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SECTION 1 

INTRODUCTION 

During the week of July 13, 1981, personnel from PEDCo 

Environmental conducted an emission sampling program at the 

lightweight aggregate facility of Vulcan Materials Company in 

Bessemer, Alabama. The purpose of this test program was to 

provide data to assess the need for New Source Performance 

Standards (NSPS) emission limits for selected processes in the 

lightweight aggregate industry (clay, shale, and slate) and, if 

warranted, to develop such limits. 

Comprehensive testing was conducted on two specific sources 

detailed below: 

Coal-fired rotary kiln (No. l), whose emissions are 
controlled by a medium-energy wet scrubber. 

.Reciprocating grate clinker cooler, whose emissions are 
controlled by a settling chamber. 

Particulate concentrations and mass emission rates were 

measured at the inlet to and the outlet from the wet scrubber 

serving the kiln exhaust and at the clinker cooler exit stack. 

U . S .  Environmental Progection Agency (EPA) Method 5 was used in 

these measurements.* Flue gas flow rates, temperature, moisture 

content, and composition [oxygen (02),  carbon dioxide (C02), and 

carbon monoxide (CO)] were measured in conjunction with the 

\ 

* 
4 0  CFR 60, Appendix A, Reference Method 5, July 1, 1981. 
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particulate tests. Sulfur dioxide (SO2) concentrations and mass 

emission rates were measured at the inlet to and outlet from the 

wet scrubber serving the kiln and at the clinker cooler exit 

stack by EPA Method 6.* Nitrogen oxide (NOx) concentration in 

the flue gas exiting the scrubber was also determined by EPA 

Method 7.* In addition, the particle size distribution of 

particulate matter entering and exiting the kiln scrubber and 

exiting the clinker cooler stack was determined using in-stack 

cascade impactors. Volatile organic carbon (VOC) content of the 

exit gas from the kiln was determined by EPA Method 25.* 

emission observations were made on each exit stack during the 

particulate tests by EPA Method 9 . *  Additionally, a visible 

determination of fugitive dust emissions from specified process 

locations was made during each particulate test by EPA Method 9 . *  

Representative samples of the kiln feed material (shale) and 

coal used to fire the kiln were collected during each particulate 

test for determination of sulfur content, moisture, density, and 

ash content (coal only). Samples .of the scrubber water influent 

and effluent and final aggregate product were also collected for 

analyses of total sulfate. The pH of the scrubber water was 

also determined. 

Visible 

Messrs. Richard Cooper and Lalit Banker [Midwest Research 
? Institute (MRI)] monitored process operation and collected 

process samples throughout the test period. M r .  Frank Clay (EPA 

Task Manager) observed the test program. 

* 
4 0  CFR 60, Appendix A, Reference Methods 6, 7, 9 ,  and 25, 
July 1, 1981. 
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SECTION 2 

PROCESS OPERATION 

The process operation and summary of data monitored during 

the test period are shown in Table 2-1. Process data were col- 

lected and tabularized by personnel from MRI. 

The Vulcan plant in Bessemer, Alabama, operates two kiln 

lines for shale lightweight aggregate production. Testing was 

conducted on Kiln No. 1 and its associated pollution control 

equipment. 

The raw material (shale) is quarried from a pit located 

approximately 0.8 kilometers (km) (0.5 miles) from the plant. 

Trucks transport the shale to crushers where it is reduced to a 

feed size of less than 1.91 centimeters (cm) [3/4 inches (in.)] 

and transferred by belt conveyor to a semi-enclosed shed for 

storage. The semi-enclosed shed had a storage capacity of ap- 

proximately 13,610 megagrams (Mg) (15,000 tons). Belt conveyors 

transport the raw material from the storage shed to a feed hopper 

for charging to the kiln. 

The No. 1 kiln measures 56.4 meters (m) [185 feet (ft)] 
1 

in length and 2.7 m (12 ft) in diameter and is designed to 

process approximately 32 Mg (35 tons) of raw materiai per hour. 

Typically, the No. 1 kiln processes approximately 26.3 Mg (29 

I 
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TABLE 2-1. PROCESS DATA RECORDED DURING THE EMISSION TEST 
AT VULCAN MATERIALS COMPANY, BESSEMER, ALABAMA 

K i l n ,  Aqqreqate weiqht I Feed end temperature 
rPm kg/m3 1 b / f t 3  [ O C  O F  

7:30 2.8 
a:oo 2.8 
a:30 2.8 
9:oo 2.8 

Tuesday, J u l y  14, 1981a 

1 
641 40 593 1100 
721 45 59 3 1100 
752 47 593 1100 
785 49 593 1100 

7:30 
8:OO 
8:30 
9:oo 
9:30 

1o:oo 
10:30 
11 :oo 
11 :30 
12:oo 
12:30 

1 :oo 
1 :30 
2:oo 
2:30 
3:OO 
3:30 
4:OO 
4:30 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2. a 

657 
705 
689 
769 
721 
737 
68 9 
785 
769 
705 
7 53 
721 
689 
737 
721 
753 
657 
64 1 
673 

41 
44 

48 
43 

45 
46 
43 
49 
48 
44 
47 
45 
43 
46 
45 
47 
41 
40 
42 

593 
599 
593 
593 
593 
593 
59 3 
593 
593 
593 
593 
593 
593 

,593 
593 
593 
593 
593 
593 

1100 
1110 
1100 
1100 
1100 
1100 
1100 
11 00 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 



I 
I 
I 
I 
z 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 

L 

1.. 

Time 

TABLE 2-1 (continued) 

A gregdte weight I Feed end temperature 
r Pm kglm 9 1 b/ft3 "C O F  

Kiln, 

2.8 
2.8 
2.8 

b Wednesday, July 15, 1981 (continued) 

801 50 593 1100 
577 36 ,582 1 oao 
705 44 582 1 oao 

9:30 
1o:oo 
10:30 
11:oo 
11:30 
12:oo 
12:30 
1 :oo 
1:30 
2:oo 
2:33 
3:OO 
3:30 
4:OO 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 

2.8 

737 
769 
737 
705 
721 
689 
721 
737 
705 
673 
705 
657 
641 
673 

46 
48 
46 
.44 
45 
43 
45 
46 
44 
42 
44 
41 
40 
42 

Thursday, July 16, 1981' 

593 
593 
593 
593 
599 
599 
593 
593 
593 
593 
59 3 
59 3 
593 
593 

1100 
1100 
1100 
1100 
1110 
1110 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 

1 I 
7:OO to 2:301 I No emission tests conductLd 
3:OO 
3:30 
4:OO 

7:30 
a:oo 
8:30 
9:oo 
9:30 
1o:oo 
10:30 
1 1  :oo 
(continued) 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 
2.8 

2.8 

769 
721 
657 
737 
705 
705 
7 52 
705 

2-3 

48 
45 
41 
46 
44 
44 
47 
a4 

57 1 
593 
59 3 
593 
593 
593 
593 
593 

1060 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
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A qreqa te  weiqht ] Feed end temperature  
rPm kg/m 9 l b / f t 3  I O C  O F  

K i l n ,  

11:30 2.8 769 
12:oo 2.8 737 
12:30 2.8 785 

1 :oo 2.8 769 
1 :30 2.8 833 
2:oo 2.8 801 

48 59 3 
46 593 
49 593 
48  593 
52 593 
50 593 

1100 
1100 
1100 
1100 
1100 
1100 

3 aRaw mater ia l  feed r a t e :  26.3 Mg/h (29  tons /h ) .  Natural gas: 18,786 m 
(633,364 f t 3 ) .  Coal: 762.6 Mg (840.75 t o n s ) .  

3 bRaw mater ia l  feed r a t e :  26 Mg/h (29  t o n s / h ) .  Natural gas: 18,795 m 
(663,668 f t 3 ) .  Coal: 819.0 Mg (902.9 t o n s ) .  
Raw mater ia l  feed r a t e :  26 Mg/h (29 tons /h ) .  Natural gas: 18,806 m3 
(664,064 f t 3 ) .  Coal : 844.1 Mg (930.5 t o n s ) .  

dRaw mater ia l  feed r a t e :  26 Mg/h (29 t o n s / h ) .  Natural gas:  18,834 m3 
(665,045 f t ? ) .  Coal: 880.4 Mg (970.6 t o n s ) .  

Note: The na tura l  gas  and coal  usage meters a r e  read and recorded a t  the  
beginning of  each shif t .  (The d i f f e r e n c e  i n  the readings from one 
day t o  t h e  next  i n d i c a t e s  t h e  amount of fuel consumed i n  each 24-h 
period. ) 
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tons) of raw material per hour which yields a final production 

rate of 21 Mg (23 tons) per hour. The kiln is fueled primarily 

by pulverized coal, and natural gas is used to fuel the pilot 

flame. The operating temperature of the kiln is approximately 

l150°C (2100'F). Natural gas is the primary fuel used for the 

reheating process. Once the temperature of the coal mill reaches 

93'C (2OO0F), pulverized coal is used as the primary fuel to fire 

the kiln. The kiln temperature climbs to 148OOC (2700OF) during 

the reheating and settles to 115OOC (2100'F) as the coal feed 

rate increases to normal and the natural gas is cut off. 

The No. 1 kiln rotates at approximately 2.8 revolutions per 

minute (rpm). The raw material slowly heats up as it travels 

through the kiln and physically expands (bloats) as volatile 

organic components are released. The raw material residence time 

in the kiln is approximately 45 to 50 minutes. The expansion 

reduces the density of the shale to within a range of 640 to 800 
3 kilograms per cubic meter (kg/m ) [40 to 50 pounds per cubic foot 

(lb/ft3) 1 .  

the kiln through a 1.2 by 1.8 m (4 by 6 ft) opening at the back 

end of the kiln onto a reciprocating grate called a clinker 

cooler. As the hot clinker moves across the g'rate, one large fan 

forces air upward through the grate to cool the clinker. Product 

of acceptable size falls through the grate;onto a conveyor belt 

for transfer to storage piles. Oversize material falls from the 

grate onto the ground where it is periodically picked up by a 

front end loader and transferred to a crusher for supplemental 

The expanded product, or clinker, is discharged from 

2-5 
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crushing  pr ior  t o  s t o r a g e .  The p roduc t  i s  a lso t r a n s f e r r e d  by 

conveyor be l t  from t h e  s t o r a g e  p i l e s  t o  c r u s h e r s  t o  reduce t h e  

s i z e  o f  t h e  product  and t h e n  t o  a sc reen  house for  s i z i n g .  The 

product  i s  t r a n s f e r r e d  from t h e  c rush ing / sc reen ing  a r e a  t o  open 

s t o c k p i l e s  where it i s  s t o r e d  u n t i l  so ld .  

The N o .  1 r o t a r y  k i l n  e x h a u s t  e m i s s i o n s  ( p a r t i c u l a t e  and 

some SO ) are c o n t r o l l e d  by a medium energy w e t  s c rubbe r  (Ducon 

Dynamic, UW4, Model I V ,  S i z e  144). The scrubber  s t a c k  i s  ap- 

proximately 1 .5  m ( 5  f t )  i n  d i ame te r  and 1 5  m (50  f t )  high.  The 

s tack  o u t l e t  is approximately 30 m ( 1 0 0  f t )  above grade.  The 

scrubber  water  i s  d i scha rged  t o  a n  open d i t c h  which empt ies  i n t o  

a ho ld ing  pond. P e r i o d i c  checks o f  t h e  scrubber  w a t e r  by p l a n t  

personnel  i n d i c a t e  t h e  p H  is v e r y  l o w ,  r e s u l t i n g  i n  scrubber  

co r ros ion .  A system f o r  f e e d i n g  c a u s t i c  soda t o  t h e  scrubber  

water  i s ,  t h e r e f o r e ,  be ing  i n s t a l l e d  t o  a d j u s t  t h e  pH. The 

scrubber  water  i s  r e c i r c u l a t e d  from t h e  ho ld ing  pond t o  t h e  w e t  

sc rubber  by e i g h t  7 .5-ki lowatt  (kW) [lo-horsepower ( h p ) ]  pumps. 

The c l i n k e r  c o o l e r  emiss ions  from t h e  N o .  1 k i l n  p rocess  l i n e  a r e  

c o n t r o l l e d  by a s e t t l i n g  chamber. Vulcan ceased o p e r a t i o n  o f  t h e  

induced d r a f t  f a n  l o c a t e d  downstream from t h e  s e t t l i n g  chamber 

s e v e r a l  y e a r s  ago f o r  energy  c o n s e r v a t i o n  purposes .  E s s e n t i a l l y ,  

t h e  system now o p e r a t e s  under a n a t u r a l  d r a f t  f low. S ince  t h e  

I . D .  f a n  no l o n g e r  operates, some o f  t h e  exhaus t  gas, which\ 

normally would be vented through t h e  e x i t  s t a c k ,  i s  e m i t t e d  from 

t h e  o v e r s i z e  c l i n k e r  e x i t  a r e a .  Consequently,  f u g i t i v e  emiss ion  

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

tests a t  t h i s  l o c a t i o n .  

2 
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No instrumentation was present to indicate the water flow 

rate to the wet scrubber or the inlet and outlet gas flow rates 

and temperatures and pressure drops for the settling chamber and 

wet scrubber. The settling chamber and wet scrubber, including 

the pumps supplying water to the wet scrubber, were operating 

normally during the emission tests. The water sprays used to 

suppress visible particulate emissions at the transfer points in 

the product stockpiling area and the raw material unloading sta- 

tion were operating normally. 

2-7 
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SECTION 3 

SUMMARY OF RESULTS 

3n details results obtained from t 3 emission sam- 

pling program. All emission samples and plume observation data 

were collected simultaneously from the kiln and clinker cooler 

sources. Results are reported separately for each source. 

Appendix A contains complete printouts of field data, re- 

sults tabulation, and example calculations. Appendices B and C 

present field and laboratory data sheets. Appendix D details the 

sampling and analytical procedures used during this test program. 

Appendix E shows equipment calibration procedures and results. 

Appendix F addresses quality assurance considerations pertinent 

to this test project. 

3.1 ROTARY KILN EXHAUST 

Particulate and particle size tests were simultaneously con- 

ducted at the inlet to and outlet of the wet scrubber serving the 

kiln exhaust gas stream. Visible emission observations were also 

performed during the particulate testing. In addition, SO2 tests 

were simultaneous1 lr conducted before and after the scrubber. 
Tests for NO and W)C content in the scrubber exhaust gas were 

performed concurrent with the SO2 tests. 
X 

3-1 
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Particulate sampling and analytical procedures followed 

those described in EPA Method 5 of the Federal Register* except 

that an ether-chloroform extraction was performed on the impinger 

contents to determine condensible organic and inorganic frac- 

tions. The particle size sampling and analytical procedures used 

at the scrubber and clinker cooler exhaust test locations fol- 

lowed those described in the "Procedures Manual for Inhalable 

Particulate Sampler Operation" recently developed for EPA by 

Southern Research Institute (SRI) .l 

Andersen Heavy Grain Loading Impactor was used. Analytical 

procedures followed those described in the manufacturer's in- 

struction manual. Sampling and analytical procedures for SO2 

followed those described in EPA Method 6* except that large 

impingers were used instead of the midget impingers specified in 

Method 6. 

those described in EPA Method 7.*  Visible emission observations 

were conducted using procedures described in EPA Method 9* of the 

Federal Register. EPA Method 25* was used in determining the VOC 

content of the exhaust stream. 

3.1.1 Flue Gas Conditions and Particulate Emissions 

At the scrubber inlet an 

Sampling and analytical procedures for NOx followed 

Tables 3-1 and 3-2 summarize the flue gas conditions and 

particulate emissions data collected at the scrubber inlet and 

outlet test locations. 

in pounds per hour and kilograms per hour, volumetric flow rates 

are also expressed in actual cubic meters per hour (acmh) and 

actual cubic feet per hour (acfh) at stack conditions. Flow 

Since pqrticulate emissions are expressed 

x 
4 0  CFR 60, Appendix A, Reference Methods 5 ,  6, I ,  9, and 2 5 ,  
July 1, 1981. 
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r a t e s  c o r r e c t e d  t o  s t anda rd  c o n d i t i o n s  [2OoC and 760 mm H g  (68OF 

and 29 .92  in.Hg) and zero  p e r c e n t  mois ture]  are expressed  as  d r y  

s t anda rd  cub ic  meters per hour (dscmh) and d r y  s t anda rd  c u b i c  ' 

feet  per hour ( d s c f h ) .  P a r t i c u l a t e  c o n c e n t r a t i o n s  are r e p o r t e d  

i n  mi l l i g rams .pe r  d r y  s t anda rd  c u b i c  meter (mg/dscm) and g r a i n s  

p e r  d ry  s t anda rd  c u b i c  f o o t  (gr /dscf) .  Emission r a t e s  a re  

expressed i n  ki lograms per hour (kg/h) and pounds p e r  hour 

( l b / h ) .  The product  of t h e  c o n c e n t r a t i o n  and t h e  volumetr ic  flow 

rate i s  t h e  mass emiss ion  r a t e .  The f i l t e r a b l e  p a r t i c u l a t e  

f r a c t i o n  r e p r e s e n t s  m a t e r i a l  c o l l e c t e d  i n  t h e  sample probe and on 

t h e  f i l t e r ,  bo th  of which were hea ted  t o  approximately 1 2 1 O C  

(250DF) .  The condens ib le  o r g a n i c  and ino rgan ic  f r a c t i o n s  r ep re -  

s e n t  m a t e r i a l  t h a t  condensed o u t  o r  w a s  t rapped  i n  t h e  impinger 

s e c t i o n  o f  t h e  sample t r a i n  a t  a tempera ture  o f  approximately 

2 O o C  (68'F). 

A t  t h e  scrubber  i n l e t ,  t h e  vo lumet r i c  flow rate  averaged 

69,200 dscmh (2,445,000 d s c f h ) ,  t empera ture  averaged 4 1 7 O C  

(782OF), and mois ture  c o n t e n t  averaged 8 .0  p e r c e n t .  Oxygen and 

carbon d iox ide  c o n t e n t s  averaged 1 4 . 2  and 5.6 p e r c e n t ,  respec-  

t i v e l y .  F i l t e r a b l e  p a r t i c u l a t e  c o n c e n t r a t i o n  averaged 59,724 

mg/dscm ( 2 6 . 1  g r / d s c f ) ,  and t h e  cor responding  mass emiss ion  r a t e  

averaged 4 2 6 1  kg/h ( 9 1 2 9  l b / h ) .  The condens ib le  o r g a n i c  and 

i n o r g a n i t  c o n c e n t r a t i o n s  averaged 47  mg/dscm ( 0 . 0 2 1  g r / d s c f )  and 

365 mg/dscm ( 0 . 1 6  g r / d s c f ) ,  r e s p e c t i v e l y .  The cor responding  mass 

emission rates averaged 3.2 kg/h ( 6 . 9  lb /h)  and 24.7 kg/h (54.4 

lb /h)  f o r  each f r a c t i o n .  

? 
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During T e s t  N o .  SIP-1, t h e  ' f i l t e r  f r i t  s u p p o r t  rup tu red  due 

t o  a h igh  p r e s s u r e  d rop  across t h e  f r i t  and h e a t  f a t i g u e .  Sub- 

sequen t ly ,  some f i l t e r ab le  sample loss d i d  occur .  However, t h e  

p a r t i c u l a t e  was cap tu red  i n  t h e  impinger s e c t i o n  of t h e  sample 

t r a i n  r e s u l t i n g  i n  t h e  h ighe r  o r g a n i c  and i n o r g a n i c  f r a c t i o n s  

measured by e ther -ch loroform e x t r a c t i o n  fo r  t h i s  run .  

A t  t h e  sc rubbe r  o u t l e t ,  t h e  volumetr ic  f l o w  ra te  averaged 

71 ,000  dscmh ( 2 , 5 0 7 , 0 0 0  d s c f h ) ,  t empera ture  averaged 6 4 O C  (147OF), 

and mois ture  c o n t e n t  averaged 2 1 . 6  pe rcen t .  Oxygen and carbon 

d iox ide  c o n t e n t s  averaged 1 4 . 6  and 5.5 p e r c e n t ,  r e s p e c t i v e l y .  

F i l t e r a b l e  p a r t i c u l a t e  c o n c e n t r a t i o n  averaged 98 .6  mg/dscm (0.043 

g r / d s c f ) ,  and t h e  corresponding mass emission r a t e  averaged 7 . 0  

kg/h (15.4 l b / h ) .  The condens ib le  o rgan ic  and i n o r g a n i c  con- 

c e n t r a t i o n s  averaged 1 . 5  mg/dscm ( 0 . 0 0 0 6  g r /dsc f )  and 35 mg/dscm 

( 0 . 0 1 5  g r / d s c f ) ,  r e s p e c t i v e l y .  Organic and i n o r g a n i c  mass emis- 

s i o n  r a t e s  averaged 0 . 1 0  kg/h (0.23 lb /h)  and 2.5 kg/h (5.5 

lb /h)  . 
The p a r t i c u l a t e  removal e f f i c i e n c y  o f  t h e  scrubber  averaged 

99.8 p e r c e n t ,  based on t h e  average  i n l e t  and o u t l e t  p a r t i c u l a t e  

c o n c e n t r a t i o n s  on a mg/dscm b a s i s .  

S ince  t h e  i n l e t  tes t  l o c a t i o n  d i d  n o t  meet t h e  minimum 

c r i t e r i a  set f o r t h  i n  EPA Method 1*, measurements w e r e  made t o  

determine t h e  deg ree  of t j r b u l e n t  f low i n  t h e  d u c t  a s  d e t a i l e d  i n  

Method 2 of t h e  Fede ra l  Reg i s t e r .*  Each t r a v e r s e  p o i n t  was 

checked by a l i g n i n g  t h e  f a c e  openings  of t h e  p i t o t  tube  

* 
40 CFR 6 0 ,  Appendix A ,  Reference Methods 1 and 2 ,  J u l y  1, 1981. 
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perpendicular to the stack cross-sectional plane, designated " O o  

reference." Null (zero) pitot readings obtained at O o  reference 

indicated an acceptable flow condition at a given point. The 

overall average for all points was considerably less than 10 

degrees indicating an acceptable flow condition existed in the 

duct. Turbulent flow conditions of this type tend to bias the 

velocity measurements high. The average inlet and outlet flow 

measurements agree to within 5 percent, indicating results 

obtained from this location are representative based on between- 

test reproducibility and subsequent velocity profile data. 

3.1.2 Particle Size Distribution 

A total of two samples were collected at the scrubber inlet 

and four samples at the outlet test sites. An Andersen Heavy 

Grain Load Impactor was used at the scrubber inlet. Sampling and 

analytical procedures followed those described in the manufac- 

turer's specification manual. An Andersen cascade impactor was 

used at the scrubber outlet. Sampling and analytical procedures 

followed those described in the "Procedures Manuai f o r  Inhalable 

Particulate Sampler Operation" developed by Southern Research 

Institute for EPA.l 

were combined with sampling data to obtain average flow rates, 

moisture content, and gas composition. 

Data obtained from the particulate test runs 

Data were reduced by computer program6 as described in "A 

Computer-Based Cascade Impactor Data Reduction System" developed 

by SRI for EPA.2 Individual computer printouts for each test and 

3-1 



brief descriptions of each program used are contained in Appendix 

A of this report. 

Figure 3-1 presents the distribution curves for the samples 

collected at the scrubber inlet. Individual data points for each 

test were plotted manually. Run SIPS-1 was conducted on July 15 

during the second and third particulate tests. The calculated 

mass loading was 65,000 mg/dscm. Run SIPS-2 was conducted on 

July 16 approximately one hour after the kiln had been stabilized 

from being down most of the day. The calculated mass loading for 

this run was 40,000 mg/dscm. Run SIPS-1 is considered more 

representative of actual particle size distribution for this 

source. All particle size results are based on aerodynamic 

diameters and unit density (1 g/cm ) .  The data point distribu- 

tion for these runs indicates that 50 percent of the particles by 

weight were less than 20 pm in diameter. 

3 

Figure 3-2 presents the average distribution curves for 

samples collected at the scrubber outlet. Sample Nos. SOPS-1,2,3 

were considered non-representative due to cverloading of individ- 

ual impactor stages, therefore they are not graphically pre- 

sented. The data indicate most of the particles are either large 

(>lo pm) or small ( < 3  pm) with little if any variation from these 

two points. The largest percentage of particles were collected 

in the impactor precutter (acetone rinse of nozzle) and the/ 

remaining particles collected on impactor Stages 5, 6, and 7 ,  

These stages exhibited cut-points of 2.3, 1.1, and 0.7 microns, 

respectively, for the specific test runs presented here. The 
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smaller p a r t i c l e s  a r e  probably formed by condensat ion of v o l a t i l e  

matter wi th in  t h e  k i l n .  

3.1.3 S u l f u r  Dioxide 

Table  3-3 p r e s e n t s  a summary of r e s u l t s  f o r  SO2 tes ts  con- 

ducted s imultaneously be fo re  and a f t e r  t h e  w e t  scrubber .  Concen- 

t r a t i o n s  are r epor t ed  i n  p a r t s  per m i l l i o n  by volume (ppm), 

mi l l ig rams pe r  d r y  s t anda rd  c u b i c  meter (mg/dscm), and pounds pe r  

d ry  s t anda rd  cub ic  f o o t  ( l b / d s c f ) .  Mass emission r a t e s  are 

r epor t ed  i n  ki lograms p e r  hour and pounds p e r  hour.  The i n l e t  

mass emission rates were c a l c u l a t e d  from t h e  measured concentra-  

t i o n s  and t h e  average f low rate measured du r ing  t h e  i n l e t  par-  

t i c u l a t e  test  runs  (2,445,296 d s c f h ) .  The o u t l e t  mass emission 

rates were c a l c u l a t e d  i n  a s i m i l a r  manner us ing  t h e  average 

measured flow rate  from t h e  o u t l e t  p a r t i c u l a t e  tests (2,507,307 

d s c f h ) .  Analyses were conducted on site by EPA Method 6.* 

S u l f u r  d iox ide  c o n c e n t r a t i o n s  a t  t h e  i n l e t  t o  t h e  w e t  scrub-  

b e r  averaged 1576 mg/dscm (592 ppm; 9 .72  x l b / d s c f )  , and t h e  

corresponding average mass emission rate was 107.8 kg/h (237.6 

l b / h ) .  F lue  gas  tempera ture  averaged 417OC (782OF), and oxygen 

c o n t e n t  averaged 1 4 . 4  pe rcen t .  

S u l f u r  d iox ide  c o n c e n t r a t i o n s  a t  t h e  scrubber  e x i t  s t a c k  

averaged 381 mg/dscm (143 ppm; 2.35 x l b / d s c f )  and t h e  

corresponding average mass emission ra te  w a s  26.7 kg/h (58.8 

l b / h ) .  F lue  gas  tempera ture  averaged 6 4 O C  (147"F),  and oxygen 

content  averaged 14.7 percent. 

i 

* 
40 CFR 6 0 ,  Appendix A,  Reference Method 6 ,  J u l y  1, 1981. 
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Average 

S I S - 5  7/17 
SIS-6 7/17 

Average 

. .  

632 1682 10.37 115.0 253.5 14.5 417 782 

603 1605 9. 89 109.7 241.9 14.4 417 782 
635 1691 10.43 115.6 254.9 14.4 417 782 

619 1648 10.16 112.7 248.4 14.4 417 782 

' . '  TABLE 3-3. SUMMARY OF SULFUR DIOXIDE DATA 

131 349 2.15 24.5 54.0 
191 508 3.14 35.7 78.6 

161 429 2.65 30.1 66.3 

Scrubber i n l e t a  

14.5 64 147 
14.5 64 147 

14.5 64 147 

I I I Mass I I 

158 
176 

167 

119 
a2 

io1 

Average 
1 

421 2.60 29.6 65.2 .14.9 64 147 
469 2.90 32.9 72.6 14.9 64 147 

445 2.75 31.3 68.9 14.9 64 147 

317 1.95 22.2 48.9 14.7 64 147 
218 1.34 15.2 33.6 14.7 64 147 

268 1.65 18. 7 41.3 14.7 64 147 . 

390 
660 

52 5 
- 

Concentrat ion 
rnqldscrn I 1 b/dscf  x 10-5 

10.85 

a. 63 

u s - 3  7/17 628 10.31 114.3 252.0 14.5 417 782 
SIS-4 I 7/17 I 635 I 1672 1691 I 10.42 1115.6 I 254.9 I 14.5 I 417 I782  

Average 

SOS-3 7/17 I SOS-4 7/17 

Average 

Average 

aMass emission r a t e s  a r e  based on t h e  average s tack gas f l o w  r a t e  determined 

bMass emission r a t e s  a r e  based on t h e  average s tack gas f l o w  r a t e  determined 
du r ing  t h e  i n l e t  p a r t i c u l a t e  t e s t s  (69,243 dscrnh and 2,445,296 dscfh) .  

du r ing  t h e  o u t l e t  p a r t i c u l a t e  t e s t s  (70,999 dscmh and 2,507,307 dsc fh) .  
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3 . 1 . 4  

Table 3-4 summarizes data on emissions of nitrogen oxides. 

Three tests, each consisting of four grab samples collected at 

15-minute intervals, were conducted on the kiln exhaust scrubber 

outlet. Concentrations are reported in milligrams per dry stan- 

dard cubic meter, parts per million by volume, and pounds per dry 

standard cubic foot. Emission rates, reported in kilograms per 

hour and pounds per hour, were calculated from the average flue 

gas flow rate measured during the particulate test runs corrected 

to standard conditions ( 2 , 5 0 7 , 3 0 7  dscfh). 

Nitrogen oxide concentrations averaged 356 mg/dscm (186 ppm; 

0.22 x lb/dscf) , and the corresponding mass emission rate 
was 2 5 . 3  kg/h ( 5 5 . 7  lb/h). 

3 . 1 . 5  Hydrocarbon Emissions From the Kiln Scrubber Outlet 

Sampling for hydrocarbon emissions from the scrubber outlet 

at Kiln No. 1 was accomplished using the procedures of EPA 

Method 25* for the determination of total gaseous nonmethane 

organics (TGNMO). A total of four one-hour samples were col- 

lected at the scrubber outlet. Test Nos. 1 and 2 were conducted 

simultaneously on one day. Test Nos. 3 and 4 were conducted in 

sequence on the following day. The results of the Method 25 

sampling are presented in Table 3-5.  In the Method 2 5  analytical 

procedure, a l l  nonmethane organics are oxidized to carbon dioxide 

and reduced to methane before measurement with a flame ionization 

detector (FID). Therefore, organic concentrations are expressed 

t 

40 CFR 60, Appendix A ,  Reference Method 2 5 ,  July 1, 1 9 8 1 .  
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No. 
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Mass 
Date, Sample Concentration emission r a t e  
1981 No. ppm rngldscrn lb ldsc f  x kg /h  1 b/h 

7/17 SON-1A 187 3 58 0.2236 25.4 56.1 
SON-1B 173 331 0.2065 23.5 51.8 
SON-IC 191 365 0.2284 26.0 57.3 
SON-10 196 37 5 0.2341 26.6 58.7 

TABLE 3-4. SUMMARY OF NITROGEN OXIDE EMISSIONS DATA 
SCRUBBER OUTLETa 

Average 

2 7/17 

Average 

3 7/17 

187 357 0.2232 25.4 56.0 

SON-2A 181 346 0.21 63 24.6 54.2 
SON-2B 191 365 0.2283 25.9 57.2 
SON-2C 175 335 0.2096 23.9 52.6 
SON-2D 197 377 0.2355 26.8 59.0 

186 356 0.2224 25.3 55.8 

SON-3A 176 337 0.2105 23.9 52.8 
SON-3B 
SON-3C 
SON-3D 

189 362 0.2257 25.7 56.6 
191 365 0.2280 25.9 57.2 
183 3 50 0.21 80 24.8 54.7 

Average 

aMass emission r a t e s  are based on the average s tack  gas  f l o w  r a t e  determined 
durin 
dscfh 7 . the scrubber o u t l e t  p a r t i c u l a t e  tests (70.999 dscrnh and  2,507,307 

185 3 54 0.2206 25.1 55.3 

I 
! 
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in ppm as methane and emission rates were calculated based on the 

molecular weight of methane (16 g/g-mole). 

The nonmethane organic concentration in the outlet stack 

varied from 128 ppm to 378 ppm with an average value of 218 ppm 

as methane. The average emission rate of nonmethane organic 

compounds was 10.3 kg/h (22.7 lb/h) as methane. 

3.1.6 Visible Emissions 

Each particulate test included a survey of visible emissions 

at the kiln scrubber outlet. Visible emissions were read in 6- 

minute sets throughout each particulate test. Table 3-6 sum- 

marizes the' findings. For each test, opacities ranged from 0 to 

5 percent and averaged less than 1 percent for all sets. 

3.2 CLINKER COOLER EXHAUST 

Particulate emissions and particle size distribution tests 

were performed at the clinker cooler exhaust stack. Visible 

emissions were observed at the outlet stack during each particu- 

late test. In addition, SO2 tests were performed simultaneously 

with the scrubber test locations. 

Particulate sampling and analytical procedures followed EPA 

Method 5* except that an ether-chloroform extraction was per- 

formed on the impinger contents' to determine condensible organic 

and inorganic content. Particle size sampling and analytical 

procedures followed those described in "Procedures Manual for 

Inhalable Particulate Sampler Operation", recently developed for 

1 

. I EPA by Southern Research Institute. Visible emission 

* 
40 CFR 60, Appendix A, Reference Method 5, July 1, 1981. 
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observations were made by EPA Method 9.* Sulfur dioxide tests 

were conducted using EPA Method 6.* Concentration and mass 

emission rate data are expressed in units identical to those used 

in Section 3.1 of this report. 

3.2.1 Flue Gas Conditions and Particulate Emissions 

Summaries of the measured flue gas and particulate emission 

data from the clinker cooler exhaust are presented in Tables 3-7 

and 3-8. 

The filterable particulate data reported in Table 3-8 

represent matter collected in the sample probe and on the filter, 

both of which were heated to approximately 121OC (250OF). The 

condensible organic and inorganic fractions represent material 

that condensed out or was trapped in the impinger section of the 

sample train at a temperature of approximately 20°C (68OF). All 

velocity measurements were obtained using an S type pitot tube 

and a 0-0.635 cm (0-0.25 in.) inclined manometer due to the low 

flow (natural draft) situation encountered at this site. 

The volumetric flow rate averaged 11,800 dscmh (415,300 

dscfh), temperature averaged 197OC (386OF), and the moisture 

content averaged 2.1 percent. The oxygen and carbon dioxide 

contents averaged 20.1 and 0.0 percent, respectively. 

Filterable particulate concentration averaged 147 mg/dscm . 
(0.064 grfdscf) with a corresponding average mass emission rate 

of 1.7 kg/h (3.8 lb/h). The organic and inorganic concentrations 

averaged 0.63 mg/dscm (0.0003 gr/dscf) and 24 mg/dscm (0.01 

* 
40 CFR 60, Appendix A, Reference Methods 6 and 9, July 1, 1981. 
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gr/dscf), and the corresponding mass emission rates averaged 

0.007 kg/h (0.016 lb/h) and 0 . 2 8  kg/h ( 0 . 6 2  lb/h) . 
3 . 2 . 2  Particle Size Distribution 

A total of four particle size samples were collected from 

the clinker cooler outlet during the particulate test runs. An 

Andersen cascade impactor was used for these tests. Section 

3 . 1 . 2  and Appendix A describe the sampling and analytical proce- 

dures and the data reduction techniques used, respectively. 

Figure 3-3 presents the distribution curve for each set of 

four samples collected. Individual data points for each test 

were plotted manually. 

manually for each individual test. All particle size results are 

based on aerodynamic diameters and unit density (1 g/cm ) .  The 

data show that 50 percent of the particles by weight were less 

than 20 vm. 

3 . 2 . 3  Clinker Cooler Visible Emissions 

The distribution curve was plotted 

3 

Visible emissions were surveyed at the clinker cooler outlet 

during each particulate test. Visible emissions were read in 6- 

minute sets throughout each test. Table 3-9 summarizes the 

visible emissions data. No visible emissions from the stack were 

detected by the certified observer during the test period. 

3 . 2 . 4  Sulfur Dioxide 

'1 Table 3-10 summarizes the results of SO2 tests conducted a 

the clinker cooler outlet. 

averaged less than 1 ppm by volume, which is below the minimum 

detectable limit of the analytical method.* It should be noted 

For each test, the SO2 concentration 

* 
40 CFR 6 0 ,  Appendix A ,  Reference Method 6, July 1, 1981. 
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I 

CCS-1 
CCS-2 

t I 

. .  . . I 

7/17 <1 0.0 0.0 0.0 0.0 20.2 197 386 
7/17 <1 0.0 0.0 0.0 0.0 20.2 197 386 

c. 
Average I' <1 0.0 0.0 0.0 0.0 20.2 197 386 

II I 
~ 

Average 

i 

<1 0.0 0.0 0.0 0.0 20.3 197 386 

1 

Average 

TABLE 3-10. SUMMARY OF SULFUR D I O X I D E  RESULTS 
CLINKER COOLER OUTLET 

<1 0.0 0.0 0.0 0.0 20.1 197 386 

Mass 
Concentrat ion a 5{ e$isio,n 1 F, I Temn;aye k? I &y'l ppm I mg/dscm I 1  bldscf  x 10- 

20.3 197 386 1 ::: 120.3 1 197 (386 1::; CCS-3 7/17 <l 0.0 
0.0 CCS-4 I 7/17 I <1 I ::: I 

CCS-5 7/17 <1 0.0 0.0 0.0 20.1 197 386 
C C S - 6 1  7/17 1<1 I 0.0 I 0.0 1::; 1 0.0 120.1 1 197 1386 

agelow minimum detec tab le  l i m i t ,  when 0.001 N barium perch lo ra te  was used t o  
increase t h e  minimum detectable l i m i t .  

I 
3-28 
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that the normality of the barium perchlorate solution used in 

analyses of these samples was changed to 0.001 N to increase the 

detectable limit. 

3.3 PROCESS SAMPLES 

Table 3-11 summarizes results from analysis of process 

samples collected during each particulate test. Shale and coal 

samples were collected at approximately 30-minute intervals. 

Shale samples were collected from the kiln feed conveyor and coal 

samples after the pulverizer, before the coal entered the kiln. 

Samples of the final aggregate product and scrubber water efflu- 

ent were also collected for determination of total sulfates. 

One scrubber influent sample was collected by PEDCo personnel 

at the end of the test program for sulfate analyses and pH 

determination. 

The analytical data on shale showed an average sulfur con- 

tent of 0.11 percent and an average moisture content of 0.61 

percent. The analytical data on coal showed an average sulfur 

content of 2.03 percent and an average ash content of 17.8 per- 

cent. The sulfur content of the final product averaged less than 

0.02 percent. The sulfate concentration of the scrubber influent 

sample was 1770 milligrams per liter (ml). The sulfate concen- 

tration of the effluent samples averaged 1890 ml/liter. The 

scrubber influent showed a pH of 4.0 and composite samples of the 

effluent a pH of 3.95. 

\ 
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TABLE 3-11. SUMMARY OF PROCE 

Ash, % 
ry b a s i s  

I Sul fu r ,  % 
dry bas i s  

except where 
noted Run No. 

- 

1 I 7/14 

b co.02 

,L 
aASTM D3177. 

- 

Coal 
Shale  

Coal 
Shale 

Final 
product 

Scrubber 
i n f i  uent 

Scrubber 
ef f 1 uent 

1770 m g / l c  

) ens i jy ,  
g/cm 

- 
2.52 

- 
2.60 

2.23 

- 

- 

; SAMPLE ANAL’ 

Moisture, % 
a s  recei.ved 

6.95 
0.63 

6.61 
0.58 

- 

- 

- 

bASTM D2234, a s  rece ived  bas i s .  
‘Concentration i n  mil l igrams per  l i ter .  

i 

3 - 3 0  

IS RESULTS 

2.11b a 16.87 - 1 0.12 
a 18.67 1 .95b 

- I 0.09 

- 1 1890 mg/lc 
(average) 
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3 . 4  FUGITIVE EMISSIONS 

Fugitive emissions were surveyed during each particulate 

test using procedures described in EPA Method 9.* Separate 

surveys were performed at the following locations: raw material 

crushing, clinker discharge chute, final product crushing and 

screening, and the kiln seals (charge and product). A 30-minute 

survey was conducted at each location during the particulate 

tests. Table 3-12 summarizes the results of the fugitive emis- 

sion survey. 

* 
4 0  CFR 60, Appendix A ,  Reference Method 9, July 1, 1981. 
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SECTION 4 

SAMPLE LOCATIONS AND TEST METHODS USED 

Figure 4-1 presents a simplified process flow sheet depict- 

ing the sample locations and type of testing conducted at each 

site. 

The following subsections describe the sampling sites for 

particulates, sulfur dioxide, nitrogen oxide, 

size distribution testing. 

4.1 SCRUBBER INLET 

Particulates, sulfur dioxide, and partic 

VOC, and particle 

e size distribution 

were measured at the inlet to the wet scrubber as shown in Figure 

4-2. Two sample ports, 90 degrees off-center, were located 1.8 

duct diameters (dd) downstream and 0.3 dd upstream from the 

nearest flow disturbances in the 1.99 m (6.54 ftl I.D. round 

duct. Forty-eight traverse points, twenty-four per port, were 

used to traverse the cross-sectional area of the duct for the 

particulate tests. Each point was sampled for 2.5 minutes which 

yielded a total test time of 120 minutes. Sulfur dioxide sam- 

pling was conductT using constant rate sample techniques by 

placing the probe tip near the center of the duct. Particle size 

samples were collected at a point of average velocity in the duct 

using an Andersen Heavy Grain Loading Impactor. 

4 -1 



CRUSHER 

SLUDGE COAL SCRUBBER 

CRUSHER PRODUCl 

i0 
SAMPLE SETTLING @ POINT CHAMBER CAP% 

PARTICULATE 

I@ 
- SOLIOS 

FLOY 
T 

STACK --- AIR/GAS 
FLOU 

Sample type 

Pat iculate 

so2 

mx 

Par t i c l e  s i z e  

O K  

Fugit ive dust 

Stack o w c i t y  

Sulfur. ash. moisture 
content 

Density. moisture 
content, sul fur  

Sul fur  

Total sulfates. 
PH 

Sample point 

3.4.9 

3.4.9 

3.4.9 

4 

4 

K i l n  seals. 10. 
11.12.13 

4.9 

1 

2 

5.6 

5 

effluent) 
( inf luent and 

No. of samples 

3 

3 

3 

12 9rab 

3 

3 

3 

24 
~crmposi te)  

24 
(cmposl te)  

Conposite 

Conpositc 

Method 

EPA 5' 

EPA 6 

Impactor 

EPA 7 

EPA 25 

EPA 9 

EPA 9 

URl 03177. 
03174. 03173, 
02234 

Lsm c29. 
Gravimetric. 
01757 

01757 

427-tb 

abndcnr ib le  organic and inorganic fraction) rlll be deternincd by mans o f  

bSUndard Methods for the L.nitution of Mter and M s t m t e r .  14th Edi t ion.  
etherlchlorofonn extraction. 

Figure 4-1. Sampling p lan  and process f l o w  sheet, 
Vulcan Materials Company. 
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KILN FEED 
1 

1 7 I 

t 
I 4 KILN . Lq.66 (12 ft) = 1.83 dd 

KNOCKOUT 
CHAMBER 0.61 m (2 ft) = 0.31 dd 

TRAVERSE 
POINT NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

OIST 
cm 

12.34 
16.51 
21.08 
25.91 
31.10 
36.56 
42.16 
48.77 
56.13 
64.52 
74.68 
89.54 
30.18 
45.03 
55.19 
63.58 
70.94 
77.55 
83.13 
88.60 
,93.80 
~ 98.63 
!03.20 
!07.26 

ICE* 
i n .  

I 

5.00 
6.50 
8.30 

10.20 
12.25 
14.40 
16.60 
19.20 
22.10 
25.40 
29.40 
35.25 
51.25 
57.10 
61.10 
64.40 
67.30 
69.90 
72.10 
74.25 
76.30 
78.20 
80.00 
81.60 

CROSS SECTION 

1.99 m (6.54 ft) I.D. 
10.2 cm (4  in.) LENGTH 

HIPPLE 

*Includes nippl-e. 1enqt.h. 

F igure  4-2. Scrubber i n l e t  sample l o c a t i o n .  
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4 . 2  SCRUBBER OUTLET 

Particulates, sulfur dioxide, nitrogen oxide, particle size 

distribution, and VOC contents were measured at the wet scrubber 

outlet, as shown in Figure 4-3 .  Two sample ports, 90 degrees 

off-center, were located 4 . 6  dd downstream and 1.7 dd upstream 

from the nearest flow disturbances in the 1.97 m ( 6 . 4 6  ft) I . D .  

round stack. Thirty-two traverse points, sixteen per port, were 

used to traverse the cross-sectional area of the stack for the 

particulate test runs. Each point was sampled for 4 minutes, 

which yielded a total test time of 1 2 8  minutes. Sulfur dioxide, 

nitrogen oxide, and VOC sampling was conducted by use of con- 

stant-rate sample techniques that placed the respective probe 

tips near the center of the stack. Particle size samples were 

collected using an Andersen in-stack impactor. 

4 . 3  CLINKER COOLER EXHAUST 

Particulate and sulfur dioxide concentrations as well as 

particle size distribution were measured at the clinker cooler 

exit stack, as shown in Figure 4-4.  Two sample ports, 90 degrees 

off-center, were located 6 dd downstream and 2 . 4  dd upstream from 

the nearest flow disturbances in the 1 . 3 5  m ( 4 . 4 2  ft) I . D .  round 

stack. Twenty-four traverse points, twelve per port, were used 

to traverse the cross-sectional area of the stack for the par- 

ticulate test runs. Each point was sampled .for 5 minutes, which 

yielded a total test time of 120 minutes. 

Sulfur dioxide sampling was conducted at a constant sampling 

rate by placing the probe tip near the center of the duct. 

4-4 



f '  
3.4 m 

(11.17 f t )  

9.09 1 m 

(29.83 f t )  

1 

= 1.7 dd 

0 0 
SAMPLE PORTS 

= 4.6 dd 

SCRUBBER 

\ 

CROSS SECTION 

1.97 m (6.46 ft) I.D. 
9.53 cm (3.75 in.) 

NIPPLE LENGTH 

TRAVERSE 
POINT NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

015 
cm 

12.70 -. . 

19.05 
26.37 
34.29 
42.85 
52.71 
65.10 
83.19 

132.41 
150.83 
163.20 
173.05 
181.61 
189.56 
196.85 
203.20 

NCE * 
in. 

5.00 .... 

7.50 
10.38 
13.50 
16.87 
20.75 
25.63 
32.75 
52.13 
59.38 
64.25 
68.13 
71.50 
74.63 
77.50 
80.00 

*Includes n i p p l e  length.  

F igure 4-3. Scrubber o u t l e t  t e s t  l oca t i on .  
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Particle size samples were collected using an Andersen in-stack 

impactor. 

briefly below. 

The test and analytical procedures used are described 

4 . 4  VELOCITY AND GAS TEMPERATURE 

A Type S pitot tube and an inclined draft gauge manometer* 

were used to measure the gas velocity. 

at each sampling point across the duct to determine an average 

value. Measurements were made according to the procedures out- 

lined in Method 2 of the Federal Register.** The temperature was 

also measured at each sampling point by use of thermocouple and 

potentiometer. 

Velocities were measured 

4 . 5  MOLECULAR WEIGHT 

Flue gas composition was determined by using procedures 

described in Method 3 of the Federal Register.** A bag sample 

was collected during each particulate, sulfur dioxide, and 

nitrogen oxide test run. 

of an Orsat Gas Analyzer. 

The bag contents were analyzed by use 

4 . 6  PARTICULATES 

Particulate grain loading was measured at each test location 

according to Method 5 ,  as described in the Federal Register.** 

All tests were conducted isokinetically by traversing the cross- 

sectional area of the stack and regulhting the sample flow rate 
! 

* 
A 0 - 0 . 6 3 5  cm (0-0.25 in.) manometer was used at the clinker 
cooler exit stack. 
4 0  CFR 6 0 ,  Appendix A, Reference Methods 2, 3 ,  and 5 ,  July 1, 
1981. 

** 
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relative to the flue gas flow rate as measured by the pitot tube 

attached to the sample probe. A sampling train consisting of a 

heated, glass-lined probe, and heated 87-mm (3-in.) diameter 

glass fiber filter (Reeve Angel 934 A H ) ,  and a series of Green- 

burg-Smith impingers were used in each test. A heated 316 

stainless steel probe was used on the scrubber inlet sample train 

due to the high flue gas temperatures at this location. In 

addition, a cyclone was placed prior to the heated filter due to 

the heavy particulate loading. The nozzle, probe, and filter 

holder portions of the sample train were acetone-rinsed at the 

end of each test. The acetone rinse and the particulate caught 

on the filter media were dried at room temperature, desiccated to 

a constant weight, and weighed on an analytical balance. Total 

filterable particulate matter was determined by adding these two 

values. The contents of the impinger section of the sampling 

train were recovered and analyzed for organic and inorganic 

content by ether-chloroform extraction. 

4 . 7  SULFUR DIOXIDE 

The test procedure used was as described in Method 6 of the 

Federal Register* except the midget impingers were replaced with 

a series of Greenburg-Smith impingers. A heated glass-lined 

probe preceded the series of impingers. A plug of glass wool was 

placed in the tip of the probe and in the connecting glassware 

between the first and second impingers. A heated quartz glass 

probe was used on the scrubber inlet sample train and a cyclone- 

i 

* 
4 0  CFR 60, Appendix A ,  Reference Method 6, July 1, 1981. 
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. 
filter assembly was placed prior to the impingers due to the 

heavy particulate loading at this location. Each test consisted 

of two 30-minute runs. 

ambient air for 15 minutes after the completion of each test. 

Contents of the second and third impingers ( 3 %  hydrogen peroxide) 

were measured and analyzed onsite for sulfates by using the 

barium-thorin titration method. 

Each sampling train was purged with 

4.8 NITROGEN OXIDE 

Sampling and analytical procedures were those described in 

EPA Method 7 of the Federal Register.* A total of three tests, 

each consisting of four grab samples taken at approximately 15- 

minute intervals, were conducted on the scrubber exit stack. The 

samples were shipped to the laboratory for analysis. 

4.9 PARTICLE SIZE DISTRIBUTION 

Particle size samples from the scrubber and clinker cooler 

exit stacks were obtained using an Andersen 2000 Mark I11 Source 

Cascade Impactor. This in-stack, multistage cascade impactor has 

a total of eight stages. Particle size cutoffs range from 0.5 to 

15 um and are followed by a backup filter stage. Substrates for 

the Andersen were 64-mm glass fiber filters. A constant sampling 

rate was maintained through the test period. The rates were set 

for isokinetic sampling as long as the rate did not exceed the 

recommended flow rate for the impactor (0.70 acfm). 

i 

A total of four impactor runs were made at each sampling 

site. Sampling point locations for each stack were as shown in 
* 
40 CFR 60, Appendix A ,  Reference Method 7, July 1, 1981. 
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Figure 4-5. At least one impactor run was made at each sampling 

point. Sampling procedures were those recommended in the "Proce- 

dures Manual for Inhalable Particulate Sampler Operation," re- 

cently developed for EPA by the Southern Research Institute. 

Particle size samples from the scrubber inlet were obtained using 

an Andersen Heavy Grain Loading Impactor. This in-stack impactor 

has a total of three stages. Particle size cutoffs range from 2 

to 17 microns (ym). A total of two samples were collected at a 

point of average velocity in the duct. 

1 

4.10 HYDROCARBON EMISSIONS 

Sampling and analysis for hydrocarbon emissions was con- 

ducted using EPA Method 25* for the determination of total gase- 

ous nonmethane organics. Samples were collected by drawing gas 

from the stack through a dry-ice condensate trap by means of an 

evacuated sample tank. Sampling was conducted at a single point 

in the stack and a constant sampling rate between 8 0  and 90 

ml/min was maintained. Both the sample tank and the condensate 

trap were analyzed to determine the nonmethane organic content of 

the exhaust gas. 

Analysis of the tank fraction was accomplished by injecting 

the sample into an analyzer which separated the nonmethane or- 

ganics from CO, C02, and CH4, oxidized the components to C02 and 

reduced the C02 to methane for measurement with a flame ioniza- 

tion detector (FID) . 
i 

- 
40 CFR 60, Appendix A,  Reference Method 25, July 1, 1881. 
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Figure 4-5 .  Particle size sampling points for circular stack.  
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Condensate was recovered by heating the trap and probe line 

to 65OOC (1200°F), converting the contents to carbon dioxide with 

a catalytic oxidizer, and collecting the C02 in an intermediate 

collection tank. The intermediate tank was analyzed by injecting 

the contents into the analyzer where the C02 was reduced to 

methane and measured with the FID. The total gaseous nonmethane 

organic content was determined by summing the results of the trap 

and tank analyses. 

4.11 PROCESS SAMPLES 

Samples of the coal and shale fed to the kiln were collected 

at approximately 30-minute intervals during the particulate 

sampling. Coal samples were collected after the pulverizer, at a 

point just before the coal entered the kiln. Shale samples were 

collected from the kiln feed conveyor belt. Coal samples were 

analyzed for sulfur content, moisture content, and percent ash. 

.Shale samples were analyzed for sulfur content, density, and 

moisture content. 

Samples of the influent and effluent from the kiln wet 

scrubber and final aggregate product were collected and analyzed 

for sulfate content and pH. 

4.12 VISIBLE AND FUGITIVE EMISSIONS 

i .  

I 
Visible and fugitive emission observations were performed 

I 

I 
using procedures described in EPA Method 9.* Certified visible 

emission readers were utilized for each task. 

* 
40  CFR 60, Appendix A, Reference Method 9 ,  July 1, 1981. 
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SECTION 5 

QUALITY ASSURANCE 

L 

Because the end product of testing is to produce representa- 

tive emission results, quality assurance is one of the main 

facets of stack sampling. Quality assurance guidelines provide 

the detailed procedures and actions necessary for defining and 

producing acceptable data. Four such documents were used in this 

test program to insure the collection of acceptable data and to 

provide a definition of unacceptable data. The following docu- 

ments comprise the source-specific test plan prepared by PEDCo 

and reviewed by the Emissions Measurement Branch: the EPA 

Quality Assurance Handbook Volume 111, EPA-600/4-77-027b; the 

draft PEDCO Environmental Emission Test Quality Assurance Plan; 

and the PEDCo Environmental Laboratory Quality Assurance Plan. 

The last two, which are PEDCo's general guideline manuals, define 

the company's standard operating procedures and are followed by 

the emission testing groups and the laboratory groups. 

Appendix F provides more detail on the quality assurance 

procedures, such as QA objective; data reduction; quality control 

checks; performance and system audits; preventive main \t enance; 
precision, accuracy, and completeness; corrective action; and 

quality assurance reports to management. 

.5-1 
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Relative to this specific test program, the following steps 

are taken to insure that the testing and analytical procedures 

used will produce quality data. 

0 Calibration of field sampling equipment. (Appendix E 
describes calibration guidelines in more detail.) 

0 Checks of train configuration and calculations. 

0 Onsite quality assurance checks, such as sample train, 
pitot tube, and Orsat line leak checks, and quality 
assurance checks of all test equipment prior to use. 

0 Use of designated analytical equipment and sampling 
reagents. 

Table 5-1 lists sampling equipment used for particulate, SO2 
and NOx testing, and the calibration guidelines and limits. 

addition to the pre- and post-test calibrations, a field audit 

was performed on the meter boxes used for particulate and SO2 

sampling. PEDCo constructed critical orifices were used for this 

audit. Figures 5-1 through 5-3 show an example audit run for 

each dry gas meter used for particulate and SO2 testing. 

In 

As a check on the reliability of the method used to analyze 

the filters for the particulate and particle size tests, sets of 

filters that had been preweighed in the lab were resubmitted for 

replicate analysis. Table 5-2 summarizes the results of a blank 

filter and reagent analysis. In addition, particle size blanks 

were run at each exit location to determine if any bias may have 

been caused by reaction of flue gas with the impactor substrates. 

As expected, no bias was observed. 

i 

Audit solutions prepared by the EPA were used to check the 

analytical procedures and reagents for SO2 and NOx sample 

5-2 
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Orifice Dry gas Temperatures 
ma nome ter meter Ambient Dry gas meter 

Tai/Taf T. .ITif 
reading reading Inlet Outlet 

Toi/Tof AH Vi /Vf 1 1  

in H20 ft3 O F  O F  OF 

4/7.2.-0T) / a  z 7 4  70 
y-ro .roo / 0 3  9 u  9 )  

2.25 

AUDIT REPORT SAMPLE METER BOX 

Dura ti on 
o f  
run 
0 

mi n 
16- 0 7% 

/ G  . O l  

DATE: 7 / 3  r/ 
BAROMETRI; P R E h R E  ( P h a p ) : 6 - i n .  Hg METER BOX NO. f& -2  

CLIENT: @cfp d a L g + 4  

vmstd 

"-. 
ORIFICE NO. / PRE-TEST y: / .  003 
ORIFICE K FACTOR: 5, a o G  x (0-7 AUDITOR: /1 S d ~ o ~ e ,  

''act 

/ a  .?AX / 2_ . -s'.5-2- 

Audit y 

"mact 

"std 

Audit y must be in the range. pre-test y +0.05 y 
Audit AH@ must be In the range, AH@ - +0.15- 

y deviation, % 

(y audit - y pre-test)(lOO%) 
(y audit) 

Figure 5-1. Meter box audit, scrubber inlet. 
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Or if ice Dry gas Temperatures Duration 

reading 
manometer meter Ambient Dry gas meter of 

Inlet Outlet run 
0 

mi n T .  .ITif Toi/Tof 
reading Tai'Taf 

AH Vi/Vf 1 1  

5- 0 9 7  /d /0.3 

in H20 ft3 O F  O F  O F  

/58z5 g .,o; ?& 1 4  /u ry 

Dry gas Average temperatures 

volume meter 
"m Ta Tm 
ft3 OF O F  ft3 ft3 % 

i 3  -/@ 77. 5' /<3 7 5  /2 .IS7 / I  %+ / uz/ 4>27 

Audit 
Y 

Y deviation 
'%td "'act 

meter Ambient Dry gas 

V 
"std "'act 

(17.647)( Vm )(Pbar + AH/13.6) (1203)( 0 ) (  )(Pbar) 
(Tm + 460) (Ta + 460j1l2 

AUDIT REPORT SAMPLE METER BOX 

DATE : 7 L3 I?* CLIENT: &.i'(+-) 

BAROMETRIC P R E h R i  ( P b a r ) : ? 7  in. Hg METER BOX NO. 7 4 7  S&.&&doJ 
ORIFICE NO. 6 PRE-TEST y: &' 7.77 
ORIFICE K FACTOR: AUDITOR: f?Q 45;y r/c. -I 

7 
Audit y y deviation, % 

V 

"m 

(Y audit - y pre-test)(lOO:) 

(y  audit) 
matt 
std 

I / *  Lz/ 4.27 

Audit y must be in the range, pre-test y +0.05 y 
Audit AH@ must be i n  the range, AH@ - +0.15- 

Figure 5-2. Meter box audit, scrubber outlet. 
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AUDIT REPORT SAMPLE METER BOX 

O r i f i c e  
manome t e r  
reading 

AH 

i n  H20 

! 

I 

Dry gas Temperatures Durat ion 

reading 
meter Ambient Dry gas meter o f  

I n l e t  O u t l e t  run 

T o i / T o f  m i  n 
0 T a i / T a f  T. ./Tif Vi/Vf 11 

f t 3  O F  O F  OF 

57s. / 97 / 02 9c  

! 

4 --)4/ 607c 7 

1 
I 

I 
I 

i 

/o I 9r IS/ 

DATE : 7 -  /3  -E/ CLIENT: &s e$?/ 

O R I F I C E  NO. 4 PRE-TEST y: /,off 
O R I F I C E  K FACTOR: 5 I 220 k / O W  AUDITOR : H 4 -  

BAROMETRIC PRESSURE ( P b a r ) : m i n .  Hg METER BOX NO. /=x, - ? Uk 

Dry gas Average temperatures 
meter Ambient Dry gas 

volume meter '"std 
"m Ta Tm 

f t 3  O F  OF f t 3  ft3 

l a  .LO 77 99 I I .976 rl.qo3 

a c t  "m Audi t  
Y 

Y d e v i a t i o n  

x 
, WB a 

A u d i t  y must be i n  t h e  range. p r e - t e s t  y +LO5 y 
A u d i t  AH@ must be i n  t h e  range. AH@ - +0.15- 

F igure  5-3. Meter box aud i t ,  c l i n k e r  cooler.  
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Sample type  

TABLE 5-2. EXAMPLE BLANK FILTER AND REAGENT ANALYSIS 

O r i g i n a l  t a r e  
weight, mg 

Acetone 
blank 

H20 blank 

Ether-chloroform 

P a r t i c u l a t e  
87 mm Reeve 
Angel 934 AH 
No. 0002267 

P a r t i c l e  s i z e  
64 mn Reeve 
Angel 934 AH 

S-15 
3-144 
5-39 
3-126 
5-33 
J-134 
s-77 
5-116 
B-462 

99690.6 

93932.9 

65872.8 

359.2 

142.1 
138.4 
143.4 
141.0 
143.4 
136.3 
144.6 
135.8 
206.0 

Blank weight, 
m9 

5-9 

359.4 

142.6 
138.6 
143.4 
141.0 
143.4 
136.3 
144.5 
136.1 
206.2 

99698.6 

93972.2 

65877.8 

Net weight, 
mg 

+o. 2 

+O. 5 
+0.2 

0.0 
0.0 
0.0 

-0.1 0.0 

+0.3 
+0.2 

0.02 mg/ga 

0.10 mg/ga 

0.03 mg/ga 
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analysis. Tables 5-3 and 5-4 present the results of these 

analytical audits. The audit tests show that the analytical 

techniques were good. 

The quality assurance procedures specified in Method 25 

include oxidation and reduction catalyst checks, complete Cali- 

bration of the NMO analyzer, use of proper materials of con- 

struction for sampling tanks and traps (316 stainless steel), and 

checks to determine the blank values for the analyzer and trap 

conditioning apparatus carrier gases. In addition, PEDCo has 

found it necessary to use the following procedures to check and 

prepare sampling equipment before testing. Prior to each test, 

all condensate traps are checked for cleanliness using the trap 

conditioning apparatus. Traps are heated to 65OOC (1200OF) with 

carrier gas passing through the trap, and oxidizer, and through 

the GC gas sample loop. The sample loop contents are then 

injected to the NMO analyzer to determine the level of contami- 

nant remaining in the trap. This process is repeated until an 

acceptable blank value is obtained. Typical blank values for 

traps range from 5 to 10 ppm. 

Gas sampling tanks are cleaned by evacuating the tanks and 

filling with nitrogen. This procedure is repeated until an 

analysis of the tank on the Method 25 analyzer demonstrates that 

the tank contains no contaminants from previous s a m p ~ n g  jobs. 

A l l  tanks to be used in a testing program are checked in this 

manner before shipment to the sampling site. 
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Source of 
Sample 

bf SF/A 

TABLE 5-3. AUDIT REPORT SO2 ANALYSIS - ONSITE AUDIT - 

Accepted 6 
Value Difference 

Plant PN Number 3 f l O - /  

Date samples received 7. /6 if/ Date analyzed T/6*&/ 
Samples an bOc,T4/ 
Reviewed b Date of Review 7 - / C : - X /  

I I 
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TABLE 5-4. A U D I T  REPORT NO, ANALYSIS  

Plant F.9A vu (Con PN Number 3530'\ 

Date samples received 1 -a\ -% Date analyzed 1 -& % I 

Samples analyzed by w. s+dsd 
Reviewed by 1. &/in& h. Date of Review7-37-6 1 7.28-N 

Sample mg NQ2/dscm 
Number Determined 

I 

I I 
1 

I 
I i 
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Chromatograms showing the blank checks for the traps and 

tanks used in this test are in Appendix C with the laboratory 

results. 

The sampling equipment, reagents, and analytical procedures 

for this test series were in compliance with all necessary guide- 

lines set forth for accurate test results as described in Volume 

I11 of the Quality Assurance Handbook.* 

* 
Quality Assurance Handbook for Air Pollution Measurement Systems, 
Volume 111, EPA-600/4-77-027b, August 1977. 
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SECTION 6 

DISCUSSION OF RESULTS 

Overall, the sampling program was executed as planned and no 

major problems occurred with either test equipment or sampling 

activities. In addition, the process operation was characterized 

as normal throughout the test period by plant personnel and the 

NSPS contractor. 

The measured particulate emissions appear to be representa- 

tive based on between-test data reproducibility and comparisons 

with the plume observation and particle size distribution data 

collected concurrent with the particulate tests. 

The particulate concentration as determined by Method 5 at 

the inlet to the wet scrubber compares favorably with the cal- 

culated mass loading obtained from the Andersen Heavy Grain 

Impactor used at this site (50,000 mg/dscm vs. 53,000 mg/dscm). 

In addition, the measured volumetric flow rate compared to within 

5 percent of the measured flow at the scrubber outlet test loca- 

tion. This difference is attributed to air in-leakage between 

the inlet and outlet test locations.\ Particulate, particle Size, 

and plume observation data obtained from the source indicate that 

the control device operated efficiently throughout the test 

period. 
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At the clinker cooler, particulate results appear to be 

representative of what would be expected from a natural draft 

system. It should be noted that the opacity of fugitive emis- 

sions from the oversized clinker discharge chute ranged from 5 to 

10 percent throughout the test period. No visible emissions were 

detected from the clinker cooler exit stack. 

The process sample analysis shows the shale material used at 

this plant possesses a low sulfur (0.10 percent) content. 

Therefore, it is reasonable to conclude SO2 emissions are gen- 

erated primarily from combustion of coal in the kiln. 
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Emission Test Report 
Review Checklist 
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0. Process overview: On an attached page provide a block 
diagram of the unit operations-and associated air 
pollution control systems at the facility. Identify - 
process tested with letters from the beginning of the 
alphabet (A, B, C, etc.) and APC system with letters 
from end of alphabet (V, W, X, etc.). Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from that sketch complete the table below that 
identifies processes or unit operations tested. 
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~ ~- 
7 

4 

DRAFT/WP 
rn d3006-4/971130 

03/30/92 2 

B. process Information 

1. Provide a brief narrative description of the process. 
with as much detail as possible; ( e . g . ,  if a furnace 01: 
conveyor system is used, identify the type of unit) 
describe the equipment used fgr those  pera at ions tested. 
(Note: 
adequate, attach copy or reproduce here.) 

If procees description provided in test report is 

by pulverized coal, and natural gae is used to fuel the pilot 

flame. The operating temperature of the kiln is approximately 

1150OC l21OO'F).  Natural gas is the primary fuel used for the 

reheating process. Once the temperature of the coal mill reaches 

93OC 1 2 0 0 ° F ) ,  pulverized coal is used a6 the primary fuel to fire 

the kiln. The kiln temperature climbs to 1480.C 12700'Fl during 
*+ 

.. 

front end loader and transferred to a crusher for supplemental 
I 
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2. For each process tested list feedstock materials and 
products. Indicate if activity factors are for feed (F) 
rate o r  product (P) rate. 

Basis for activity 

Bade €or data: 3. 2-1 
(Indicate page/table N o s .  in teat report) 

For each proceee o r  operation teated and each test run 
note process capacity and operating rate during teat. 

3 .  

@ 

'A+ 
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eaais €or data: 2-1 ,2-5 
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c. Air Pollution Control System Tested 

1. For each air pollution control system pollution control 
system identified in A.8,  note the following 

Note: Be as specific as possible in identifying APCD. For 
example, indicate "pulse jet fabric filter" rather than simply 
"fabric filter." 

2. For each system identified above, provide a narrative 
description. For fugitive system describe capture 
techniquee as well as the removal techniques (use a - ~- ~ ~~ aepar=i;u -page iZ necessuryyj 
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Using the attached parameter list for guidance complete 
the table below. (Use additional pages as needed.) 
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D. sampling and Analysis Methods 

1. Complete the following table 



DRAPT/WP 

03/30/92 7 
[L d3006-4/971130 

2.  If a method used was not a reference or conditional 
method, provide a narrative discussion including any data 
manipulation needed to make reeults correspond to 
reference or Conditional method results. 
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E. Emission Data Documentation 

1. Tabulate the following stack gas data from the test: 

I I 
I I 

,29: 

. 
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f. 

2. Tabulate pollutant mass flux rates 

I .  
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3. Present example emission factor calculations below. 

, 

.. 

6 Kit. PM 
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