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INTRODUCTION 

S t a t i o n a r y  s o u r c e  sampl ing  was pe r fo rmed  a t  Lee B r i c k  

aiid Tile 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  f rom a c o a l - f i r e d  t u n n e l  ki1.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 e a c h  

o f  t h e  two k i l n  s t a c k s  on J u n e  2 9 ,  1 9 7 6 .  

O b s e r v i n g  t h e  t e s t s  were  S c o t t  Frame of P u l l m a n - S ~ i n d e l l . ,  

I n c . ,  and  Sammy h e r s o n  o f  t h e  Nor th  C a r o l i n a  Depar tment  of  

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 l o w  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  N o r t h  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  of  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  s a m p l i n g  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 .  



SUMMARY OF RESULTS 

P r e s e n t e d  i n  T a b l e  1 below a r e  t h e . e m i s s i o n  r a t e s  as  

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  pe r fo rmed  

on t h e  t u n n e l  k i l n  e x h a u s t  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  non-chang ing  n a t u r e  of  

t i l 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 P e r  H o u r - - - - - - - - - - .  T e s t  
S e t  No. Sou th  Nor th  T o t a l  

1 

2 

11.4 

S . 9 3  

6 . 8 5  

6 . 4 0  

1 8 . 3  

1 5 . 3  

3" , 7 . 8 9  5 . 6 8  1 3 . 6  

Avg . 9 . 4 1  6 . 3 1  1 5 . 7  

"Dur ing  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  remained  c l o s e d .  

Accord ing  t o  Nor th  C a r o l i n a  R e g u l a t i o n  2D.0515, t he  

maximum a l l o w a b l e  emi . ss ion  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 process weigh t  r a t e  o f  S . 9 0  t o n s  p e r  hour  

and i n c l u d e s  a n  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  fo l l .owing  p a g e s  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  pe r fo rmed  a t  s t a c k  31 ( s o u t h )  

and  s t a c k  +'2 ( n o r t h ) ,  r e s p e c t i v e l y .  

- 2 -  



TABLE 2 

SUMMARY OF R E S U L T S ,  P A R T I C U L A T E  E M I S S I O N S  

K I L N  STACK #1 (SOUTH)  

RUN NUMBER 

DATE 

STACK TEMPERATURE, DEG. F 

PERCENT E X C E S S  A I R  

PERCENT I S O K I N E T I C  

STACK FLOW RATE 
SCFM* DRY 

STACK FLOW RATE 
ACFM, WET 

VOLUME OF G A S  SANPLED 
S C F *  DRY 

P A R T I C U L A T E S ,  E P A  METHOD 5: 

9 CATCH - MGRAMS 

CONCENTRATION - GR/DSCF* 

EMISSION RATE - 
I,BS/HR 

* 68 DEG F ,  29.92 I N .  HG 

1 

6 / 2 9 / 7 8  

282. 

690. 

100.5 

2 0 5 2 7 .  

29517.  

61.07 

257.4 

0 .0649 

1 1 . 4 2  

2 

612 917 a 

291. 

690. 

1 0 6 . 9  

20344.  

29833.  

66 .50  

221.2 

0.0512 

8.93 

3 

6/29/7 8 

288. 

690.  

99.5 

2 1 0 7 3 .  

3 0 2 5 4 .  

65.75 

186.4 

0 . 0 4 3 7  

7.89 
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TABLE 3 . <  

SUMMARY O F  R E S U L T S ,  P A R T I C U L A T E  E M I S S I O N S  

KILN STACK # 2  (NORTH) 

RUN NUMBER 

DATE 

STACK TEMPERATURE,  DEG. F 

PERCENT E X C E S S  . 4 I R  

PERCENT ISOKINETIC 

STACK FLOW RATE 
SCFM* DRY 

STACK FLOW RATE 
ACFM ,WET 

VDLUME O F  G A S  SAMPLED 
S C F *  DRY 

P A R T I C U L A T E S ,  E P A  METHOD 5: 

CATCH - MGRAMS 

CONCENTRATION - GR/DSCF* 

E M I S S I O N  R A T E  - 
I,BS/HR 

* 68 DEG F ,  29.92 I N .  HG 

4 

6 / 2 9 / 7 8  

492.  

402.  

105.9  

8105. 

1 5 2 3 1 .  

46.22 

295.8 

0 . 0 9 8 6  

6 .85  

5 

6/2 9/7 8 

512. 

402. 

102.5  

8231.  

1 5 7 5 5 .  

40.25 

237.0 

0.0907 

6.40 

6 

6 /2  9/7 8 

512.  

402.  

108.4 

8 0 1 4 .  

1 5 3 0 9 .  

39.82 

213.8 

0 . 0 8 2 7  

5.68 
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PROCESS DESCRIPTION AND OPERATION 

Lee B r i c k  and  T i l e  Company i n  S a n f o r d ,  N o r t h  C a r o l i n a  

m a n u f a c t u r e s  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  of  t h e  raw m a t e r i a 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 ,  s h a p e d ,  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 c a r s  on r a i l s  t h r o u g h  t h e  

k i l n .  A f t e r  a s e t  t i m e ,  a c a r  l e a v e s  t h e  k i l n  a t  t h e  

same time 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 ime ,  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  ambien t  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  com- 

b u s t i o n  o f  c o a l .  A s  shown i n  F i g u r e  1, a m b i e n t  a i r  i s  used  

t o  c o o l  t h e  b r i c k s  and conve r ' s e ly  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 .  A l so  some o f  t h e  p r e h e a t e d  a i r  is d u c t e d  t o  t h e  

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  ends  o f  t h e  k i l n .  

8 
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  mi.ddle o f  

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

p a r t i c u l a t e  m a t t e r  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  o f  t h e  b r i c k s ,  and o f  combus t 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 .  
.- . 0 



TO ATMOSPHERE 

I ;_1 
I 
I 

B R I C K  C d  B R I C K  - - _  
PREHEAT 

' ZONE 

BRICK 
FIRING 
ZONE 

BRICK 
COOL1 NG 
Z O N E  

AMBIENT A I R  I+----- 
+ 

I __ RICK C A R   KILN^. '- - 
AIR TO BRICK DRYER 

FIGURE 1, PROCESS SCHEMATIC AND SAMPLING LOCATIONS 



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  was f i r i n g  a c a r l o a d  c o n t a i n i n g  

8 0 6 4  o f  t y p e  8 3 2 0  b r i c k s  e v e r y  1 0 0  m i n u t e s .  W i t h  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  hour  i s  a d d e d ,  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  h o u r .  

_--- 

. .. 

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

i n c r e a s e d  t h e  emis s io ' 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  of  t e s t s  pe r fo rmed  was made w i t h o u t  a d o o r  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 .  

- 7 -  



SAMPLING AND ANALYTICAL PROCEDURES .! 8 

A l l  . 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  were  t h o s e  

recommended by t h e  U n i t e d  S t a t e s  Envi ronmenta l '  P r o t e c t i o n  

Agency and t h e  N o r t h  C a r o l i n a  Department  of  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  u s e d  a r e  d e s c r i b e d  i n  Appendix D ,  which i s  - .~  

e x t r a c t e d  f rom 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 .  

Method 1 was u s e d  t o  d e t e r m i n e  t h e  number and l o c a t i o n  of  

t h e  s a m p l i n g  p o i n t s .  

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 .  

Trvo 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  h a v i n g  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  

t i m e  o f  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 .  

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 ,  

Q 

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  Method 2 .  

M o l e c u l a r  w e i g h t s  f o r  t h e  s t a c k  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  l i e r e  found u s i n g  

hlethod 5 a n a l y t i c a l  and s a m p l i n g  p r o c e d u r e s .  

A l l  s a m p l i n g  equipment  used  was manufac tu red  by Nutech  

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

0 . __-. .-. ~ 
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1 2 - 2 2  
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/ 

A -  
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FRPM FAN 
AND K I L N  

FIGURE 2, STACK DIMENSIONS AND SAMPLING POINT LOCATIONS, 
KILN EXHAUST STACKS ( 1 AND 2 )  
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P A R T I C U L A T E  F I E I , D  DATA & R E S U L T S  TABULATION 

PLANT: L E E  B R I C K  & T I L E  COMPANY, SANFORD, N .  C .  

T E S T  TEAN LEADER: W I L L I S  N E S B I T  e 
T E S T  1 K I L N  STACK #1 ( S O U T H )  

T E S T  2 KILN STACK #l ( S O U T H )  

T E S T  3 ' K I L N  STACK 81 ( S O U T H )  

TB 
T F  

T T  

FNP 

DN 

C P  

Y 

PM 

VM 

TM 

VMSTD 

vw 

VWV 

PMV 

MD 

P C 0 2  

PO 2 

PCO 
0 

T I M E - S T A R T  
TIME-FINISH 

N E T  T I M E  O F  T E S T , M I N .  

N E T  SAMPLING P O I N T S  

SAMPLING NOZZLE D I A . ,  I N .  

P I T O T  TUBE C O E F F I C I E N T  

DRY G A S  METER CAL. FACTOR 

AVERAGE O R I F I C E  P R E S S U R E  
DROP,  I N .  H20 

VOLUME O F  DRY GAS S A N P L E D  
CU.  FT. AT METER C O N D I T I O N S  

AVERAGE GAS METER TEMP 
DEGREES F 

VOLUME O F  DRY GAS SAMPLED 
AT STANDARD C O N D I T I O N S * , S C F  

TOTAL n20 COLLECTED IN 
I M P I N G E R S  & S I L I C A  G E L p M L -  

VOLUME O F  WATER VAPOR 
A T  STANDARD C O N D I T I O N S * ,  S C F  

P E R C E N T  MOISTURE BY VOL. 

MOLE F R A C T I O N  DRY GAS 

P E R C E N T  C02 BY VOL.,DRY 

P E R C E N T  02 BY VOI,.,DRY 

P E R C E N T  CO BY VOL.,DRY 

1 - 
6/29/78 

1055 
1207 

66.0 

44. 

0.241 

0.84 

1.00 

3.24 

67.543 

123. 

61.069 

29.5 

1.39 

2.2 

0.973 

1.8 

18.4 

0.0 

2 - 

6/29/78 

1246 
1410 

66.0 

44. 

0.245 

0.84 

1.00 

3.54 

73.747 

130. 

66.501 

45.5 

2.14 

3.1 

0.969 

1.8 

18.4 

0.0 

3 - 

6/29/78 

1429 
1550 

66.0 

44. 

0.248 

0.84 

1.00 

3.74 

73.740 

137. 

65.747 

18.0 

0.847 

1.3 

0.987 

1.8 

18.4 

0.0 



PN 2 

MWD 

MW 

PB 

PSI 

PS 

TS 

DPS 

vs 
AS 

Qs 
QA 

PER1 

FMF 

CAN 

CAW 

PEA 

PERCENT N2 BY VOL.,DRY 

MOLECULAR WT-DRY STACK GAS 

MOLECULAR WT-STACK GAS 

BAROMETRIC PRESSURE,IN. HG. 

STATIC PRES OF STACK GAS 
IN. H20 

STACK PRES,ABS., IN. HG. 

AVERAGE STACK TEMP. DEG. F 

AVERAGE VELOCITY HEAD OF 
STACK GAS,IN. H20 

4VE STACK GAS VELOCITY, FPS 

STACK AREA, SQUARE INCHES 

STACK FLOW RATE ,DRY, SCFM' 

ACTUAL STACK FLOW RATE, ACFM 

PERCENT ISOKINETIC 

PARTICULATE,MG, EPA 5 

PARTICULATE, GR/DSCF* 
EPA 5 

PARTICULATE,LBS/HR 
EPA 5 

PERCENT EXCESS AIR 

6 8  DEG F, 29.92 IN. HG 

79.8 

29.02 

28.78 

29.90 

0.0 

29.90 

282. 

1.089 

69.6 

1018. 

20527. 

29517. 

100.5 

257.4 

0.0649 

11.42 

690. 

79.8 

29.02 

28.68 

29.90 

0.0 

29.90 

291. 

1.099 

70.5 

1018. 

20344. 

29883. 

106.9 

221.2 

0.0512 

8 . 9 3  

690. 

79.8 

29.02 

28.88 

29.90 

0.0 

29.90 

288. 

1.139 

71.3 

1018.  

21073. 

30254. 

99.5 

186.4 

0.0437 

. i  

7.89 

690. 





X P A R T I C U L A T E  F I E L D  DATA & R E S U L T S  TABULATION 

PLANT: L E E  B R I C K  & T I L E  COMPANY, SANFORD,  N .  C .  

T E S T  TEAM LEADER: ROY N .  DOSTER L e  
T E S T  4 K I L N  STACK 82 (NORTH) 

T E S T  5 K I L N  STACK # 2  (NORTH) 

T E S T  6 K I L N  STACK # 2  (NORTH) 

RUN NUMBER _------_-_ 4 - 5 
- 

T E S T  DATE 6 / 2 9 / 7 0  6 / 2 9 \ 7 3  

T B  T I M E - S T A R T  1 0 5 5  1 2 4 0  
TF T I M E - F I N I S H  1 2 0 5  1 3 5 0  

TT N E T  T I M E  O F  T E S T , M I N .  66.0 66.0 

FNP N E T  S A M P L I N G  P O I N T S  44. 44 .  

DN S A M P L I N G  NOZZLE D I A . ,  I N .  0.325 0 . 3 0 6  

C P  P I T O T  TUBE C O E F F I C I E N T  0 . 8 4  0 . 8 4  

V 

VM 

TM 

VMSTD 

vw 

VWV 

PMV 

MD 

P C 0 2  

PO 2 

PCO 
Q 

DRY G A S  METER CAL.  FACT3R 

AVERAGE O R I F I C E  PRESSURE 
DROP,  I N .  H20 I 

VOLUME O F  DRY GAS SAMPLED 
CU.  FT. AT METER C O N D I T I O N S  

AVERAGE GAS METER TEMP 
DEGREES F 

VOLUME O F  DRY G A S  SAMPLED 
AT STANDARD C O N D I T I O N S * , S C F  

TOTAL H20 COLLECTED I N  
I M P I N G E R S  & S I L I C A  GEL,ML.  

VOIJJME O F  WATER VAPOR 
AT STANDARD C O N D I T I O N S * ,  S C F  

P E R C E N T  MOISTURE BY VOL. 

MOLE F R A C T I O N  DRY G A S  

P E R C E N T  C 0 2  BY VOL. ,DRY 

P E R C E N T  0 2  BY VC)I,.,DRY 

P E R C E N T  co B Y  VOL. ,DRY 

1.00  

1.94 

50.497 

1 1 9 .  

46.219 

41.0 

1 .93  

4.0 

0.960 

2.6 

17.0 

0.0 

1 . 0 0  

1.35 

4 4 . 4 1 8  

124.  

40 .249 

33.5 

1.58 

3.8 

0 . 9 6 2  

2.6 

17.0 

0.0 

6 - 
6/2  9/7 8 

1 4 0 9  
1 5 3 0  

66.0 

44. 

0.300 

0.84 

1.00 

1 . 2 4  

43 .509 

1 1 8 .  

39 .824 

31.5 

1.48 

3.6 

0.964 

2.6 

17 .0  

0.0 



PN 2 

MWD 

MW 

P B  

PSI  

PS 

TS 

DPS 

vs 
AS 

QS 

QA 

P E R 1  

FMF 

P E R C E N T  N 2  BY VOL. ,DRY 

MOI,ECULAR WT-DRY STACK G A S  

MOI,ECUI,AR NT-STACK G A S  

BAROMETRIC P R E S S U R E , I N .  HG. 

S T A T I C  P R E S  O F  STACK G A S  
I N .  H 2 0  

STACK P R E S , A B S . ,  I N .  HG. 

AVERAGE STACK TEMP.  DEG. F 

AVERAGE V E L O C I T Y  HEAD OF 
STACK G A S , I N .  H 2 0  

AVE STACK G A S  V E L O C I T Y ,  FPS 

STACK AREA, SQUARE I N C H E S  

STACK FLOW RATE,DRY,SCFM* 

ACTUAL, STACK FLOW RATE,ACFM 

P E R C E N T  I S O K I N E T I C  

P A R T I C U L A T E  ,MG, E P A  5 

80.4 

2 9 . 1 0  

23 .65  

29.90 

0.0 

2 9 . 9 0  

492.  

0 . 2 2 5  

35.9 

1 0 1 8 .  

8105.  

1 5 2 3 1 .  

105.9 

295.8 

80.4 

29 .10  

28.68 

29.90 

0.0 

29.90 

512. 

0 .236 

37 .1  

1 0 1 8 .  

8231.  

1 5 7 5 5 .  

102.5 

237.0 

80.4 

29.10 

23.70 

29 .90  

0.0 

29.90 

512. 

0.223 

36.1 

1 0 1 8 .  

8014.  

1 5 3 0 9 .  

108.4 

213.8 

CAW PARTICULATE, LBS/H,R 
E P A  5 

PEA P E R C E N T  E X C E S S  A I R  

* 6 8  DEG F ,  29.92 I N .  HG I 

6.85 6.40 5.68 

402.  402.  402.  



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 4 I 
I 
I KILN STACK #2 (NORTH) 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS 
~ 

I 

I VMSTD = 17.64 * VM * Y (PB+PM/13.6) / (TM+460) 

17.64 * 50.497 *.1.00 (29.90+1.940/13.6) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS 

vwv = .04707 * vw 
VWV = .04707 * 41.0 = 1.930 SCF 

PERCENT MOISTURE IN STACK GAS 

PMV = (lOO*WV)/(V%TD+VWV) 

loo.* 1.93 
PMV = . . . . . . . . . . . . . . . . . . . . . . .  _ - 4.0 PERCENT 

46.219+ 1.93 

MOLE FRACTION OF DRY STACK G A S  

MD = (lOO.-PMV)/100. 

100.- 4.0 

100. 

. .  

0.960 MD = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

~ AVERGE MOLECULAR WEIGHT OF DRY STKK GAS 

MWD = (PC02*.44) + (P32*. 32) +(PN2+PCO) *.2a 

M W D  = ( 2.6*0.44)+(17.0*0.32)+((~o.4+o.o~*o.2a~ = 29.10 LBILB MOLE 

, MOLECULAR WEIGHT OF STACK GAS 

I !4W = MiWD*XD + 18*(1-MD) 

I 
I 

MW = 29.10*0.960 + 18*(1-0.960) = 28.65 LB/LB MOLE 

STACK ;;AS VELOCITY AT STACK CONDITIONS 

VS = 85.49*CP*SQRT( (DPS*(TS+460) )/(PS*MW)) - 

VS = 85.49*.84*SQRT( (0.225* 952.) / (29.90*28.65)) = 35.9 FPS 



STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QA = VS * AS * 60 / 144 

QA = 35.9 * 1018. * 60 / 144 = 15231. ACFM 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

p S  = (17.64*QA*PS*MD) / (TS+460) 

17.64 * 15231. *29.90 *0.960 
0s = ____________________------------ = 8105. SCFM 

952.0 

PERCENT ISOKINETIC 

PER1 = ( 17.3* (TS+460) *VMSTD) /(VS*TT*PS*MD*DN*DN) 

17.3* 952.0* 46.22 
PER1 = ____---________--_____I____________ - 105.9 PERCENT 

35.9* 66.0*29.90*0.960*0.325*0.325 

PARTICULATE LOADING -- EPA HETHOD 5 
(AT STANDARD CONDITIONS) 

CAN = 0.0154*FMF/VHSTD 

CAN = 0.0154*( 295.8/ 46.22) = 0.0986 GR/DSCF 

PARTICULATE I,BS/HR--EPA METHOD 5 

CAW = 0.00857*CAN*QS 

CAN = 0.00857* 0.099* 8105. = 6.85 I,BS/HR 

PERCENT EXCESS AIR 

(PO2-0.5*PC0) 
*loo PEA = -_------_______________ 

0.264*PN2-P02+0.5*PCO 

17.0- (0.5*0.0 
* l o 0  = 402.3 PERCENT PEA f -_--_--__________________ 

(0.264*80.4)-(17.0+0.5*0.0 

.. 

I 



I ,  



PRELIMINARY FIELD DATA 

Stack Geometry 

P lan t  Name 

Plant  Location 

Sampling Location a a 
Date( s )  b-  2 7 -  7 P  

v 

A. Dis t .  from ins ide  of f a r  wall t o  ou t s ide  of 

B. Wall th ickness :  

near wall : 3.gYf inches 

2 P? inches 
-- 

Ins ide  diameter o f  stack ( A - B ) :  2d “ inches  

Stack Area: /o / B  square inches 

Comments: 7 ~ -  / A- .+?& ALH 
Sketch of s tack cross  sec t ion  
showing sampling por t s .  

*2 rn 
Point  % of Distance Distance 

Diameter from ins ide  from out-  
wall s i d e  of por t  

I 1. I 7% 3 %  
a .7 I Y ) $  9 
3 fG.0 L/ & I 

Y 8. 7 1 3’;k 55 i 

/ 7 5  1 //. 6 q-% {o 

I 

s 



Point % of 
Diameter 

Distance 
from out- 
s ide  of por 

2+ 
2 4 5  



Sampling Location -&&$ =?3. (&-a.l Opera t o r  R D  
Time o f  Ti me C O 2  02 co :!,02 
Sample o f  Reading Reading Reading 1 

Collection Analysis A I B C 13-4 I 100-c 

PROCESS DESCRIPTION 

FUEL TYPE B O I L E R  TYPE 
I 

, o v e r  feed underfeed 
r: bark , :shavings 
I : ch ips  ~ -: sawdust 

I .''I ; 2 ;; $4 i ! $ 6  steain ; v i b r a t o r  a i r  
, - . ! f l ipper  grav i ty  ram 

I 
, .  

O i  1 7: 1 : : a 5  Mechanism ~ 'manual !screw ,chain I-. 1'3 

d t u m i n o u s  Grating type - - . ' so l id  s t a t iona ry  

- , 1 1 :  

. t r a v e l i n g  v ibra t ing  
-. . Coal ;coke 
- a n t h r a c i t e  

e r  i zed? Control Equipment? - Vm-4 
Mat. Gas Other Combustion F.ir Configuration , , o v e r f i r e  j e t s  

PROCESS OP EP.AT I O !  I 

RATE TYPE Rated liormal Actual , 
I 

-1 
1 I -7- 

I ( I b s / h r ,  g a l s / h r ,  cu.  f t . / h r  t i : !c 6.0 
i Feed Kate - I ~- 

I 
I 

I 
I 

I---- 
( l b s / h r )  ! 

I 
I 

I i 
I I : 
i i I 

KW produced 
(power b o i l e r s  only)  

j ______ 7 

I 

1 MBTU/hr produced 

' H.P. produced I--- i 

I 







9 

e 

4 

Y ! 







1 



'1. .- 

u- y. -- 
4' 

. .  ....... CL] . . .  ....... .- 
.L 

. .  

0 
." 

7 

I 
! 

I 

j 

! 
I 
i 
I 
! 

i 

I 
! 

! 
I 

$? .. - 
.. - -. ~ . .  ... ._ 

I 
! 

:,, . .  . .  
-1, ... ... ... 

4. 

.. ... ... 



Date of hlakcup Individual Water Tare Volwiie 20Q i i i l S  

I n i t i a l s  ndividual S i l i c a  Gel Tare IVeigIit a 5 0  @s 

Locked? - 

P l m t  Name 

-/--- 

2-- Sampling Location --2---- 
Y 

e 

I n i t i a l s  - 

I 

Date I n i t i a l s  Locked? 
Transferred t o  Lab 6 h / %  (P'& - 1L; . 
Received i n  Lab I1 -5LL (/' 

q s p o  c/ni E- 
Zero 6 Span Halance 
~ n i t i a l s  gC-5 





Time o f  1 Sample ' Collection 

I 

li id 2 I O' 

1 Bo. y I 

! 
Time L O 2  02 co ?,02 ; ::co 

of Readiny Reading Reading 
Analysis A B C u-4 i c-u 1 loo-c 

/ b  15 2 . 6  ! , )Y,L /q*d : 13co' 0 
I 
I I 

I 
I 
I I 

I i 

I 

I 

i 

I 
I I I 

PROCESS DESCRIPTION 

FUEL TYPE 

: :bark j shavings 
j , :chips -: sawdust 

O i  1 

Coa 

Na t 

&mi nous - icoke 
- , a n t h r a c i t e  
.pulver ized? 

Gas / Other 

- BOILER TYPE 

Feeding 
Locat ion ,cverfeed underfeed 

Mechanism I 'manual iscrew chain 
steam ; v i  b r a t o r  a i r  

/-.' f 1 i pper g rav i ty  ram 

. . t r a v e l i n g  ~ vibra t ing  
Grating type .-.:solid __ s t a t i o n a r y  

Control Equipment? 7- 
Combustion Air Configuration I o v e r f i r e  j e t s  

- 

PROCESS OPERAT 1 Oil 

I 

! i 

i /6 b o  !- 

~ 

RATE TYPE Rated rloro.ai i Actmi j 
! 

I I 

I 
i 

i Feed Rate 
I ( l b s / h r ,  y a l s / h r ,  cu. f t . / h r  i 
I--- 

___ ( l b s / h r )  

KL4 produced ---I-- I I 
(power b o i l e r s  only)  - 1 

I I e 1 i I i N3TU/hr produced 
I 
i ! i I i 1 j . P .  produced 
I_-.__ 



- .. ..I 

. . ..4 .. 

c 
0 

.Pi 

iJ 





\ 



I '  

i 
I 

-___. . 

I 
. - 

! 

i 
- 

i 

! 

! 

. .. . 



\ 







. .- lii. Date I n i t i a l s  Locked? 
Transferred to  Lab b/2d?E (A e. . .  
Received i n  Lab )I ' gi I 

Sampling Method: ct/ - $- 

I n i t i a l s  ]Locked? 

Zero 6 Span Balance 
I n i t i a l s  ;rf-f 

F i l t e r  Tare Used 

(maps) Test 
n' IVeight 011 

a490 y!L ? Y 
3///  W? G >- 
as39 709.7 6 

ENTALISTS, INC ..... 
/WIPECIALISTS IN -1 

&$ouUCE 
&!,AMPLINO 



ROY N. DOSTER 

IO'ILLIS N E S B I T  

JOHN L .  EXGLISII  

Y E I L L  b l .  H.A.RDES 

T E S T  P A R T  I C  I PANTS 

., P R O J E C T  DIRECTOR 

TEAPI LEADER 

E N G I N E E R I N G  T E C H E I C I A N  

EXG I XE E R T K G  T E C H X  I C I AS 





F-factor Method 

For each sample run, an integrated gas sample is obtained 

using a stainless steel probe, diaphragm pump and rotameter, 

and Tedlar bag. The sample is analyzed with an orsat apparatus 

to determine % C O 2 ,  %02, and %CO.  An excess air correction factor 

is calculated based on the oxygen content in the effluent stream. 

The F-factor is defined as the ratio of the theoretical quantity 

of dry effluent gas generated by combustion to the heat content 

of the fuel. Using this ratio and the excess air correction factor, 

the ratio of the actual volumetric flow rate to the heat input rate 

may be calculated. Measurement of the excess air and the flow rate 

thus allows determination of the heat input rate. In a similar 

manner, the F-factor, excess air, and pollutant concentration are 

used to calculate emission rates directly in terms of lbs/lO Btu. 

.1 Q 
6 

I Using stoichiometric relations, F-factors may be calculated from 

the ultimate analysis and heating value of the fuel. However, the 

values for F are constant for any given fuel category within + 3 % .  

Average values for F (dscf/104 Btu), for some common fuels are: 

bituminous coal-98.2, oil-92.2, gas-87.4, wood bark-96.4, and 

other wood residue (chips,etc.)-92.8. 

The use of the F-factor method eliminates the inconcsistencies which 

arise in determining heat input rates from fuel burning rates or 

steam production rates. The accuracy of the F-factor method, 

however, is dependent on the accuracy of the excess air and 

volumetric flow rate measurements. 

I-. e 



A P P E N D I X  E 



CAL I BRAT IONS 

P I  TOT 

t o  a sampl ing  i ' robe,are c o n s t r u c t e d  i n - h o u s e  o r  by Nutech Corp- 
o r a t i o n .  P r i o r  t o  t h e i r  i n i t i a l  u s a g e ,  t h e y  a r e  c a l i b r a t e d .  
I n  g e n e r a l ,  i f  a t y p e  "S" p i t o t  t u b e  i s  assembed c o r r e c t l ~ y ,  and 
p o s i t i o n e d  p r o p e r l y  i n  r e l a t i o n  t o  t h e  p robe  n o z z l e ,  i t  will havc 
a Cp o f  0 . 8 3 -  0 . 8 7 .  A s  l o n g  a s  i t  i s  no t  damaged, i t  s h o u l d  
n o t  change i t s  c a l i b r a t i o n .  The r e c a l i b r a t i o n  s c h e d u l e  f o r  p i t o t  
t u b e s  i s  g e n e r a l l y  r e l a t e d  t o  t h e  p h y s i c a l  c o n d i t i o n  and u s a g e  o f  
t h e  p i t o t  t u b e ,  n o t  a f i x e d  time s c h e d u l e .  

A 1 1  p i t o t  t u h e s  used  by En t ropy ,  w h e t h e r  s e p a r a t e  o r  a t t a c h c t l  

U R Y  GAS m n x  A N D  O R I F I C E  M E T E R  

A l l  Ent ropy  m e t e r  boxes  a r e  c a l i b r a t c d  a t  l c a s t  once  e v e r y  
t w o  months,  a c c o r d i n g  t o  t1iei.r u s a g e  h i s t o r y .  B a s i c  p r o c e d u r e s  
a r e  o u t l i n e d  i n  t h e  EPA P u b l i c a t i o n  No. A P T i ) - 0 5 7 6 .  T h e  o n l y  
d i f f e r e n c e s  a r e  t h e  f l o w  r a t e s  used  and t h e  volumcs m e t e r e d  a t  
cacti floi%r r a t e .  

Each n o z z l c  i s  c a l i b r a t e d  upon p u r c h a s e ,  and t h e r e a f t e r  
whenever i t  becomes a p p a r e n t  t h a t  t h e  n o z z l e  h a s  become damagcd. 
The d i a m e t e r  i s  measured on f o u r  d i f f e r e n t  a x e s ,  w i t h  t h e  h i g h  and 
low r e a d i n g s  d i f f e r i n g  by no more than  0 . 0 0 4  i n c h e s  a s  a t o l c r a n c c .  

'7' 131P I: IMT IJ Rii M E  ASU R I  NG I NSTRUblENTS 

ASTM p r e c i s i o n  m c r c u r y - i n - g l a s s  thermomctcr  a c r o s s  a wiclc ran;:c o f  
t c i n p c r a i ~ i r c s .  I l i  tlic i n . i t i a 1  rcadir ig  i s  n o t  wi~t1ii.n + 1 . 0 :  o l  t h e  
a b s o l u t c  t c ~ i i p e r a t ~ r c  r e a d i n g  01 t h e  s t a n d a r d  thcrmometcr , ,  t h c  
i n s t r u m e n t  i s  a d j u s t c d  u n t i l  i t  i s  i n  t h c  a c c e p t a b l e  r a n g e .  

The  t l i c rmocouplcs  o r  thermometers  a r e  c a l i b r a t e d  a g a i n s t  an 

hlAGN E l l  ti L I c G.W G l i  s 
The m a g n e h e l i c  gauges  a r e  c a l i b r a t e d  a g a i n s t  i n i l i n c d  man- 

o m e t e r s  a t  t h r e e  d i f f e r e n t  s e t t i n g s  ( l o w ,  medium, h i g h )  o v e r  
t h e  r a n g e  o f  t h e  i n d i v i d u a l  g a u g e s .  I f  t h e  r e a d i n g s  d i f f e r  more 
t h a n  -?. 1% o f  t h e  f u l l  s c a l e  o f  t h e  gauge from t h e  manometer 
r e a d i n g s ,  t h e  m a g n e h e l i c s  a r e  r e c a l i b r a t e d .  C a l i b r a t i o n s  a r e  
checked  once  a month o r  a f t e r  t h r e e  j o b s ,  wh icheve r  comes f i r s t .  
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N O Z Z L E  CALIBRATIOX DAT.4 

NOZZLE d zoy- 







NOZZLE C A L I B R 4 T I O X  DATA 



I 
NOZZLE CALIBRATION DATA 

N O Z Z L E  208 

DIAMETER,  i n .  - - - - -  -_______-___.____ 

___ DATE I N I T I A L S  1 2 3 4 

1 - 3-28  h J N  6 299 .3*0 ,300 ' 3 0 0  , 
I .w 0346 2 -$-a ,308 .'4M 



AVERAGE 

6 3f7 



MINIMUM NUMBER OF TRAVERSE POINTS 

NUMBER OF DUCT DIAMETERS UPSTREAM FROM DISTURBANCE 
(Distance A )  

NUMBER OF DUCT DIAMETERS DOWNSTREW1 FROM DISTURBANCE 
(Distance B) 

COMMENTS: . -  

Kqn: I 

- .-.. 
I 

I' 

DISTURSANCE 



/ - .  

See Graph on Reverse S ide  
For Number of Tes t  P o i n t s .  
Use Reverse S ide  f o r  Comments. 

i- 

R e q u e s t  2 Copies of Report  

OBSERVERS SIGNATURE 

/ 

SOURCE TEST 
OBSERVERS CHECKLIST 

. C .  Div is ion  of Environmental Manage 

Source 
Name: 

Address: 

P l an t  
Location 
Source 
Contact:  

Phone: 

Other Personnel  Involved 

Tes t ing  
Firm: 

Address : 

Phone: 
T e s t  
Engineer:  

A s s i s t a n t :  
- -- 

A f f i l i a t i o n  

Process  Desc r ip t ion :  

Process  Rate  
During Tes t :  
Maximum 
Process  Rate: 
Burner S i z e s  
( I n c i n e r a t o r s )  P r i :  Sec: 

- 

TEST 
Duct 
S ize :  36 "OD 
Dis tance  
Before P o r t s :  3 ,  22 q'-"' 
Dis tance  ' <, 
A f t e r  P o r t s  : / 9  33 9 -0 
Number of 

Number 
T e s t  P o i n t s :  ++ /,Y5cK 
of Runs: 
Sampling T i m e  
P e r  Run (min.) :  6L /,< 

M T E R S  
P o l l u t a n t  
Sampled : /%-A 

'25- 
E. P. A. 
Method No.: 
I f  method d i f f e r s  from E .  P. A. method, 
expla in :  

For Method 5 sampling t r a i n  record AH@/& 
.. , I  

~~ ~~ 

$/A ./3 
Leakage Rate  ( f t3 /min . )  
(0 .02 f t3 /min .  or l e s s )  - 

Run #l Run # 2  Run #3 



M I N I M U M  NUMBER OF TRAVERSE POINTS 

NUMBER OF DUCT DIAMETERS UPSTREAM FROM DISTURBANCE 
( D i s t a n c e  A )  

DISTURBANCE f 

2 3 4 5 6 7 8 9 

NUMBER O F  DUCT DIAMETERS DOWNSTREAM FROM DISTURBANCE 
( D i s t a n c e  B) 



I .  

- - c  
, ... 

SOURCE TEST 
OBSERVERS CHECKLIST J 

i . C .  Divis ion  of Environmental Manage 

source  
Kame: ierar;ct; 6 r / p  co. 
Address: SAL&% r-dl 

P l a n t  a I 

Locat ion:  - 5 % n / f G  rd 
Source 
Contact :  3.c ,40/+0,4 

Phone: 7-75.. a \ 37- 
Other  Personnel  Involved 

Phone: 
T e s t  
Engineer:  3 ., fi &ray& 

A s s i s t a n t :  G 

I 

Process  Rate  
During T e s t :  
Maximum - 
Process  Rate: 
Burner S i z e s  
( I n c i n e r a t o r s )  P r i :  Sec: 

TEST 
,I 

Duct 
S ize :  3 6  
Dis tance  

Distance 

Number of 
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C A L I  BRAT IONS 
. ~ .  

. -  PITOT 

t o  a sampl ing  p r o b e , a r e  c o n s t r u c t e d  i n - h o u s e  o r  by Nutech Corp- 
o r a t i o n .  P r i o r  t o  t h e i r  i n i t i a l  u s a g e ,  t h e y  a r e  c a l i b r a t e d .  
I n  g e n e r a l ,  i f  a t y p e  “S“ p i t o t  t u b e  i s  assembed c o r r e c t l y ,  and 
p o s i t i o n e d  p r o p e r l y  i n  r e l a t i o n  t o  t h e  p robe  n o z z l e ,  i t  will have  
a Cp o f  0 . 8 3 -  0 . 8 7 .  As l o n g  a s  i t  i s  n o t  damaged, i t  shou ld  
n o t  change i t s  c a l i b r a t i o n .  The r e c a l i b r a t i o n  s c h e d u l e  f o r  p i t o t  
t u b e s  i s  g e n e r a l l y  r e l a t e d  t o  t h e  p h y s i c a l  c o n d i t i o n  and usage 0.f 
t h e  p i t o t  t u b e ,  n o t  a f i x e d  t i m e  s c h e d u l e .  

A l l  p i t o t  t u b e s  used  by E n t r o p y ,  whe the r  s e p a r a t e  o r  a t t a c h e d  

DRY GAS METER AND ORIFICE METER 
A l l  En t ropy  m e t e r  boxes  a r e  c a l i b r a t e d  a t  l c a s t  once  e v e r y  

two months,  a c c o r d i n g  t o  t h e i r  u s a g e  h i s t o r y .  B a s i c  p r o c e d u r e s  
a r e  o u t l i n e d  i n  t h e  EPA P u b l i c a t i o n  No. APTD-0576 .  The o n l y  
d i f f e r e n c e s  a r e  t h e  f l o w  r a t e s  u sed  and t h e  volumcs me te red  a t  
e a c h  f low r a t e .  

NOZZLES 
Each  n o z z l e  i s  c a l i b r a t e d  upon p u r c h a s e ,  and t h e r e a f t e r  

whenever i t  becomes a p p a r e n t  t h a t  t h e  n o z z l e  h a s  become damaked. 
The d i a m e t e r  i s  measured o n . f o u r  d i f f e r e n t  a x e s ,  w i t h  t h e  hi.gh and 
low r e a d i n g s  d i f f e r i n g  by no more t h a n  0 . 0 0 4  i n c h e s  a s  a t o l e r a n c e .  

T i  ii.11’13 RATU ll1 M li AS U R I N G I N ST RUMEN’I’S 

ASTM p r e c i s i o n  m e r c u r y - i n - g l a s s  thermometcr  a c r o s s  a wide r a n g e  o r  
t e m p e r a t u r e s .  I f  t h c  i n i t i a l  r e a d i n g  i s  n o t  w i t h i n  f 1 . 0 :  O C  t h c  
a b s o l u t e  t e m p c r a t u r c  r e a d i n g  o f  the s t a n d a r d  t h e r m o m e t e r ,  t h c  
i n s t r u m e n t  i s  a d j u s t e d  u n t i l  i t  i s  i n  t h e  a c c c p t a b l e  r a n g e .  

MAGNEHELIC GAUGES 

o m e t e r s  a t  t h r e e  d i f f e r e n t  s e t t i n g s  ( low,  medium, h i g h )  o v e r  
t h e  r a n g e  o f  t h e  i n d i v i d u a l  gauges .  I f  t h e  r e a d i n g s  d i f f e r  more 
t h a n  t 1% o f  t h e  f u l l  s c a l e  of  t h e  gauge from t h e  manometer 
r e a d i n g s ,  t h e  m a g n e h e l i c s  a r e  r e c a l i b r a t e d .  C a l i b r a t i o n s  a r e  
checked  once  a month o r  a f t e r  t h r e e  j o b s ,  wh icheve r  comes f i r s t .  

The the rmocoup les  o r  the rmomete r s  a r e  c a l i b r a t e d  a g a i n s t  ;in 

The m a g n e h e l i c  gauges  a r e  c a l i b r a t e d  a g a i n s t  i n c l i n e d  man- 
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