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... I 

I N T R O D U C T I O N  

S t a t i o n a r y  soi l rce  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 ,  North 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 e a c h  

o f  t h e  two k i l n  s t a c k s  on Februa ry  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  Kere Pau l  S i e f f e r t  and S c o t t  

Frame o f  P u l l m a n - S w i n d e 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  gas  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  o f  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 .  





I 
TABLE 2 

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  t 

K I L N  STACK #1, SOUTH 

RUN NUMBER 1 2 3 

DATE 2 /  9 / 7 8  2/  9 / 7 8  21 9 / 7 8  

STACK TEMPERATURE, DEG. F 3 0 6 .  393.  3 0 8 .  

PERCENT E X C E S S  A I R  565.  565. 565.  

PERCENT I S O K I N E T I C  96.8 9 6 . 1  9 9 . 5  

S T q C K  FLOW RATE 2 0 9 0 5 .  21714.  2 1 0 1 2 .  
SCFM* DRY 

STACK FLOW RATE 3 1 5 6 0 .  3 2 8 2 7 .  3 1 9 1 2 .  
ACFM, WET . 

VOLUME OF GAS SAMPLED 6 0 . 8 9  7 0 . 2 1  6 3 . 4 2  
S C F *  DRY 

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

CATCH - MGRAMS 5 2 8 . 7  

  ON CENT RATION - 'GR/DSCF* 0 . 1 3 3 7  

E M I S S I O N  RATE - 2 3 . 9 6  

--- . *  9 

a 
LBS/HR 

* 68 DEG F ,  2 9 . 9 2  I N .  HG 

- 3 -  

5 5 0 . 0  4 4 3 . 2  

0 .1206 0 . 1 0 7 6  

2 2 . 4 5  1 9 . 3 8  



TABLE 3 

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

K I L N  STACK X2, NORTH 

RUN NUMBER 

DATE 

STACK TEMPERATURE, DEG. F 

PERCENT EXCESS 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 GAS SAMPLED 
S C F *  DRY 

PARTICULATES, EPA ~IETHOD 5: 

CATCH - MGRAMS 

CONCENTRATION - GR/DSCF*  

E M I S S I O N  RATE - . 
LBS/HR 

* 68 DEG F ,  2 9 . 9 2  I N .  HG 

4 

21 9 / 7 8  

336.  

5 6 5 .  

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  

336.  

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 

2 /  9 /78  

335.  

565.  

9 5 . 4  

1 4 6 1 .  

2 2 8 1 .  

1 7 . 9 0  

1 5 8 . 9  

0 . 1 3 6 7  

1 . 7 1  

-4- 



Table 4 

Particle Size Summary 

_ _ _ _  Stack #1 (South)------ _ _ _ _  Stack # 2  (North)------- 

Aerodynamic 
Di ame t e r 
(microns) 

1 0 . 7  

6 .72  

4 . 4 8  

3 .11  

1 . 9 6  

1 . 0 1  

0 . 6 1  

0 . 4 1  

Cumulative $ 
Less Than 
Stated Size 

93.0  

80 .6  

6 3 . 2  

43.5 

2 9 . 2  

1 0 . 1  

2 .5  

1 . 7  

Aerodynamic 
Diameter 
(microns) 

1 5 . 7  

9 .79  

6 .55  

4 . 5 5  

2 . 8 5  

1 .48  

0 . 9 1  

0 .63  

Cumulative % 
Less Than 

Stated Size 

97.6  

96.1 

88.6 

80.6 

71.6 

56.7 

4 8 . 2  

36 .3  

Median Size: approx. 3 . 3  microns Median Size: approx. 1 . 3  microns 



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 sed  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 .  



. . . - - . . . , 

PROCESS DESCRIPTION 

manufactures  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 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  

of  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 cars  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 car 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 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  o f  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 .  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  

t h e  k i l n ,  w i t h  t h e  2 0 0 0 ° 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, 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 .  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  

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 .  

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  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  combust ion  p r o d u c t s  f rom 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 -  



T O  ATMOSPHERE 

T 1 
I 

S AMP L I NG 
LOCAT I O N S  

FAN 

I 
I 

A M B I E N T  A I R  
I - 

+ _ -  
R I C K  CAR 

B R I C K  B R I C K  
P R E H E A T  F I R I N G  COOL1 N G  

ZONE ZONE ZONE 

K I L N  

A I R  TO B R I C K  D R Y E R  

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 ,  the k i l n  was f i r i n g  a c a r l o a d  of  8064 

t y p e  # 3 2 0  b r i c k s  e v e r y  100  minu tes .  With an a v e r a g e  b r i c k  

- weigh 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 sage  

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  

we igh t  r a t e  is 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  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  o p e n i n g  

o c c u r r i n g .  As shown i n  T a b l e  1 i n  the  Summary o f  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  15, 1 9 7 7 .  Also  

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  i t .  

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 t w o . k i l n  e x h a u s t  s t acks  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  axes ,  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  

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 .  

V e l o c i t y  measurements  were i n  acco rdance  w i t h  Method 2 .  

Molecu la 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 'de te rmined  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 es t s  were made u s i n g  Andersen Mark I 1 1  S t a c k  Samplers  

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 ,  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 ,  Inc .  
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FROM FAN 
AND K I L N  

FIGURE 2 ,  STACK DIMENSIONS AND SAMPLING POINT LOCATIONS, 
KILN EXHAUST STACKS ( 1 AND 2) 
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RESULTS PREPARED BY 

**ENTROPY ENVIRONXENTALISTS,INC. * *  



PARTICULATE FIELD D A T A  & RESULTS TABULATION 

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

TEST TEAM LEADER:  WILLIS NESBIT 

, 
I 
I 

TEST 1 K I L N  STACK #1, SOUTH 

I TEST 2 K I L N  STACK #1, SOUTH 
~ 

~ 

~ 

TEST . 3 K I L N  ST4CK # I ,  SOUTH 

RUN NUMBER -----_---- 

TEST DATE 

TB TIME-START 
TF TIME-FINISH 

----__--- 

1 2 - - 

1 0 2 2  
1 1 3 1  

1 2 1 5  
1 3 2 5  

I TT NET T I M E  OF TEST,MIN. 6 6 . 0  6 6 . 0  

FNP NET SAMPLING POINTS 4 4 .  4 4 .  

DN SAMPLING NOZZLE D I A . ,  I N .  0 . 2 4 3  0 . 2 5 7  

CP PITOT TUBE COEFFICIENT 0 . 8 4  0 . a 4  

PM 

I 

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

2 . 8 5  3 . 8 8  

I VM VOLUME OF DRY G A S  SAMPLED 6 1 . 5 0 9  7 1 . 8 1 5  

I C U .  FT. AT METER CONDITI3NS 

TM AVERAGE GAS METER TEMP 69 .  7 1 .  
DEGREES F 

VNSTD VOLUME OF D R Y  GAS SAMPLED 6 0 . 8 8 9  7 0 . 2 1 1  
AT STANDARD CONDITIONS*,SCF 

vw T3TAL H 2 0  COLLECTED I N  32 .0  4 5 . 0  
IMPINGERS L SILICA G E L , M L .  

I VA V VOLUME OF WATER VAPOR 1 .51  2 . 1 2  
I AT STANDARD CONDITIONS*, SCF 

PMV PERCENT MOISTURE BY VOL. 2 . 4  2 . 9  

MD MOLE FRACTI3N DRY GAS 0 . 9 7 6  0 . 9 7 1  

PC02 PERCENT C 0 2  BY V O L . , D R Y  2 . 3  2 . 3  

PO 2 PERCENT 0 2  BY VOL.,DRY 1 7 . 9  1 7 . 9  

~ 

: 
8 PCO PERCENT CO BY VOL. , D R Y  0 . 0  0 . 0  

PN2 PERCENT N 2  B Y  VOL. ,DRY 7 9 . 8  7 9 . a  

3 - 

2/  9 / 1 8  

1 4 1 1  
1 6 2 3  

66 .0  

4 4 .  

0 . 2 4 4  

0 . 8 4  

2 . 8 8  

65 .390  

8 0 .  

6 3 . 4 1 7  

3 8 . 0  

1 . 7 9  

2 .  a 
0 . 9 7 2  

2 . 3  

1 7 . 9  

0 . 0  

7 9 . 8  



MWD 

MW 

PB 

P S I  

PS 

TS 

DPS 

vs 
AS 

QS 

QA 

PER1 

FMF 

CAN a 
CAW 

PEA 

MOLECULAR WT-DRY STACK GAS 

HOLECULAR 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 

AVE STACK GAS VELOCITY, FPS 

STACK AREA, SQUARE INCHES 

STACK FLOW RATE,DRY,SCFM* 

ACTUAL STACK FLOW RATE,4CFM 

PERCENT ISOKINETIC 

PARTICULATE,MS, EPA 5 

PARTICULATE,GR/DSCF* 
EPA 5 

I 

PARTICULATE, LBS/AR 
EPA 5 

PERCENT EXCESS AIR 

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

2 9 . 0 8  

28.82 

2 9 . 4 6  

0.0 

2 9 . 4 6  

306.  

1 . 1 9 0  

1 4 . 4  

1 0 1 8 .  

2 0 9 0 5 .  

3 1 5 6 0 .  

9 6 . 8  

5 2 8 . 7  

3 . 1 3 3 7  

23 .96  

565.  

2 9 . 0 8  

2 8 . 7 6  

2 9 . 4 6  

0 . 0  

2 9 . 4 6  

303.  

1 . 2 9 0  

1 7 . 4  

1 0 1 8 .  

21714.  

3 2 8 2 7 .  

9 6 . 1  

5 5 0 . 0  

0 . 1 2 0 6  

2 2 . 4 5  

565.  

2 9 . 0 8  

2 8 . 7 8  

2 9 . 4 6  

0 . 0  

2 9 . 4 6  

3 0 8 .  

1 . 2 1 2  

1 5 . 2  

1 0 1 8 .  

2 1 0 1 2 .  

3 1 9 1 2 .  

9 9 . 5  

4 4 3 . 2  

0 . 1 0 7 6  

1 9 . 3 8  

,565.  



PARTICULATE FIELD DATA & RESULTS TABULATION 

PLANT: LEE BRICK & TILE COHPANY, SANFORD, N.C. 

TEST TEAM LEADER: ROY N. DOSTER 

TEST 4 KILN STACK #2, NDRTH 

TEST 5 KILN STACK $2, NORTH 

TEST - 6 KILN STACK #2, NORTH 

RUN NUMBER ---------- 

TEST DATE 

TB TIME-START 
TF TIME-FINISH 

- - - - - - - - - 

4 - 

21 9/73 

1025 
1135 

TT NET TIME OF TEST,MIN. 66.0 

FNP NET SAHPLING POINTS 44. 

DN SAMPLING NOZZLE DIA., IN. 0.499 

CP PITOT TUBE COEFFICIENT 0.84 

5 - 

21 9/78 

1218 
1327 

66.0 

44. 

0.502 

0.84 

0.23 

6 
- 

2/ 9/78 

1411 
1623 

66.0 

44. 

0.502 

0.84 

0.25 

VM 

TM 

VMSTD 

vi 

vwv 

PMV 

MD 

PC02 

PO 2 

(0 PCO 

PN 2 

VOLUME OF DRY GAS SAMPLED 
CU. FT. AT METER CONDITIONS 

AVERAGE GAS METER TEMP 
DEGREES F 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS*,SCF 

TOTAL H20 COLLECTED IN 
IMPINGERS 6 SILICA GEL,ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITI3NS*, SCF 

PERCENT MOISTURE BY VOL. 

MOLE FRACTION DRY GAS 

PERCENT C02 3Y VOL.,DRY 

PERCENT 02 BY VOL.,DRY 

PERCENT CO BY VOL.,DRY 

.PERCENT N2 SY VOL.,DRY 

18.745 

52. 

19.050 

8.0 

0.378 

1.9 

0.981 

2.3 

17.9 

0 . 0  

79.8 

17.853 

61. 

17.828 

8.5 

0.401 

2.2 

0.978 

2.3 

17.9 

0 . 0  

79.8 

18.123 

67. 

:i.a97 

8 . 0  

0.378 

2.1 

0.979 

2.3 

17.9 

0.0 

79.8 



9 

9 

MWD 

MW 

PB 

PSI 

PS 

TS . 
DPS 

vs 
AS 

QS 

QA 

PER1 

FMF 

CAN 

C Ad 

PEA 

MOLECULAR “T-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 AEAD OF 
STACK GAS,IN. H20 

AVE 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 

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

2 9 . 0 8  

2 8 . 8 7  

2 9 . 4 6  

0 . 0  

2 9 . 4 6  

3 3 6 .  

0 . 0 0 6  

5 . 6 0  

l o l a .  
1 5 2 2 .  

2376 .  

9 8 . 7  

1 9 0 . 6  

0 . 1 5 4 1  

2 . 0 1  

565 .  

2 9 . 0 8  

2 8 . 8 4  

2 9 . 4 6  

0 .0  

2 9 . 4 6  

336 .  

0 . 0 0 6  

5 . 2 5  

1018. 

1 4 2 2 .  

2226 .  

9 7 . 6  

1 7 9 . 9  

0 . 1 5 5 4  

1 . 8 9  

5 6 5 .  

- 2 9 . 0 8  

2 8 . 8 5  

2 9 . 4 6  

0.0 

2 9 . 4 6  

335 .  

0 .006  

5 . 3 8  

1 0 1 8 .  

1 4 6 1 .  

2281 .  

9 5 . 4  

1 5 8 . 9  

0 . 1 3 6 7  

1 . 7 1  

565 .  



EXAMPLE PARTICULATE CALCULATION3 TEST ND.  4 

KILN STACK #2, NORTH 

VOLUME OF DRY GAS SANDLED AT STANDARD CONDITIONS 

VMSTD = (17.65*VM*(PB+PH/13.6) )/(TM+460) 

17.65* 18.745* (29.46+0.270/13.6) 
VMSTD = --___________-____---------------- = 19.050 DSCF 

512.0 

VOLUME OF WATER VAPOR AT STANDARD CONDIT1i)NS 

VWV = .0472 * VW 
VWV = .0472 * 8.0 = 0.378 5CF 

PERCENT MOISTURE IN STACK GAS 

PMV = (lOO*VWV) /(VMSTD+VWV) 

MOLE FRACTION OF DRY STACK GAS 

MD (lOO.-PMV)/lOO. 

100.- 1.9 

100. 
0.981 MD = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  = 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

WdD = (PC02*.44)+(P02*.32)+(PN2+PCO)*.25 

MWD = ( 2.3*0.44)+(17.9*0.32)+( (79.8+0.0)*0.28)' = 29.08 LB/LB MOLE 

MOLECULAR WEIGHT OF STACK GAS - 
NW = MWD*ND + 18*(1-MD) 

MW = 29.08*0.98i + ia*(i-o.gBi) = 28.87 LB/LB MOLE 

STACK GAS VELOCITY AT STACK CONDITIONS 

VS = 85.48*CP*SQRT[ (DPS*[~S+46O))/(PS*Mwf) 

VS = 85.48*.84*SQRT((0.006* 796.) / (29.46*28.87)) = 5..6 FPS 



STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

QA = VS * AS * 60 / 144 
QA = 5.6 * 1018. * 60 144 = 2376. ACFM 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QS = (17.65*QA*PS*MD) / (TS+460) 

17.65 * 2376. *29.46 *0.981 
1522. SCFM QS = ________________________________ = 

796.0 

PERCENT ISOKINETIC 

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

17.3* ?96.0* 19.05 
98.7 PERCENT I PER1 = ____---__-____----__--------- - - - - -= 

5.6* 66.6*29.46*0.981*0.499*0.499 
I! 
I' 

PARTICULATE LOADI'NG -- EPA METHOD 5 
/j (AT STANDARD CONDITIONS) 
1, 

I 
CAN = 0.0154*FhF/VMSTD 

CAN = 0.0154*( "190.6/ 19.05) = 0.1541 SR/DSCF 1 
PARTICULATE LBS/HR--EPA METHOD 5 

CAW = 0.00857*CAN*QS 

CAW = 0.00857* o.i54* 1522. = 2.01 LBS/HR 





.- I ; ' ,  

_ i  
, . ,  . !  : . I  I . * . . .  i. 

,... 1 . .!'.'. j ........ 1 .  
. - .i ...... ___I  :... a - 

. . . . . . . . . .  ! , . . :  ! _ . . !  .. ! :  . . . .  . . . . .  . :  . + : . 7 . . .  . . . . .  . . . .  m . . . .  .___ ... . ' .  ~ z c 
I <  0 
, I  L 

I- U 

! . .  , . I  , , , .  

. . .  . . . . . .  _--- 
, v j  1 .  .r 

. . . . .  Low E 
m N  

. . . . . . . . . .  ................ J L n  w 
. ,  . .  ~ . . . .  1 : . N  

. . .  i . . . . . . . . . .  : ......... : . . . . . .  = o m -  

><  Lo . . .  ' : ,+e w 
. . .  :...; I-Ln 2 ... V . , . : <  

2 
; I 

k- 3 
E CY 

. . . .  3 < 
...... V CL 

i 
. .  

I 4  I 

i . - ~ !  !._ .... ' 
. . . . . . . . . . . . . . . . . . . .  . . .  I I '  ! I 

, ' I  

w -  I 
. .  . ,  I - 

' !  ,~ j 1 -L 

' ,  ! , !  . . :  
. . . . .  . 

. .  ; . : : ,  . . . . .  i~ ...... ! ..... w>Lo . .  - 1  

, .  
1 .  I , 

I /  

. . . . . .  ............ . .  
---L . . .  . w I- ! 

. 
. .  ..i 

i i  

. . . . .  
. .  .. 

i 

. ......... . . . . . . . . . . .  - . . . . . .  
, -. - 

. .  
~ . , ~  : . .  ____-__ . - .  L-.- . - .  . . .  

....... .. I I .  

. .  . h. . 
. . . . . .  . . . . .  . . ,  . . 
. . .  . . . . . .  

: --cz.- --- 
. . .  . .  . . .  

: .  
-~ - 

. - /  
. . .  . .  

. . .  
- - 

. . . . . .  . 
I .  

, ., - ___ -. 

. 

.--- -j* !--.I - 1 '  . ..... 
. . . . . .  -- . . . . . . .  -..-I . . --, 

, .. 
---i ? 

. . . . . . .  ' ~I 

. . . . .  , . ~ . .  - . . : . I  
.; . .  , .: 

. . . .  . . . .  .... . . . .  . . . . . . .  , . .  - . ! .  . : 
. . . . . . .  , . . . . .  ' . . :  

.. . . . . . . . .  . ,  . .  
.~ i. ' :  

, ' .  
. . . . .  ...... . ..... 



I -  I 
I 

i 



ENTI1LIBTB. INC ...., 





P R E L I M I N A R Y  FIELD DATA 

?ta&..&awtrx -L , 

Sketch of stack cross section 
snowing sampling ports. 

Plant Name 

Plant Location 

Lee 6Ltcr  q V L G  
SAIVGOIZ? 

Sampling Location <G-wL-ws I f-2- 

Date( s) 2 -?--l% 

A. Dist. from inside of f a r  wa l l  to  outside of 
near wall : 3 8  3 f q  inches 

B.  Wall thickness: 2 7 ' q  inches 

Inside diameter of stack ( A - B ) :  36 ' inches 

Stack Area: square inches 

Comments: I 

4% &. ; r p 2 z ; 5 * 8 z a  

IPoi,nt of j Distance Distance I 1 side of ort 
Diameter from inside from o u t -  

1. I 79 3 :I&- 

Sketch o f  stack dimensions and 
location o f  sampling ports.  



Poin t  

2 Y  3- 



i ! 

I 
I ! 

PROCESS DESCRIPT!ON 

I 
~ ' -I( I 

nn- ,  FUEL TYPE 5 ' J I L E Z  TY?E 
, 

Other i iat .  Gas 

2ood bark j shavings 
. ch ips  sawdust 

Combustion Air Configuration o v e r f i r e  j e t s  

Coal 
/ 

coke d t u r n i n o u s  
a n t n r a c i t e  
pu 1 ver ized?  

Feeding 
Location overfeed underfeed 

sol 5 3 
t r a v e l  i 

Grat ing type - 

Control Equipment? _- 4 

screw ,chain 
' v i b r a t o r  ' a i r .  
g r a v i t y  ram 

s t a t i o n a r y  
v ibra t ing  
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APPENDIX E 



F - f a c t o r  Method 

For  each  sample  r u n ,  an i n t e g r a t e d  gas  sample i s  o b t a i n e d  

u s i n g  a s t a i n l e s s  s t e e l  p r o b e ,  m o i s t u r e  knockout  j a r ,  d iaphragm 

pump, and T e d l a r  bag .  The g a s  s a m p l e  i s  c o l l e c t e d  a t  a minimum 

of 1 2  Method 5 t r a v e r s e  p o i n t s  and la ter  a n a l y z e d  w i t h  an o r s a t  

a p p a r a t u s  t o  d e t e r m i n e  %C02 , %02, and X C O .  

c o r r e c t i o n  f a c t o r  i s  c a l c u l a t e d  based  on t h e  oxygen c o n t e n t  i n  t h e  

e f f l u e n t  s t r e a m .  

An e x c e s s  a i r  

The F - f a c t o r  i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e  t h e o r e t i c a l  

q u a n t i t y  o f  d r y  e f f l u e n t  g a s  g e n e r a t e d  by combust ion t o  t h e  h e a t  

c o n t e n t  of t h e  f u e l .  Using t h i s  r a t i o  and t h e  e x c e s s  a i r  

c o r r e c t i o n  f a c t o r ,  t h e  r a t i o  of t h e  a c t u a l  v o l u m e t r i c  f low r a t e  t o  

t h e  h e a t  i n p u t  r a t e  may be c a l c u l a t e d .  Measurement of t h e  e x c e s s  

2ir and t h e  f l o w  r a t e  t h u s  a l l o w s  d e t e r m i n a t i o n  of t h e  h e a t  i n p u t  

r a t e .  In a s imi l a r  manner ,  t h e  F - f a c t o r ,  e x c e s s  a i r ,  and p o l l u -  

t a n t  c o n c e n t r a t i o n  a r e  u s e d  t o  c a l c u l a t e  e m i s s i o n  r a t e s  d i r e c t l y  

i n  terms of l b s / 1 0 6  Btu .  

Using s t o i c h i o m e t r i c  r e l a t i o n s ,  F - f a c t o r s  may be  c ' a l c u l a t e d  

from t h e  u l t i m a t e  a n a l y s i s  and h e a t i n g  v a l u e  o f  t h e  f u e l .  How- 

e v e r ,  t h e  v a l u e s  f o r  F a r e  c o n s t a n t  f o r  any g i v e n  f u e l  c a t e g o r y  

w i t h i n  f37,. Average v a l u e s  f o r  F ( d s c f / l O  B t u ) ,  f o r  some 

common f u e l s  a r e  : b i tuminous  c o a 1 , 9 8 . 2 ;  o i l ,  9 2 . 2 ;  g a s , 8 7 . 4 ;  

wood ,92 .5 ;  and b a r k , 9 7 . 0 .  

4 

The u s e  of t h e  F - f a c t o r  Method e$ imina te s  t h e  i n c o n s i s t e n c i e s  

which a r i s e  i n  d e t e r m i n i n g  h e a t  i n p u t  r a t e s  from f u e l  bu rn ing  

r a t e s  o r  s t eam p r o d u c t i o n  r a t e s .  The a c c u r a c y  of t h e  F - f a c t o r  

Method, however ,  i s  dependen t  on t h e  a c c u r a c y  o f  t h e  e x c e s s  a i r  

and vol~i~metrir i l m 7  r - + n  mn-l..-q----r 




