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REPORT C E R T I F I C A T I O S  

The sa i sp l ing  and a n a l y s i s  perfo:.med f o r  t h i s  r e ? o r t  1~2s 

c a r r i e d  o u t  u n d e r  my d i r e c t i o n  and  s u p e r v i s i o n .  

Date  F e b r u a r y  1 7 ,  1 9 7 8  S i g n a t u r e  G,fi & 
Roy S. Dos te r  

I have rev iewed a l l  t e s t i n g  d e t a i l s  arid r e s u l t s  i n  r?.is 

t e s t  r e p o r t  and  he reby  c e r t i f y  t h a t  t h e  t e s t  r e p o r t  i s  2c:;?z:?:ic 

and a c c u r a t e .  

Da te  F e b r u a r y  1 7 ,  1978 S i g n a t u r e  

D. J a n e s  Grove ,  P . E .  
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I N T R O D U C T I O N  

S t a t i o n a r y  s o u r c e  sampl ing  was per formed a t  Lee B r i c k  

and T i l e  Company, S a n f o r d ,  Nor th  C a r o l i n a  t o  d e t e r m i n e  t h e  

p a r t i c u l a t e  e m i s s i o n s  from a c o a l - f i r e d  t u n n e l  k i l n .  Three  

s e t s  o f  s i m u l t a n e o u s  p a r t i c u l a t e  t e s t s  were made on each  

o f  t h e  two k i l n  s t a c k s  o n  F e b r u a r y  9 ,  1 9 7 8 .  I n  a d d i t i o n ,  

a p a r t i c u l a t e  s i z i n g  t e s t  was per formed on e a c h  s t a c k .  

Observ ing  t h e  t e s t i n g  were Pau l  S i e f f e r t  and S c o t t  

Frame o f  Pu l lman-Swinde l l ,  I n c . ,  and Sammy Amerson o f  t h e  

Nor th  C a r o l i n a  Department  o f  N a t u r a l  Resources  and Community 

Development.  

The measurements  made f o r  s t a c k  g a s  f low r a t e  and  p a r t i c -  

u l a t e  e m i s s i o n s  were made a c c o r d i n g  t o  Nor th  C a r o l i n a  D e p a r t -  

ment o f  N a t u r a l  Resources  and Community Development recommen- 

d a t  i o n s .  

The f o l l o w i n g  s e c t i o n s  of t h i s  r e p o r t  t r e a t  t h e  summary 

o f  r e s u l t s ,  a b r i e f  d e s c r i p t i o n  o f  t h e  p r o c e s s  and i t s  o p e r a -  

t i o n ,  and t h e  sampl ing  and  a n a l y t i c a l  p r o c e d u r e s  u s e d .  

-1- 



SUMNARY OF RESULTS 

P r e s e n t e d  i n  Tab le  1 below are t h e  e m i s s i o n  r a t e s  a s  

d e t e r m i n e d  by t h e  s i x  p a r t i c u l a t e  e m i s s i o n  t e s t s  per formed 

on t h e  t u n n e l  k i l n  o u t l e t s .  The v a l u e s  shown a r e  r e a s o n a b l y  

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

T a b l e  1 

P a r t i c u l a t e  Emiss ions  

Pounds Per H o u r - - - - - - - - - -  T e s t  
S e t  No. S o u t h  Nor th  T o t a l  

1 24.0 2 . 0 1  2 6 . 0  

2 2 2 . 5  1. 89 2 4 . 4  

j *  1 9 . 4  1 . 7 1  2 1 . 1  

_ _ _ _ _ _ _ _ _ _  

Avg . 22.0 1 . 8 7  23.8 

"During t h e  t h i r d  s e t  o f  t e s t s ,  t h e  k i l n  d o o r s  were n o t  
opened.  

Accord ing  t o  North C a r o l i n a  R e g u l a t i o n  2D.0515, t h e  

maximum a l l o w a b l e  e m i s s i o n  r a t e  i s  1 7 . 7  pounds p e r  h o u r .  

T h i s  i s  b a s e d  on  a p r o c e s s  we igh t  r a t e  o f  ' 8 . 9 0  t o n s  p e r  

h o u r  and i n c l u d e s  an  e s t i m a t e  o f  t h e  c o a l  b e i n g  combusted.  

T a b l e  2 and  3 on t h e  f o l l o w i n g  pages  g i v e  t h e  i n d i v i d u a l  

t e s t  summaries f o r  t h e  t e s t s  per formed a t  s t a c k  el ( s o u t h )  

and s t a c k  2 2  ( n o r t h ) ,  r e s p e c t i v e l y .  Tab le  4 p r e s e n t s  t h e  

r e s u l t s  from t h e  two p a r t i c l e  s i z i n g  t e s t s  pe r fo rmed .  I n  

- 2 -  
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TA3LE 2 

SUMMARY OF RESULTS, PARTICULATE EMISSIONS 

KILN STACK 111, SOUTH 

RUN NUMBER 

DATE 

STACK TEMPERATURE, DEG. F 

PERCENT EXCESS AIR 

PERCENT ISOKINETIC 

STACK FLOW RATE 
SCFX* DRY 

STACK FLOW RATE 
ACFX, WET 

VOLUME OF GAS SAMPLED 
SCF* DRY 

PARTICULATES, EPA METHOD 5: 

CATCH - MGRWS 

CONCENTRATION - GR/DSCF* 
EMISSION RATE - 

LBS/HR 

6 8  DEG F, 2 9 . 9 2  IN. HG 

1 2 3 

2 /  9 / 7 8  2/  9 / 7 8  2/  9 / 1 8  

306.  3 0 3 .  3 0 8 .  

565.  565.  565.  

96.8 9 6 . 1  99 .5  

2 0 9 0 5 .  2 1 7 1 4 .  21012.  

3 1 5 6 0 .  3 2 8 2 7 .  3 1 9 1 2 .  

6 0 . 8 9  7 0 . 2 1  ' 63 .42  

528.7 5 5 0 . 0  4 4 3 . 2  

0 . 1 3 3 7  0 . 1 2 0 6  0 . 1 0 7 6  

2 3 . 9 6  2 2 . 4 5  1 9 . 3 8  

- 3 -  
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TASLE 3 

SUMXARY OF RESULTS, PARTICULATE EMISSIONS 

KILN STACK # 2 .  NORTH 

RUN NUMBER 

DATE 

STACK TEMPERATURE, DEG. F 

PERCENT EXCESS AIR 

PERCENT ISOKINETIC 

STACK FLOW RATE 
SCFM* DRY 

STACK FLOW RATE 
ACFM, WET 

VOLUME 3F GAS SANPLED 
SCF* DRY 

PARrICULATES, EPA NETHOD 5:  

CATCH - MGRAHS 
CONCENTRATION - GR/DSCF* 
EMISSI3N RATE - 

LBS/HR 

* 68 DEG F, 2 9 . 9 2  IN. HG 

4 

2/ 9 / 7 8  

3 3 6 .  

565.  

9 8 . 7  

1 5 2 2 .  

2 3 7 6 .  

1 9 . 0 5  

1 9 0 . 6  

0 . 1 5 4 1  

2 . 0 1  

5 

2/  9 / 7 8  

3 3 6 .  

565.  

9 7 . 6  

1 4 2 2 .  

2 2 2 6 .  

1 7 . 8 3  

1 7 9 . 9  

0 . 1 5 5 4  

1 . 8 9  

6 

21 9 / 7 8  

335.  

5 6 5 .  

95 .4  

1 4 6 1 .  

2281.  

1 7 . 9 0  

1 5 8 . 9  

0 .1367 

1 . 7 1  

- 4 -  



_ _ _ _  S t a c k  n"l 

Aerodynamic 
D i ame t er  
(microns]  

1 0 . 7  

6 . 7 2  

4 . 4 8  

3.11 

1 . 9 6  

1 . 0 1  

0 . 6 1  

0 . 4 1  

Tab le  4 

P a r t i c l e  S i z e  Summary 

8 0  

6 3  

4 3  

( S o u t h ) - - - - - -  

Cumula t ive  % 
Less Than 

S t a t e d  S i z e  

9 3 . 0  

6 

L 

5 

2 9 . 2  

1 0 . 1  

2 . 5  

1 . 7  

Median S i z e  : approx .  3 . 3  microns 

_ _ _ _  S t a c k  8 2  ( N o r t h ) - - - - - - -  

Aerodynamic 
Diameter  
( m i c r o n s ]  

1 5 . 7  

9 . 7 9  

6 . 5 5  

4 . 5 5  

2 . 8 5  

1 . 4 5  

0 . 9 1  

0 . 6 3  

Cumula t ive  5 ,  
Less Than 

S t a t e d  S i z e  

9 7 . 6  

9 6 . 1  

8 8 . 6  

8 0 . 6  

7 1 . 6  

5 6 . 7  

4 8 . 2  

3 6 . 3  

Median S i z e :  approx .  1 . 3  microns 
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a d d i t i o n  t o  t h e  Andersen t e s t s ,  t h e  f i r s t  s e t  o f  s i m u l t a n e o u s  

t e s t s  u s e d  c y c l o n e s  ahead  o f  t h e  f i l t e r .  No l a r g e  p a r t i c l e s  were 

c a u g h t ,  a l t h o u g h  some s m a l l  p a r t i c l e s  d i d  a d h e r e  t o  t h e  c y c l o n e ' s  

s u r f a c e  due  t o  s t a t i c  e l e c t r i c i t y .  
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PROCESS DESCRIPTION 

Lee B r i c k  and  T i l e  Company i n  Sanfo rd ,  Nor th  C a r o l i n a  

m a n u f a c t u r e s  b r i c k s ,  which i n v o l v e s  t h e  s c r e e n i n g  and 

b l e n d i n g  o f  t h e  raw mater ia l s ,  and  t h e  d r y i n g  and f i r i n g  

o f  t h e  f i n a l ,  shaped ,  p r o d u c t .  

The f i r i n g  o f  t h e  b r i c k s t a k e s  p l a c e  i n  a t u n n e l  k i l n ,  

w i t h  t h e  b r i c k s  t r a v e l i n g  on cars on r a i l s  t h r o u g h  t h e  

k i l n .  After  a s e t  t ime,  a c a r  l e a v e s  t h e  k i l n  a t  t h e  

same t ime a c a r  i s  e n t e r i n g  t h e  k i l n  a t  t h e  o t h e r  end.  A t  

t h i s  t i m e ,  d o o r s  a t  t h e  end  o f  t h e  k i l n  a r e  opened ,  

a l l o w i n g  ambient  a i r  t o  e n t e r  u n c o n t r o l l e d .  

F i r i n g  t a k e s  p l a c e  i n  s i x  s t e p s :  e v a p o r a t i o n  of f r e e  

w a t e r ,  d e h y d r a t i o n ,  o x i d a t i o n ,  v i t r i f i c a t i o n ,  f l a s h i n g ,  and  

c o o l i n g .  

t h e  k i l n ,  w i t h  t h e  2000'F t e m p e r a t u r e  p r o v i d e d  by t h e  corn- 

b u s t i o n  o f  c o a l .  As shown i n  F i g u r e  1, ambient  a i r  i s  u s e d  

t o  c o o l  t h e  b r i c k s  and c o n v e r s e l y  p r e h e a t  t h e  a i r  f o r  t h e  

f i r i n g  zone.  

b r i c k  d r y e r  f o r  d r y i n g  t h e  b r i c k s .  The k i l n  i s  e x h a u s t e d  by 

two f a n s  a t o p p o s i t e  e n d s  o f  t h e  k i l n .  

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

Also  some o f  t h e  p r e h e a t e d  a i r  i s  d u c t e d  t o  t h e  

P o t e n t i a l  e m i s s i o n s  from t h e  k i l n  c o n s i s t s  m a i n l y  o f  

p a r t i c u l a t e  matter i n  t h e  form o f  d u s t  g e n e r a t e d  by t h e  

h a n d l i n g  of t h e  b r i c k s ,  and  o f  combust ion  p r o d u c t s  from t h e  

c o a l .  No e m i s s i o n  c o n t r o l  equipment  i s  p r e s e n t l y  i n  u s e .  

- 7 -  
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TO ATMOSPHERE 

! . ! ? l ~ K ~ ~  B R I C K  B R I C K  B R I C K  
PREHEAT F I R I N G  COOL1 NG 

ZONE ZONE ZONE 

K I L N  

AIR TO B R I C K  DRYER 

FIGURE 1, PROCESS SCHEMATIC AND SAMPLING LOCATIONS 
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During  t h e  t e s t i n g  pe r fo rmed  a t  t h e  o u t l e t  o f  t h e  two 

k i l n  e x h a u s t  f a n s ,  t h e  k i l n  w a s ' f i r i n g  a c a r l o a d  o f  8064  

t y p e  # 3 2 0  b r i c k s  e v e r y  1 0 0  m i n u t e s .  lllith an a v e r a g e  b r i c k  

w e i g h t  o f  3 . 4 3  pounds,  t h i s  c o n v e r t s  t o  a p r o c e s s  r a t e  o f  

8 . 3  t o n s  o f  b r i c k s  p e r  h o u r .  When t h e  e s t i m a t e d  c o a l  u s a g e  

r a t e  o f  0 . 6 0  t o n s  p e r  h o u r  i s  added ,  t h e  t o t a l  p r o c e s s  

w e i g h t  r a t e  i s  8 . 9 0  t o n s  p e r  hour .  

I t  i s  s u s p e c t e d  t h a t  t h e  opening  o f  t h e  k i l n  d o o r s  

i n c r e a s e s  t h e  e m i s s i o n s ; t h e r e f o r e ,  t h e  l a s t  o f  t h e  t h r e e  

s e t s  o f  t e s t s  per formed was made w i t h o u t  a door  open ing  

o c c u r r i n g .  As shown i n  T a b l e  1 i n  t h e  Summary of R e s u l t s ,  

t h e  p a r t i c u l a t e  t e s t s  d i d  show a d e c r e a s e  i n  t h e  e m i s s i o n s .  

- 9- 



SAMPLING AND ANALYTICAL PROCEDURES 

A l l  s ampl ing  and a n a l y t i c a l  p r o c e d u r e s  u s e d  were t h o s e  

recommended by  t h e  U .  S .  Envi ronmenta l  P r o t e c t i o n  Agency and  

t h e  Nor th  C a r o l i n a  Department  o f  N a t u r a l  Resources  and 

Community Development. Complete d e t a i l s  o f  t h e  equipment  

and p r o c e d u r e s  used  a r e  d e s c r i b e d  i n  Appendix E ,  which i s  

e x t r a c t e d  from t h e  F e d e r a l  R e g i s t e r ,  August  1 8 ,  1 9 7 7 .  A l so  

i n c l u d e d  i n  Appendix E i s  a w r i t e u p  o f  t h e  Andersen p a r t i c l e  

s i z i n g  equipment  and how t o  u s e  it. 

Method 1 was used  t o  d e t e r m i n e  t h e  number and l o c a t i o n  o f  

t h e  sampl ing  p o i n t s .  The two k i l n  e x h a u s t  s t a c k s  a r e  i d e n t i c a l ,  

w i t h  e a c h  s t a c k  c r o s s  s e c t i o n  d i v i d e d  i n t o  4 4  e q u a l  a r e a s .  

Two p o r t s  l a b e l e d  A and  B ,  a s  shown i n  F i g u r e  2 ,  a c c e s s  t h e  

t r a v e r s e  a x e s ,  w i t h  e a c h  a x i s  hav ing  2 2  p o i n t s .  Every  p o i n t  

was sampled f o r  one and  a h a l f  m i n u t e s ,  g i v i n g  a t o t a l  t e s t i n g  

time of  66 m i n u t e s  f o r  e a c h  r u n  on a s t a c k .  

V e l o c i t y  measurements  were i n  a c c o r d a n c e  w i t h  lrlethod 2 .  

Molecu la r  w e i g h t s  f o r  t h e  s tack  g a s e s  were d e t e r m i n e d  by 

Method 3 p r o c e d u r e s .  P a r t i c u l a t e  e m i s s i o n s  were  found  u s i n g  

Method 5 a n a l y t i c a l  and  sampl ing  p r o c e d u r e s .  The p a r t i c l e  

s i z i n g  t e s t s  were  made u s i n g  Andersen Mark 111 S t a c k  Sample r s .  

A l l  s a m p l i n g  equipment  u s e d  was m a n u f a c t u r e d  by Nutech 

C o r p o r a t i o n ,  En t ropy  E n v i r o n m e n t a l i s t s ,  I n c . ,  o r  Andersen  

2 0 0 0 ,  I n c .  
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KILM EXHAUST STACKS ( 1 AND 2 )  
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