  and i n  t h e  l i n e  t o  t h e  v e n t u r i  t h r o a t .  The sen- 
s o r s  w i l l  b e  i n s t a l l e d  i n  ver t ica l  s e c t i o n s  of p i p e  t o  e n s u r e  t h a t  t h e  flow of  
water cove r s  t h e  e n t i r e  c r o s s - s e c t i o n a l  a r e a  of t h e  p i p e s  which i s  necessa ry  f o r  
an a c c u r a t e  measure of f low r a t e  when based upon stream v e l o c i t y .  
w i l l  b e  coupled w i t h  ana log  read-out d e v i c e s  which i n c l u d e  a flow accumulator .  

Water from V e n t u r i  Scrubber 

Ven tu r i  s c r u b b e r  wa te r  d r a i n s  i n t o  a c o l l e c t i o n  box below t h e  v e n t u r i .  The 
water then  d r a i n s  back t o  t h e  pond through 8- inch p l a s t i c  p ipe .  Samples 
w i l l  be c o l l e c t e d  from t h e  c o l l e c t i o n  box below t h e  s c r u b b e r .  The tempera- 
t u r e  of t h e  wa te r  w i l l  be monitored d u r i n g  sample c o l l e c t i o n .  

I t  i s  n o t  p r a c t i c a l  t o  c o l l e c t  samples of t h e  wacer from t h e  v e n t u r i  which 
a r e  r e p r e s e n t a t i v e  of t h e  suspended p a r t i c u l a t e  l o a d i n g .  These d a t a  w i l l  
be gene ra t ed  b u t  should be c r i t i c a l l y  reviewed. 

P r e s s u r e  Drop Across t h e  Ven tu r i  

Holes have been "burned" i n t o  t h e  s c r u b b e r  d u c t  work d i r e c t l y  b e f o r e  and 
a f t e r  t h e  v e n t u r i .  Nr. C a m p b e l l  h a s  agreed t o  weld 1/4- inch p i p e  coup l ings  
ove r  t h e  h o l e s  so  c h a t  t i g h t - s e a l i n g  connec t ions  can be made.  Hoses €rom 
each t a p  w i l l  b e  connected t o  a ElagnehelicQ d i f f e r e n t i a l  p r e s s u r e  gauge. 
The v e n t u r i  is  r e p o r t e d  t o  o p e r a t e  w i t h  a p r e s s u r e  d rop  of  1 2 . 5  t o  18 i n c h e s  
of water gauge. 

V i rg in  Armregate and Recycled Aspha l t  Pavernenc 

Samples of v i r g i n  a g g r e g a t e  and r e c y c l e d  a s p h a l t  pavement w i l l  b e  c o l l e c t e d  
from conveyor b e l t s  w h i c h  t r a n s p o r t  t h e  materials from s t o r a g e  t o  t h e  drum 
mixer. 

Samples w i l l  s imply be scooped i n t o  a sample 
The t empera tu re  of t h e  water w i l l  be monitored d u r i n g  sample 

The f l o s e n s o r s  
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A s p  h a 1  t 

A f t e r  t h e  s i t e  v i s i t ,  a s p h a l t  w a s  added t o  t h e  sampling r equ i r emen t s  of t h e  
tes t  program a l though  no a n a l y s e s  of t h e  m a t e r i a l  have been s p e c i f i e d .  A 
sampling l o c a t i o n  f o r  t h e  a s p h a l t  be ing  f e d  t o  t h e  drum mixer has  n o t  been 
i d e n t i f i e d .  

E l e c t r i c a l  power f o r  sampling equipment is  a v a i l a b l e  i n  t h e  c o n t r o l  room 
which i s  about 100 f e e t  From t h e  sampling l o c a t i o n s .  Radian w i l l  s upp ly  
e x t e n s i o n  c o r d s  t o  p r o v i d e  e l e c t r i c i t y  a t  che two gas  sampling l o c a t i o n s .  

T h e r e  is  no space  a v a i l a b l e  o n  the  p l a n t  s i t e  f o r  sample t r a i n  prep and 
sample recovery.  Radian w i l l  d e l i v e r  a mobile  l a b o r a t o r y  f o r  t h e s e  a c t i v i -  
t i e s .  The  mobile l a b  can b e  parked n e a r  t h e  maintenance b u i l d i n g .  A t  t h a t  
l o c a t i o n ,  t h e  l a b  w i l l  no t  i n t e r f e r e  w i t h  p l a n t  o p e r a t i o n s  and 22OV e l e c t r i -  
cal  power i s  a v a i l a b l e  i n  t h e  maintenance b u i l d i n g .  

There are m o d i f i c a t i o n s  o r  a d d i t i o n s  t o  t h e  p l a n t  which m u s t  b e  completed 
b e f o r e  tFie f i e l d  e f f o r t  c a n  t a k e  p l a c e .  Radian w i l l  p r o v i d e  t h e  T .  J .  
Campbell p l a n t  ! J i t h  t h e  necessa ry  i n f o r m a t i o n  t o  perform t h e  m o d i f i c a t i o n s  
or a d d i t i o n s ,  which are: 

i n s t a l l a t i o n  of p o r t s  a t  t h e  v e n t u r i  i n l e t  f o r  u n c o n t r o l l e d  

i n s t a l l a t i o n  of a f low meter  on t h e  i n l e t  water l i n e  t o  t h e  

emis s ions  sampling,  

v e n t u r i ,  

i n s t a l l a t i o n  of p i p e  f i t t i n g s  ove r  h o l e s  p r e s e n t l y  in-place 
a t  the v e n t u r i  i n l e t  and o u t l e t  f o r  AP measurements, 

a d j u s t  t h e  v e n t u r i  to  e l i m i n a t e  water m i s t  i n  t h e  emission 
g a s e s ,  and 

d i r e c t  the i n s t a l l a t i o n  oE s c a f f o l d i n g  a t  t h e  v e n t u r i  i n l e t  and 
s t a c k  sampling l o c a t i o n s  (Radian w i l l  o r d e r  t h e  s c a f f o l d i n g ) .  

A Radian s t a f f  member w i l l  v i s i t  t h e  p l a n t  s e v e r a l  days p r i o r  t o  t h e  pro- 
j e c t e d  s t a r t  d a t e  of f i e l d  t e s t i n g  t o  e n s u r e  t h e  complet ion of t h e  above t a s k s .  

S i n c e r e l y ,  

Nichael  R .  Fuchs 
P r o j  ec t D i r e c t o r  

ERF : k l a  

Attachments 

c c :  James Kamas 
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21  October 1983 222-078-03-02 

M r .  Ted Campbell 
T .  .I. Campbell C o n s t r u c t i o n  Company 
6900 South Sunnylane Road 
Oklahoma C i t y ,  Oklahoma 73135 

D e p r  Mr . Campbell: 

F i r s t  of a l l  I would l i k e  t o  thank you f o r  a l lowing  t h e  EPA t o  conduct a 
t e s t i n g  program a t  your a s p h a l t  c o n c r e t e  p l an t .  T e s t i n g  is planned f o r  two 
weeks beginning Monday, Sovember 7 .  During t h e  s i t e  v i s i t  on October 1 2  by 
Clyde R i l e y  of t h e  EPA and N i k e  Fuchs of Radian,  s e v e r a l  changes o r  a d d i t i o n s  
t o  your p l a n t  were r e q u e s t e d  t o  accommodate t h e  t e s t i n g  program. Those re- 
q u e s t s  i n c l u d e :  

i n s t a l l a t i o n  of sampling p o r t s  i n  t h e  t r i a n g u l a r  d u c t  a t  
t h e  i n l e t  t o  t h e  v e n t u r i  s c r u b b e r ;  

i n s t a l l a t i o n  of a f low meter i n  v e n t u r i  water l i n e s ;  

i n s t a l l a t i o n  of 1/4-pipe c o u p l i n g s  o v e r  t h e  h o l e s  f o r  
AP measurements a t  t h e  v e n t u r i  i n l e t  and o u t l e t ;  

ad jus tmen t  of t h e  v e n t u r i  t o  e l i m i n a t e  water m i s t  i n  
t h e  s t a c k ;  and 

d i r e c t i o n  of crews i n s t a l l i n g  s c a f f o l d i n g  a t  t h e  s t a c k  
and v e n t u r i  i n l e t  sampling l o c a t i o n s .  

F igu re  1 i s  a s k e t c h  of  t h e  v e n t u r i  i n l e t  i n d i c a t i n g  t h e  l o c a t i o n ,  number, 
and t y p e s  of p o r t s  which w e  would l i k e  t o  have i n s t a l l e d .  Hopeful ly ,  t h e  
f i g u r e  i s  s e l f - e x p l a n a t o r y .  W e  would l i k e  t o  have f o u r  3-inch male p i p e  
n i p p l e  p o r t s  i n s t a l l e d  a c r o s s  t h e  top of t h e  d u c t .  The p o r t s  should b e  i n  
l i n e  w i t h  and about 5 f e e t  from t h e  f l a n g e  of t h e  knock-out box. On t h e  
s i d e  o€  t h e  d u c t ,  we would l i k e  t o  have i n s t a l l e d  one 6-inch male p i p e  
n i p p l e  p o r t  i n  l i ne  w i t h  t h e  3-inch p o r t s .  . 

In t h i s  program, w e  would l i k e  t o  mon i to r  t h e  t o t a l  f l ow of wa te r  t o  t h e  
v e n t u r i ,  and the water flow rate  t o  the v e n t u r i  t h r o a t .  EPX, through 
Radian, w i l l  supp ly  padd le  wheel t ype  f l o s e n s o r s  t o  T .  J. C a m p b e l l  Co. 
f o r  i n s t a l l a t i o n .  The f l o s e n s o r s  should b e  d e l i v e r e d  t o  you by Ocrober 2 9 .  
The b e s t  l o c a t i o n  f o r  i n s t a l l a t i o n  of t h e  f l o s e n s o r  t o  monitor t h e  t o t a l  
f low oi wate r  t o  t h e  v e n t u r i  w a s  i d e n t i f i e d  t o  be in a v e r t i c a l  run of 4- 
i n c h  b l a c k  p ipe  on t h e  west s i d e  of t h e  s c r u b b e r .  The p i p e  comes o u t  of 
t h e  ground f o r  a d i s t a n c e  of about 5 f e e t  b e f o r e  a n  elbow and f l a n g e  
connec t ion .  The i l o s e n s o r  should be i n s t a l l e d  about 2 f e e t  upstream of  the 
elbow. Task e n g i n e e r s  would a l s o  l i k e  t o  monitor  t h e  f low r a t e  of wa te r  t o  
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t h e  v e n t u r i  t h r o a t .  A f l o s e n s o r  w i l l  be  p rov ided  to  mount i n  a ver t ica l  
r u n  o f  2- inch  p i p e  t o  t h e  v e n t u r i .  I have  no t  a c t u a l l y  seen t h e  f l o s e n s o r s  
or mounting a t t a c h m e n t s  b u t  p i c t u r e s  o f  t h e s e  seem t o  i n d i c a t e  e a s y  i n s t a l l a -  
t i o n .  A h o l e  of abou t  1 to  2 i n c h e s  is c u t  i n t o  t h e  p i p e  and t h e  mounting 
b r a c k e t  b o l t s  o v e r  t h e  h o l e  u s i n g  a U-bolt. 1lOV power w i l l  be needed f o r  
t h e  r e a d - o u t  d e v i c e s ,  b u t  Radian can  i n s t a l l  chose  when we a r r i v e  November 7. 

During  t h e  t e s t i n g  e f f o r t ,  t h e  i P  a c r o s s  t h e  v e n t u r i  w i l l  b e  mon i to red .  
The re  p r e s e n t l y  are i i o l e s  (,'~l i n c h )  "burned" through t h e  ductwork a t  t h e  
i n l e t  and o u c l e t  o t  tliz v e n t u r i .  To p r o v i d e  a be t t e r  c o n n e c t i o n  and t h u s  
a b e t t e r  seal .  Radian r e q u e s t s  t h a t  114- inch  p i p e  c o u p l i n g s  be  welded o v e r  
t h e  h o l e s .  Radian will t hen  p r o v i d e  c o n n e c t o r s  and t u b i n g  t o  mon i to r  t h e  
v e n t u r i  AP w i t h  a d i f f e r e n t i a l  p r e s s u r e  gauge.  

It was n o c i c e d  d u r i n g  the site v i s i t  t h a t  t h e r e  i s  w a t e r  m i s t  or d r o p l e t s  
i n  t h e  s t a c k  g a s s s .  The m i s t  creates q u i t e  a f e w  problems f o r  t h e  t e s t i n g  
e f f o r t .  I t  is  i m p e r a t i v e  t h a t  t h e  water m i s t  b e  e l i m i n a t e d  p r i o r  t o  t e s t i n g .  
ApparentJy, t h e  water m i s t  was e l i m i n a t e d  i n  t h e  p a s t  by a n  a d j u s t m e n t  t o  
t h e  v e n t u r i  performed by C X .  I t  was a g r e e d  t o  have  C M I  a d j u s t  t h e  v e n t u r i  
p r i o r  t o  t h e  t e s t i n g  e f f o r t  to  e l i m i n a t e  t h e  water m i s t  from t h e  s t a c k  
g a s e s .  

For sampl ing  p e r s o n n e l  t o  r e a c h  t h e  p o r t s  on t h e  s t a c k ,  s c a f f o l d i n g  w i l l  have  
t o  b e  i n s t a l l e d .  S c a f f o l d i n g  w i l l  a l so  b e  n e c e s s a r y  t o  r e a c h  t h e  sampl ing  
p o r t  on the s i d e  o f  t h e  v e n t u r i .  I f  you a g r e e ,  Radian w i l l  make a r r a n g e -  
ments  t o  have  t h e  s c a f f o l d i n g  i n s t a l l e d  on Thursday ,  November 3 .  O f  c o u r s e ,  
i t  w i l l  b e  n e c e s s a r y  f o r  your  p e r s o n n e l  t o  d i r e c t  t h e  i n s t a l l a t i o n .  lJe w i l l  
b e  u s i n g  b o t h  se ts  o f  p o r t s  on t h e  s t a c k  and  hope t o  i n s t a l l  only one  set  
of s c a f f o l d i n g  hav ing  two f l o o r s  l a i d  a t  t h e  p r o p e r  l e v e l s .  The b e s t  
h e i g h t  o f  t h e  sampl ing  p l a t f o r m  i s  a b o u t  3 t o  5 f e e t  be low t h e  p o r t s .  

If you a g r e e  Lo t h e  approach  o u t l i n e d ,  Radian  w i l l  p r o v i d e  you w i t h  t h e  
water f low meters and mounting b r a c k e t s  by Oc tobe r  28 and will a r r a n g e  t o  
h a v e  t h e  s c o f E o l d i n g  i n s t a l l e d  on Thursday ,  November 3 .  

As a p rac t i ca l  measu re ,  we would l i k e  t o  v i ew t h e  f i n a l  i n s t a l l a t i o n  of 
t h e  p o r t s  and llow mete:s, and i n s p e c t  t h e  s t a c k  g a s e s  t o  see t h a t  t h e  
wacer mist has be?n e l i m i n a t e d .  I w i l l  c o n t a c t  you by phone i n  t h e  n e a r  
f u t u r e  LO S ? t  u? a s h o r t  v i s i t  and t o  f u r t h e r  d i s c u s s  t h e  s c h e d u l e  of 
t h e  p r o j x t .  

I have enc losed  a p i c t u r e  of t h e  v e n t u r i  i n l e t  i n d i c a t i n g  t h e  approx ima te  
l o c a t i o n s  o f  s a n p l i n s  p o r t s  and p i c t u r e s  of t h e  v e n t u r i  water p i p e s  i n d i -  
c a t i n g  the l o c a t i o n s  f o r  t h e  w a t e r  f l o s e n s o r s .  The p i c t u r e s  nay b e  of 
P I O K ~  l i f l p  rhan a w r i t t e n  d e s c r i p t i o n .  
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Many chanks ,  

Michae l  Fuchs 

MF : k l a  

At tachments  

cc: Clyde  R i l e y  
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28 November 1983 222-078-03-10 

M r .  Clyde E. R i l e y  
U.S. Environmental  P r o t e c t i o n  Agency 
Emissions Measurement Branch 

Research T r i a n g l e  Pa rk ,  North C a r o l i n a  27711 

Re: Sampling Performed a t  t h e  T .  J .  Campbell Asphal t  P l an t  (83-ASP-4) 

Dear Mr. R i l e y :  

Sampling was conducted November 7 through 1 6  a t  t h e  T .  J. Campbell Cons t ruc t ion  
Company a s p h a l t  p l a n t  i n  Oklahoma C i t y ,  Oklahoma. The f i e l d  e f f o r t  was con- 
ducted by e i g h t  Radian s t a f f  members i n c l u d i n g :  

E S E D ~ E M B  (MD-13) 

Michae l  Fuchs - P r o j e c t  D i r e c t o r l c r e w  c h i e f ,  
Er ic  Anderson - g a s  sampling l e a d e r  ( u n c o n t r o l l e d ) ,  
Michael K r a l l  - gas sampling l e a d e r  ( c o n t r o l l e d ) ,  
Barry Chapman - sampling t r a i n  c lean-up,  
C a r l  Galloway - l i q u i d s  and s o l i d s  sample r ,  
Lee-arcia - v i s i b l e  o p a c i t y  measurements,  
Tim T r o f e  - gas sampl ing ,  and 
Vince Lara - gas sampling.  

The purpose of t h i s  le t ter  i s  t o  document t h e  accomplishments of t h e  f i e l d  
t e s t i n g  p r o g r a m ' r e l a t i v e  t o  t h e  r e s t i n g  s c h e d u l e  p r o j e c t e d  i n  . the tes t  p l a n .  

The p r o j e c t  test  p l an  w a s  submi t t ed  October 27 and i d e n t i f i e d  t h e  o b j e c t i v e s  
of t h e  p r o j e c t .  Sampling w a s  p r o j e c t e d  t o  occur  d u r i n g  f o u r  t e s t  series 
i d e n t i f i e d  i n  t h e  t e s t  p l a n .  The test  series w e r e :  

0 conven t iona l  o p e r a t i o n ,  

0 r ecyc led  a s p h a l t  pavement (RAP) u t i l i z a t i o n  w i t h  t y p i c a l  
p r o c e s s  o p e r a t i o n s ,  and 

0 RAP u t i l i z a t i o n  a t  two c o n d i t i o n s  of reduced water flow 
ra te  t o  t h e  v e n t u r i .  

During t h e  c o n v e n t i o n a l  and RAP u t i l i z a t i o n  t es t  series,  t h e  fo l lowing  gas  
sampling was p r o j e c t e d  a t  t h e  i n l e t  and o u t l e t  o f  the v e n t u r i  s c r u b b e r :  

0 p a r t i c u l a t e ,  condens ib l e  hydrocarbons,  and TOC ( 2 ) .  

e p a r t i c u l a t e ,  condens ib l e  hydroca rbons ,  TOC,  and t r a c e  
me ta l s  (1). 

0 par t ic le  s i z e  d i s t r i b u t i o n  ( 3 ) ,  
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BaP and s e l e c t e d  o r g a n i c s  ( l ) ,  

g a s  composi t ion (during each sampling p e r i o d ) ,  and 

v i s u a l  o p a c i t y  d e t e r m i n a t i o n s  ( d u r i n g  each sampling 
p e r i o d ) .  

The l a s t  two test series were not conducted.  The purpose of t hose  test  
s e r i e s  w a s  t o  i n v e s t i g a t e  t h e  c o n t r i b u t i o n  of c o n d e n s i b l e  hydrocarbons t o  t h e  
"blue haze" plume by producing the "b lue  haze" p l u m e  and sampling t h e  p rocess .  
It should be no ted  t h a t  t h e r e  was no " b l u e  haze" plume d u r i n g  t y p i c a l  RAP 
u t i l i z a t i o n .  The "b lue  haze" was t o  be created by reducing t h e  wa te r  flow 
t o  t h e  w e t  v e n t u r i  s c r u b b e r .  However, no i n c r e a s e  i n  plume o p a c i t y  w a s  
noted by a r e d u c t i o n  i n  t h e  flow of water t o  t h e  v e n t u r i .  For t h a t  r e a s o n ,  
t h e  f i n a l  two tes t  s e r i e s  were no t  conducted.  T e s t i n g  d u r i n g  those series 
w a s  p r o j e c t e d  t o  b e  cons ide rab ly  less t h a n  d u r i n g  t h e  c o n v e n t i o n a l  and RAP 
u t i l i z a t i o n  t es t  series and inc luded  on ly  two runs  f o r  p a r t i c u l a t e  and con- 
d e n s i b l e  hydrocarbons,  two runs f o r  pa r t i c l e  s i z e  d i s t r i b u t i o n .  v i s u a l  
o p a c i t y  a e t e r m i n a t i o n s  du r ing  each of t h e  two p rocess  c o n d i t i o n s ,  and 
s c r u b b e r  w a t e r s ,  v i r g i n  a g g r e g a t e ,  and RAP s a m p l e  c o l l e c t i o n .  

Concurrent  w i t h  each of t h e  gas  sampling p e r i o d s ,  t h r e e  v e n t u r i  s c r u b b e r  
water samples were LO be  c o l l e c t e d  f o r  t h e  f o l l o w i n g  measurements: 

P H ,  

s t empera tu re ,  

t o t a l  suspended s o l i d s  (TSS), 

t o t a l  d i s s o l v e d  s o l i d s  (TDS), 

0 t o t a l  o r g a n i c  carbon (TOC) , 

0 t r a c e  m e t a l s ,  and 

BaP and s e l e c t e d  o r g a n i c s .  

Each of t h e  wa te r  s a m p l e s  c o l l e c t e d  d u r i n g  each gas  sampling pe r iod  were 
analyzed f o r  pH and t empera tu re .  The  water samples from each gas  sampling 
pe r iod  were t h e n  composited fo r  TSS, TDS, and TOC analysis.  T race  me ta l s  and 
BaP/organics  a r e  t o  be analyzed in o n l y  one sample c o l l e c t e d  d u r i n g  conven- 
t i o n a l  and Rxp u t i l i z a t i o n  o p e r a t i o n .  

F i g u r e s  1 and 1 p r e s e n t  t h e  sampling macrix p re sen ted  i n  the t e s t  p l an  f o r  
t e s t i n g  d u r i n g  conven t iona l  and Rxp u t i l i z a t i o n  o p e r a t i o n .  Noted on those 
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f i g u r e s  a re  t h e  number of  samples  c o l l e c t e d  or measurements  performed d u r i n g  
t h e  t e s t i n g  p e r i o d s .  O the r  t h a n  p a r t i c l e  s i z e  d i s t r i b u t i o n  (PSD) d a t a ,  t h e  
g a s  sampl ing  o b j e c t i v e s  of  t h e  program were a c h i e v e d .  Out of t h e  t o t a l  o f  
twe lve  PSD samples  p r o j e c t e d ,  n i n e  were c o l l e c t e d .  The incomplete d a t a  are 
d u r i n g  t h e  RAP u t i l i z a t i o n  o p e r a t i o n a l  p e r i o d  which,  f o r  t h e  most p a r t ,  o c c u r r e d  
e a r l y  i n  t h e  program when a c o n s i d e r a b l e  number of mechan ica l  problems w i t h  
sampl ing  equipment  were e x p e r i e n c e d  and p r o c e s s  o p e r a t i o n  was s p o r a d i c .  
test p l a n  c a l l e d  f o r  g a s  compos i t ion  measurements  f o r  b o t h  u n c o n t r o l l e d  and 
c o n t r o l l e d  f l u e  g a s e s .  I J i t h  t h e  a p p r o v a l  of t h e  task manager ,  g a s  compos i t ion  
measurements  of  t h e  c o n t r o l l e d  Elue g a s  were n o t  conducted  a f t e r  a n  i n i t i a l  
s i m u l t a n e o u s  measurement a t  bo th  l o c a t i o n s  g a v e  e s s e n t i a l l y  i d e n t i c a l  r e s u l t s  
i n d i c a t i n g  no ambient  a i r  i n - l e a k a g e .  By and  l a r g e ,  t h e  g o a l s  of t h e  waters and 
s o l i d s  sampl ing  were a c h i e v e d .  The tes t  p l a n  c a l l e d  f o r  t r i p l i c a t e  s o l i d s  sam- 
p l e s ;  however ,  t h e  number of  s o l i d s  samples  r e q u i r e d  w a s  reduced  t o  one  by t h e  
t a s k  manager .  

The g a s  samples  c o l l e c t e d  d u r i n g  t h e  c e s t i n g  e E f o r t  are l i s t e d  i n  F i g u r e  3 .  
Sample c o l l e c t i o n  times and p l a n t  o p e r a t i n g  mode are  a l so  p r e s e n t e d .  A l l  
o f  t h e  g3s samples  are l i s t e d ,  and. a s  n o t e d ,  some o f  t h e  d a t a  g e n e r a t e d  
have  been  r e j e c t e d  f o r  v a r i o u s  r e a s o n s  i n c l u d i n g :  n o n - i s o k i n e t i c  sampl ing  
ra te ;  i n s u f f i c i e n t  s ampl ing  p e r i o d  due  t o  p r o c e s s  c h a n g e s ,  and;  an i n c r e a s e  
in sampl ing  p r e s s u r e  d r o p  i n  some o u t l e t  PSD r u n s  due to  w e t t i n g  of  t h e  i m -  
p a c t o r  by e x c e s s i v e  m o i s t u r e  i n  t h e  Elue g a s .  The re  are  t h r e e  o t h e r  samples  
which have  been a c c e p t e d ,  w i t h  t h e  c o n c u r r e n c e  of  t h e  t a s k  manager ,  even 
though n o t  a l l  t r a v e r s e  p o i n t s  were sampled ,  once  a g a i n  due  t o  p r o c e s s  
problems or o p e r a t i o n a l  changes .  

F i g u r e  4 i d e n t i f i e s  t h e  waters and s o l i d s  c o l l e c t e d ,  d a t e  and t i m e  oE c o l l e c -  
t i o n ,  and p l a n t  o p e r a t i o n a l  mode. The s a m p l e s  composi ted  f o r  f u r t h e r  a n a l y s e s  
are a l s o  i n d i c a t e d .  

The t i m e  p e r i o d s  d u r i n g  which v i s u a l  o p a c i t y  was de te rmined  are l i s t e d  i n  
F i g u r e  5 .  
p e r i o d s  when t h e r e  was a c lear ,  b l u e  s k y .  

I n  t h e  f i n a l  a n a l y s i s ,  I f e e l  t h a t  t h e  v a s t  m a j o r i t y  of t h e  o b j e c t i v e s  of t h e  
program were m e t ;  however ,  n o t  w i t h o u t  d i f f i c u l t i e s  c r e a t e d  by t h e  s e v e r e  
sampl ing  s i t u a t i o n s .  I f  t h e r e  are  any q u e s t i o n s  o r  comments, please c a l l  
James Kamas or m e .  

The 

V i s u a l  o p a c i t y  measurements were pe r fo rmed  on ly  d u r i n g  sampl ing  

S i n c e r e l y ,  

Michae l  Fuchs 
P r o j e c t  D i r e c t o r  
ESED P r o j e c t  No. 83-05 

ELF:kla 
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December 1, 1983 
APPENDIX L.4 

M r .  Clyde E .  R i l e y  
U. S. Environmental  P r o t e c t i o n  Agency 
Emissions Measurement Branch 
ESEDlEMB (MD-13) 
Research T r i a n g l e  P a r k ,  North C a r o l i n a  27711 

Dear M r .  R i l e y :  

Enclosed a r e  i t ems  which you have requested. :  

e f o u r  c o p i e s  of t h e  T .  J. Campbell t es t  p l a n  (83-ASP-4), and 

e your  c o p i e s  of t h e  J. H .  S t r a i n  t es t  m a t r i x  (83-ASP-7). 

Three q u a l i t y  c o n t r o l  samples  fo r  p r o f i c i e n c y  t e s t i n g  of Radian a n a l y t i c a l  
l a b o r a t o r i e s  fo r  TOC a n a l y s i s  have been p r e p a r e d ,  s p l i t  i n t o  d u p l i c a t e  
samples ,  and submi t t ed  t o  t h e  l a b  on December 1. The samples  were pre- 
pared u s i n g  po ta s s ium hydrogen p h t h a l a t e ,  and  t h e  c o n c e n t r a t i o n s  of t h e  
samples  a r e :  

Sample II l  80 ppmvc 
iI2 40 ppmvC 
11 3 80 ppmvC 
11 4 4 P P W C  
II 5 5 ppmvC 
/I 6 40 ppmvC 

The a n a l y t i c a l  r e s u l t s  shou ld  be  a v a i l a b l e  w i t h i n  a week. No f i e l d  c o l l e c t e d  
samples  w i l l  be  s u b m i t t e d  t o  t h e  l a b  f o r  TOC a n a l y s i s  u n t i l  t h e  l a b  h a s  passed 
t h e  p r o f i c i e n c y  t e s t i n g  (?lo%). 

If you have any q u e s t i o n s  o r  comments, do n o t  h e s i t a t e  t o  c a l l .  

S i n c e r e l y ,  

Michae l  Fuchs 
P r o j e c t  D i r e c t o r  
ESED P r o j e c t  No. 83-05 

m / p t  

Enc losu res  
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APPENDIX L . 5  

222-078-03 

Mr. Clyde E. R i l ey  
U . S .  Environmental  P r o t e c t i o n  Agency 
Emissions Measurement Branch 
ESED/EMB (MD-13) 
Research T r i a n g l e  Park,  NC 27711 

Dear M r .  R i l ey :  

Enclosed are t h e  a n a l y t i c a l  matrices t h a t  have been developed a s  gu ides  
through t h e  a n a l y t i c a l  p r o c e s s .  Note t h a t  on each form t h a t  i d e n t i f i e s  t h e  
a n a l y t i c a l  sequences f o r  c o l l e c t e d  samples a r e  sample numbers. The sample 
numbers can b e  r e l a t e d  t o  the sample d e s c r i p t i o n s  p re sen ted  in t h e  sample 
log.  By fo rma t t ing  t h e  a n a l y t i c a l  schemes i n  t h i s  manner. which r e q u i r e s  
c h a t  t h e  u s e  of  each sample be  thought through,  i t  becomes ouly necessa ry  
t h a t  l a b o r a t o r y  personnel  fo l low t h e s e  d i r e c t i o n s .  Sampling pe r sonne l  
prepared t h e  sample log  and numbered each sample. 

You w i l l  n o t e  by comparison t h a t  some minor changes have been made t o  t h e  
a n a l y t i c a l  schemes p resen ted  in t h e  test p l an .  The r e s u l t s  will no t  change 
b u t  the’pathways may d i f f e r  t o  reduce chances f o r  e r r o r .  

A t  t h i s  t ime,  a n a l y t i c a l  ac t iv i t ies  i n c l u d e  evapora t ing  s o l v e n t  r i n s e s .  
compositing samples,  and performing e x t r a c t i o n s .  No a n a l y s e s ,  p e r  se. 
have begun. 

I f  you have any q u e s t i o n s  o r  cormnents. do n o t  h e s i t a t e  t o  ca l l .  

. .  

Since re lv  . 

Michael Fuchs 
P r o j e c t  D i r e c t o r  
ESED P r o j e c t  No. 83-05 

MF:kla 

Enclosures  
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APPENDIX L.6 

222-073-03-05 

M r .  Clyde E. R i l e y  
U . S .  Environmental  P r o t e c t i o n  Agency 
Emissions Measurement Branch 

Research T r i a c g l e  Park,  NC 27711 

Re: P r e l i m i n a r y  d a t a  from t h e  T. J. Campbell C o n s t r u c t i o n  Co. a s p h a l t  

ESED/EMB (MD-13) 

p l a n t  sampling program 
ESED P r o j e c t  No. 83-05 
P r o j e c t  F i l e  No. 83-ASP-4 

Dear M r .  R i l e y :  

Enclosed are t h e  p r e l i m i n a r y  d a t a  from t h e  T .  J. Campbell C o n s t r u c t i o n  Co. 
a s p h a l t  p lan t  i n  Oklahoma C i t y ,  Oklahoma. The p r e l i m i n a r y  d a t a  i n c l u d e :  

e p a r t i c u l a t e  ( f r o n t - h a l f )  l o a d i n g s ,  

e v o l u m e t r i c  g a s  f low ra tes ,  and 

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

The d a t a  have been t a b u l a t e d  f o r  p r e s e n t a t i o n .  The t a b l e s  inc luded  a r e :  

Tab le  1 - A i r  Emissions Sampling R e s u l t s ;  

e Tab le  2 - Fron t  Half Loadings; 

e Table 3 - Breakdown of  Sampling Run Weight Gains;  and 

e Table 4 - Impactor Sampling Resul ts--Uncontrol led A i r  Emissions.  

There a r e  a l s o  f o u r  f i g u r e s  p r e s e n t i n g  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  (PSD) 
r e s u l t s  f o r  t h e  f o u r  PSD r u n s  f o r  u n c o n t r o l l e d  a i r  emis s ions .  

Also enc losed  are c o p i e s  of the computer d a t a  r e d u c t i o n  s h e e t s  which p r e s e n t  
b o t h  r e s u l t s  and i n p u t s  for. t h e  l o a d i n g  r u n s .  

There are t h r e e  runs--two unconc ro l l ed  and one controlled--which are o u t s i d e  
of t h e  i s o k i n e t i c  l i m i t  of 90 t o  110%. A l l  t h r e e  runs a r e  s u p e r  i s o k i n e t i c  
which w a s  caused by i n a c c u r a t e ,  low p r e l i m i n a r y  m o i s t u r e  d a t a .  I n  t h e  case 
of t h e  u n c o n t r o l l e d  sample c o l l e c t e d  on 11/11 a t  1645-1730, the moi s tu re  
v a l u e  from t h e  p r i o r  run on t h e  same day w i t h  t h e  same p l a n t  c o n d i t i o n s  was 
used as t h e  gas  moi s tu re  c o n t e n t .  However, t h e  a c t u a l ,  measured moi s tu re  
c o n t e n t  was over seven p e r c e n t  h i g h e r .  A wet bu lb /d ry  bulb temperature was 
t aken  j u s t  p r i o r  t o  t h e  u n c o n t r o l l e d  run on 11/13 a t  0956-1050. The wet 
b u l b / d r y  bulb r e s u l t  f o r  t h e  moi s tu re  c o n t e n t  was almost  e i g h t  pe rcen t  less 
than t h e  a c t u a l ,  measured v a l u e .  I n  bo th  c a s e s ,  if t h e  p r e l i m i n a r y  m o i s t u r e  
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d a t a  had been c o r r e c t ,  t h e  runs would have been w i t h i n  i s o k i n e t i c  g u i d e l i n e s .  
During t h e  c o n t r o l l e d  emis s ions  r u n  on 11/11 a t  1515-1704, t h e  i n p u t  m o i s t u r e  
p e r c e n t  w a s  based on t h e  g a s  be ing  s a t u r a t e d  at  t h e  measured gas  t empera tu re .  
The measured m o i s t u r e  c o n t e n t  was  above s a t u r a t i o n ,  i n d i c a t i n g  the p resence  
of  a wa te r  m i s t .  The measured v a l u e  is used by t h e  computerized d a t a  reduc- 
t i o n  system t o  c a l c u l a t e  p e r c e n t  i s o k i n e t i c .  In t h i s  case, t h e  computer 
r e d u c t i o n  is i n c o r r e c t .  Only wa te r  vapor  i s  cons ide red  f o r  t h e  p e r c e n t  
i s o k i n e t i c  d e t e r m i n a t i o n  and t h a t  v a l u e  cannot  be  above t h e  a d i a b a t i c  s a t u r a -  
t i o n  volume which w a s  a lmos t  f o u r  p e r c e n t  less  t h a n  t h e  measured v a l u e .  
u s ing  t h e  c o r r e c t  m o i s t u r e  c o n t e n t ,  which i s  tlie s a t u r a t i o n  volume a t  t h e  
measured s t a c k  t empera tu re ,  t h e  run w a s  109 p e r c e n t  i s o k i n e t i c .  

There i s  one obvious shortcoming i n  the d a t a  se t .  No p a r t i c l e  s i z e  d i s t r i b u -  
t i o n  (PSD) r e s u l t s  are p r e s e n t e d  f o r  c o n t r o l l e d  a i r  e m i s s i o n s .  The sampling 
approach a p p l i e d  i n  t h i s  program f o r  PSD measurements of c o n t r o l l e d  a i r  
emis s ions  cou ld  n o t  p r o v i d e  enough h e a t  t o  v a p o r i z e  a l l  of t h e  water i n  
t h e  s a m p l e  gas  and keep t h e  water as a vapor  through t h e  impac to r .  When 
t h e  s u b s t r a t e s  and p a r t i c u l a r l y  t h e  back-up f i l t e r  g e t  w e t ,  t h e  pressure 
d r o p  q u i c k l y  increases t o  a p o i n t  where t h e  run must be t e rmina ted .  PSD 
sampling runs l a s t e d  on ly  abou t  30 minu tes .  Two hour s  of sampling t i m e  would 
have probably been n e c e s s a r y .  Also, a f t e r  t h e  impactor  s u b s t r a t e s  g o t  w e t ,  
some s u b s t r a t e  ma te r i a l  ( g l a s s  f i b e r )  w a s  l o s t  d u r i n g  sample r e t r i e v a l .  As 
a r e s u l t ,  approximately 90 p e r c e n t  of  the s u b s t r a t e s  l o s t  weight .  

A qu ick  overview of the p a r t i c u l a t e  l o a d i n g  r e s u l t s  p o i n t s  o u t  a r a t h e r  
i n t e r e s t i n g  problem. During RAP u t i l i z a t i o n  o p e r a t i o n ,  p l a n t  emis s ions  
averaged 0.0247 grains/DSCF which is w i t h i n  t h e  NSPS of 0 .04  grains/DSCF. 
However, d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  (no RAP u t i l i z a t i o n ) ,  p l a n t  emis s ions  
averaged 0.0565 grains/DSCF which is above t h e  NSPS. These r e s u l t s  a r e  j u s t  
t h e  o p p o s i t e  of what w a s  expec ted .  

The sampling d a t a  and r e s u l t s  have been  s t u d i e d  t o  f i n d  o u t  i f  t h e r e  are any 
obvious reasons f o r  t h i s .  

By 

One of the f i r s t  o b s e r v a t i o p s  i s  t h a t  t h e  c o n t r o l l e d  emission gases were 
abou t  10 degrees  h o t t e r ,  on t h e  a v e r a g e ,  d u r i n g  t h e  c o n v e n t i o n a l  o p e r a t i o n .  
The q u e s t i o n  i s  t h e n  a sked ,  "Does t h i s  mean t h a t  a h i g h e r  c o n c e n t r a t i o n  of 
hydrocarbons were e m i t t e d  e i t h e r  i n  t h e  g a s e s  from t h e  k i l n  o r  a s  devola-  
t i l i z e d  components from t h e  s c r u b b e r  wa te r?"  There appea r  t o  be no t r e n d s  
i n  t h e  s c r u b b e r  wa te r  t empera tu res  which would e x p l a i n  t h e  d i f f e r e n c e .  
c o n t r o l l e d  gas t empera tu res  were a c t u a l l y  less d u r i n g  conven t iona l  o p e r a t i o n .  
The r e s u l t s  i n  T a b l e  2 which break down t h e  l oad ing  r e s u l t s ,  i n d i c a t e  t h a t  
w h i l e  t h e  probe r i n s e  l o a d i n g s  i n c r e a s e d  d u r i n g  t h e  c o n v e n t i o n a l  r u n s ,  so 
d i d  t h e  m a t e r i a l  c o l l e c t e d  on the f i l t e r s .  In b o t h  c a s e s ,  t h e  f i l t e r  l o a d i n g s  
were about  40 p e r c e n t  of t h e  probe r i n s e  l o a d i n g s .  

Un- 
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M r .  Clyde E. R i l e y  
8 December 1983 
Page 3 

What does  s t a n d  o u t  is  t h a t  t h e  average u n c o n t r o l l e d  p a r t i c u l a t e  l oad ing  d u r i n g  
RAP u t i l i z a t i o n  i s  about  50 p e r c e n t  of t h e  u n c o n t r o l l e d  p a r t i c u l a t e  l oad ing  
d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  The removal e f f i c i e n c y  a c r o s s  t h e  v e n t u r i  i s  
99.3 p e r c e n t  d u r i n g  RAP u t i l i z a t i o n  and 99.2 p e r c e n t  d u r i n g  c o n v e n t i o n a l  
o p e r a t i o n .  T h i s  would s e e m  t o  i n d i c a t e  t h a t  t h e  h i g h e r  c o n t r o l l e d  emis s ions  
l o a d i n g  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  i s  due p r i m a r i l y  to  t h e  h i g h e r  un- 
c o n t r o l l e d  emis s ions  l o a d i n g .  

Gas v o l u m e t r i c  f low rates were less d u r i n g  c o n v e n t i o n a l  o p e r a t i o n .  
emis s ions  p a r t i c l e  s i z e  d i s t r i b u t i o n  d a t a  i n d i c a t e  t h a t  t h e  ave rage  s i z e  of 
p a r t i c u l a t e  matter a t  the sc rubbe r  i n l e t  was smaller d u r i n g  conven t iona l  opera-  
t i o n  t h a n  d u r i n g  RAP u t i l i z a t i o n  o p e r a t i o n .  The reduced gas  r a t e  and s m a l l e r  
p a r t i c l e  s i z e  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  may have c o n t r i b u t e d  t o  g r e a t e r  
p a r t i c u l a t e  p e n e t r a t i o n  through t h e  v e n t u r i .  These p o i n t s  need t o  be i n v e s t i -  
ga t ed  f u r t h e r  and w i l l  b e  as t h e  d a t a  e v a l u a t i o n  p r o g r e s s e s .  The i n c r e a s e  i n  
p a r t i c u l a t e  p e n e t r a t i o n  d u r i n g  c o n v e n t i o n a l  o p e r a t i o n  i d e a  d e r i v e d  from flow 
rates and i n l e t  PSD d a t a  i d e n t i f i e s  a need f o r  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  
of  t h e  c o n t r o l l e d  a i r  emis s ions .  Radian proposes  t h a t  s cann ing  e l e c t r o n  
m i c r o s c o p e  photomicrographs be taken of p a r t i c u l a t e  l o a d i n g  f i l t e r s  c o l l e c t e d  
d u r i n g  bo th  c o n v e n t i o n a l  and RAP u t i l i z a t i o n  o p e r a t i o n .  I f  a review of t h e  
photomicrographs w a r r a n t s ,  Radian would propose t h a t  p a r t i c l e  coun t s  be p e r -  
formed on t h e  photomicrographs to develop p a r t i c l e  s i z e  d i s t r i b u t i o n  r e s u l t s  
i n  t h a t  f a s h i o n .  

I w i l l  be i n  touch t o  d i s c u s s  f u r t h e r  t h e  i d e a  of  deve lop ing  p a r t i c l e  s i z e  
d i s t r i b u t i o n  r e s u l t s  u s i n g  scanning e l e c t r o n  microscopy.  Please c o n t a c t  
m e  i f  you have any q u e s t i o n s  or comments. 

Uncontrol led 

Michael Fuchs 
P r o j e c t  D i r e c t o r  
ESED P r o j e c t  No. 83-05 

MF:kla 

Enc losu res  
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APPEADIX L.7 
COUPOUPTION 

December 29 ,  1983 

N r .  Clyde  E. R i l e y  
U .  S .  Environmental  P r o t e c t i o n  Agency 
Emiss ions  Measurement Branch 

Research T r i a n g l e  Pa rk .  NC 27111 

RE:  C a l i b r a t i o n  v e r i f i c a c i o n  o f  S i g n e t  F 1  s e n s o r  used  du  

ESED/EMB (MD-13) 

C o n s t r u c t i o n  Company a s p h a l t  p l a n t  s ampl ing  program 
ESED Project No. 83-05 
P r o j e c t  F i l e  No. 83-ASP-4 

Dear Mr. R i l e y :  

he T .  J. Campbell 

Enclosed a r e  t h e  c a l i b r a t i o n  r e s u l t s  f o r  t h e  S i g n e t  F l o s e n s o r  used  t o  measure 
t h e  water f low race t o  t h e  V e n t u r i  s c r u b b e r  a t  t h e  T .  J .  Campbell C o n s c r u c t i o n  
Company a s p h a l t  c o n c r e t e  p l a n t  i n  Oklahoma C i t y ,  Oklahoma. 

The f l o s e n s o r  w a s  f a c t o r y  c a l i b r a t e d  € o r  4- inch  s c h e d u l e  40 p i p e  u s i n g  a n  
e l e c c r o n i c  s i g n a l .  R a d i a n ' s  c a l i b r a c i o n  w a s  performed by  p a s s i n g  a measured 
volume o f  water pasc t h e  f l o s e n s o r  o v e r  a measured time p e r i o d  and c o r r e l a t i n g  
t h i s  measured ra te  t o  t h e  f l o s e n s o r  i n d i c a t e d  r a t e .  

The c a l i b r a t i o n  w a s  accompl i shed  u s i n g  a s u b m e r s i b l e  pump as  a water s o u r c e ,  
a g a t e  v a l v e  f o r  f low c o n t r o l .  t h e  f l o s e n s o r  l o c a t e d  13 p i p e  d i a m e t e r s  from 
t h e  c l o s e s t  downstream d i s t u r b a n c e  and 6 p i p e  d i a m e t e r s  from t h e  u p s t r e a m  
d i s t u r b a n c e ,  and a c a l i b r a t e d  v e s s e l  l a r g e  enough to a l l o w  a t  l ea s t  a 60 
second f i l l  time a t  t h e  h i g h e s t  f l ow ra te .  

The a c c u a l  c a l i b r a t i o n  v a s  done i n  2- inch  s c h e d u l e  40 PVC p i p e  i n s t e a d  of  
4- inch .  The smaller p i p e  a l l o w e d  t h e  a c t u a l  f l ow r a t e  through t h e  p i p e  to  be 
reduced by  a € a c t o r  of  f o u r .  The r a t e  mon i to red  a t  t h e  Campbell p l a n t  w a s  
in t h e  r ange  of 200 t o  250 gpm. I C  would have been v e r y  d i f f i c u l t  t o  produce  
and measure a water f low ra te  of  t h a t  magn i tude .  The method used  to  c a l i b r a t e  
t h e  s e n s o r  is a c c u r a t e  s i n c e  t h e  s e n s o r  a c t u a l l y  mon i to r s  t h e  v e l o c i t y  of t h e  
stream and c o n v e r t s  t h a t  v e l o c i t y  t o  a v o l u m e t r i c  f low r a t e  b a s e d  on t h e  c r o s s -  
s e c t i o n a l  a r e a  o f  t h e  p i p e .  By r a t i o i n g  t h e  a c t u a l  i n s i d e  d i a m e t e r  (ID) of 
the  2-inch p i p e  t o  t h e  f l o s e n s o r ' s  C a l i b r a t e d  v a l u e  (4- inch  p i p e ) ,  t h e  r e l a t i o n -  
s h i p  between t h e  f l o s e n s o r  r e a d i n g  and a c t u a l  v a l u e  was d e t e r m i n e d .  

A t o t a l  of n i n e  tes ts  v e r e  per formed t o  v e r i f y  t h e  f l o s e n s o r ' s  c a l i b r a t i o n .  
The r e s u l t s  of  t h e s e  tes ts  a r e  p r e s e n t e d  i n  T a b l e  1. 
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The d i f f e rences  between the f losensor  and t h e  measured values  ranged from 
-13.0 t o  +5 .8  percent .  A t  the  lowest flow measured which is a t  t h e  low end 
of the meter, t h e  readout becomes d i f f i c u l t  Co read and can expla in  t h e  
h i g h e r  (13 .O%) d i f f e rence  between f losensor  and actual measurement. 
Omitting t h i s  po in t ,  the  95% confidence i n t e r v a l  for mean r e l a t i v e  error 
is 0.6 +2.6% over t h e  equivalent  flow r a t e s  measured. This i n t e r v a l  re- 
presents  an estimate of measurement b i a s  o r  systematic  e r r o r .  Since i t  
includes zero percent.  a conclusion of b i a s  i s  not j u s c i f i e d  and t h e  
measurements must  be  considered accura te  w i t h i n  the  l i m i t s  of p rec is ion .  
In  o the r  words, experimencal e r ro r  is the primary source of observed 
d i f f e r e n c e s  between t h e  Elosensor measurements and t h e  true (equivalent)  
flow r a t e s .  If this random e r r o r  due t o  imprecision is taken i n t o  account, 
t h e  d a t a  s t i l l  ind ica t e  a 90% p robab i l i t y  t h a t  a t  l e a s t  90% of the measure- 
ments would be  expected t o  be  v i t h i n  0 .6  t8.82 of the t r u e  value.  

I f  t h e r e  a r e  any f u r t h e r  quest ions or comments concerning t h e  c a l i b r a t i o n .  
do not h e s i t a t e  t o  c a l l  Mike Fuchs  o r  m e .  

S incere ly ,  

-- . . _. . .  

Eric  P. Anderson 
Task Leader 
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