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The sampl ing  and  a n a l y s i s  per formed f o r  t h i s  r e p o r t  

was 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 .  

I have rev iewed a l l  t e s t i n g  d e t a i l s  and r e s u l t s  i n  t1ii.s 

t e s t  r e p o r t  and hereby  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 

D .  .h/mcs Grove,  I). I: 
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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  s a m p l i n g  was pe r fo rmed  on J u l y  1 8 - 1 9 ,  

1979 a t  Chatham B r i c k  and  T i l e  Company, S a n f o r d ,  N o r t h  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 k i l n  # 2  which 

i s  e x h a u s t e d  by two s t a c k s  - t h e  w a s t e  h e a t  s t a c k  and  t h e  

d r y e r  s t a c k .  T h r e e  s e t s  o f  t e s t s  a t  each  s i t e  were pe r fo rmed  

s i m u l t a n e o u s l y .  

Immedia t e ly  f o l l o w i n g  i s  t h e  "Summary o f  R e s u l t s "  s e c t i o n ,  

p r e s e n t i n g  a summary f o r  a l l  t h e  t e s t s .  D e t a i l e d  r e s u l t s  o f  

t h e  s i x  p a r t i c u l a t e  t e s t s  a p p e a r  i n  Appendix A .  

A d e s c r i p t i o n  o f  t h e  p r o c e s s ,  i n c l u d i n g  an  a i r  f l o w  

s c h e m a t i c ,  i s  g i v e n  i n  t h e  " P r o c e s s  D e s c r i p t i o n  and  O p e r a t i o n "  

s e c t i o n .  

The l a s t  s e c t i o n ,  "Sampling and  A n a l y t i c a l  P r o c e d u r e s , "  

b r i e f l y  d e s c r i b e s  t h e  s a m p l i n g  s t r a t e g y  u s e d . .  Fo r  a d e t a i l e d  

d e s c r i p t i o n  o f  t h e  equipment  and  p r o c e d u r e s ,  s e e  Appendix D.  

C a l i b r a t i o n  d a t a  i s  g i v e n  i n  Appendix  E .  



SUMMARY OF RESULTS 

P r e s e n t e d  i n  Tab le  1 below a r e  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  w a s t e  h e a t  and d r y e r  e x h a u s t  s t a c k s .  

TABLE 1 

PARTICULATE EMISSIONS 
pounds p e r  h o u r  

S i m u l t a n e o u s  
Tests  Waste Heat  S t a c k  Dryer Exhaus t  ' T o t a l  

1 6 4  1 . 3 5  0 . 8 1  2.16 

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

3 E 6  1 . 8 0  0 .49 2.29 

Average 1 . 4 2  0 . 5 6  1. 98  

Accord ing  t o  North C a r o l i n a  R e g u l a t i o n  2 D . 0 5 1 5 ,  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 3 . 2  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  r a t e  o f  5 . 7 5  t o n s  p e r  hour  and  

i n c l u d e s  an  e s t i m a t e  of t h e  sawdus t  b e i n g  burned .  D e t e r m i n a t i o n  

of t h e  p r o c e s s  r a t e  i s  g i v e n  i n  t h e  " P r o c e s s  D e s c r i p t i o n  and  

O p e r a t i o n "  s e c t i o n .  

T a b l e s  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  pe r fo rmed  a t  t h e  was te  h e a t  s t a c k  

and  t h e  d r y e r  e x h a u s t .  



TABLE 2 

PARTICULATE TESTS SLIMNARY OF RESCILTS 

Waste Heat  S t a c k  

RUN PlLlMHER 

DATE 

STACK TEMPERATURE, DEF. F 

STACK FLOW RATE 
SCFM9 DRY 

STACX FLOW RATE 
AC:FM, WET 

196.77. 19577. 

50.91 49.83 

43.2 

. 0 1 3 1 

1.35 

.-,C 
< A d .  4 

. 0 1 1 0 

1.12 

52.34 

57.8 

, 0 170 

1.80 

3 
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TABLE 3 

PART1C:ULATE TESTS SUMMARY OF RESULTS 

D r u e r  O u t l e t  Stack  

RUN NUMBER 

DATE 

STACK TEMPERATURE. LIEF. F 

STACK FLOW RATE 
5:i:FMc DRY 

!STACK FLOW RATE 
ACFM, L.JET 

VOLClME OF GAS SAMPLED 
SC:F* rvw 

PERCENT I50K I NET I C 

PARTICULATES, EPA METHOI3 5: 

18917. 

50.79 

c ..I 

7/ 15/79 

124. 

14877. 

17596. 

49.21 

b 

7/19/79 

116. 

15246. 

17527. 

49. 00 

M I L L  I GRAMS - CATCH 

GRAINS PER r1si:Fa 

PCllJNDS PER HIZICIR 

c 4,:s DEI3 F, 2'3. 92 IN. HG 

4 



PROCESS DESCRIPTION AND OPERATION 

Chatham B r i c k  a n d  T i l e  Company i n  S a n f o r d ,  Nor th  C a r o l i n ;  

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 !  

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  of t h e  f i n a l ,  

shaped  p r o d u c t .  The b r i c k s  t r a v e l  t h r o u g h  a t u n n e l  c o n s i s t i n g  

of t h r e e  zones - b r i c k  d r y e r ,  f i r i n g  zone ,  and  c o o l i n g  zone.  

The b r i c k s  a r e  p l a c e d  on cars  which t r a v e l  on r a i l s  t h r o u g h  

t h e  k i l n .  When t h e  c a r  e n t e r s  and l e a v e s  t h e  t u n n e l ,  a m b i e n t  

a i r  i s  a l l o w e d  t o  e n t e r  u n c o n t r o l l e d .  The d r y e r  e x h a u s t  

s t a c k  i s  l o c a t e d  a t  t h e  b e g i n n i n g  o f  t h e  t u n n e l .  

The c a r  e n t e r s  t h e  b r i c k  d r y e r  where e x c e s s  w a t c r  i s  

e v a p o r a t e d  o f f .  Hot a i r  u s e d  t o  d r y  t h e  b r i c k  i s  s u p p l i e d  by 

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

n e a r  t h e  midd le  o f  t h e  k i l n .  N a t u r a l  g a s  and  sai\.clust a r e  

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

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

zone i s  e x h a u s t e d  by a f a n .  

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  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 of  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  of  combust ion  p r o d u c t s  f rom t h e  

s a w d u s t .  No p o l l u t 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 .  
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Dur ing  t h e  t e s t i n g  pe r fo rmed  a t  t h e  two s t a c k s ,  2 2 6 3  

b r i c k s  p e r  hour  were b e i n g  f i r e d  i n  t h e  k i l n .  With a n  

a v e r a g e  b r i c k  w e i g h t  o f  4 . 6  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  5.2 t o n s  of b r i c k  p e r  h o u r .  When t h e  

e s t i m a t e d  sawdust u s a g e  r a t e  o f  0.55 t o n s  p e r  h o u r  i s  a d d e d ,  

t h e  t o t a l  p r o c e s s  r a t e  i s  5 . 7 5 . t o n s  per h o u r .  



SAMPLING AND ANALYTICAL PROCEDURES 

All sampling and analytical procedures used were those 

recommended by the United States Environmental Protection 

Agency and the North Carolina Department of Natural Resources 

and Community Development. Complete details of  the equipment 

and procedures used are described in Appendix D, which is 

extracted from the Federal Register, August 18, 1 9 7 7 .  

Method 1 was used to determine the number and location 

of the sampling points. A stack extension was added to both 

stacks. The waste heat stack cross section was divided 

into 4 0  equal areas with eight points on each of five traverse 

axes, as shown in Figure 2 .  The centroid of each area was 

sampled for two minutes, resulting in 80 minute tests. The 

dryer exhaust stack was divided into 36 equal areas, with 

nine points on each of four traverse axes, as shown in Figure 3 .  

The points were sampled for two minutes each, for a total 

testing time of 7 2  minutes for each run. 

Velocity measurements were in accordance with Method 2 .  

Molecular weights for the stack gases were determined by 

Method 3 procedures. Particulate emissions were found using 

Method 5 analytical and sampling procedures. 

All sampling equipment used was manufactured by Nutech 

Corporation or Entropy Environmentalists, Inc. 
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APPENDIX A 

( COMPLITER F'H I NTED ) 

PAHTICCILATE TESTS RESCILTS 

WITH EXAMPLE CALCLILAT I ONS 



EXAMPLE PARTICULATE CALCULATIONS TEST NO. 1 

Waste Heat  Stack 

VOLUME OF WQTER VAPOR AT STANDARD CONDITIONS 

vwv = .04707 * VW 

VWV = .<I4707 9 77.0 = 5.624 SC:F 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MWD = (PCO2 9 .44)+(PO2 .32)+(PN2+PCO) ++ .a8 

M W D  = ( 1.8*0.44)+(18.7+0.32)+( (79.5+0.0)*0.28) = 29.04 LB/LF MOLE 

MOLECULAR WEIGHT OF STACK GAS 

MW = m w u  m n  + 18 * (i-Mn) 

MW = 29.04 * .934 + 18 %- ( 1 -  .934) = 28.30 LH/LR MOLE 



STACK GAS VOLLIMETRIC FLOW AT STACK CONDITIONS 

G!A = VS U AS U 60 / 144 

QA = 50.39 328. U 00 / 144 = 1Yh77. ACFM 

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

CAN = 0.01543 9 FMF/VMSTD 

C:AN = 0.01543 9 ( 43. 2 /  50. 91) = . 0 1 3 1  GR/DSCF 



PARTICULATE F I E L D  DATA k RESULTS TABULATION 

PLANT: C h a t h a m  B r i c k  k T i l e  C m P a n u .  S a n f o r d .  N. 

TEST TEAM LEADER: F r a n k  J. P h o e n i x  

C. 

TEST 1 W a s t e  H e a t  S t a c k  

TEST 2 W a s t e  H e a t  S t a c k  

TEST 3 W a s t e  H e a t  S t a c k  

RUN NUMBER 

,TEST EIATE 

TB 
TF 

TT 

FNP 

D N 

CP 

Y 

PM 

VM 

TM 

VMSTD 

VIJ 

VLJV 

PMV 

MD 

PC02 

PO2 

TIME-START 
T I M E - F I N I S H  

NET T I M E  OF TESTtMIN.  

PlET SAMPLING POINTS 

SAMPLINIG NOZZLE D I A . ,  IN .  

P I T O T  TUBE C:OEFFIC:IENT 

DRY GAS METER CAL. FACTOR 

AVERAIGE O R I F I C E  PRESSURE 
DROP, I N .  H 2 0  

VOLCIME O F  DRY GAS SAMPLED 
C:IJ. FT. AT METER CONDITIONS 

AVERAGE GAS METER TEMP. 
DEGREES F 

VOLCIME OF DRY GAS S:AMPLED 
AT STANDARD CONDITIONS*, SCF 

TOTAL H 2 0  COLLECTED I N  
IMPINGERS & S I L I C A  GEL, ML. 

VOLUME O F  WATER VAPOR 
AT STANDARD CONDITIUNS*. SCF 

PERCENT MOISTURE BY VOL. 

MOLE FRACTION URY GAS 

PERCENT 1332 BY VOL. I CIRY 

PERCENT 02 BY VOL. ,DRY 

- 

1 - 

7/18/77 

920 
1048 

30. 0 

40. 

.247 

. !34 

1 . Q O 6  

1 . .JL 
r .-, 

53.956 

102. 

50.31CJ 

77.0 

3. 6.2 

6 .  6 

.734 

1.8 

18.7 

L - 

7/18/77 

1 1  15 
1312 

80.0 

40. 

.247 

.84 

1 . QCJ6 

1.51 

53.466 

109. 

43. E m *  

73.5 

3.74 

7. 0 

. 93l:l 

1.8 

15.7 

3 - 

7/ 13/79 

1023 
1240 

80. 0 

40. 

.247 

.84 

i . Q Q ~  

1.54 

54.259 

74. 

52.332 1 

77.5 

6.5 

. 9L.4 

1.8 

18.7 

c -,c 



PCO 

mi2 

MWD 

MW 

PB 

P S I  

P!; 

TS 

[IPS 

VS 

AS 

I2S 

I2A 

PER I 

F M F  

CAN 

i:A W 

PERCENT Cc) BY VOL. ,DRY 

PERCENT N2 BY VOL. , DRY 

MOLECULAR WT-DRY STACK GAS 

MOLECILILAR WT-STACK GAS 

BAROMETRI IC PRESSURE I IN. HG. 

S T A T I C  PRES DF STACK GAS 
IN. H20 

STACK FRES,ABS., IN. HG. 

AVERAGE STAICK TEMP. DEG. F 

AVERAGE VELDCI  TY HEAD OF 
STACK GAS,IN. HZO 

AVE STACK GAS VELOCITY, FF'S 

STACK AREA, SQUARE INCHES 

STAC:P: FLOW RATE, DRY SCFM* 

ACTCIAL STACK FLOW HATE, AI::FM 

PERCENT I S U K I N E T I C  

PARTICULATES, EPA METHOD 5: 

0.0 

79.5 

29.04 

25. 30 

29.77 

- . L  

29.76 

341. 

.52s 

50. 9 

Q.:*c. .. LC.. 

12037. 

1'2677. 

102. 3 

MILL IGRAMS - CATCH 

i;RAINS PER DSCF9 

POCINDS PER HOUR 

43. 2 35.4 

. 0 1 1 0 

1.35 1.12 

.0131 
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PARTICULATE F I E L D  DATA & RESULTS TABULATION 

PLANT: C h a t h a m  B r i c k  & T i  le ComPan.r, S a n f o r d ,  N. C. 

TEST TEAM LEADER: C h r i s  M .  Wrcnrl 

TEST 4 f l r u e r  O u t l e t  S t a c k  

TEST 5 n rve r  O u t l e t  S t a c k  

TEST b r i r v e r  O u t l e t  S t a c k  

RUN NUMBER 

TEST DATE 

TH 
TF 

TT 

FFJP 

DN 

c:P 

Y 

PM 

- - ----- - - 

VM 

TM 

VMSTKI 

V 14 

vwv 

PMV 

M 11 

PC:l:Q 

P 0 2 

T I  ME-START 
T I M E - F I N I S H  

NET T I M E  O F  TEST7MIN. 

NET !:;AMPLING POINTS 

SAMPLING NOZZLE LIIA.,  I N .  

P I T O T  TLIBE COEFFICI  ENT 

DRY GAS METER CAL. FACTOR 

AVERAGE ClRI F I C:E PRESSLIRE 
DROP, I N .  HZO 

VOLUME OF TfRY GAS SAMPLEtI 
CU. FT. AT METER CONDITIONS 

AVERAGE GAS METER TEMP. 
DEGREES F 

VOLCIME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS*1 SCF 

TOTAL H2D COLLECTED I N  
IMPINGERS $1 S I L I C A  GEL, ML. 

VOLCIME OF WATER VAPOR 
AT STANDARD CCir l~ i ITIONS*, SC:F 

PERCENT MOISTCIRE BY VDL. 

MOLE FRACTION rrRY GAS 

PERCENT C 0 2  BY VOL. , DRY 

PERCENT 02 BY VOL. ,.tIRY 

4 - t. 
- 

7/18/79 7/18/79 7/ 19/79 

92(:) 
1043  

72.0 

36.. 

-,c.-, . L . l L  

. ,c:4 

1 . O C ~ O  

1 .7Y 

5::. 444 

y5. 

50.732 

49.5 

r. .-,.-, 
L . a3 

4.4 

.956 

1 . :3 

18.7 

1134 
1254  

72.0 

36. 

. 2 5 Z  

. 5:4 

1 . 00~:) 
1.74  

50.900 

91. 

48, 9 .38  

59.0 

2.78 

5. 4 

.346 

1.5 

18.7 



PCi i  

PN2 

MWD 

MW 

PA 

PS I 

PS 

T 5: 

DPS 

VS 

A!? 

12s 

QA 

PER I 

FMF 

CAN 

CAW 

PERCENT GO BY VCIL. , n w  
PERCENT N2 BY VOL. , DRY 

MOLECLILAR WT-DRY STACK GAS 

MOLECLILAR WT-STACK GAS 

HAHOMETRIO PRESSURE, IN. HG. 

S T A T I C  PRES OF STACE GAS 
IN. H2O 

STACK PRES.AHS., IN .  HG. 

AVERAGE STACK TEMP. DEG. F 

AVERACiE VELOCITY HEAD OF 
STACK GAS,IN. H20 

9 

FIVE STACK GAS VELOCITY, F F S  

STACK AREA, SNIARE INCHES 

!;TAC'.E FLOW RATE, tIRY :XFMa 

ACTCIAL STACK FLOW RATE. ACFM 

PERCENT I'SIXINETIC 

PARTICULATES, EPA METHClD 5: ---_________________--____- 
MILLIGRAMS - CATCH 

GRAINS PER ClSCFQ 

POCIPJDS PER HOLIR 

0. 0 

79.5 

29. 04 

LY. 55 

29.77 

.L 

? -  

? 

2'3. 7:s 

124. 

.4Y9 

42.0 

15)80. 

16272. 

18817. 

9::;. 8 

0.0 

79.5 

29.04 

28.37 

2'3.77 

? -  

7. 
.L  

29.78 

124. 

.429 

.-.,- 
is 9. 1 

1 08Cl. 

14877. 

17596. 

-:IF/. 4 

0. 0 

79.5 

- a .  34 04 

23.44 

30. 00 

.2 

30.01 

llb. 

.436 

38.3 

1 080. 

15246. 

17527. 

9 t .  5 

Q 6.8 DEG F, 29.92 IN. HI3 
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Run a n d / o r  Sample No. Leak  T e s t ?  D a t e  Opera  t 01' 

Time o f  
Sample 

C o l l e c t i o n  

, 
Time COZ 02 co %02 %CO %N2'. 

o f  Reading Reading Reading 
Ana lys is  A B C B-A C-B 100-c , 

_. . 

_ _  

- 

Run a n d / o r  Sample No. Leak T e s t ?  D a t e  O p e r a t o r  

AMPLlND 

Avg . Avg. . 



PRELIMINARY FIELD DATA 

Stack Geometry 

Plant Namei*T@d B R I d  d- 7 i L C  

Plant Location S W ~ & P  + 

Sampling Location M f t s ~  I+Z~T SSAZ K 

Date(s) 

/ J 8  L . 

7 / 1 7  - (9 / -79 
I I 

A. Dist. from inside of f a r  wall t o  outside of 
near wall : 3 z *' - inches 

B. Wall thickness: M .  inches 

inches Inside diameter of stack (A-B) :  

Stack Area: 9 7 0  square inches 

- 
Sketch o f  stack cross sect ion 
showing sampling ports. Comments: 

PA- 

Sketch of stack dimensions and 
location of sampling ports.  
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Individual Water Tare Volume 200 7-15 

Individual S i l i c a  Gel Tare ISeig!it 225 ~ 7 s  
Date of Makeup 
I n i t i a l s  
Locked? 

I 



PRELIMINARY FIELD DATA 

Stack Geometry 

r 2.7" ' 

Akccch o f  stack cross section 
showing sampling ports. 

Sketch o f  stack dimensions and 
location o f  sampling ports.  
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NOZZLE CALIBRATION DATA 

NOZZLE # $06 



XOZZLE C A L I B R A T I O N  DATA 

NOZZLE # 5 O 5  
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r e a d i n g  i s  n o t  w i t h i n  * 1 . 5 %  o f  t h e  a b s o l u t e  t e m p e r a t u r e  
r e a d i n g  o f  t h e  s t a n d a r d  thermometer ,  t h e  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  it i s  i n  t h e  a c c e p t a b l e  r a n g e .  

MAGNEHELIC GAUGES 
After e a c h  f i e l d  u s e ,  each  magnehe l i c  gauge  i s  c a l i b r a -  

t e d  a g a i n s t  a n  i n c l i n e d  manometer 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  f 5 %  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 .  

BAROMETER 

a mercury  barometer .  
Af te r  e a c h  f i e l d  u s e ,  each  ba romete r  i s  checked a g a i n s t  



CALIBRATIONS 

GENERAL 

b r a t e d  b e f o r e  u s e .  Equipment which can  c h a n g e  c a l i b r a t i o n  i s  
b o t h  checked  upon r e t u r n  from e a c h  f i e l d  u s e  and  i s  a l s o  
p e r i o d i c a l l y  r e c a l i b r a t e d  i n  f u l l .  When a n  i n s t r u m e n t  i s  
found  o u t  o f  c a l i b r a t i o n ,  i t  i s  so n o t e d  i n  t h e  r e p o r t  and 
a p p r o p r i a t e  a d j u s t m e n t s  a r e  made t o  t h e  f i n a l  r e s u l t s .  The 
equipment  i s  t h e n  r e p a i r e d  and  r e c a l i b r a t e d  o r  r e t i r e d  a s  
needed .  S p e c i f i c  equipment  i s  hand led  a s  f o l l o w s :  

P ITOT TUBE 

a t t a c h e d  t o  a s ampl 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  C o r p 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  u s i n g  EPA geomet ry  s t a n d a r d s .  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  a s sembled  c o r r e c t l y ,  a n d  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 r o b e  n o z z l e ,  i t  w i l l  have  a n  
a v e r a g e  Cp of  0 . 8 4 .  A s  l o n g  a s  i t  i s  n o 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  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  t i m e  s c h e d u l e .  Each  p i t o t  t u b e  
is  i n s p e c t e d  upon r e t u r n  t o  t h e  l a b o r a t o r y  from e a c h  f i e l d  u s e .  

D R Y  GAS METER A N D  ORIFICE METER 

at l e a s t  o n c e  e v e r y  s i x  months a g a i n s t  a s e c o n d a r y  t e s t  meter 
( o n e  c a l i b r a t e d  a g a i n s t  a we t  t e s t  m e t e r )  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  i n  t h e  c h o i c e  
of  f l o w  r a t e s  u s e d  and  the  volumes m e t e r e d  a t  e a c h  f low r a t e .  
After  e a c h  f i e l d  u s e ,  q u i c k  c h e c k s  a r e  pe r fo rmed  t o  i n s u r e A l l @  
changes  o f  l e s s  t h a n  58. T h e s e  checks compare t h e  o r i f i c e  
a g a i n s t  t h e  d r y  g a s  m e t e r .  I f  g r e a t e r  t h a n  5 %  c h a n g e s  o c c u r ,  
r e c a l i b r a t i o n  and  r e p a i r  a r e  i n s t i t u t e d .  

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 damaged. 
Each n o z z l e  i s  i n s p e c t e d  upon r e t u r n  t o  l a b o r a t o r y  f rom e a c h  
f i e l d  u s e .  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 .  

A l l  m e a s u r i n g  equipment  E n t r o p y  u s e s  i s  i n i t i a l l y  c a l i -  

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  or 

A l l  E n t r o p y  m e t e r  boxes  a r e  c a l i b r a t e d  upon p u r c h a s e  and  

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 t h a n  OIOO4 
i n c h e s  a s  a t o l e r a n c e .  

TEMPERATURE MEASURING INSTRUMENTS 

a r e  c a l i h r a t e d  a g a i n s t  a n  ASTM p r c c i s i o n  m e r c u r y - i n - g l a s s  
thermometer  a c r o s s  a wide r a n g e  o r t c m p c r a t u r c s .  

A f t e r  e a c h  f i e l d  use ,  t h e  thc r rnocoup les  o r  t he rmomete r s  

I f  t h e  i n i t i a l  
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Figure 1-1. Minimum number of traverse points for particulate traverses. 
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Figure 1-2. Minimum number of traverse points for velocity (nonparticulate) traverses. 



TRAVERSE 
POINT 

1.4 
4.4 
7.5 

10.9 
14.6 
18.8 
23.6 
29.6 
38.2 
61.8 
70.4 
76.4 
81.2 
85.4 
89.1 
92.5 
95.6 
98.6 

1 
2 
3 
a 

1.3 1.1 
3.9 3.5 
4.7 6.0 

. 9.7 8.7 
12.9 11.6 
16.5 14.6 
20.4 18.0 
25.0 21.8 
30.6 26.2 
38.8 31.5 
61.2 39.3 
69.4 60,7 
75.0 68.5 
79.6, 73.8 
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87.1 82.0 
90.3 85.4 
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Figure 1-3. Example showing circular stack cron section divided into 
12 equal areas, with lacation of traverse points indicated. 

Table 1-2 LOCATION OFTRAVERSE POINTS IN CIRCULAR STACKS 
(Percent of stack diameter from inside wall to traverse point) - - 
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Figure 2-1. Type S pitot tube manometer assembly. 
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A.SIDE PLANE 

-. NOTE: 

. { 1.05 Dt G P Q1.50 Dt 
PA’PB . -. 

LONGITUDINAL 
TUBE AXIS 

E-SIDE PLANE 

Figure 2.2. Properly constructed Type S pitot tube, shown 
in: (a) end view; face opening planes perpendicular to trans- 
verse axis; (b)  top view; face opening planes parallel to lon- 
gitudinal axis; IC) side view; both legs of equal length and 
centerlines coincident, when viewed from both sides. Base- 
line coefficient values of 0.84 may be assigned to pitot tubes 
constructed this way. . 



LONGITUDINAL 
TUBE AXIS- 

.*-. 

Figure 2-3. Types of faceopening misalignment that can result from field uw or Im. 
Proper construction of Type S pitot tubes. These will not affect the baseline velue 
of.cpP(s) SO long BJ 01 and 02 < loo, 01 and p2 < 6O. z < 0.32 cm (1/8 In.) and w <' 
0.08 crn (ID2 In.) (citation 1 1  In Section 6). 





PLANT 
DATE RUN NO. 
STACK DIAMETER OR DIMENSIONS, m(in.) 
BAROMETRIC PRESSURE,mm Hg (in. Hg) 
CROSS SECTIONAL AREA, mZ(ft2) 
OPERATORS 
PITOT TUBE 1.0. NO. - 

AVG. COEFFICIENT, Cp 
LAST DATE CALIBRATE0 SCHEMATIC OF STACK 

CROSS SECTION 

Figure 2.5. Velocity traverse data 



STATIC PRESSURE 

-.-. 

IMPACT PRESSURE 
OPENING PLANE 

IL SIOE VIEW TO PREVENT PITOT TUBE 
FROM INTERFERING WITH GAS FLOW 
STREAMLINES AWROACHING THE 
NOZZLE. THE IMPACT PRESSURE 
OPENING PLANE OF THE PITOT TUBE 
SHALL BE EVEN WITH OR ABOVE THE 
NOZZLE ENTRY PLANE. 

I 

' Figure 2.6. Proper pitot tube - sampling nozzle configuration to pr@ent 
aerodynamic interference; buttonhook - type nozzle; centers of nozzle 
and pitot opening aligned; Dt between 0.48 and 0.95'cm (3/16 and 
318 in.). 
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i 

Figure 2-7. Proper thermocouple placement to prevent interlerence; 
Dt between 0.48 and 0 95 cm 13/16 and 3/8 in.). 

I 
I 

ot TYPE S PITOT TUBE 

I 
I 
I 

Y 27.62 em (3 in3 -I I 

I 

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference; 
Dt between 0.48 and 0.95 crn (3116 and 318 in.). 
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PITOTTUBE IDENTIFICATION NUMBER: OATE: , 

CftLlBRATEO BY:- 
1 

"A"Sl0E CALIBRATION 

DEVl&TlON 
RUN NO. (in. HzOI (in. HzOI C P ( 4  C d s )  -%(AI  

AP(S) 
' em H20 emHz0 

I 

1 2 1  I I I I 
I I I 3 J 

3 
S I Cp(s)-Fp(A OR 8) I ' . -MUST BE GO.01 

3 '  
AVERACE DEVIATION 2 u (A OR Bl 0 

I &,6 IDEA) -~p(S IDEB)  l+MU$TBE<0.01 

Figure 2-9. Pitot tube calibrgtion data. 
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SHEATH x 100 

(%I 

Figure 2-10. Projected-area models for typical pitot tube assemblies. 

Equation 2-10 
a nfbiim..ahr 





FLEXIBLE TUBING 
I 

- T O  ANALYZER 
FILTER (GLASS WOOL) 

SQUEEZE BULB ' 

Figure 3.1. Grabsampling train. 

L 

Figure 3.2. Integrated gasmnpling train. 



and B o a  motar. 
2.2.3 Valve. A nocdlo PBIW h arad to adllul ssmplo 

I I I 1 1 

i 

AVERAGE 1 I 
a % D E V =  (-)loo (MUSTBE<lO%) 

Q . Q avg 
Q avg 

, 
Figure 3.3. Sampling rate data. 





CONDENSER-ICE EAM SYSTEM INCLUDING 
SILICA GEL TUBE 7 

Figure 4-1 .  Moislure sampling train-reference nielhod. 



PLANT 

: OCATION 

OPERATO? 

DATE 

RUN NO. 

AMBIENT TEMPERATURE 

IAROMETRIC PRfSSURE 

PROBE LENGTH mMl 

SCHEMATIC OFSTACK CROSSSECTION 

TRAVERSE POINT 
NUMBER 

AVERAGE 

I I I I I I 

I I I I I I I 

I 
I I I I I I I 

I 
I I 

I I I I I I 

I I 

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

Figure 4:2. Field moisture determinationreference method. 



HEATED PROBE SILICA GEL TUBE RATE MEER I 

(GLASS WOOL) 

i 

' /  
PUMP 

I /  
MIDGET IMPINGERS 

Figure 4.4. Moisture-sampling train. approximation method. - 



' I  
1 

CLOCK TIME 

. 

GAS VOLUME THROUGH 

m5 (113) 
METER, (Vm), RATE METER SETTING METER TEMPERATURE, 

mVmi n . ( f t  V m i  n . 'C (OF) 

. .  

Figure 4-5. Field moisture determination . app.roximation method. 

=K* (V,-T';) 
13qu:ition 4-5 



IMPINGEFITRAIN OPTIONAL.MAY BE REPLACED TEMPERATURE SENSOR 
BY AN EQUIVALENT CONDENSER 

PITOT MANOMETER 

THERMOMETERS 

I 
D R Y G A S M E T E R  AIR.TICHT 

PUMP 

Figure 5 1. Particulate.sampling train. 
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PLANT . 
LOCATION 

OPERATOR, 
DATE 

RUNNO. 

SAMPLE BOXNO. 
METER BOX NO. 
METER AH@ 
C FACTOR 
PITOTTUBE COEFFICIfNT,Cp- 

r- 
TPAVERIE POlNl L= 

AMBIENT TEMPERATURE 

BAROMETRIC PRESSURE 

. ASSUMEOMOIS1URE.X , 

- i 

PROBE LENC1H.m (111 
'NOZZLE l?fNTlFlCATlON NO. . 
AVERAGE CALIBRATED NOZZLE DIAMETfR.rn(1a.l- 
PROBE HEATERSETTINE . 
LEAK RATE,nJlmirirfml 
PROBE LINERMATERIAL , 

~ A T I C P R E ~ S O R E , ~ ~ H I ~ ~ ~ H ~  
SCHEMATIC OF STACK CROSS S l C l l W  

FILTERNO. 

F i g u r e  5-2. Particulale field data. 



Run No. 

Filter No. 

Amount liquid lost during transport 

Acetone blank volume, ml 

Acetone wash volume, ml 

Acetone blank concentration, mglmg [equation 54) 

Acetone wash blank, mg (equation 5-5) 

I 

I I WEIGHT OF PARTICULATE COLLECTED, I CONTAINER mg I NUMBER 1 I 
I I FINAL WEIGHT I TARE WEIGHT WEIGHT GAIN 

1 

2 

TOTAL 
t 

Less acetone blank 

Weight of particulate matter 
1. 

VOLUME OF LIQUID 
WATER COLLECTED 

IMPINGER SILICA GEL 
VOLUME, WEIGHT, 

ml. B 

FINAL 

INITIAL' 

LiauiD COLLECTED 

TOTAL VOLUME COLLECTED g* ml 

' CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT 
INCREASE BY DENSITY OF WATER [lg/mlJ: 

INCREASE' ' 
1 e/ml 

= VOLUME WAT€R, tql 

Figure 5-3. Analylical data. 



Figure 5-4. Leak check of meter box. 
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