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I. Puruose 

The purpose of the visit was to evaluate the feasibility of 
emission testing at this site for the purpose of developing 
emission factors for AP-42. 

11. Place and Date 

Pine Hall Brick Company 
Plant Nos. 3 and 4 
Box 836 Lindsey Bridge Road 
Madison, NC 27025 

July 21, 1992 

111. Attendees 

3 
John Dowdle, Vice President of Production 

U. S. Environmental Protection Asencv (EPAI 

Ron Myers, EIB 
John Brown, EMB 
Roy Huntley, EMB 

Midwest Research Institute (MRI) 

Brian Shrager 
Richard Marinshaw 
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IV. Discussion 
- 1 -  

Mr. Myers explained the purpose of tqe visit, described the 
ongoing revisions to AP-42, and outlined the test program being 
conducted by the Emission Inventory Branch (EIB) to develop new 
emission factors for inclusion in AP-42. Following this 
discussion, Mr. Dowdle led the group on a tour of the facility. 

grinding, and screening operation and two separate brick forming 
and firing plants (Plant No. 3 and Plant No. 4). Each plant has 
two kilns. Plant No. 3 has a production capacity of 
88,000 bricks per day, and plant No. 4 has a capacity of 120,000 
bricks per day. The facility operates 8 hours per day, 5 days 
per week. The raw material used to make the brick is classified 
as a triassic shale and is mined onsite. The moisture content of 
the raw material is approximately 11 percent. 

The raw material is fed to a primary crusher by front-end 
loaders. The crusher is located in a small two-story building 
located on the side of a hill. 
to allow access by the front-end loaders. The bottom story is 
open to allow access to the crusher and to provide an outlet for 
the crushed material. The emissions from the crushing operation 
consist of fugitive particulate matter (PM) that is emitted by 
the crusher itself, by front-end loader traffic, and by the 
transfer of material from the front-end loaders to the crusher. 
From the crusher, the material is transferred by conveyor to a 
storage area, which consists of a covered building with open 
sides to allow access to front-end loaders. Because the conveyor 
discharge point is located approximately 10 meters (m) (30 feet 
[ftl) above the ground, it is likely that fugitive dust emissions 
are high when material is first deposited in the storage pile 
(i.e., until the storage pile is built up to a height that 
approaches the conveyor discharge height). 

storage piles to hoppers. From the hoppers, the material is 
transferred by conveyor to a building that encloses the grinding 
and screening operations. In this building, the material is 
first screened for size. Oversize material is conveyed to a pan 
crusher that is open on the top, then returned to the vibrating 
screens. Undersize material is transferred by conveyor to 
storage piles in an adjacent building. 

Bay doors on one end of the screening and grinding building 
allow access by front-end loaders. The building is ventilated by 
means of roof vent and five axial fans located near the top of 
the building's walls. The roof vent and fans create an induced 
draft, which enters through the bay doors and exits through the 
roof vents; air movement into the bay doors was noticeable at the 
time of the visit. Emissions from the screening, grinding 

The Pine Hall facility consists of a central crushing, 

Figure 1 presents a process flow diagram for the plant. 

The top story is open on one side 

Front-end loaders transfer the crushed material from the 
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(hammermill) , and materials transfer operations consist of 
fugitive PM. Visible emissions were observed from all of these 
operations, but were not visible at the exit points of the vent 
system. 

From the storage piles, the material is conveyed to the 
forming areas (both plants have forming buildings), where the 
material is milled, extruded, and cut to size. Because water is 
added to the material to increase the moisture content before 
forming, PM emissions from the forming process are negligible. 

After forming, the bricks are stacked by front-end loaders 
into "cubes" on pallets. From the stacking area, the bricks are 
transported to the tunnel kilns and are loaded onto railroad cars 
by forklift. 

Plant No. 4 

The tunnel kilns include a drying section, firing section, 
and a cooling section. The kilns are about 120 m (400 ft) long 
and are fired with sawdust. The drying section is heated with 
waste heat from the cooling section. 

fired for about 37 hours. The air temperature in the tunnel kiln 
ranges from approximately 204°C (400°F) at the beginning of the 
drying section to 1093°C (2000°F) in the firing section. 

The sawdust used for firing the kilns first is dried from 
about 50 percent moisture to less than 10 percent moisture in a 
rotary dryer. 
vented from one or both kilns. From the dryer, the sawdust is 
recovered by means of a cyclone and then transported by screw 
conveyor to the kilns. The exhaust gases from the cyclone pass 
through a positive pressure baghouse and are emitted to the 
atmosphere. 

sampling ports. 
fluorides, and products of combustion. 

The unfired bricks enter the kiln on railroad cars and are 

The dryer is heated by exhaust gases that are 

Each kiln has one stack, which is not equipped with 
Emissions from the kilns are likely to be PM, 

Plant No. 3 

The tunnel kilns include a drying section, a firing 
section, and a cooling section. 
(400 ft) long and are fired with sawdust. The drying section is 
heated with waste heat from the cooling section. 

The unfired bricks enter the kiln on railroad cars and are 
fired for about 37 hours. The air temperature in the tunnel kiln 
ranges from approximately 204°C (400°F) at the beginning of the 
drying section to 1093OC (2000°F) in the firing section. 

The kilns are about 120 m 
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A gas-fired flash dryer currently is used to dry the 
sawdust for plant No. 3. Pine Hall recently installed a 
fluidized bed dryer for drying the sawdust. However, at the time 
of the visit the fluidized bed dryer had not yet been put into 
operation. Exhaust gases from the kilns will be used to heat the 
fluidized bed dryer. The dried sawdust is recovered by means of 
a cyclone and then transported by screw conveyor to the kilns. 

sampling ports. 
fluorides, and products of combustion. 

Each kiln has one stack, which is not equipped with 
Emissions from the kilns are likely to be PM, 

V. Conclusions 

With the exception of the tunnel kilns and sawdust dryers, 
emissions from all sources at Pine Hall are fugitive in nature. 
Most of these fugitive sources (crushing, screening, grinding, 
forming, stacking, and materials handling and storage operations) 
are enclosed. 
emissions, but traffic from front-end loaders into and out of the 
crusher building could present problems. It would be difficult 
to isolate emissions from the fug i t ive  scurces iii the screening 
and grinding building from one another. Because the building has 
few openings and a noticeable air flow from the bay doors to the 
roof vents, testing the entire building is feasible, however. 
Also, enclosing the crushing/grinding and screening operations in 
one building appears to be typical of the industry. 

Testing plant No. 4 kiln stacks would be relatively 
straightforward. Although sampling ports would have to be 
installed, the duct from the kiln stack to the sawdust dryer is 
easily accessible and of adequate length for testing. By 
sampling the kiln exhaust (before the sawdust dryer) and the 
sawdust dryer exhaust, the dryer emissions could be calculated 
from the difference in the two measurements. Kiln and sawdust 
dryer emissions controlled by the baghouse could also be 
measured, although modifications to the baghouse outlet would be 
required. Baghouses, however, do not appear to be typical 
control devices in the brick industry. 

The primary crusher could be tested for PM 

Because of the ongoing conversion from a flash sawdust 
dryer to a fluidized bed sawdust dryer, it may not be practical 
to test plant No. 3 kiln and dryer emissions. 

significant source of PM emissions. In addition, PM emissions 
from storage piles are likely to be significant. 

Front-end loader traffic on unpaved roads appeared to be a 
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IV. Discussion 

Mr. Myers explained the purpose of the visit, described the 

ongoing revisions to AP-42, and outlined the test program being 

conducted by the Emission Inventory Branch (EIB) to develop new 

emission factors for inclusion in AP-42. Following this 

discussion, Mr. Dowdle led the group on a tour of the facility. 

The Pine Hall facility consists of a central crushing, 

grinding, and screening operation and two separate brick forming 

and firing plants (Plant No. 3 and Plant No. 4). Each plant has 

two kilns. Plant No. 3 has a production ra~pa.rity nf 

88,000 bricks per day, and plant No. 4 has a capacity of 120,000 

bricks per day. The facility operates 8 hours per day, 5 days 

per week. 

as a triassic shale and is mined onsite. The moisture content of 

the raw material is approximately 11 percent. 

The raw material used to make the brick is classified 

Figure 1 presents a process flow diagram for the plant. 

The raw material is fed to a primary crusher by front-end 

loaders. 

g e J a h ; / / .  
.to d a y  Io&ed * 5' 

%e Sop 
The crusher is located in a smallAbuildingApAis open 

on one side to allow access by the front-end 

emissions from the crushing operation consist 

particulate matter (PM) that is emitted by 

front-end loader traffic, and by the transfer of material from 

the front-end loaders to the crusher. From the crusher, the 

material is transferred by conveyor to a storage area, which 

consists of a covered building with open sides to allow access to 
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front-end loaders. Because the conveyor discharge point is 

located approximately 10 meters (m) (30 feet [ftl) above the 

ground, it is likely that fugitive dust emissions are high when 

material is first deposited in the storage pile (i.e., until the 

storage pile is built up to a height that approaches the conveyor 

discharge height). 

Front-end loaders transfer the crushed material from the 

storage piles to hoppers. From the hoppers, the material is 

transferred by conveyor to a building that encloses the grinding 

and screening operations. In this building, the material is 

first screened for size. Oversize material is conveyed to a 
pa . d t e r  hat is open on -he top, 

material is transferred by conveyor to storage piles in an 

adjacent building. 

then returned to the vibrating screens. Undersize 

Bay doors on one end of the screening and grinding building 

allow access by front-end loaders. The building is ventilated by 

means of &be roof vent A 

induced draft, which enters through the bay doors and exit% 

through the roof vents; air movement into the bay doors was 

noticeable at the time of the visit. Emissions from the 

screening, grinding (hammermill), and materials transfer 

of -fkese operaf:or\~, bJf- ,,,e,-e n ~ f  vis;ble d fie e , d p p ; &  o f  -I%@ veflf System. 

and f ive 4nd 6'1s 
fan7 The roof ventffycreate an 

o d e d  nsoc tk .top +he bvildin k w l l r  . 

operations consist of fugitive p ~ .  Vi'sibft W ; S 5 ; m S  wen /;sn e'' 

I From the storage piles, the material is conveyed to the 

forming areas (both plants have forming buildings), where the 
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material ismi-lled, extruded, and cut to size. Because water is 

added to the material to increase the moisture content before 

forming, PM emissions from the forming process are negligible. 

After forming, the bricks are stacked by front-end loaders 

into "cubes" on pallets. From the stacking area, the bricks are 

transported to the tunnel kilns and are loaded onto railroad cars 

by forklift. 

Plant No. 4 

The tunnel kilns incliide a drying sectinn, firi.?; secticn, 

and a cooling section. The kilns are about 120 m (400 ft) long 

and are fired with sawdust. The drying section is heated with 

waste heat from the cooling section. 

The unfired bricks enter the kiln on railroad cars and are 

fired for about 37 hours. The air temperature in the tunnel kiln 

ranges from approximately 204OC (400OF) at the beginning of the 

drying section to 1093°C (2000OF) in the firing section 
&50&04-+4 

The sawdust used for firing the kilns first is 

rotary dryer. The dryer is heated by exhaust gases that are 

vented from one or both kilns. From the dryer, the sawdust is 

recovered by means of a cyclone and then transported by screw 

conveyor to the kilns. 

through a baghouse and are emitted to the atmosphere. 

The exhaust gases from the cyclone pass 

A 
press*K 
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Eachkiln has one stack, which is not equipped with 

I sampling ports. Emissions from the kilns are likely to be PM, 

fluorides, and products of combustion. 

Plant No. 3 

The tunnel kilns include a drying section, a firing 

section, and a cooling section. The kilns are about 120 m 

(400 ft) long and are fired with sawdust. The drying section is 

heated with waste heat from the cooling section. 

The unfired bricks enter the kiln on railroad cars and are 

fired for about 37 hours. The air temperature in the tunnel kiln 

ranges from approximately 204OC (400°F) at the beginning of the 

drying section to 1093°C (2O0O0F) in the firing section. 

A gas-fired flash dryer currently is used to dry the 

sawdust for plant No. 3 .  Pine Hall recently installed a 

fluidized bed dryer for drying the sawdust. However, at the time 

of the visit the fluidized bed dryer had not yet been put into 

operation. Exhaust gases from the kilns will be used to heat the 

fluidized bed dryer. The dried sawdust is recovered by means of 

a cyclone and then transported by screw conveyor to the kilns. 

Each kiln has one stack, which is not equipped with 

sampling ports. Emissions from the kilns are likely to be PM, 

fluorides, and products of combustion. 



V. Concktsi-ons 

6 

With the exception of the tunnel kilns and sawdust dryers, 

emissions from all sources at Pine Hall are fugitive in nature. 

Most of these fugitive sources (crushing, screening, grinding, 

forming, stacking, and materials handling and storage operations) 

are enclosed. The primary crusher could be tested for PM 

emissions, but traffic from front-end loaders into and out of the 

crusher building could present problems. It would be difficult 

to isolate emissions from the fugitive sources in the screening 

and grinding building from one another. Because t he  "urruruj L * ' ' ~ ~ - -  l l d Y  % - -  

few openings and a noticeable air flow from the bay doors to the 

roof vents, testing the entire building is feasible, however. 

Also, enclosing the crushing/grinding and screening operations in 

one building appears to be typical of the industry. 

Testing plant No. 4 kiln stacks would be relatively 

straightforward. Although sampling ports would have to be 

installed, the duct from the kiln stack to the sawdust dryer is 

easily accessible and of adequate length for testing. 

sampling the kiln exhaust (before the sawdust dryer) and the 

sawdust dryer exhaust, the dryer emissions could be calculated 

from the difference in the two measurements. Kiln and sawdust 

dryer emissions controlled by the baghouse could also be 

measured, althoughv$aghouse do not appear to be typical control 

devices in the brick industry. 

By 

mod;F;Cat;em -to fhe baghsd,se o d k t  wov/d br e g u 2 d  

~ h w e d c c  0 
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Because of the ongoing conversion from a flash sawdust 

dryer to a fluidized bed sawdust dryer, it may not be practical 

to test plant No. 3 kiln and dryer emissions. 

Front-end loader traffic on unpaved roads appeared to be a 

significant source of PM emissions. In addition, PM emissions 

from storage piles are likely to be significant. 
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IV. Discussion 

Mr. Myers explained the purpose of the visit, described the 

ongoing revisions to AP-42, and outlined the test program being 

conducted by the Emission Inventory Branch (EIB) to develop new 

emission factors for inclusion in AP-42. Following this 

discussion, Mr. Dowdle led the group on a tour of the facility. 

The Pine Hall facility consists of a central crushing, 

grinding, and screening operation and two separate brick forming 

and firing plants (Plant No. 3 and Plant No. 4). Each plant has 

two kilns. Plant No. 3 has a production capacity of 

88,000 bricks per day, and plant No. 4 has a capacity of 120,000 

bricks per day. The facility operates 8 hours per day, 5 days 

per week. 

as a triassic shale and is mined onsite. The moisture content of 

the raw material is approximately 11 percent. 

The raw material used to make the brick is classified 

I I  
Figure 1 presents a process flow diagram for the plant. 

The raw material is fed to a primary crusher by front-end t.,i&Ta 4/ 7 
tu.. hr / r t . f J "  / 

loaders. The crusher is located in a 

on one side to allow access by the 

y" DSfLLf 
I+ rL or+-,&/ 

emissions from the crushing operation consist of fugitive 

particulate matter (PM) that is emitted by the crusher its&--/, 

front-end loader traffic, and by the transfer of material from 

the front-end loaders to the crusher. From the crusher, the 

material is transferred by conveyor to a storage area, which 

consists of a covered building with open sides to allow access to 
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located approximately 10 meters (m) (30 feet [ftl) above the 

ground, it is likely that fugitive dust emissions are high when 

material is first deposited in the storage pile (i.e., until the 

4 
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Front-end loaders transfer the crushed material from the 

storage piles to hoppers. From the hoppers, the material is 

transferred by conveyor to a building that encloses the grinding 

and screening operations. In this building, the material is 

first screened for size. Oversize material is conveyed to a 
~ cpa,, cr.-rA.- m h i r 4 i r  eye- y* 7% f e y  

then returned to the vibrating screens. Undersize 

material is transferred by conveyor to storage piles in an 

adjacent building. 

Bay doors on one end of the screening and grinding building 

allow access by front-end loaders The building is ventilated by 

means of Ssze fansY The roof vent@” createran 
a &+;*e &f- I 

t/t be;/ALy Y a //I. 
induced draft, +&$%y doors and exits 

through the roof vents; air movement into the bay doors was 

noticeable at the time of the visit. Emissions from the 

screening, grinding (hammermill), and materials transfer 

From the storage piles, the material is conveyed to the 

forming areas (both plants have forming buildings), where the 
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material is milled, extruded, and cut to size. Because water is 

added to the material to increase the moisture content before 

forming, PM emissions from the forming process are negligible. 

After forming, the bricks are stacked by front-end loaders 

into "cubes" on pallets. From the stacking area, the bricks are 

transported to the tunnel kilns and are loaded onto railroad cars 

by forklift. 

Plant No. 4 

The tunnel kilns include a drying section, firing section, 

and a cooling section. The kilns are about 120 m (400 ft) long 

and are fired with sawdust. The drying section is heated with 

waste heat from the cooling section. 

The unfired bricks enter the kiln on railroad cars and are 

fired for about 37 hours. The air temperature in the tunnel kiln 

ranges from approximately 204OC (400°F) at the beginning of the E...- 
drying section to 1093OC (2000°F) in the firing section. 

5070,;;; 

rrr" @W$# ,..b' 
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The sawdust used for firing the kilns first is driedAin a 

rotary dryer. The dryer is heated by exhaust gases that are 

vented from one or both kilns. From the dryer, the sawdust is 

recovered by means of a cyclone and then transported by screw 

conveyor to the kilns. The exhaust gases from the cyclone pass 

through a baghouse and are emitted to the atmosphere. 
portfiY* p e 7 7 t l r C  
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Each kiln has one stack, which is not equipped with 

sampling ports. 

fluorides, and products of combustion. 

Emissions from the kilns are likely to be PM, 

Plant No. 3 

The tunnel kilns include a drying section, a firing 

section, and a cooling section. The kilns are about 120 m 

(400 ft) long and are fired with sawdust. The drying section is 

heated with waste heat from the cooling section. 

The unfired bricks enter the kiln on railroad cars and are 

fired for about 37 hours. The air temperature in the tunnel kiln 

ranges from approximately 204OC (400°F) at the beginning of the 

drying section to 1093OC (2000OF) in the firing section. 

A gas-fired flash dryer currently is used to dry the 

sawdust for plant No. 3 .  Pine Hall recently installed a 

fluidized bed dryer for drying the sawdust. However, at the time 

of the visit the fluidized bed dryer had not yet been put into 

operation. Exhaust gases from the kilns will be used to heat the 

fluidized bed dryer. The dried sawdust is recovered by means of 

a cyclone and then transported by screw conveyor to the kilns. 

Each kiln has one stack, which is not equipped with 

sampling ports. 

fluorides, and products of combustion. 

Emissions from the kilns are likely to be PM, 
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V. Conclusions 

6 

With the exception of the tunnel kilns and sawdust dryers, 

emissions from all sources at Pine Hall are fugitive in nature. 

Most of these fugitive sources (crushing, screening, grinding, 

forming, stacking, and materials handling and storage operations) 

are enclosed. The primary crusher could be tested for PM 

emissions, but traffic from front-end loaders into and out of the 

crusher building could present problems. It would be difficult 

to isolate emissions from the fugitive sources in the screening 

and grinding building from one another. Because the building has 

few openings and a noticeable air flow from the bay doors to the 

roof vents, testing the entire building is feasible, however. 

Also, enclosing the crushing/grinding and screening operations in 

one building appears to be typical of the industry. 

Testing plant No. 4 kiln stacks would be relatively 

straightforward. Although sampling ports would have to be 

installed, the duct from the kiln stack to the sawdust dryer is 

easily accessible and of adequate length for testing. 

sampling the kiln exhaust (before the sawdust dryer) and the 

sawdust dryer exhaust, the dryer emissions could be calculated 

from the difference in the two measurements. Kiln and sawdust 

By 

dryer emissions controlled by the baghouse co Id also 
-6./ /f;tzIJ.-y - j g  SLk t 1 5 h  6 -t.+ W d R "  r e p - / * / * &  

measured, although Baghouses do notappear to be typical control 
A /IhYIy.'. a 

devices in the brick industry. 
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Because of the ongoing conversion from a flash sawdust 

,I 

dryer to a fluidized bed sawdust dryer, it may not be practical 

to test plant No. 3 kiln and dryer emissions. 

Front-end loader traffic on unpaved roads appeared to be a 

significant source of PM emissions. In addition, PM emissrons 

from storage piles are likely to be significant. 
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PROCB88 
Gri2E$%reening soil (12 samples) : 

Range; % z 2 0  m e s h  - 23.2 t o  42.7 
Range; % < 20 > 200 mesh - 51.4 to 71.2 
Range; % 2OUi mesh - 3.4 to 5.9 
Overal l  averagle; %- > 20  mesh - 31.2 
Overall averayle; % < 20 > 200 mesh - 62.9 
Overall averagle; < 200 mesh - 4.5 
Range;  a moisti!ure - 13.0 to 14.2 
Overall averaqle; % moisture - 13.4 

Range; % > 20 mesh - 59.7 to 81.5 
Range; % 20 =. 200 mesh - 18.3 to 40.1 
Range; % c 20(11 mesh - .0034 to - 0 2 8  
Overall averaqre; > 20 mesh - 72.9 
overall averaye; < 20 > 200 mash - 27.2 
overall averaqe; c 200 mesh - 0.012 
Range; % moisWre - 1.8 to 4.4 
Overall average; % moisture - 2.7 

Dried Sawdust (24 qamples) : 

OBI - 8 2@ .'../L.. 
PM,,plei)amples) : 

Range; la/- -'I 0.1623 to 0.4561 ug/m - 1.7 ~3 to 4.2~3 
Overall averaqfe; lb/hr - 0.2404 uq/M3 - 2.333 
Range; lb/hr 1.689 to 3.905 ugjK3 - 16.933 to 36.333 
Overall averaqe; lb/hr - 2.566 ug/M3 - 25.133 

Range; ug/M3 .': 53.6 to 64.4 
Overall avetayye: ugjM3 - 59.0 

Ambient Background TSP (2 samples) : 
Range; ug/M3 .a: 81.4 to 126.7. 
Overall averaqye; ugjM3 - 104.3 

Total Filterable Pqrticulate (6 samples) 

Ambient Background PM,, (2 samples) : 

. .  

PRIMARY CRUSHER S a L B S  
Ambient Inside PMlo (3 samples) : 

Ambient Inside TSP'(3 samples): 

Inlet Air Flow (4 :$pamples) : 

Range; ugjM3 "r 354.2 to 609.9 
Overall averaiige; ug/M3 - 584.6 
Range; ug/M3 '-7 1115.3 to 1598.5 
Overall avera$)e; ug/M3 - 1356.9 
Range; c f m  - .~2 .99  to 13.04 
Overall averalge; cfm - 7.04 



MRI CRRY NC P.O3/09 . .  . .  FEB-24-1993 09:29 FROM EIB 919-541-0684 TO _ .  - "  -. .- . 

( R m l  et and dual drver E V C ~  one outletsL 
Inlot: 
'iota1 Fluorides Metibod 138 (3 samples): 

Range;-lbJhr .. 0.257 to 0.802 
Overall averagle; IbJhr - 0.576 

Hydrogen Fluoride Nlethod 26 (3 samples) : 
Range; lblhr  -I' 3 
overail averaqie; 

Range: lbfhr  -I' 4 
Overall averaqle; 

Pa r t i cu la t e  Method 5 

59 t o  11.04 
lbfni. - 7.97 
3 samples): 
82 tO 5.64 
lbfhr - 5.10 
2s condensible D PM,o Method 20lA-Inclu( - 

Range; lb jhr  -11 7.97 t o  8.68 
Overall averaqe; lbfhr - 8.41 

r t i c u l a t e  3 amples) : 

Condensible Par t imi la te  M e t h o d  202 (3 samples): 
Range: l b /h r  4.22 t o  5-14 
Overall  average; l b fh r  - 4.80 
overa l l  averaqe; 
Aerodynamic DJ' tameter - microns 
Staqe 1 17.2 85.7 

2 16.2 80.4 
3 10.1 72.8 
4 6.8 68.0 
5 3.8 62.9 
6 1.7 58.9 
7 1.0 57.9 
8 0.53 50.6 

P a r t i c l e  Size Andmiison Impactor ( 3  samples) : 

I% < D i a m e t e r  

Trace Metals Multillple Metals T r a i n  
(c below deteaFtion l i m i t )  

- M e t a l  Range; l-b/hr 
Antimony <:L - 2E-4 t o  2.OE-4 
Arsenic 'P.5E-4 to 9.53-4 
Beryllium !2.1E-6 t o  1.8E-5 
Cadmium :$.hE-4 t.0 4.8E-4 
Chromium 11.2E-4 to 1.2E-3 
Lead :E .  9E-3 to 8.OE-3 
Manganese :F.7E-2 to Ii.ZE-1 
Mercury !&. OE-5 to 2.5E-4 
N i c k e l  :a. 6E-4 to 7.8E-4 
Phosphorus :+.9E-2 to 3.7E-2  
Selenium :3.7E-4 to 2.OE-4 

CO Emissions M e t h q d  10 (CEM): 
Range; lb/hr'.- 43.74 t o  62.26 
Overall  average; Ibfhr - 54.12 

(3 samples): 

Average : l b  f h r  
<1.5E-4 
8.7E-4 
1.2E-5 
2.9E-4 

5.5E-3 
2.1E-1 
1.7E-4 
5.83-4 
2.4E-2 
9.5E-4 

8 .  9 ~ - 4  



NO, Emissions LIethcni 7E (CEM) : 
Range; lbfhr -'. 5.55 t o  9 . 0 4  
Overall averaqye; lb/hr - 7.29 

Total Hydrocarbans Method 25A (CEM): 
Range; lb / tu  .I* 0.72  t o  0.81 
overall averaqfe; lb/hr - 0 . 7 8  

A l l  samples below the GC detection l i m i t  of 152 ppmdv for 
methane h Ethane I~ptegrated Bay (GC a i a l y s i s ) :  

methane and 44) ppmdv fo r  ethane. - 
VOST Emissions Metlipod 0030 (18  samples): 

Targeted VOST found; (< below detection l i m i t )  
Compound Average lb/hr 

Chloromethane 1.14E-2 
Bramamethane 8.60E-4 
Methylene chlpride 1.25E-4 
Tr ichlorof luopnnethane 9.643-5 
Iodomethane 3 ~ 39B-3 
Benzfme 8. bo&-3 
Acetone 6.553-3 
Carbon disulf :$de 2.71E-4 
Acrylonitrile <3.63E-4 
2 -Butanone <l.llE-4 
Toluene 1.75E-3 
Ethylbenzene 1.42E-4 
+Xylene 9.643-5 
M/P-Xylene 4.81E-4 

Semi-VOST Emissionis Method 0010 ( 3  samples): 

Compound Average lb/hr  
Targeted Semi,-VOST found; (< below detection l i m i t )  

Phenol <1.20E-3 
Naphthalene <5.703-3 
Dimethlyphtha Fate <1.70E-4 
Dibenzofuran <2.51E-4 
Di-n-butylphtibalate C1.01B-4 
b i s  (2-ethylheiptyl) phthalate 4.77E-4 



~~~ 

. I  
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Outlet A: 
T o t a l  F luor ides  MB$hod 13B (3 samples): 

Range; lb/hr -I 1.34 to 2.36 
Overall averagle; lblhr - 1.74 

Hydrogen Fluoride Mlethod 26 (3 samples): 
Range; lb/hr 0.329 t o  3.094 
Overall average; l b j h r  - 1.54 

R a n g e ;  lbjhr -*I 2.19 to 3.07 
O v e r a l l  averaqje; lb/hr - 2 . 4 9  

Range; lblhr .'* 2 . 0 5  to 4.12 
Overall averaqje; lb/hr - 2 . 8 0  

Range; lblhr .I. 0.26 t o  1.48 

P a r t i c u l a t e  Method 5 (3  samples): 

PM,o Method 2OlA-Includes condensfble particulate (3 samples): 

Condensible P a r t i c u l a t e  Method 202 (3  samples) : 

Q.Jer=lI a*Je=a:yc: Ib:hy 3 - 5 9  

P a r t i c l e  size '  Andejlrson Impactor ( 4  samples) : 
Overall averaqye; 
Aerodynamic D l p u e t e r  - microns % < D i a m e t e r  
Stage 1 16.9 99.7 

2 15.9 99.6 
3 10.0 99.6 
4 6.7 99.5 
5 3.8 95.7 
6 1.8 89.7 
7 1.1 64.0 
8 0.63 31.2 

Trace Metals Multi'lple Metals Tra in  
(c below detrkction l i m i t )  
Metal Range; l b / h r  

.- Antimony <:e. 7B-5 to. 2.8E-5 

Berryl l ium '1.4E-6 to B.8E-6 

Lead a. 1E-4 t o  2.4E-3 
Manganese 'p. 6s-3 t o  6.4E-3 

Nickel ' &.ZE-4 to 4.53-4 
Phosphorus <#.7E-3 to 7.OE-3 

Arsen 3 c? :?-DE-& t o  2.6E-4 

Cadmium iS.8E-5 t o  1.5E-4 
chromium b.SE-4 to 6.8E-4 

Mercury 6 1E-5 to 1.3E-4 

selenium 10.2.E-h to 4.hE-4 

( 3  samples) : 

Average; lb/hr 
<2.73-5 - 

2.3E-4 
4.2E-6 
9.7E-5 
3.7E-4 
1.2E-3 
4 - 3E-3 
9.4E-5 
3.OE-4 

d6.2E-3 
4 .  SE-4 

CO Emissions Methqp 10 (CEM): 
Range; lb/hr - 19.09 t.o 7.R.91 
Overall averpge; l b / h r  - 25.57 
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NO, Emissions M e t h q i  7E (CEM): 
Range; lb/W -81 1.85 to 3.00 
Overall averaqe; .. l b /h r  - 2.13 

Total Hydrocarbons Method ZSA (cm): 
Range; lb/hr -81 0.29 t o  2.26 
Overall averaqje; lb /h r  - 1.51 
A l l  samples b e l o w  t h e  GC de t ec t ion  l i m i t  of 1 5 2  ppndv for  
methane and 4UI ppmdv for ethane. 

Targeted VOST found; (< below detection l i m i t )  

Methane h Ethane Iil#tegrated Bag (GC analysis):  

VOST Emissions Metkpod 0030 (18 samples) : 

Compound Average l b / h r  
Chloromethane 1.04E-2 
Brommethane 3.783-4 
Methylene chliiar i d e  8.19E-4 
Tr ich-l=rflu=:i~~e',X,ans il. 33E-4 
Iodomethane 1.81E-3 
Benzene 4. Q8E-3 
A c e t o n e  7.67E-3 
Carbon d i su l f  :$de 1.31E-4 
Acry lon i t r i l e  <1.46E-4 
2 -Butanone <2.16E-3 
Toluene 3.91E-3 
Ethylbenzene 8.633-5 
0-Xylene 6.643;-5 
M/P-Xylene 2.96E-4 

Targeted Semi-VOST found; (< below detection limit) 

Phenol <9.74E-4 
Naphthalene <1.923-8 
Dimethylphtha :[.ate c1.923-8 . 
Dibenzofuran <1- 923-8 
Di-n-butylphtlpalate <1.64E-4 

Semi-VOST Emissionu Method 0010 (3 samples) : 

Compound Average l b / h r  

bis(2-ethyulh4sxyl)phthalate <2.21E-4 

.. 
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0utl.t B: 
Total Fluorides Helchod 138 (no samples) : 

Range; lb/hr a ?  

Overall averatbe; ID/hr - 

Range; lb /hr  0- 0.014 to 2.384 
Overall avera:re; l b j h r  - 1.53 

Range; lb /hr  I- 19.39 to 20.98 
Overal l  averaige; lb/hr - 20.10 

Hydrogen Fluoride :liIetbod 26 (3 samples): 

Par t icu la te  Uethod 5 (3 samples): 

PM,, Method 2OlA-1nc:ludes condensible particulate (3 samples) : 
Range; lb /hr  .- 1.92 to 3.04 
Overall averaige; lb/hr - 2.54 

Range; lb/hr .- 0.19 t o  0.51 
Overall  averaige; lb/hr  - 0.36 

overall averarqe; 
Aerodynamic Dfiameter - microns % < Diameter 
Stage 1 17.1 86.7 

2 16.1 79.0 
3 10.1 72.7 
4 6.8 70.1 
5 3.8 69.3 
6 1.8 68.8 
7 1.1 68.3 
8 0 .65  54.7 

Condensible Par t icu la te  Method 202 (3 samples): 

P a r t i c l e  Size Andeirson Impador (3 samples): 

Trace Metals Multiple Metals Tra in  
(< below detec t ion  l i m i t )  
Metal Range; Ib/hr 
Antimony <7.1E-5 t o  3.1E-5 
Arsenic . 9.8E-5 t o  1.8E-4 
Berryllium d1.5E-6 to 2.33-6 
Cadmium 2.6E-4 to 2.8E-4 
chromium 2.4E-4 to 6.8E-4 
Lead 3.9B-5 to 2.1B-3 
Manganese 3.4E-3 t o  3.83-3 
Mercury 4.OE-5 t o  1.6E-4 
Nickel 2.OE-4 to 3.7E-4 

Selenium 1.7E-4 t o  4.73-4 
Phosphorus <‘7.1E-3 to 9.1E-3 

CO Emissions Methad 10 (CEM): 
Range; Ibfhr - 22.84 to 29.59 
Overall  avcrqge; lb/hr - 26.33 

(3 samples): 

Average; lb/hr 
<5.8E-5 

1.3E-4 
<1.8E-6 

2 .  ?E-4 
4.4E-4 
9.5E-4 
3.6E-3 
8.7E-5 
2 - 8E-4 

<7.8E-3 
3 - 4E-4 
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NO, Emissions l4etha$ 7E (Cm): 
Range; lb/hr YI 2 . 3 5  to 3.01 
Overall averaq!e; lb/hr - 2.67  

Tota l  Hydrocarbons Method 25A (Cm): 
Range; U/hr -81. 0.79 to 1.24 
Overall averaye; lbfhr - 1.00 

A l l  samples below the GC detection l i m i t  of 152 ppmdv f o r  
methane and 4Ek ppmdv for ethane. - 

Targeted VOST found; ( e  below de tec t ion  l i m i t )  

Methane & Ethane lii~tegrated nag (tic ana lys i s ) :  

VOST Emmissions Metihod 0030 (18 samples): 

compound Average l b / h T  
Chloromethane 1.223-2 
Bromomethane <4.26E-4 
Methylene ch lq r ide  2.07E-4 
Trichlorof luoniomethane <a. 353-5 
J&-nEeth%ne 2.262-3 
Benzene 5.233-3 
Acetone 9.64E-3 
Carbon d i s u l f  j!.de 1.753-4 
Acryloni t r i le  <2 - 12E-4 
2-Butanone <1.88E-3 
Toluene 3.303-3 

0-Xylene 5.463-5 
M/P-Xylene 1.80E-4 

Ethylbenzene a .  273-5 

Semi-VOST Ehissionlie Method 0010 (3samples) : 
Targeted Semi-VOST found; (< below de tec t ion  l i m i t )  

Compound Average l b f h r  
Phenol 7.59E-4 
Naphthalene <1.95E-8 
Dimethy1phtha:llate C1.953-8 
Dibenzofuran <l. 953-8 

bis  (2-ethylheyyl) ph tha la t e  2 - 10E-3 
.. . .  

Di-n-butylghtlkalate 9.986-5 
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. 

East boundary: 
Range; uq/W 9.6 to 45.1 
Overax1 averaqye; ug/U3 - 26.0 
Range; uq/M3 -F 9.1 to 51.3 
O v e r a l l  averafie; ug/N3 - 30.9 

West boundary; 

Ambient TSP (17 sqpples) : 
Eact boundary; 

Range; ug/U3 13.6 to 140.4 
Overall averayge; ug/H:3 - 61.5 
Range; ug/w3 ‘-7 7 . 8  to 8 5 . 6  
Overall averaqge; uq/W - 45.6  

West boundary; 



MIDWEST RESEARCH INSTlTUTE 
Suile 350 

401 Harrison Oaks Boulevard 
Caty. North Carolina 27513-2412 

Telephone (919) 6 7 7 4 2 4 9  
FAX (919) 6 7 7 0 3 6 5  

Date : March 2, 1993 

Subject: Draft Test Report for Pine Hall Brick 
Review and Update Remaining Sections of Chapter 8 
(Mineral Products Industry) of AP-42 
EPA Contract 68-D2-0159, Work Assignment 012 
MRI Project 3612 

From: Richard Marinshaw 

To : Ron Myers 
EPA/EI B/EFMS (MD- 14 ) 
U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

We have reviewed the draft test report prepared by ETS, Inc. 
for the emission test conducted at the Pine Hall Brick (Pine 
Hall) plant in Madison, North Carolina. The following paragraphs 
summarize our comments on the report. 

1.1 Summary of Test Program, page 1, second paragraph. 

facility was identified by the North Carolina Brick Association 
as being representative of sawdust-fired brick manufacturing 
plants, and (2) the grinding, sawdust drying, and brick firing 
(kiln) operations were configured in such a way that facilitated 
emission testing. 

1.2 Key Personnel, page 2. 

The primary reasons for selecting Pine Hall were (1) the 

Brian Shrager's name is misspelled. 

2.0 PROCESS DESCRIPTION AND SAMPLINQ LOCATIONS, page 2. 

Emissions from storage operations were not covered by the 
test. 

3.3.2.3 $in alvtical Chanaes and Pr oblems, page 6. 

of the values for the semivolatile samples had to be estimated-- 
seems to pertain also to the VOST samples,.based on the data 
presented in Appendix B.6.1. In addition, the method used and 
the basis for making these estimations should be explained more 
clearly. Finally, the summary tables, such as Table 3.4.2-16, 

The statement in paragraph 2 of this section--that several 



should be footnoted accordingly. In doing so, it may be 
appropriate to differentiate between pollutant emission rates for 
which a few of the sample catches were estimated, such as acetone 
for sawdust dryer inlet Run 1, and emission rates for which a U  
sample catches were estimated, such as benzene for sawdust inlet 
Run 1, or ethylbenzene for sawdust inlet Run 2. 

In a related matter, it appears that for the VOST data if 
any of the six sample catches were below detection limit for a 
specific test run, the emission rate in the summary tables, such 
as Table 3.4.2-16, is reported as below detection limit. 
However, in some cases, such as for o-xylene for sawdust dryer 
inlet Run 1, only one of the sample catches was below detection 
limit. In such cases, it may be appropriate to assume a value, 
such as one-half the detection limit, for that single catch and 
present the resulting emission rate, footnoted accordingly. 

3.4.1.3 Process SamDlinq, page 8. 

Process samples were collected from the conveyor at the exit 
of the grinding building, not from the floor of the grinding 
room. 

3.4.2.7 THC Emissions, page 9. 

paragraph and throughout the report) as carbon. Should these 
emission concentrations and rates be reported as methane? 

4.1.1 Ambient Particulate Matter IPM and PM,.] - Hi-Vol 

provided somewhere in the report. Also, the crusher emission 
rate based on the anemometer readings should be provided. 

The total hydrocarbon emission data are reported (in this 

The anemometer recordings for the crusher building should be 

The particulate data should be labeled as "filterable 
particulate. I' 

Tables 3.4.2-4 to 3.4.2-6 

Since the new format for presenting PM data in AP-42 
separates the condensible organic and condensible inorganic PM, 
should the organic and inorganic fractions of the condensible 
data be presented here (and elsewhere in the report)? 

cc: John Brown, EMB (MD-19) 

2 



PINE HALL BRICK 

SUMMARY OF METHOD 13 TOTAL FLUORIDES TESTS 

CONCENTRATION 
RUN mg/SCF lbslhr --- ------ ------ 
1F1 0.0680 
2F1 0.0650 
3F1 0.0770 

1E 0.0153 
2E 0.0290 
3E 0.0490 

note: F-sawdust dryer outlet 
E-sawdust dryer inlet 

Analytical sample information 

1F1 .884 
2F1 -657 
3F1 .981 
3AF1 .329 
1E 1.043 
2E .782  
2AE .546 
3E .954 
3AE .306 

7.4 
5.3 
3.4 
3.3 
1.9 
2.7 
1.7 
3.6 

21.4 

> b.: 3,: .:, , ..:. > 2 <~ /- G. 3 ~ ' 0.290 .' ? C A I L  
0.160 
0.190 

0.072 
0.140 
0.270 



I 
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PINE HALL BRICK M-201 TEST SUMMARY 

PHlO TOTAL PARTICULATE 
RUN NO. DATE HG/DNCH GRfDCF 0 TOTAL HG/DNCM GR/DCF 

1 D1 10/27/92 2.1 .00094 1 . 8  26.7 .01166 
1 D2 4.2 .00185 11.6 36.3 .01584 

2 D1 lOf28f92 1.8 -00077 10.1 17.8 .00777 
2 D2 2.2 -00097 13.0 16.9 .00736 

3 D1 1.7 .00072 5.9 28.6 .01284 
3 D2 2.0 .00088 8.9 24.4 -01064 

I 

I 

" 

OVERALL AVERAGES 
2.33 .00102 9.55 25.1 .01102 

Typeover 
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Y 
PINE HALL WEST END TSP 

START DURATION FILTER INITIAL WT FINAL WT 
DATE TIME HH:MM NUMBER GMS GMS 

10/27/92 7:28 8:19 23391 4.3724 4.3895 

10/28/92 7:36 a:34 23187 4.4354 4.4700 

10/29/92 7 : ~  7:59 23175 4.3568 4.4053 

11/02/92 8:32 8:56 23621 4.4331 4.4545 

11/03/92 7:38 9:14 23617 4.4333 4.4627 

4.4576 11/04/92 7:OO 8:20 23180 4.4339 

11/06/92 7:i5 a:4a 23644 4.2133 4.2214 
* 

11/06/92 16:15 16:48 23632 4.3849 4.3946 

PINE HALL VEST END PMlO 

START DURATION FILTER I N I T I A L  WT FINAL WT 
DATE TIME HH:M NUMBER GMS GMS 

10/27/92 7:28 8:20 23392 4.3532 4.3759 

10/28/92 7:26 8:41 23188 4.4500 4.4770 

10/29/92 7:34 8:04 23183 4.4184 4.4465 

?> 

ii/o2/9z 8:30 9:oz 23622 4.4588 4.4705 

11/03/92 7:30 8:58 23174 4.4226 4.4392 

11/04/92 7: 5 8:15 23181 4.4422 4,4586 

11/06/92 7:15 . 8:30 23645 4;2329 4.2403 

11/06/92 16:16 16:16 23631 4.3711 4.3812 

NET WT FLOW 
GMS CFM 

0.0171 36.48 

0.0346 42.05 

0.0485 41.81 

0.0214 41.53 

0.0294 40.84 

0.0237 43.18 

0.0081-~1.30 

0.0097 43.83 

NET WT FLOW 
GMS CFM 

0.0227 40.00 

0.0270 40.00 

0.0281 40.00 

0.0117 40.00 

0.0166 40.00 

0.0164 40.00 

0.0074 40.00 

0.0101 40.00 

CONCEN . 
UG/M3 

33.2 

56.6 

85.6 

34.0 

45.9 

38.8 

13.1 
. ;,. 

- ' '  7.8 - _  .. <. . 
CONCEN. 
UG/M3 

40.1 

45.8 

51.3 

19.1 

27.3 

29.3 



PINE HALL EAST END TSP 

I 

START 
DATE TIME 

10/27/92 7:44 

10/28/92 6:42 

10/29/92 7:lO 
11/02/92 8: 00 

11/03/92 8:lO 
11/04/92 6: 45 

11/05/92 7 : 05 

11/06/92 7 : 00 

11/06/92 16:43 

DURATION FILTER INITIAL WT FINAL UT 
HH:MM NUMBER GMS GMS 

8:30 23393 4.3572 4.3646 

9:i2 23191 4.4834 4.5345 

8:21 23186 4.3918 4.4351 

9:50 23624 4.4721 4,4908 

8:OO 23620 4.4504 4.4855 

8:55 23182 4.3921 

8:15 23176 4.4308 4.4394 

9:25 23629 4.4989 4.5926 

i6:jZ 23633 4.3344 4.iii6 

4.4185 - 

NET WT FLOW 
GMS CFM 

0.0074 37.58 

0.0511 41.46 

0.0439 40.52 

0.0187 43.42 

0.0351 40.27 

0.0264 41.60 

0.008640.28 

0.0937 41.73 

ir.0iii 4i.i6 

PINE HALL E A S T  END PMlO 

DURATION FILTER INITIAL WT FINAL WT NET WT FLOW GMS CFM START 
DATE TIME HH:MM NUMBER GMS GMS 
io/z7/92 7:44 8:34 2x89 4.3629 4.3745 0.0116 40.00 

10/28/92 6:38 VOIDED - FLOW RATE INCONSISTENT 
10/29/92 7:05 8:16 23184 4.4538 4.4791 0.0253 40.00 

11/02/92 8:05 9:38 23625 4.4781 4.4844 0.0063 40.00 

11/03/92 8:08 VOIDED - FLOW RATE INCONSISTENT 

11/04/92 6:45 9:Ol 23626 4.4929 4.5050 0.0121 40.00 

11/05/92 7:05 8:14 23177 4.4550 4.4646 0.0096 40.00. 

11/06/92 7:os 9:17 23630 4.4768 4.5039 0.0271 40.00 

11/06/92 16:48 16:26 23634 4.4072 4.4212 0.0140 40.00 

CONCEN. 
UG/M3 

13.6 

7 8 . 9  

25.8 

76.4 

64.2 

41.9 

15.2 

140.4 
n r  7 
L L . 1  

b,.. :... s->-i- 

CONCEN. 
UG/M3 

19.9 

45.1 

9.6 

19.8 :, , ' - 

17.2 

43.0 

12.5 



,/ 
PINE HALL CRUSHER TSP 

START DURATION FILTER I N I T I A L  WT FINAL UT NET WT FLOW CONCEN. 
DATE TIME HH:MM NUMBER GMS GMS GMS CFM UG/M3 

11/02/92 7:OO VOIDED - FILTER NOT CENTERED IN SAMPLER 
11/03/92 6:55 8:16 23618 4.4654 5.3970 0.9316 41.52 1598.5 

11/04/92 6:40 ' 8:16 23179 4.3957 5,0626 0,6669 42.60 1115.3 

PINE HALL CRUSHER PMlO 
SSART DURATION FILTER I N I T I A L  WT FINAL WT NET WT FLOW CONCEN. 

DATE TIME HH:MM NUMBER GMS GMS GMS CFM UG/M3 - 
11/02/92 7:OO 8:27 23627 4.4861 4.6894 0.2033 40.00 354.2 

11/03/92 6:50 a:14 23619 4.4670 4.7797 0.3127 40.00 559.2 y 5  . 
11/04/92 6:45 8:21 23178 4.4408 4.7867 0.3459 40.00 609.9 5 5'' - 



PINE HALL GRINDING BUILDING TSP 
START DURATION FILTER INITIAL UT FINAL WT NET WT FLOW CONCEN. 

DATE TIME HH:MM NUMBER GMS GMS GMS CFM UG/M3 i 
! 

81.4 10/27/92 7:OO 8:17 23394 4.3663 4.4093 0.0430 37.55 

10/28/92 7:08 9:38 23190 4.4571 4.5406 0.0835 40.30 126.7 
1 

PINE HALL GRINDING BUILDING PMlO 
START DURATION FILTER INITIAL WT FINAL WT NET WT FLOW CONCEN. 

DATE TIME HH:MM NUMBER GMS GMS GMS CFM UG/M3 
2,' c -  
1 3  ,. 10/27/92 7:OO 8:19 23390 4.3464 4.3828 0.0364 40.00 64.4 

10/28/92 7:OO 9:37 23189 4.4153 4.4503 0.0350140.00 53.6 I - C' ..= 
- 

i 

.. 
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P i n e  Hall Brick Test Report - DIUUT 

the Outlet B meterbox. 
the results. 

These changes are not expected to affect 

3.4 Presentation of Results 

3.4.1 Crushina, Gzindina and Storaae Operation Samulinq 

3.4.1.1 Ambient SamDlinq: Ambient particulate sampling was 
conducted in order to determine background particulate 
concentrations at the plant boundaries and at the air intake to 
the grinding building. To determine particulate emission rates 
from the grinding building, the ambient particulate 
concentrations at the air intake vents are important. 
and PM,, measurements were made at the grinding building air 
intake location coinciding with EMB exhaust duct testing for 
particulates. Table 3.4.1-1 shows the average concentration for 
the ambient PM and PM,, at the specified locations. 
and laboratory data for the ambient monitoring is contained in 
Appendix B.12. 

Ambient PM 

The field 

1) The ambient particulate concentrations at the grinding 
building are approximately two times greater than the ambient 
concentrations at the plant boundaries. 

2) The ambient PMl0 at the grinding building was 
approximately 57% of the total PM concentration. 

3) The fenceline particulate concentrations varied 
considerably from day to day. There was reasonable correlation 
between the "upwind" and "downwind" stations. The average 
"downwind" PM was 61.5 ug/m'. The average "upwind" PM was 45.6 
ug/m3. 
The average "downwind' PHlo was 26.0 ugh'. 
PM,, concentration was slightly higher at 30.9 ug/m3. 

The average "upwind" 

Ambient particulate monitoring was also performed at the 
crusher building in order to determine emissions of PM and PM,, 
resulting from the crushing operation. The monitors were 
suspended from the roof joist of the crusher building and 
operated during the day during the normal hours while the crusher 
was operating. The average PM concentration was determined to be 
1357 ug/m3 and the average PM,, concentration was 585 ug/m3. 
These are averages of two consecutive days of sampling. 

3.4.1.2 (NOTE: The results of the EME sampling at the 

7 



Pine Hall Brick Test Report - DRAFT 
& d i n g  building should be incorporated here). 

3.4.1.3 Process SamDlinq: Process samples of soil from the 
grinding room floor were collected for sieve and moisture 
analyses. The data for the sieve and moisture analyses is 
contained in Appendix B.ll. 
for three of four samples collected. The fourth sample showed a 
greater amount of larger ( >  20  mesh) particles. The average of 
the three consistent samples was 2 7 . 5 %  compared to 4 2 . 5 %  for the 
apparent outlier. The mid-range ( <  20 > 200 mesh) average for 
the three consistent samples was 66 .5% compared to 5 2 . 0 %  for the 
apparent outlier. 
composition of fine particles ( <  200 mesh). The average of the 
four samples was 4 . 5 % .  
samples ranged from 13.0% to 14 .2%.  

sampled at the inlet and two outlets simultaneously. 
of the sawdust drier is the ~ ~ t l e t  cf the k i l n .  The sawdust 
drier outlet splits to feed two identical cyclones. 
of each cyclone was tested. 
testing is contained in appendix A.O. 

3 . 4 . 2 . 1  PM. PM,,. CPM Emissions and Particle Sizinq: 
Method 5 particulate testing was combined with the multiple 
metals sampling. The total particulate emissions for the inlet 
averaged 0 .0557  grains per d r y  standard cubic foot corrected to 
7 %  0, (gr/dscf @ 7% 0,). The total particulate emissions for the 
cyclone outlets averaged 0 . 0 6 3 6  gr/dscf @ 7% O2 for outlet A and 
0.5630 gr/dscf @ 7% 0, for outlet B. 
concentrations for outlet B are consistent over 3 runs performed 
over two days. 
runs do not show correspondingly high values for the cyclone 
outlet B. Tables 3.4 .2-1 ,  3 . 4 . 2 - 2  and 3.4.2-3 contain summaries 
of the detailed data contained in Appendix B.l. 

and outlets using Method 2Ol.A. 
the condensible particulate matter (CPM). These runs were 
performed together over two sampling days. The PM,, emissions 
for the inlet averaged 0 .0928  gr/dscf @ 7% 0,. 
for the cyclone outlets averaged 0 .0722  gr/dscf @ 7% O2 for 
outlet A and 0.0596 gr/dscf @ 7% 0, for outlet B .  The CPM for 
the inlet averaged 57%. 
16 .7% for outlet A and 14 .0% for outlet B .  Tables 3 . 4 . 2 - 4 ,  
3 . 4 . 2 - 5  and 3.4 .2-6  contain summaries of the detailed data 
contained in Appendix B.2 .  

The sieve analysis was consistent 

All four soil samples had comparable 

Moisture analyses for the four soil 

3.4.2 Sawdust Drier SamDlinq: The sawdust drier was 
The inlet 

The outlet 
The test log for all sawdust drier 

The high particulate 

A comparison of the metals analyzed from the same 

PM,, was sampled simultaneously at the sawdust drier inlet 
Method 202 was used to measure 

The PM,, emissions 

The CPM for the cyclone outlets averaged 

8 
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Pine Hall Brick Test Report - DRAFT 
Particle size distribution was determined on samples 

collected simultaneously on the dryer inlet and two outlets using 
Anderson impactors. The data for each run is shown in Figures 
3.4.2-1, 3.4.2-2 and 3.4.2-3 and detailed data is contained in 
Appendix B.lO. 

performed together with total particulate sampling. 
3.4.2-1, 3.4.2-2 and 3.4.2-3 contain summaries of the detailed 
data contained in Appendix B.1. 
in agreement within a factor of 2 of the mean from run to run 
except for a high manganese on the inlet run 3 (IN-MM/TSP-R3). 
This result was voided due to suspected backhalf contamination by 
permanganate. Samples were analyzed for antimony, arsenic, 
beryllium, cadmium, chromium, lead, manganese, mercury, nickel, 
phosphorous and selenium. Detectable quantities of all of the 
metals were present in one or more of the sample runs. 

3.4.2.3 (NOTE: Total fluorides results should be 
incorporated here). 

3.4.2.4 Hvdroaen Fluoride Emissions: The hydrogen fluoride 
emissions were inconsistent and highly variable. The inlet 
concentrations ranged from 118 to 281 ppmdv @ 7% 0,. 
A concentrations ranged from 27 to 194 ppmdv @ 7% 0,. The outlet 
B concentrations ranged from 1.0 to 159 ppmdv @ 7% 0,. Tables 
3.4.2-7, 3.4.2-0 and 3.4.2-9 contain summaries of the detailed 
data contained in Appendix B.5. 

monitored instrumentally (Method 10) throughout the sawdust drier 
test program. 
tables for each wet method test series. The CO concentration at 
the inlet averaged 450 ppmdv. The CO concentration at the outlet 
averaged 342 ppmdv for outlet A and 345 ppmdv for outlet B. 
Detailed data for CEM testing is contained in Appendix C.O. 

3.4.2.6 NOx Emissions: Nitrogen oxide emissions were 
monitored instrumentally (Method 7E) throughout the sawdust drier 
test program. 
tables for each wet method test series. The NOx concentration at 
the inlet averaged 34.4 ppmdv. 
outlet averaged 22.7 ppdv for outlet A and 22.0 ppmdv for outlet 
B. 

3.4.2.2 Trace Metals Emissions: Trace metal sampling was 

The trace metal emissions were 

Tables 

The outlet 

3.4.2.5 CQ Emissions: Carbon monoxide emissions were 

The averages for CO are contained in the summary 

The averages for NOx are contained in the summary 

The NOx concentration at the 

Detailed data for CEM testing is contained in Appendix C.O. 

3.4.2.7 THC Emissions: Total hydrocarbon emissions were 
monitored instrumentally (Method 25A) during the VOST and semi- 
VOST sampling. THC emissions averaged 14.90 ppmdv as carbon at 
the inlet, 45.39 ppmdv as carbon at outlet A and 32.64 ppmdv as 
carbon at outlet B. The results show a significant increase in 

9 
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THC emissions following the sawdust drier. Tables 3.4.2-10, 
3.4.2-11 and 3.4.2-12 contain summaries of the detailed data 
contained in Appendix C.O. 

Methane and ethane samples were collected as integrated bag 
samples during the VOST and semi-VOST sampling. These Samples 
were analyzed by gas chromatography in the laboratory. The 
samples were all below the detection limit of 40 ppmdv for ethane 
and 152 ppmdv for methane for all inlet and outlet samples except 
Run 2 on outlet A (OA-K18-R2) which gave a value of 9223 ppmdv 
for methane. Tables 3.4.2-13, 3.4.2-14 and 3.4.2-15 contain 
summaries of the detailed data contained in Appendix B.9. 

3.4.2.8 VOC Emissions: VOST samples were analyzed for 
chloromethane, bromomethane, methylene chloride, chloroform, 
trichlorofluoromethane, iodomethane, carbon tetrachloride, 
trichloroethene, benzene, tetrachloroethene, acetone, carbon 
disulfide, acrylonitrile, 2-butanone, 1,1,l-trichloroethane, 
vinyl acetate, 2-hexanone, toluene, ethylbenzene, styrene, o- 
xylene, and m-/p-xylene using Method ??l?= Xtect=b:la +&-,tities 
of chioromethane, bromomethane, methylene chloride, 
trichlorofluoromethane, iodomethane, benzene, acetone, carbon 
disulfide, acrylonitrile, 2-butanone, toluene, ethylbenzene, o- 
xylene, and m-/p-xylene were found in one or more of the sample 
runs. Tables 3.4.2-16, 3.4.2-17 and 3.4.2-18 contain summaries 
of the detailed data contained in Appendix B.6. 

3.4.2.9 SVOC Emissions: Semi-VOST samples were analyzed 
for phenol, naphthalene, 2-methylphenol, dimethylphthalate, 
dibenzofuran, di-n-butylphthalate and bis(2-ethylhexy1)phthalate 
and were scanned for compounds on the list of 189 Hazardous Air 
Pollutants ( H A P S )  using Method 0010. Detectable quantities of 
phenol, naphthalene, dimethylphthalate, dibenzofuran, di-n- 
butylphthalate, bis(2-ethylhexy1)phthalate were found in one or 
more of the sample runs. Tables 3.4.2-19, 3.4.2-20 and 3.4.2-21 
contain summaries of the detailed data contained in Appendix B.7. 

3.4.2.10 Process Samulinq: Process samples of sawdust were 
collected for sieve and moisture analysis. 
dried sawdust were taken on successive days. 
represented the wet feed sawdust. The data for the sieve and 
moisture analyses is contained in Appendix B.ll. The sieve 
analysis was consistent for all nine samples collected. The 
sawdust samples showed a greater amount (73.6%) of larger ( >  20 
mesh) particles. The mid-range ( <  20 > 200 mesh) average for 
all samples was 26.3%. Less than 0.1% of the composition of all 
of the samples consisted of fine particles ( <  200 mesh). The wet 
sawdust had a moisture content of 47.2%. 
eight dried sawdust samples was 2.7% moisture. 

Eight samples of 
One sample 

The average of the 

10 
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TABLE 3.4.2-1: SUnHARY OF PARTICULATE AND METALS EMISSIONS: SAWDOST 3RYZF. 7 

RUN I.D. 
DATE 
TIME STARTED 
TIME ENDED 

SAMPLING PARAHETERS 

Uetered Volume - dcf 
Corrected Volume - dscf 
Total Test Time - min 
% Isokinetics 

GAS PARFIXETERS 

Gas Temperature - OF 
Oxygen - % 
Carbon Dioxide - % 
Uoisture - % 

GAS PLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 
PARTICUTAm EUISSIONS 

Concentration - gr/dscf 
Conc. - gr/dscf C 7% 02 
Uass Rate - lb/hr 

METALS EUISSIONS - lb/hr 

Antimony 
Arsenic 
Beryllium 
Cadmium 
chromium 
Lead 
Uanganese 
nercury 
Nickel 
Phosphoms 
Selenium 

CO EUISSIONS 
conc. - ppdv 
Uass Rate - lb/ lu 

NOX EUISSIONS 
Conc. - p p d v  
xass Rate - lb/hr (NO*) 

ItZ-IQI/TsP-BI AVERAGE 

22:41 11: 53 

74.087 83.040 
73.648 82 - 184 

120 120 
102.3 99.8 

496.9 494.6 
15.5 16.1 
4.9 4.8 
7.97 6.52 

58.50 65.49 
55826 62490 
28005 32033 

0.0201 0.0206 
0.0514 0.0595 
4.82 5.64 

<7.55E-05 
5.17E-04 
3.02E-06 
4.33E-05 
2.673-04 
2.03E-03 
6.6lE-03 
1- 65E-04 
1.283-04 
6 .,74E-03 
6.89E-04 

<7.37E-05 
5. 58E-04 
3.09E-06 
1.08E-04 
3.25E-04 
1.OSE-03 
6.79E-03 
9.OZE-05 
2.49E-04 
1.09E-02 
1.61E-04 

15: 50 

76.204 77.777 
74.533 76.789 

120 120 
100.5 100.9 

495.0 495.5 
16.1 15.9 
4.6 4.8 
7.37 7.29 

60.11 61.36 
57357 58558 
28862 29634 

0.0196 0.0201 
0.0561 0.0557 
4.84 5.10 

7.48E-05 
4.90E-04 
7.17E-06 
1.93E-04 
4.523-04 
3.053-03 
5.9935-01 
2.453-04 
4.08E-04 
8.203-03 
1.943-04 

<7.47E-05 
5.22E-04 
4.43E-06 
1.15E-04 
3.483-04 
2.04E-03 
2.04E-01 
1.67E-04 
2.62E-04 
8.62E-03 
3.48E-04 

453.23 401.98 369.35 408.19 
55.36 56.16 46.50 52.67 

34.12 39.39 34.02 35.84 
6.85 9.04 7.03 7.64 
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RUN I.D. 
DATE 
TIHE STARTED 
TIXE ENDED 

SAKPLING PARAMETERS 

Metered Volume - dcf 
Corrected Volume - dscf 
Total Test Time - min 
% Isokinetics 

GAS PARAMETERS 

Gas Temperature - OF 
Oxylgen - % 
Carbon Dioxide - % 
Moisture - % 

GAS FIxlwRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 
PPL!?TIC-.?z Lxss:oi:8 

Concentration - gr/dscf 
Conc. - gr/dscf C 7% 02 
Mass Rate - lb/hr 

KETALS EMISSIONS - lb/hr 
&M Antimony 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 
nanganese 
MffcurY 
Nickel 
Phosphorus 
selenium 

CU EMISSIONS 
conc. - ppmdv 
Mass Rate - lb/hr 

W T S P - R l  Qb-BQI/TSP-RZ OA-MI/TSP-R3 AVERAGE 
11/04/92 11/05/92 11/05/92 
19 : 40 09:29 13:25 
22:41 11: 53 15: 50 

81.477 80.045 83.415 81.646 
78.602 77.167 80.166 78.645 

120 120 120 120 
102.7 103.3 104.1 103.3 

180.9 190.8 194.2 188.6 
17.2 17.1 17.2 17.2 
3.3 3.4 3.3 3.4 

12.22 11.37 11.85 11.81 

44.78 43.91 46.11 44.93 
24634 24157 25365 24719 
17170 16756 17273 17066 

0.0150 0.0153 0.0207 0.0170 
0.0564 0.0563 0.0780 0.0636 
2.21 2.19 3.07 2.49 

<4.33E-o5 
1.39B-04 
8.67E-07 
3.44E-05 
L47E-04 
9.20E-04 
1.06Z-03 
1.34B-04 
1.77E-04 

<4.32E-03 
1.71B-04 

<4.28E-05 
1.56E-04 

<8. 6232-07 
5.983-05 
2.40E-04 
4.073-04 
1.49E-03 
8.62E-05 
1.933-04 
1.67E-03 
1.59E-04 

<4.13E-05 
1.75E-04 
3.14E-06 
2.283-05 
5.27E-05 
6.01E-05 
4.45E-03 
6.10E-05 
6.30E-05 
<4.14E-03 
1.583-04 

<4.25E-05 
1.57E-04 

<1.62E-06 
3.90E-05 
1.46E-04 
4.62E-04 
2.333-03 
9.39E-05 
1-443-04 

<3.38E-03 
1.63E-04 

346.92 360.91 349.77 352.53 
25.98 26.38 26.35 26.24 

NOx EMISSIONS 
Conc. - ppmdv 24.40 26-86  19.91 23.72 
Mass Rate - lb/hr (NOZ) 3-00 3.22 2.46 2.90 



TABLE 3 - 4 - 2 4 :  SUMMRRY OF PARTICQL?.TE AND KETALS EUISSIONS: SAWDUST >??YET '.?C 

RON I.D. O B - I d T S S R l  d T S P - R Z  OB4Ql/TSP-R3 AVERACE 
DATE 
TIME STARTED 
TIME ENDED 

SAMPLING PARANETERS 

Uetered V o l u m e  - dcf 
Corrected V o l u m e  - dscf 
T o t a l  T e s t  Time - m i n  
t Isokinet ics  

GAS PARAUETERS 

G a s  Temperature - OF 
Carbon D i o x i d e  - % 
Moisture - % 

GAS FLOWRATE 

V e l o c i t y  - ft/sec 
Actual V o l u m e  - a c f m  
Standard V o l u m e  - dscfm 

PARTICULATE EMISSIONS 

oxYg=l- % 

Concentration - gr/dscf 
Conc. - gr/dscf @ 7% 02 
Mass Rate - lb / lu  

METALS EMISSIONS - lb/hr 
* Antimony 

Arsenic 
B e r y l l i u m  
Cadmium 
chromium 
L e a d  
Manganese 
Hercury 
N i c k e l  
Phosphorus 
Selenium 

CO EKTSSIONS 
C o n c .  - p p m d v  
H a s 8  Rate - l b / k  

22:41 11:53 

75.403 72.906 
75.053 72.342 

120 120 
102.0 101.1 

180.6 181.5 

3.3 3.3 
11.77 10.56 

17.3 17.3 . 

42.73 40.99 
23505 22551 
16507 16044 

0.1370 0.1465 
0.5247 0.5625 

19.39 20.14 

<4.19E-05 <4.40E-05 
9.198-05 1.32B-04 
8.73E-07 <8.80E-07 
9.4OE-05 1.07E-04 
7.91E-05 2.54E-04 
7.39E-04 2.78E-04 
1.48E-03 1.98E-03 
1.39E-04 1.58E-05 
1.2lE-04 1.47E-04 
3.OOE-03 <4.4lE-03 
5.70E-05 1.75E-04 

1 5 : 5 0  

72.615 13.641 
70.768 72.121 

120 120 
101.8 101.6 

180.1 180.8 
17.3 
3.2 

17.3 
3.2 

11.25 11 .20  

40.37 41.36 
22208 22754 
15595 16048 

0.1554 0.1463 
0.6019 0.5630 

20.78 20.10 

3.15E-05 <3.91E-05 
9.8OE-05 1.07E-04 

<8.75E-07 <8.76E-07 
9.45E-05 9.843-05 
1.363-04 3.563-04 
1.37E-05 3.43E-04 
1.20E-03 1.5E.E-03 
3.6233-05 6.353-05 
1.48E-04 1.393-04 

<4.28E-03 <3.89E-03 
1.30E-04 1.21E-04 

345.75 352 .OO 335.80 344.52 
24.89 24.63 22.84 24.12 

NOx EMISSIONS 
C o n c .  - p p m d v  19.85 23.73 25.14 22.91 
Has8 R a t e  - lb/hr (as NO?) 2.35 2.73 2.81 2.63 
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TABLE 3-4-2-4: SUHMARY OF PUlo AN0 HZ02 RESULTS: SAWDUST DRYER INLET. 

' I .D. m-MoIIcsu IB-MOU-IU m - ~ o u - m  AVERACE 
DATE 11/03/92 11/04/92 11/04/92 
T m  STARTED 16:54 10: 15 14:12 
TIHE ENDED 19:36 12:55 16:49 

SAHPLING PARAMETERS 

U e t e r e d  V o l u m e  - dcf 59.176 
C O r r e c t e d  volume - dscf 58.972 
Total  T e s t  Time - min 131.25 
6 Isokinetics 114.8 
D50 9.59 

GAS PARAMETERS 

G a s  Temperature - OF 486.0 
O x y g e n  - 6 15.63 
Carbon D i o x i d e  - 6 4.8 
M o i s t u r e  - % 6.66 

GAS FLOWRATE 

V e l o c i t y  - ft/aec 49.89 
Actual V o l u m e  - acfm 47604 
Standard V o l u m e  - d s c f m  24714 

PH DISTRIBUTION 

% Filterable 
6 Condsnsible 

PARTICULATE E H I S S I O N S  ..:. .. 

40.04 
59.96 

56.140 
56.639 
125.5 
95.5 
9.58 

492.0 
15.7 
4.9 
6.35 

60.58 
57812 
29814 

41.81 
58.19 

58.603 57.973 
58.246 57.952 
129.75 128.83 
98.8 103.0 
9.63 9.60 

503.2 493.7 
15.4 15.6 
5.1 4.9 
6.05 6.35 

59.01 56.49 
56312 53909 
28690 27739 

47.09 
52.91 

42.98 
57.02 

Concentration - gr/dacf 0.0405 0.0340 0.0324 0.0356 
Xasa Rate - lb/hr 8.57 8.68 7.97 8.41 

CO EMISSIONS 

Conc. - ppmdv 
nass Rate - lb/hr 
N O x  EMISSIONS 

405.75 478.80 485.13 456.56 
43.74 62.26 60.71 55.57 

Conc. - ppmdv - 31.32 -. 37.20 . .  35.73 34.75 
m a s  h t e  - lb/hr  (as NO*) 5.55 7.95 7.34 6.94 
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TABLB 3.4.2-5: SUXUARY OF pnio AND ~ 2 0 2  RESULTS: SAWDUST DRYER OUTLET A. 

RUN I.D. 
I DATE 

TIME STARTED 
TIM3 ENDED 

SAMPLING PARAMETERS 

Uetered volume - dcf 
Corrected V o l u m e  - dscf 
T o t a l  T e s t  Time - min 
% Isokinetics 
D50 

G a s  Temperature - OF 
Oxygen - % 
Carbon D i o x i d e  - % 
U o i a t u r e  - 0 

GAS FLOWRATE 

V e l o c i t y  - ft/sec 
Actual V o l u m e  - acfm 
Standard V o l u m e  - dscfm 

oA4zolA-Rl a-molA-Rz oA-MzolA-R3 
11/03/92 11/04/92 11/04/92 

16:54 10: 15 14 : 12 
19:27 12:42 16:45 

52.652 
52.724 
120.9 
112.2 
8.97 

186.9 
17.55 
2.6 

10.93 

43.35 
23848 
16845 

46.381 56.995 
47.097 55.901 

117 135.1 
101.6 99.1 
9.41 9.21 

185.9 183.7 
17.0 17.3 
3.5 3.2 

11-50 11.48 

44.54 47.01 
24502 25861 
17177 18099 

AVERAGE 

52.009 
51.907 
124.33 
104.3 
9.20 

185.5 
17.3 
3.1 

11.30 

44.97 
24737 
17374 

Pn DISTRIBUTION 

% Filterable 88.37 97.29 64.15 83.27 
% C o n d e n s i b l e  11-63 2.71 35.85 16.73 

PARTICULATE EMISSIONS 

Concentration - gr/dscf 0.0155 0.0139 0.0266 0.0187 
* .  ,+ 

Mass R a t e  - l b / h  2.24 2.05 4.12 2.80 

CO EMISSIONS 

Conc. - ppdv 
Mass Rate - lb/hr 

NOW EMISSIONS 

259.80 
19.09 

385.83 
28.91 

337.84 
26.67 

327.82 
24.89 

mnc. - ppmav 15.33 24.09 22.40 20.61 
Mass Rate - lb/hr ( a s  N o 2 )  1.85 2.96 2.90 2.57 . . .  
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3-4-24: SLlMUARY OF PHlO AND I4202 RESULTS: SAWDUST DRYER OUTLET S. 

RUN I.D. 0 B - M O l . A - R l  oBJLzOlA-R2  0 B - M O l . A - R 3  AVERAGE 
DATE 11/03/92 11/04/92 11/04/92 
TIME STARTED 16: 54 10: 15 14 : 12 
TI= ENDED 19:24 12:55 16: 41 

SAME'LING PARAMETERS 

Uetered Volume - dcf 45.427 65.889 50.230 53.849 
Corrected Volume - dscf 44.870 66.492 50.122 53.828 
Total Test Time - min 114.1 146.7 127.9 129.57 
9 Isokinetics 
D 5 0  

94.3 108.6 92.8 98.6 
0.00 0.00 0.00 0.00 

GAS PARAMETERS 

Cas Temperature - OF 
Oxygen - 9 
Carbon Dioxide - 9 
Moisture - % 

176.2 
17.08 

178.5 
17.08 

179.2 178.0 
17.12 17.09 
3.40 3.39 
11.02 10.53 

3.41 
11.19 

3.36 
9.37 

GAS PLOWRATE 

velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 

45.78 45.18 
24852 
18081 

46.90 45.95 
25801 25278 
18311 18153 

25181 
18067 

83.23 
16.77 

90.03 
9.97 

84.71 85.99 
15.29 14.01 

0 Filterable 
% Condensible 

PARTICULATE EMISSIONS 

Concentration - gr/dscf 
Mass Rate - lb/hr * 0.0196 

3.04 
0.0124 
1.92 

0.0170 0.0163 
2.67 2.54 

W EMISSIONS 

338.85 
26.70 

375.25 
29.59 

367.27 360.46 
29.33 28.54 

Conc. - ppdv 
Has8 Rate - l b / k  

NOX EMISSIONS 

Conc. - ppdv 
Has8 Rate - l b / k  (as NO2) 

19.04 
2.46 . .  

20.29 
2.63 

22.97 20.77 
3.01 2.70 
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3-4.2-7: HF DATA AND RESULTS: EPA HETHOD 26: SAWDUST DRYER INLET- 

RUN MRIBER m-Ip6-Rl IN-M6-B2 INa6-m AVERAGE 
DATE 11/02/92 11/02/92 11/03/92 
START TIME 13: 11 17:33 09:15 
END TIME 15:28 19:42 11:32 

SAMPLING DATA 

I n i t i a l  Meter volume - 1 2158.380 
F i n a l  Xeter V o l u m e  - 1 2278.440 
N e t  X e t e r  V o l u m e  - 1 120.060 
A v e r a g e  Meter Temp. - F 77.4 
B a r O m e t r i c  Pres .  - i n . H g  29.48 
Avg. X e t e r  Pres. - in.w.c. 1,o 
Meter C a l .  Factor - Gamma 1.0047 
C o n .  Meter V o l u m e  - dscf 4.132 
Oxygen - adv 15.22 

GAS PLOWFATE DATA 

Velocity - ft/sec 54.90 
Actual v o l u m e  - a c f m  52390 
Standard v o l u m e  - d s c f m  27292 

Fluoride Analysis 
T o t a l  L i q u i d  V o l u m e  - m l  
Fluoride ConC. - mg/liter 252.0 

40.0 

BF r n S S I O N S  

Concentration - p p m d v  109.071 
Conc. - p p d v  @ 7% 02 266.916 
Concentration - mg/dscm 90.731 
a s s  Pate - lb/hr 9.275 

iur 

2289.670 
2409.690 
120.020 

79.4 
29.57 
1.0 

1.0047 
4.128 
14.46 

55.55 
53009 
27249 

40.0 
300.0 

129.977 
280.540 
108.122 
11.036 

2411.150 
2531.190 
120.040 

80.0 
29.72 
1.0 

1.0047 ~. 
4.145 
15.59 

51.22 
48878 
25509 

33.0 
127.0 

45.209 
118.343 
37.607 
3.593 

2286.400 
2406.440 
120.040 

78.9 
29.59 
1.0 

4.135 
15.09 

53.89 
51426 
26683 

37.7 
226.3 

94.752 
221.933 
78.820 
7.968 



. .  . .  . .  

TAELE 3.4.2-8: HF DATA AND RESULTS: EPA METHOD 26: SAWDUST DRYER OOTLST A. 

RON NOMBER oe-lQ6-Rl 

START TIME 13:ll 
END TIME 15:28 

11/02/92 11/02/92 

SAMPLING DATA 

Initial neter Volume - 1 
Final Meter Volume - 1 
Net Meter Volume - 1 
Average neter Temp. - F 
Barometric Pres. - in.Hg 
Avg. Meter Pres. - in.W.C. 
Meter Cal. Factor - camma 
Corr. Meter Volume - dscf 
Oxygen - %dv 

GAS PLOWRATE DATA 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 
LABORATORY DATA 

Fluoride Analysis 
Total Liquid Volume - ml 

i Fluoride Conc. - mg/liter 
W EMISSIONS % 

Concentration - ppmdv 
Conc. - ppdv C 7% 02 
Concentration - mg/dscm 
mss Fate - Ib/hr 

211.050 
453.850 
242.800 

64.3 
29.46 
1.0 

1.0007 
8.525 
16.79 

42.15 
23185 
17478 

40.0 
105.0 

22.028 
74.499 
18.324 
1.200 

01CM6-E2 
11/03/92 
17:33 
19 : 42 

457.060 
714.760 
257.700 

65.3 
29.57 
1.0 

1.0007 
9.065 
16.65 

41.12 
22622 
16774 

40.0 
300.0 

59.190 
193.587 
49.238 
3.094 

m-lQ6-R3 

09:15 
11:32 

716.460 
1092.400 
375.940 

68.0 
29.72 
1.0 

1.0007 
13.225 
17.76 

41.96 
23081 
17029 

40.0 
45.8 

6.194 
27.420 
5.153 
0.329 

AVERAGE DATE 

461.523 
753.670 
292.147 

65.9 
29.58 
1.0 

10.272 
17.07 

41.74 
22963 
17094 

40.0 
150.3 

29.138 
98.502 
24.238 
1.541 
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TaaGE 3.4.2-9: HF DATA AND RESULTS: EPA HBTHOD 26: SAWDUST DRYER 3UTLZT 1. 

RUN MREBER OB-MS-Fa oB-M6-Rz oE4426-m AVERAGE 
DATE 11/02/92 11/02/92 11/03/92 
START TIXE 13:ll 17:33 09:15 
END TIHE 15 : 28 19:42 11:32 

SAMPLING DATA 

Initial Meter Volume - 1 455.560 703.230 955.120 704.637 
Final Meter Volume - 1 702.150 956.900 1198.630 952.560 
Net Meter volume - 1 246.590 253.670 243.510 247.923 
Average Metef Temp. - F 73.2 15.1 05.6 78.2 
Barometric Pfes. - in.Hg 29.48 29.57 29.72 29.59 
Avg. Weter Pzes. - in.W.C. 1.0 1.0 1.0 1.0 
Weter Cal. Factor - G a m a  1.0009 1.0009 1.0009 
Corr. Meter Volume - dscf 8.521 8.753 . 8.291 8.522 
Oxygen - ado 16.81 16.64 16.91 16.79 

GAS FLOWRATE DATA 

Velocity - fdsec 35.79 38.62 38.55 37.65 
Actual volume - acfm 19690 21243 21209 20714 
Standard volume - dscfm 15377 15734 16346 15819 

LABORATORY DATA 

Fluoride Analysis 
Total Licruid Volume - m l  40.0 40.0 40.0 40.0 ~~~~ 

Fluoride 'conc. - mg/liter 1.4 238.0 200.0 146.5 

W EMISSIONS 9 

Concentration - ppmdv 0.294 48.635 43.145 30.691 
Conc. - ppmdv C 7% 02 0.999 158.691 150.304 103.331 
Concentration - mg/dscm 0.244 40.457 35.890 25.531 
Haas Rate - lb/hr 0.014 2.384 2.197 1.532 



RON I.D. 
DATE 
TIME STARTED 
TIME ENDED 

GAS PARAMETERS. 

Gas Temperature - OF 
Oxygen - % 
Carbon Dioxide - % 
Moisture - 0 

GAS FLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 

ETEIANE EMISSIONS 

Conc. - ug/ml 
Conc. - ppm 
conc. - mg/d 
xass Rate - Ib/hr 

=THANE EMISSIONS 

Conc. - ug/ml 
Conc. - ppm 
Conc. - mg/m3 
Mass Rate - lb/hr 

TABLE 3.4.2-13 

SUUMARY OF ETIBWE AND M3TEANE EMISSIONS - SAWDDST DRYER INLET - 

m-ma-xu m-ma-Rz IA-LI~E-R~ AVERAGE 
11/06/92 11/06/92 11/07/92 

11:37 17 : 42 09 : 02 
15:19 21:02 13:12 

502.3 494.8 498.5 498.6 
16.42 16.0 16.3 16.3 

4.5 4.3 4.4 4.4 
5.60 4.43 5.79 5.27 

54.94 55.78 57.83 56.18 
52427 53228 55184 53613 
26998 27968 28623 27863 

C 0.050 < 0.050 < 0.050 < 0.050 
< 40.012 < 40.012 < 40.012 <40.012 
< 50.000 < 50.000 < 50.000 <50.000 
< 5.056 < 5.238 < 5.361 < 5.218 

< 0.101 < 0.101 < 0.101 0.101 
4 5 1 . 4 6 9  4 5 1 . 4 6 9  <151.469 <151.469 
<101.000 <101.000 <101.000 <101.000 
< 10.214 < 10.581 < 10.829 < 10.5.41 

( * )  Gas flowrate data was taken from IN-HO010-Rl,RZ, and R3,  respectively. 



RUN I.D. 
DATE 
TIWE STARTED 
TIME ENDED 

GAS PARAEIETERS. 

Gas Temperature - OF 
Oxygen - % 
Carbon Dioxide - % 
Moisture - % 

GAS FLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 

ET- EMISSIONS 

Conc. - ug/d 
Conc. - p p  
Conc. - m g / d  
-8s Rate - Ib/hr 

I 

ME- EMISSIONS k 
ant. - u g / d  
Conc. - ppm 
Conc. - m g / d  
Mass Rate - lb/hr 

TABLE 3.4.2-14 

SlnQ4ARY OF ETHANE AND METHANE EMISSIONS - SAWDUST DRYER OUTLET A - 
OA-nla-ru OA-xla-Rz OA-Xl&R3 

11/07/92 
11:37 17:32 09:02 
15 : 19 21:02 13:12 

11/06/92 11/06/92 

185 - 7 185.5 186.0 
16.97 17.2 17.2 
3.5 3.4 3.4 
9.67 10.51 9.51 

44.93 45.00 45.21 
24718 24755 
17689 17558 

24869 
17918 

AVERAGE 

185.7 
17.1 
3.4 
9.90 

45.05 
24781 
17722 

< 0.050 c 0.050 < 0.050 < 0.050 
< 40.012 C 40.012 < 40.012 C40.012 
< 50.000 c 50.000 c 50.000 <50.000 
< 3.313 < 3.288 < 3.356 C 3.319 

< 0.101 6.150 < 0.101 C 2.117 
<151.469 9223.083 <151.469 C3175.340 
<101.000 6150.000 <101.000 <2117.333 
< 6.692 404.468 C 6.779 < 139.313 

( * )  Gas flowrate data was taken from OA-M0010-R1,RZ, and R3, respectively. 



~~ 

. . . - . . . .- . . . . . .  . -  

TABLE 3.4.2-15 

SDPIHARY OF ETHANE AND =ETHANE EXISSIONS - SAWDIJST DRYER CUITLBT B - 

RUN I . D .  
DATE 
TIME STARTED 
TIXE ENDED 

G a s  Temperature - OF 
oxygen - % 
Carbon Dioxide - % 
Moisture - % 

GAS PLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 

ETHANE EXISSIONS 

Conc. - ug/ml 
Conc. - ppn 
conc. - m q / d  
a s s  Rate - l b / h r  

UETHANE EXISSIONS * 
Cone. - ugh1 
conc. - p p  
Conc. - m g / d  
Mass Rate - lb/hr 

OB-K18-Rl 08-MS-W OB-M.l&R3 AVERAGE 
11/06/92 11/06/92 11/07/92 

11:37 17:32 . 09 : 02 
15: 19 21:02 13 : 12 

181.9 182.3 182.3 182.2 
17.19 17.5 17.3 17.3 
3.3 3.2 3.2 3.2 
6.46 8.46 8.05 7.65 

41.11 42.17 38.98 40.75 
22612 23200 21443 22419 
16895 16954 15821 16557 

< 0.050 < 0.050 < 0.050 < 0.050 
< 40.012 < 40.012 < 40.012 <40.012 
50.000 < 50.000 < 50.000 <50.000 

< 3.164 < 3.175 < 2.963 < 3.101 

< 0.101 < 0.101 < 0.101 < 0.101 
<151.469 451.469 <151.469 <151.469 - - - . . . . ~~~ ~~~ 

<101.000 d o l .  000 <101.000 <101.000 
< 6.392 < 6.414 < 5.985 < 6.264 

.. ~. 

( * )  Gas flowrate data was taken from OB-M0010-R1,RZ, and R3, respectively. 
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TABLE 3.4.2-16 

SUMUARY OF VOLATILE ORGANICS EMISSIONS - SAWDUST DRYBR INLET - 

RUN I.D. m-vsr-m m-vsr-m m-wm-m AVERAGE 
DATE 
TIXE STARTED 

11/06/92 11/06/92 11/07/92 
11:37 17:42 09:OZ 

TIME ENDED 15:05 20:47 12:27 

VOLATILE ORGANIC EMISSIONS - lb/hr 

Acetone 3.94E-03 2.79E-03 1-293-02 6.553-03 
Acrylonitrile 4.43E-04 < 3.46E-04 < 3.00E-04 <3.633-04 
Benzene 9.603-03 9.50E-03 6.70E-03 8.603-03 
Bromomethane 5.623-04 7.44E-04 1.19E-03 8.32E-04 
2-butanone < 3.233-04 < 5.05E-06 C 5.333-06 <l.llE-04 
Carbon Diaulf ide 2.66E-04 3.32E-04 2.153-04 2.713-04 
Carbon Tetrachloride < 4.94E-06 < 5.05B-06 < 5.13E-06 <5.043-06 
Chloroform < 4.94E-06 < 5.0%-06 < 5,136-06 <5.043-06 
Chloromethane 1.50E-02 1.68B-02 2.30E-03 1.14E-02 
Ethylbenzene 2.203-04 1.07E-04 1.00E-04 1.42E-04 
2-Eexanone < 4.94E-06 < 5.05E-06 < 5.13E-06 <5.043-06 
Idomethane 2.663-03 3.64E-03 3.88E-03 3.393-03 
Methylene Chloride 1.72E-04 6.90E-05 1.333-04 1.253-04 
%&-xykiie 4-Z3E-04 1.8%-04 8-353-04 4.81E-04 
0-xylene < 1.39E-04 C 5.97E-05 9.00E-05 9.64E-05 
styrene < 4.94E-06 < 1.17E-05 < 5.133-06 <7.273-06 
Tetrachloroethane < 4-94E-06 5.05E-06 C 5.13E-06 C5.04E-06 
Toluene 2.053-03 1.08E-03 2.14E-03 1.75E-03 
1.1,l-trichloroethane < 4.94E-06 < 5.05E-06 < 5.133-06 <5.04E-06 
Trichloroethene < 4.94E-06 < 5.05E-06 < 5.13E-06 <5.04E-06 
Trichlorofluoromethane 1-17E-04 7.7%-05 9.50E-05 9.64E-05 

ei Vinyl Acetate < 4.94E-06 < 5.05E-06 < 5.13E-06 <5.043-06 



TABLE 3.4.2-17 

SrJlMARY OF VOLATILE ORGANICS EMISSIONS - SAWDUST DRYER OUTLET A - 

RUN I.D. O€i-VST-Itl OA-VST-EQ QB-vsT-R3 AVERAGE 
DATE 11/06/92 11/06/92 11/07/92 
TIXE STARTED 11:47 17 : 34 09:02 
TIME ENDED 16:38 21:42 12:47 

VOLATILE ORGANIC EMISSIONS - lb/k 
Acetone 
Acrylonitrile 
Benzene 
Bromomethane 
2-butanone 
Carbon Disulfide 
Carbon Tetrachloride 
Chloroform 
Chloromethane 
Ethylbenzene 
2-Hexanone 
Idomethane 
Hethylene Chloride 
ii-j'p-xyiene 
0-xylene 
Styrene 
Tetrachloroethane 
Toluene 
1.1.1-trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl Acetate 

5.96E-03 6.15E-03 1.09E-02 7.67E-03 
C 7.39E-05 1.48E-04 2.18E-04 C 1.463-04 
3.87E-03 4.24B-03 4.12E-03 4.08E-03 
3.27E-04 
1.03E-03 
1-07E-04 

C 3.3OE-06 
C 3.30E-06 
8.4lE-03 
8 .  ME-05 

C 3.3OE-06 
1.5%-03 
2.59E-04 
4.643-04 
7.60E-05 

C 3.30E-06 

3.38B-04 
< 6.53E-04 
1.35B-04 

< 3.25B-06 
< 3.25E-06 
1.12E-02 
6.73E-05 

C 3.25E-06 
1.83E-03 
1.76E-03 
1.68E-04 
4.77E-05 

C 3.2%-06 

4.70.~-04 
4.79E-03 
1.50E-04 

C 3.33E-06 
C 3.33E-06 

1.16E-02 
1.10E-04 

C 3.333-06 
2.07E-03 
4.41E-04 
2.563-04 
7.56E-05 

< 9.28E-06 

3.783-04 
< 2.163-03 
1.3 1E-04 

< 3.293-06 
< 3.29E-06 
1.04E-02 
8.63E-05 

C 3.29E-06 
1.8lE-03 
8.19E-04 
2.96E-04 
6.64E-05 

C 5.283-06 
C 3-30E-06 C 3.25E-06 < 3.33E-06 C 3.29E-06 
3.9lE-03 4.OOE-03 3.82E-03 3.913-03 

C 1.89E-05 C 3.25E-06 < 3.33E-06 C 8.50E-06 
C 3-30E-06 < 3.25E-06 3.3%-06 C 3.29E-06 
< 1.5lE-04 < 9.15K-05 1.563-04 C 1.333-04 
< 3.30E-06 < 3.25E-06 C 3.33E-06 < 3.293-06 
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TABLE 3.4.2-18 

SmaylRY OF VOLATILE ORGANICS EMISSIONS - SAWDUST DRYER OUTLET B - 

RON I.D. 
DATE 
TIME STARTED 
TIME ENDED 

OB-VST-Rl OB-VS?-RZ OB-VST-R3 AVERAGE 
11/06/92 11/06/92 11/07/92 

11:47 17:32 09:OS 
16:37 21:46 12:45 

VOLATILE ORGANIC EMISSIONS - lb/hr 
Acetone 9.6lE-03 9.47E-03 9.833-03 9.64E-03 
Acrylonitrile 2.213-04 < 2.03E-04 2.133-04 <2.12E-04 
Benzene 6.12E-03 4.99B-03 4.593-03 5.23E-03 
Bromomethane 4,353-04 < 3.73B-04 4-693-04 <4.26E-04 
2-butanone 1.443-03 < 1.59B-03 2.603-03 <1.88E-03 
Carbon Disulfide 1.80E-04 1.63E-04 1.81E-04 1.75E-04 
Carbon Tetrachloride < 3.10E-06 < 3.09E-06 < 2.873-06 <3.023-06 
Chloroform < 3.10E-06 < 3.09E-06 < 2.87E-06 <3.023-06 
Chloromethane 1-29E-02 1.028-02 1.35E-02 1.223-02 
Ethylbenzene 1.19E-04 6.89E-05 6.00E-05 8.273-05 
2-Elexanone < 3.10E-06 < 3.09E-06 < 2.87E-06 <3.02E-06 
Iodomethane 2-193-03 2.17E-03 2.41E-03 2.26E-03 
Methylene Chloride 2.07E-04 3.45E-04 6.79E-05 2.073-04 
K - ; p Z f l = G e  2.2bE-04 1.47E-04 1.663-04 1.80E-04 
0-xylene 7.163-05 4.65E-05 4.56E-05 5.46E-05 
styrene < 8.523-05 < 1.04E-04 < 2-623-05 <7.18E-05 
Tetrachloroethane < 3-10E-06 < 3.09B-06 < 2-87E-06 <3.02E-06 
Toluene 3.52E-03 2.93E-03 3.44E-03 3.30E-03 
l,l,l-trichloroethane < 3.10E-06 < 1.19E-05 < 2.87E-06 <5.97E-06 
Trichloroethene < 3.10B-06 < 3.09E-06 < 2.87E-06 <3.02E-06 

7 .  Trichlorofluoromethane 1.05E-04 < 5.84E-05 8.7lE-05 <8.353-05 
Vinyl Acetate < 3.10E-06 < 3.09B-06 < 2.873-06 <3.02E-06 
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TABLE 3.4.2-19 

SUMMARY OF EMISSIONS FOR SEMIVOLATILE WXPOONIE - SAWDUST DRYER INLET - 
RON 1.0. IH-MOOlO-Rl M44001O-R2 M-HO010-R3 AVERAGE 
DATE 11/06/92 11/06/92 11/07/92 
TIME STARTED 11:37 17:42 09 : 02 
TIHB ENDED 15:19 21:02 13: 12 

SAMPLING PAWMETERS 

Metered Volume - dcf 104.311 105.158 108.266 105.912 
Corrected Volume - dscf 105.646 108.272 111.242 108.387 
Total Test Time - min 180 180 180 180 
% Isokinetics 101.5 100.4 100.8 100.9 

GAS PARAMETERS 

Gas Temperature - OF 502.3 494.8 498.5 498.6 
Oxygen - % 16.42 16.0 16.3 16.3 
Carbon Dioxide - % 4.5 4.3 4.4 4.4 
Moisture - % 5.60 4.43 5.79 5.27 

GAS FLOWRATE 

Velocity - ft/sec 54.94 55.78 57.83 56.18 
Actual V 0 1 - m  - ==f= 52427 53228 55184 53613 
Standard Volume - dscfm 26998 27968 28623 27863 

SEMIVOLATILE EMISSIONS ( lb /hr l  

Bis(2-ethy1haxy)phthalate 6-49E-04 4.68E-04 3.13E-04 4.773-04 
Dibensofuran 5-8lE-04 1.73B-04 3.4OE-08 <2.51E-04 
Dimethylphthalate 3.38E-08 3-42-8 5.10E-04 <1.70E-04 

Fs. Di-n-butylphthalate 3.38s-08 3.04-4 < 3.40E-08 4.Ol.E-04 
2-methylphenol C 3.38E-08 < 3.42E-08 < 3.40E-08 <3.40E-08 
Naphthalene 1.71E-02 3-42E-08 3.4OE-08 <5.703-03 
Phenol < 3-38E-08 3-18E-03 4.36E-04 <1.20E-03 

CO EMISSIONS 

Conc. - ppmdv 433.13 474.74 493.83 467.23 
Mass Rate - lb/hr 51.00 57.91 61.65 56.86 

NOX MISSIONS 

conc. - ppdv 39.36 26.47 32.00 32.61 
Mass Rate - lb/hr (as  NO^) 7.61 5.30 6.56 6.49 



TABLE 3.4.2-20 

SUMWiRY OF EMISSIONS FOR SWIVOLATILE COUP0 UNKLS - SAUDUST DRYER ODTLET A - 

RUN 5.D. OA-XOOlO-Rl OA-MOOlO-RZ OA-MOOlO-~ AVERAGE 
DATE 11/06/92 11/06/92 11/07/92 
TI= STARTED 11:37 17:32 09 : 02 
TIME ENDED 15 : 19 21:02 13:12 

SAMPLING PARAMETERS 

Uetered Volume - dcf 120.273 120.553 121.899 120.908 
Corrected Volume - decf 120.642 121.676 123.588 121.969 
Total Test Time - min 180 180 180 180 
% Isokinetica 102.0 103.6 103.1 102.9 

GAS PARAMETERS 

Gas Temperature - OF 185.7 185.5 186.0 185.7 - 
Oxygen - % 
Carbon Dioxide - % 
Moisture - 0 

GAS FLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 
SEMIVOLATILE EMISSIONS (lb/hrl 

Bis(2-ethy1hexy)phthalate 
Dibenzofuran < 
Dimethylphthalate < 
Di-n-butylphthalate 
2-methylphenol < 
Naphthalene < 
Phenol < 

CO EMISSIONS 

Conc. - ppdv 
Mass Rate - lb/hr 

NOX EMISSIONS 

Conc. - ppdv 
Mass Rate - lb/hr (as NO2) 

16.97 17.2 
3.5 3.4 
9.67 

44.93 
2471s 
17689 

3.44E-04 < 
1.94E-08 < 
1.9-8 < 
3.63E-04 < 
1.94E-08 < 
3.94E-08 < 
1.94B-08 

325.22 
25.09 

23.78 
3.01 

17.2 17.1 
3.4 3.4 

10.51 9.51 9.90 

45.00 45.22 45.05 
24755 24563 24781 
17558 17918 17722 

1-91B-08 3.213-04 < 2.213-04 
1.91E-08 < 1.92E-08 1.92E-08 
1.9l.E-08 < 1.92E-08 < 1.92E-08 
1.91E-08 3.28B-04 < 1.64.E-04 
1.9l.E-08 < 1.92E-08 < 1.92E-08 
1-91E-08 < 1.923-08 < 1.92E-08 
1.33E-03 1.593-03 < 9.74E-04 

353.45 349.82 342.83 
27.07 27.34 26.50 

24.11 23.24 23.71 
3.03 2.98 3.01 
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TABLE 3.4.2-21 

RUN I.D. 
DATE 
TIME STARTED 
TIWE ENDED 

SAMPLING PARAMETERS 

S l M W W i  OF BMISSIONS FOR SEMIVOLATILE COUPOUND.5 - SAWDUST DRPgR OUTLET B - 

Metered Volume - dcf 
Corrected Volume - dscf 
Total Test Time - min 
% Isokinetice 

GAS PARAMETERS 

Gas Temperature - OF 
Oxygen - % 
Carbon Dioxide - % 
Moisture - % 

GAS FLOWRATE 

Velocity - ft/sec 
Actual Volume - acfm 
Standard Volume - dscfm 
SEMIVOLATILE EMISSIONS Ilb/hrL 

0B-LIM)lO-Rl OB-I4001O-RZ Oa-HWlO-R3 AVERAGE 
11/06/92 11/06/92 11/07/92 

i Bis(2-ethy1hexy)phthalate 
Dibenzofuran < 
Dimethylphthalate < 

2-methylphenol < 
Naphthalene < 

5 Di-n-butylphthalate 

Phenol 

M EMISSIONS 

Conc. - ppdv 
Mass Rate - lb/hr 

NOX EMISSIONS 

Conc. - ppmdv 
Mass Rate - lb/hr (as NO2) 

. .  
11: 37 17:32 .09102 
15:19 21:02 13 : 12 

110.613 113.298 
111.720 115.140 

180 -180 
98.9 101.5 

181.9 182.3 
17.19 17.5 
3.3 3.2 
6.46 8.46 

16895 16954 

107.111 
103.810 

180 
103.8 

182.3 
17.3 
3.2 

8.05 

38.98 
ii443 
15821 

110.341 
112.223 

180 
101.4 

182.2 
17.3 
3.2 
7.65 

40.75 
22419 
16557 

8.94B-04 4.49E-03 9.08E-04 2.10E-03 
2.0DB-08 < 1.95X-08 < 1.9s-08 < 1.95E-08 
2-00B-08 < 1.4%-08 1.9s-08 < 1.95E-08 
3.82B-05 8.63E-05 1.75E-04 9.98E-05 
2-00E-08 < 1.95E-OB < 1.9s-08 < 1.95E-08 
2.00E-08 < 1.953-08 < 1.9l.E-08 < 1.95E-08 
5.86E-04 9.24E-04 7.673-04 7.533-04 

313.89 
23.13 

341.50 
25.25 

338.45 
23.35 

331.28 
23.91 

24.84 21.78 20.58 22.40 
3.01 2.65 2.33 2.66 
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Emission Inventory Branch 
Technical Support Division (MD-14) 
Office of Air Quality Planning and Standards 
U. S. Environmental Protection Agency 
Research Triangle Park, NC 2771 1 
FAX Number: (919) 541-0684 

>' 

COMMENTS: 

Number of Pwges (including cover sheet): ? 
If you did uot ieccivc all the pages, please conract the followmg person: 

Name. Phone Number: 
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Brick Association 
of North Cmolina 

QW-11 5, 1993 

Mr. Ron Myers, 

Post Office Box 13290 
Greensboro, NC 274153290 
Teleohone 949/2735566 
FAX '9191273'3463 
Park Center Bulldlna 
324 W. Wendover ive., Suite 210 
Greensboro, NC 27408 

Environmental Protect2op Agency 
79 T . W .  Alexander Drive, 
4201 Building 
Mail Drop 14 
Research Triangle P a r k ,  NC 27711 

Re: Partial response to Pine Hall Brick emissions test 

Dear Mr. Myers: 

The fallowing is a part:/al response by the IVortn Carolina 
brick industry regarding the €Pa Draft Test Final Report and 
Emissions Factors as sujpplied to us by you on March 23. 

This report is partial because o f  our need to evaluate the 
Appendix volumes prior :to f u r t h e r  c o m ~ e n t  e ~ i s s : ~ n  
factors f o r  particulate matter. These documents have Deen 
sent to D r .  Denis Brosioan at Clemson University for study 
and comment on our behqlf. 

1 .  We ask for your ass$stance in interpreting the results 
from the "Trace Metals Wultiple Metals Train" contained in 
the subject report. In particular, our information is that 
the method used in this test would include any metals held 
on a molecular level wi'bhin sawdust particulates. In other 
words, the emission was primarily sawdust which contained 
the metals. 

It is ~ R Y  infarmatiipn. t h a t  i f  i5 p05Sible using the 
multiple metals train to distinguish between metals 
contained within partict~lates and metals which pass through 
the filter and are raptured in the flow train. On 
discussing this matter with ETS, we find that such 
distinctions were not qpde at Pine Hall. 

Please provide us i~rith your interpretation of the Pine 
Hali results with respqt to metals. We suggest 
clarification in the fiinal report reflecting that 
interpretation. 

2. We believe a summar'f table is in order f o r  the crusher 
building (reference to pp. 7 - 81 in the main body of the 
report f o r  clarity. 

3. The word "unique" odi page 1 ,  paragraph 2. line 3, with 
respect to Pine Hall is objectionable. Pine Hall was an 
"advantageous test sitel' but the plant and raw material are 
"tvDica1" for a sawdust ooeration and not "uniaue." The - . .  
w o r d  unique c o u l d  be coipstrued as justification to apply 
other factors to every dy else. 71 
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Page 2 
M r .  Ron Myers 
April 5, 395'3 

4. 
to average 0.0010Zl rather than 0.0019,22 gr/dsc.T. W ! t i l e  
this is a small differeince, EPA should use conventional 
rules on rounding. 

5; With respect to par,sgraoh 3.4.1.3, the word "soil" should 
be replaced with the term "brick r a w  material!' 'ar "clay'?. 
Use o f  the term "soil" ican cau.se confusion for- TuLui  r u5e1"S 

o f  t h e  r e p o r t .  

6. In paragraph 3 . 4 , 2 . : 3 ,  the third sentence s h o u l d  be 
clarified t~ read"...l.34 to 2.36 at the Qne outlet tested." 
In the fifth sentence, "since" is misspel l e d .  

7. In paragraph 3 . 4 . 2 & ,  we believe the EPEI should clarify 
i f  the corrected Method 266 published in the Federal. 
Register of February  26, 1Y93, w a s  used or i f  the older o r  
uncorrected method w a s  used. In essence, w e  want to know if 
the d a t a  is valid per the February Fbth publication. If the 
data i 5  valid, wny not give the emission rate o f  3 .V?  lb/hr 
(1.54 Outlet- FI + 1.53 Outlet B) far c l a r i t y .  

8. We are confused abaut about t h e  qumber Qlven t o r  
"Flourides." You give a dryer uutlet of 0.19 lb/ton, and 
our calculetion for Method 26 is 0.176 l b / t o n .  Please 
clarity as fa  the test lnethod used ana i t 5  Dasis. 

9 .  W e  are concerned atiaiut the rounding of numbers far 
several factors to the highest level. Nitrogen Dioxide: 
Your number is 0.4 our calculations show 0.31. We believe 
you may have Left a 0 aut of the manganese puqber. Yours 
rezds 0.005; Shouldn't. it read 0.0004? 

10. Please explain the lohemi number of <lr10 We cannot 
5ee how any number can p e  estlmatea t r o m  fhe da.ta. 

Further cummenta shoulcl be  forthcoming shortly. In the 
meantime, we appreciate being able to forward these 
Questions to you and l c t a k  forward to your response. 

CQrd i d 1  1 v I 

1 0  
W i t h  respect to par,agraph 3.4.1.2, w e  calculate the PM 

-4 

G=- Peter P. Cieslak 
General Manager 

cc: 5hannOn vogel 
NC D.E.M. 
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DRAFT 

08/20/92 1 
d3002-4/971130 

Date: 

Subject: 

From: 

To: 

August 20, 1992 

Recommendation for Emissions Testing at Pine Hall Brick 
Company, Madison, North Carolina 
Review and Update of AP-42 Chapter 8, Mineral Products 
EPA Contract 68-DO-0123; MRI Project 9711-30 

Richard Marinshaw 

Ron Myers 

U. S. Environmental Protection Agency 
Research Triangle Park, N.C. 27711 

EPA/EIB/EFMS (MD-14) 

I. Basis for Selection 

Pine Hall Brick Company (Pine Hall) plant located in 

Madison, North Carolina, is recommended for emissions testing for 

the following reasons: 

1. Process operations at the plant are typical of a 

sawdust-fired brick manufacturing plant; 

2. The building in which the screening and grinding 

operations are located is easily enclosable, thereby lending 

itself to testing; and 

3. The exhaust ducts from the kiln and sawdust dryer 

(Plant No. 4) are easily accessible and are of sufficient length 

for isokinetic testing. 
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11. Facility DescriDtion 

See confidential trip report for facility description. 

111. RelationshiD of Test Data to Develoument of Emission 

Factors 

The purpose of this testing program is to obtain data to 

characterize emissions from a typical sawdust-fired brick 

manufacturing plant from which emission factors can be developed 

for AP-42. Specifically, the primary objectives of the test are 

to quantify emissions of particulate rrztter !?M!, FM-IC, metals, 

hydrogen fluoride, total hydrocarbons, volatile hazardous air 

pollutants (HAP’S), semi-volatile HAP’S, carbon monoxide (CO!, 

carbon dioxide (C02) and nitrogen oxides (NOx) from the various 

processes associated with brick manufacturing. Emission factors 

will be calculated based on the emission data and the process 

rates recorded during the testing program. 

IV. Test Program 

Table 1 summarizes the processes and pollutants to be 

tested and the test methods to be used. Figure 1 provides a 

process flow diagram with the proposed sampling points 

identified. 



TABLE 1. SUMMARY OF PROCESSES TO BE TESTED 

Sampling 
Point 

storage piles 1 
Pollutant Test method 

c screening & grinding 

A 

B1 /B2 

firing I 

PM material sample 
PM-10 material sample 

PM-10 201 1201 a 
PM (filterable) 5 

c 1  PM material sample 

c 2  

D 

E 

PM-10 material sample 
PM material sample 

PM-10 material sample 
PM exposure profiling 

PM-10 exposure profiling 

PM-10 201/201 a 
PM (filterable) 5 

volatile HAP’s on3n p\/nsT) 
total hydrocarbons 25a 

semi-volatile HAP’s 0010 (modified 5) 
hydrogen fluoride 

metals 
PM (filterable) 

PM-10 (filterable) 
PM-10 (condensible) 

26 
001 2 (multi-metal) 

5 
2011201a 

202 
co 10 
NOx 

.~ . 
PM-10 (condensible) I 202 

co I i n  

7E (instrument) 

F 
c 0 2  3A 

total hydrocarbons 25a 
volatile HAP’s 0030 wosn 

semi-volatile HAP’s 
hydrogen fluoride 

metals 

0010 (modified 5) 
26 

001 2 (multi-metal) 
PM (filterable) 

~ 

5 
PM-10 (filterable) 201 1201 a 

NOx 7E (instrument) 



A Bl /B2 c1 D c2 

I L................' 

I I 

SAMPUNG POINTS 

A UNPAMD ROPDS 
E l :  PRIMPRY CRUSHER 
82: CRUSHER HOPPER 
C1: CRUSHED MATERIAL STORAGE PILES 
C2: RNISHED MATEFIPL STORAGE PILES 
D: SCREENING & GRINDING EUlLDiNG 
E: KILN EXHAUST 
F: SAWDUST DRYER/CYCLONE EXHAUST 

FIGURE 1. SAMPLING POINTS FOR PINE HALL BRICK PLANT 
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Bulk material samples will be taken from unpaved roads, 

which are denoted by Sampling Point A in Figure 1. These samples 

will be analyzed for silt and moisture content, which can then be 

used with the predictive emission factor equations in Chapter 11 

of AP-42 for estimating PM and PM-10 emissions from these 

sources. 

For the primary crushing operation (Sampling Point B), 

filterable PM and PM-10 emissions will be measured using 

temporary total enclosures (TTE’s). A TTE will be constructed 

around the hopper that feeds the crusher, and a second TTE will 

be constructed around the criigher itself. Thc TTE prxs6Ure  was 

originally developed to characterize fugitive VOC emission 

sources, and the criteria established in Method 30 were developed 

for that application. Care must be taken to assure that 

objectives that form the basis of these criteria are achieved 

when the method is applied to a fugitive PM source. In 

particular, emissions from PM sources are likely to be influenced 

substantially by air flow disturbances in the vicinity of the 

emission point and settling may have a substantial effect on 

measured emissions if the enclosure has dead spots. 

Consequently, the natural draft openings or forced air make-up 

systems must be designed to provide minimal air disturbances on 

emission points. Also, they should be designed to provide a 

general air flow pattern that “sweeps“ air through the enclosure 

toward the exhaust stream in a manner that limits the potential 

for settling within the enclosure. Finally, because the sources 
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to be measured at this facility are located in the vicinity of 

Other fugitive PM sources, the test protocol must account for the 

background PM concentrations created by these other sources. 

d3002-4/971130 

Methods 5 and 201/2Ola will be used to quantify emissions I 

I 
from this primary crushing. Nine runs of each sampling train 

will be conducted. 
I 

I 
Bulk material samples also will be taken from storage piles 

(Sampling Points C1 and C2) of crushed material (primary crusher 

product) and finished material. These samples will be analyzed 

for silt and mni.stiire c ~ n t e n t .  I:: &ditlor,, the fsasibiilty ur' 

using exposure profiling to characterize PM and PM-10 emissions 

from the deposit of finished material onto storage piles 

(Sampling Point C2) also must be assessed. The exposure 

profiling method requires steady state wind conditions across the 

source being tested. Because the finished product storage piles 

are enclosed in a building, it may not be possible to meet this 

requirement for sampling the storage piles. In addition, because 

emissions are likely to be a function of drop height, a 

parametric analysis will be necessary to characterize emissions 

as the storage pile builds up (and the drop height decreases). 

If feasible, PM and PM-10 emissions from the finished product 

storage piles will be measured by exposure profiling. 

The screening and grinding operations are contained in the 

same building (Sampling Point D). Filterable PM and PM-10 
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emissions from these sources (in the aggregate) will be measured 

by enclosing the building and sampling the exhaust using 

Methods 5 and 201/201a, respectively. 

The brick firing kiln exhaust (Sampling Point E) and 

sawdust rotary dryer exhaust (Sampling Point F) will be sampled 

for several pollutants, including total hydrocarbons (Method 

25A), methane, ethane, nonmethane nonethane hydrocarbons, 

volatile HAP'S (Method 0030--VOST), semi-volatile HAP'S (Method 

0010--modified Method 5), hydrogen fluoride (Method 26/26A), 

metals (Method 0012--multi-metals train), PM (Method 5 front half 

and back half). PM-10 !Methnrls 201/2C!11' 1'28 ZOZ:, CC , l . l ~ ~ ~ ~ ~ ~  I U I ,  

C02 (Method 3A), and NOx (Method 7E--instrument analysis). 

Sampling of the sawdust dryer will be conducted at the outlet of 

the sawdust recovery cyclone. Sampling ports must be installed 

on both the kiln and sawdust dryer exhaust ducts. Three runs of 

each sampling train will be conducted on both the kiln and the 

sawdust dryer. Sampling of kiln emissions and sawdust dryer 

emissions must be conducted simultaneously for each particular 

type of pollutant or sampling train. For example, volatile HAP 

emissions must be sampled from both the kiln exhaust and sawdust 

dryer exhaust simultaneously. 

, m " - L L - J  . - s  

. 

The samples collected using Method 0012 (multi-metals 

train) will be analyzed only for those compounds listed as HAP'S 

under Section 112 of the Clean Air Act. These include chromium, 
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cadmium, arsenic, nickel, manganese, beryllium, lead, selenium, 

antimony, phosphorus, and mercury. 

The Method 0030 (VOST) and Method 0010 (modified Method 5 )  

samples should be analyzed to quantitate emissions of those HAP'S 

that are likely to be detected in the sample and for which the 

methods have been validated. Table 2 lists those compounds 

detected using these two methods to test emissions from a wood 

flake dryer at a waferboard plant (EMB Report 91-WAF-02). The 

table also indicates which of the compounds have been validated. 

The samples should also be analyzed to screen for the other 

compounds listed in TahS.e 2 fer which the metkcds ka-"-e not  heeii 

validated. 

The attachment provides the source sampling and analysis 

schedule for the proposed test program at Pine Hall. 

V. Oualitv Assurance 

To ensure and document the quality of measurements recorded 

during the testing, performance audits using audit materials 

developed by and available from AREAL should be provided to the 

test contractor. For the test program described in Section IV, 

the following audit materials are available: 
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Compound Validated? 

phenol 
2 -methylphenolb 
naphthalene 
dimethylphthalate 
dibenzof uran 
di -n-butylphthalateb 
bis(2-ethy1hexy)phthalate 

Method 0030 (VOST) 

chloromethane 
bromomethane 
methyle e chloride 
acetone 
carbon disulfide 
chlorof o m  
trichlorof luoromethaneb 
acrylonitrile 
iodometnane 
2-butanone 
1.1.1-trichloroethane 
carbon tetrachloride 
vinyl acetate 
trichloroetheneb 

b benzene 
2-hexanone 
tetrachloroethene 
toluene 
ethylbenzene 
styrene 
o-xylene 
m-/p-xylene 

E 

aSource: EMB Report 91-WAF-02 
bNot a listed HAP 
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Test Method 

Method 0030 (VOST) 

2 5A 

0012 (metals) 

VI. ResDonsibilitv of MRI 

Audit Material and AREAL Contact 

cylinder gases (PPB concentration) 
to audit both sampling and 
analysis. Contact: Bob Lampe at 

cylinder gases (PPM concentration) 
to audit both sampling and 
analysis. Contact: Bob Lampe at 

541-4531. 

541-4531. 

glass fiber filters spiked with Sb, 
As, Be, Cd, Cr, Pb, Mn, Ni, and Se, 
to audit analysis. Contact: Ellen 
Streib at 541-7834. 

Prior to testing, a representative of MRI will maintain 

close coordination between the facility, the test contractor, and 

EPA to ensure that all necessary arrangements are made. 

During the testing, representatives of MRI will monitor 

process operating parameters that indicate proper operation and 

that are needed for the development of emission factors, 

including raw material feed/product throughput rates and kiln and 

sawdust dryer temperatures. Testing may be conducted only while 

the process being tested is operating normally. Due to the 

number of sampling trains required it is expected that the entire 

test program at Pine Hall will take several weeks to complete. 

VII. Coordination 

Continued coordination will be required among the EMB 

project officer, the EIB work assignment manager, the testing 
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Contractor, and MRI personnel prior to and during testing. 

Coordination with Pine Hall personnel is equally important. 

Mr. John Dowdle, is the main facility contact (telephone: 

[919] 548-6007). 

Attachment 

d3002-4/971130 
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A B  C D 

SMPUNG POINTS 

A UNPAVED ROADS 
E: PRIMARY CRUSHER 
C SCREENING & GRINDING BUllDlNG 
D: FINISHED MATERIAL STORAGE PIES 
E K I N  EXHAUST 
F SAWDUST DRYER/CYCLONE EXHAUST 

Figure 1. Sampling points for Pine Hall Brick Plant 
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BFSCK MANDFACTURING TESTING FOR EMISSION INVENTORY 

Pine Hall Brick - Madisan, NC 
SUGGESTED EMB TEST SCHEDULE AND PERSONNEL REQUIREMENTS 

NOTE: This schedule is based on collecting a minimum of fqu r  
simultaneous particulate and tlrree simultaneous fluorides runs at 
respective sampling points. The minimum anticipated sampling time 
is 2 hours per run but may be 4 hours or more depending on loading. 
Sampling site constraints require 5 people for collection. 
EGR Team Leader-Roy Huntley 
Test scheduled for Oct 26-30. 
Stand-by tester: Terry Harrison. 

Fluorides Team Leader-Frank Clay 

DAY NO. PERSONNEL ACTIVITY 

1 am: Brown Depart EMt, travel to Madison, NC. ~ 

.............................................................. 

! 
clay Inspect test sites. 

Set up recovery laboratory. 

pm: Huntley Depart EML, travel to Madison, NC. ' 
McCrackan Set up testing equipment at sampling: 
Ricks points D, E, and F. I 

Segall Perform preliminary test preparatiois - . 

Shea Prepare trains f o r  particulate, I 

PM10, and total fluorides tests. 

Clay Data reduction. ! 
Brown Assist as needed. 

I .  

! 
2 am: Huntley-Ricks Two simultaneous EGR runs at DI/D2. I 

McCrackan-Shea 
Seqall/McAlister Sample recovery. 

~ 

pa: Huntley-Ricks Two simultaneous EGR runs at DlJD2 j 
! 

McCrackan-Shea 
SegalljMcAlister Sample recovery. 
Brown A s s i s t  as needed. 
Clay Data reduction. 

I 

3 am: Huntley-Ricks Two simultaneous EGR runs at D1/D2. j 

McCrackan-Shea . . m  

.Segall/McAlister Sample recovery. . .  

pm: Huntley-Ricks Two simultaneous EGR runs at D 1 / D 2 .  i . ' 

.McCrackan-Shea Contingency EGR smpling at Dl/D2..' i ~ 

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

. .  
. - . ' Segall/McAlister Sample recovery- 

Assist as needed. 
Data reduction. 

. .  
. . . .  . . . . .  . ,  . 

. .  . ; Brown 
. . .  . .  . .  . ' .; . Clay 

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

. . . . .  . . . .  
.I  

. I . . , .  . . . . .  . ., . 
. . .  . .  . . . .  I '  . .  . .  
. .  

. .  
. ,  

. . . . . . . . . .  

. .  . .  .,.,; 

. . . .  
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DAY PERSONNEL ACTIVITY .: 
----------------____________II__________--------------------- 

4 am: Clay, Ricks, Three simultaneous M-13 runs at E, and. 
Shea, Harrison F1/F2. . ,  

SegallIMcAlsiter Sample recovery. 

Clay, Ricks, Three simultaneous M-13:runs at .E, and. 
Shea, Harrison F1/F2.  

Brown Assist as needed. . .  
Clay 
Shea Make training video as convenient.:, ~ 

. .  : 

pm: 

, - , '  ' '  

SegalljKcAlister Sample recovery. 

. ,  . - ,  : Data reduction. I i  

5 am: Clay, Ricks, Three simultaneous M-13 runs at E, and 
Shea, Harrison F l / F 2 .  

SegalljMcAlister Sample recovery. 

. . .  . .  . .  Ciay, Kicks, 
Shea, Harrison F ~ ~ F Z .  

Contingency M-13 sampling at E,.  and,: 
. ,  . . : 

p: 
8 :  ' ' 

.. : . 
4.. . :  . . . . . . . .  . .  , ... ............. .........._I.......... ii: - I .  

Segall/MdJister Sample recovery. 
. .  Sampling personnel return to EML. I .  . .  

. .  - .:. i Brown Assist as needed. .. 

Shea Make training video as convenient.,.! 

~ 

. . . . . .  
S I  Clay Data reduction. . ,  

Recover sampling equipment, prepare . .  
.samples for shipment for analysis. 
Prepare mobile laboratory f o r  return. 

Return to E m .  ! 

I . ,  . . . .  . ,  

. .  
. . . .  . . . .  . . . . . . .  . . .  . ,  . . .  . .  . . .  

.,, ., 

. . . . . . . . . .  . . .  . . . . .  . . .  
. .  

. . . . .  . . .  . . .  . . . . .  . . . . . . .  . .  . . . . . . . . . . . . . . .  . ,.. .... : 

. '  , 

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

. . . . . .  
. .  

. . .  . . . . .  . . . .  

. .  

. .  . .  - . , . .  

. . . . . . .  . . .  . . . .  

. .  

. . .  

. .  
:: .I 

. .  
. .  . .  . .  

. .  

. .  
. , .  . . .  . .  

. .  
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TECHNICAL DIRECTIVE N0.2 

Date Sentember 3. 1992 

Task Title Brick Manufacturinq for Einission Factors 

ESD Project No. 

Contractor ETS Inc. 

Contract Number 68D20020 WA B 2 

Task Xanager John Brown 

Verbal Directions Given To Nike Visneski 

Subject- Emissions testing at Pine Hall Brick in Madison, NC 

Directive: 
Prepare sampling sites at the primary crusher 

buildina: qrinding operaticns bi i i ld i i iy  , sawciusz dryer inlet, and 
sawdust cyclones outlets. Conduct emissions tests for total 
suspended particulates and PMlO at the  primary crusher and at 
desiqnated background ambient locations. Conduct emissions tests 
for total particulates, PM10, particle sizing, hydrogen fluoride, 
CO, NOx, total hydrocarbons, non-methane hydrocarbons, methane, 
ethane, multiple metals, and kiln and sawdnst dryer targeted 
compounds for VOST and Semi-VOST. Analyze all emissions sampled 
and additional fluorides samples. 

cc: John McKenna J . W .  Brown 
Contractor Project Manager Task Manager, EMB 

Mike Visneski Peter Westlin 
Contractor Task Manager Section Chief, EMB 

Ed McCarlev 
Contract Project Officer, EMB 

OPTIONAL FORM 88 (7-901 

F A X  T R A N S M I T T A L  

Fax 

I 
NSN 75a n i . x i . r n 8  Go93 m GENER4L SERVICES ADMINISTRATION 

.... ..... .. . . . . . . . . . . . . . . . .  ___. -. 
... 
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WORK ABSIGNKEI~T 828 Brick Manufacturing for Emission Faatore 

SUGGESTED TgST BECECJDS 

6rslfATXQM OOuuTm L 

Primary Crusher TSP 
PM- 10 

Grinding aldg. FSPf'PK- 10' 
Background: 
TSP 
Pi%- 1 0 

All lkyer  Locations TSP/MwTS 
( 3 lacationa j PX- I D  
3 h u l  taneously ) Part. Sizing 

Bluoxides" 
KF 
co 
Na, 
Organios 

TEic 
a, 
CSa 
VOST"' 
SVOST"' 

Ambient Hi-Vol Sampler 
Ambient Hi-Vo1 Sampler 

-EPA Method aoi iaoa  E G 11- 

Ambient Hi-Vol Sampler 
Ambient H i - V o l  Sampler 
(Siove and Moisture 
Analyses on Procees 
Material ) 

(Sieve and Moisture 
Analyses on Process 
Haterial ) 

EPA Method 5 w/=S 
EPA Wethod a a u / z o a  
Andersen Impactor 
EPA Method 138  
EPA Xethod 26 
EPA Mezhod 10 
EPA Method 7E 

EPA Method 2% 
Bag Bamgle/GC Analysis 
Bog $;lmple/OC a a l y s i a  
Method 0030 
m5 

* Sampling and Anelyeis bv EPA 
Y S&lini by EPA mrkh Anilysis by ETS 

Additional Analysis for the 189 W S  ... 

i 
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DRAFT SOURCE TEST PLAN FOR BRICK MANUFACTURING 

1.0 INTRODUCTION 
This source test plan describes the scope of emission 

testing required to provide data to characterize emissions of 
particulate matter, PM-10, metals, fluorides, and volatile 
organic compounds (VOC’s) from the brick manufacturing process. 
The emissions test results will be used to update emission 
factors for Section 3 of Chapter - 0 - -  Mi.nera.1 Prod~cto I=&iiistr), 

of EPA’s Compilation of Air Pollutant Emission Factors (AP-42). 
The emission factors developed for AP-42 can then be used by 
persons working in air pollution control to prepare emissions 
inventories. 

The manufacture of brick and related products, such as clay 
pipe and some types of refractory brick, involves the mining, 
grinding, screening, and blending of the raw materials, and the 
forming, cutting, drying, and firing of the final product. 

and then screened to segregate the material by particle size. 
The resulting product is then mixed with water, usually in a pug 
mill, and then formed into brick. The wet bricks are then dried 
before firing. Typically, the dryer uses waste heat from the 
kiln. 

After mining, the clay is crushed to remove stones, stirred, 

Two types of kilns, the downdraft periodic kiln and the 
tunnel kiln, are commonly used for firing brick. The periodic 
kiln is a permanent brick structure with a number of fireholes 
where fuel enters the furnace. Hot gases from the fuel are drawn 
up over the bricks, down through them by underground flues, and 
out of the oven to the chimney. In most tunnel kilns, cars 
carrying about 1,200 bricks travel on rails through the kilns at 
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the rate of one 1.83-meter (6-foot) car per hour. The fire zone 
is located near the middle of the kiln and is stationary. 

In all kilns, firing takes place in six steps: evaporation 
of free water, dehydration, oxidation, vitrification, flashing, 
and cooling. Gas, residual oil, coal or sawdust may all be used 
for heating. Maximum temperatures of about 1090OC (200O0F) are 
used in firing common brick. 

Particulate matter is the primary emission in the 
manufacturing of brick. 
almost all steps in the manufacturing process including crushing 
and storage, pulverizing, screening, drying, and firing. 
Volatile organic compounds, metals, and fluorides may be emitted 
during the drying process and from the kiln during the firing 
process. 

Particulate matter may be emitted from 

2.0 DATA REQUESTS 
To develop emission factors for the brick manufacturing 

process, test data are required to characterize emissions from 
the material handling and preparation processes, the drying 
process, and the firing of the brick. These data needs include 
the following: 

1. Measurement of particulate matter emissions, both total 
particulate and PM-10, and determination of the particle size 
distribution from storage, crushing, and screening operations; 

2. Measurement of particulate matter emissions, both total 
particulate and PM-10, particle size distribution, volatile and 
semivolatile organic emissions, and metal and fluoride emissions 
from the dryers; and 

3 .  Measurement of particulate matter emissions, both total 
and PM-10, particle size distribution, volatile and semivolatile 
organic emissions, and metal and fluoride emissions from the 
kilns. 
3.0 TEST METHODS 

Sampling for total particulate matter emissions from 
storage, crushing, and screening operations will be conducted 
using EPA's Method 5 sampling train. Both the front and back 
halves of the train will be analyzed in order to determine total 
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particulate emission rates for these operations. Methods 201a 
and 202 will be used in order to determine total PM-10 emissions 
(both filterable and condensable) from these operations. Cascade 
impaction will be used to determine the particle size 
distribution. 

For the dryers and kilns, Modified Method 5 (Method 0010) 
will be used to determine emission rates for total particulate 
matter and for semivolatile organics. 
be used to determine total PM-10 emissions and a Volatile Organic 
Sampling Train (VOST - Method 0030), will be used to determine 
emissions of volatile organics from the dryer and kiln. Cascade 
impaction will be used to determine the particle size 
distribution. Draft Method 0012 will be used to determine 
emissions of metals and EPA Method 13b will be used to determine 
fluoride emissions. Table 1 shcx-s thc  ssdrces 'Cs be tested, the 

pollutants emitted from each source, and the test methods to be 

Methods 201a and 202 will 

I I 

I 

I 

I used. 

4.0 PLANTS TO BE TESTED 
Although specific plants to be tested have not yet been 

decided upon, test sites will be selected based on the following 
criteria: 

1. Type of kiln; 
2. Type of fuel used for heating; 
3. Plant size; 
4. Type of emission controls; and 
5. Location. 
As discussed earlier, there are two types of kilns commonly' 

used by the brick manufacturing industry, tunnel kilns and 
periodic kilns. Because the method for firing the bricks is 
different for each of these kilns, emission levels may also be 
different. The current AP-42 emission factors indicate that 
emission rates for periodic kilns are higher than for tunnel 
kilns. Therefore, testing should be done on both types of kilns. 

In addition to differences in the types of kilns used, 
different fuels are used for heating the kilns. Gas, oil, coal, 
and sawdust are all used as fuels. Because the type of fuel used 
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11 Dryers &kilns PM (filterable & Condensable) 

PM-10 (filterable) 

PM-10 (condensable) 

Particle size distribution 

Semivolatile organics 

Volatile organics 

Metals 

Fluorides 

TABLE 1. SOURCES, POLLUTANTS, AND TEST 
METHODS FOR BRICK MANUFACTURING 

I, 
I Pollutant 

~~~ 

Material handling operations 
(e.g., storage, crushing, screening) 

Particulate matter (PM) 
(filterable and condensable) 

PM-10 (filterable) 

PM-10 (condensable) 

Particle size distribution 

Test method 

Method 5 

Method U)la 

Method u)2 

Cascade impaction 

Modified Method 5 

Method 201a 

Method 202 

Cascade impaction 

Modified Method 5 

VOST 

Draft Method 0012 

Method 13b 

may impact both the type of emissions and the emission rate, 
testing should be done at facilities using different fuels for 
heating . 

The size of the plant will also be considered in making 
decisions on testing sites. Plant production levels will impact 
emissions so larger plants will probably be targeted. 

factor in selecting a test site. Plants using control equipment 
that is typical of that used by the industry will be considered, 
but plants using innovative control equipment may also be tested. 

The type of control equipment used by a plant may also be a 
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Because a number of trips are required to determine 
appropriate test sites, location is an important factor in 
selecting test sites. There are 195 brick manufacturing plants 
nationwide, with 27 located in North Carolina. Therefore, it is 
expected that there will be several appropriate test sites that 
require minimal travel. 

Because brick manufacturing is a fairly large industry in 
terms of numbers of plants, testing should be done at a minimum 
of three plants in order to try and obtain representative test 
data. All of the factors discussed above will be considered in 
determining the best sites for testing. 
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ETS, mc. <l* 

Roudly sewing indususny aid govemmenr iince 1973 b v l d u i g  Toxic F.inlrr~un Mcamrcmcnr Rr Control 

A subsidiary of ETS International, Inc. 

I - October I, 1992 

TO : John Brown ~. * U.S. EPA 
Emission Measurement Lab 
Research Triangle Park, NC 

FROM: Michael J. Visneski, Ph.D. 
fJy 

FAX # (919) 541-1039 

7 ,  ri' ETS, Inc. 
FAX # (703) 265-0131 
TEL # (703) 265-0004 

RE: 

John, 

Here is the text of the Work Plan f o r  the testing at Pine 
Hall  Brick. I still need to update the cost estimates €or the 
test ing . 

If you have any questions give me a call. 

PAGE 1 Of 10 

ETS, ISC. - 1401 Municipal Road. W -Roanoke, Virginia 24012-1303 . Telephone: 703-7.65-o(jo4 - FAX: 703-263-0131 
"PeiIuion En:nginerring .Vdonai 5-STAR Environmcnral Award Winner" 
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1.0 INTRODUCTIObJ 

Emission factors for  the brick manufacturing industry will 
be determined for this work assignment. During the course of the 
work assignment three brick manufacturing facilities will be 
tested. The first facility to be tested will be Pine Hall Brick 
located in Madison, North Carolina. The results of the emissions 
testing at Pine Hall Brick will be used to determine the scope of 
testing at the subsequent manufacturing facilities. 
plan will focus primarily on the emissions testing to be 
performed at Pine Hall Brick, 

Three areas of the manufacturing facility will be tested; 
the crushing, grinding, and storage operations, the kilns, and 
the sawdust dryers. 
operations will be for particulate matter (PM), particulate 
matter lees than or  equal to ten microns (PMID), 

m e  sampled and sieve and moisture analyses 
will be performed on the material. 

Sampling at the kilns and sawdust dryers will be fo r  PM, 
PM,,, CPM, particle sizing, m u l t i a l e  mat=?8, tsta: fluorides, 
nydrogen fluorides, carbon monoxide, nitregen oxides, total 
hydrocarbons, methane, ethane, volatile organics, and 
semivolatile organics. 

test plan are specific to Pine Hall Brick, Additionally, site 
modifications need to be made at Pine Hall Brick before testing 
can be initiated. Although the following is site-specific, the 
general procedures and t e a  methods are applicable to all the 
brick manufacturing facilities that will be tested. 

This work 

Sampling at the crushing and grinding 

) .  At the storage and grinding operations 

The following description of the process and outline of the 

2.0 TECBWXCAL OBJECTIVES 

(1) Determine emission factors for the crushing, grinding, 
and storage operations for the brick manufacturing 
industries for: 

(1) Particulate Matter 

(2) Determine emission factors for the kiln and sawdust 
dryer operations for the brick manufacturing industries 
for : 

(1) Particulate Matter 
( 2 )  %o 

1 
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Condensible Particulate Matter 
Multiple Metals 
Total Fluorides 
Hydrogen Fluoride 
Carbon Monoxide 
Nitrogen Oxides 
Total Hydrocarbons 
Methane 
Ethane 
Volatile Organics 
Semivolatile Organics 

3 . 0  PROCESS DESCRIPTION 

The kiln outlets are targeted €or testing at the three brick 
plan%$. A t  Pine Hall Brick the kiln outlet is also the sawdust 
dryer inlet. 
the sawdust dryer inlet. 

3.1 Sawdust D r y e r  

operations is given in Figure 3.1-1. 
locations for the emissions testing. 

In the following the kiln outlet is referred to ae 

A simplified process schematic €or the savd??at- 5~ye= 
This figure also shows the 

l - e w8nu67 InOK - - 
DRYER INLET (IREEN LIPWUQI Bu1) 

WiAuSt C U u 1  
TO ANDSPHERE 

TEST LOCATION 

m!dYot ws63 - 
)ROYKlWS - 

8WPU8t  TO - 
n w  SWUQP 8110 

CYCLONE OUTLET 
TEST LOCATIONS 

Figure 3.1-1: Sawdust dryer process schematic and emissions 
testing locations at Pine Hall Brick. 

2 



The exhaust gases from two kilns are combined into a single 
inler to the sawdust dryer. The kiln exhaust gases and the green 
sawdust enter the dryer together. 
dryer the dried sawdust is removed and the gas stream is split 
into parallel paths. Each path consists of a cyclone and induced 
draft fan. Following the ID fans the two gas streams are 
independently introduced into a single baghouse. 
then exhausted into the atmosphere at the top of the baghouse. 

The dried sawdust is collected from the end of the dryer, 
the cyclones, and the baghouse onto a common conveyor. The 
sawdust i e  then transported to the dry storage silo. 

The emissions testing f o r  the sawdust drying operations will 
be performed at three locations simultaneously. These locations 
are the dryer inlet (which is also the kiln outlet) and both of 
the cyclone outlets. The baghouse at Pine Hall Brick is atypical 
of sawdust drying operations at a brick manufacturing facility. 
Therefore, the exhaust gases from the baghouse will not be 
tested. 

At the opposite end of the 

The g m e s  are 

3.2 Cruehing, Grinding, and Storage 

and storage operations is given in Figure 3.2-1. T h i s  figure 
also shows the locations €or the emissions testing. 

A simplified process schematic for the crushing, grinding, 

TEST .-. LOCATIONS 

Figure 3.2-1: Crushing, grinding, and storage operations process 
schematic and emissions testing locations at Pine 
Hall Brick. 

3 
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I 
The raw material is kept in a covered storage pile. From 

this pile the process material is loaded into the primary 
crusher. In the gfimary crusher the large pieces of material are 
broken apart. From the primary cxusher the material is 
transported into the grinding building, where it is first ground 
and then screened. From the screening operations the undersized 
material is transpart into the storage building. The material is 
ke t in the storage building until it is loaded into the brick 
ma E ing operations. 

Emissions from the grbary crusher and the grinding building 
w i l l  be measured. Process material will be sampled at the 
grinding building and at the storage building for sieve and 
moisture analyses. 

4.0 BITE MODIFICATIO#S 

In order for the emissions testing to be performeu, several 
site modifications need to be made. A t  the sawdust dryer test 
ports will need to be installed as well aa providing ?CC!?EE ts 
Cne test ports. For testing at the grinding building, duct 
extensions will need to be fabricated and installed and access 
provided to the test areas. 

4.1 Bawdust D r y e r  

dryer inlet: 
The following modifications need to be made at the sawdust 

(1) Install two (2) 6 "  Test Ports and one (1) 3 "  Test 
Port. The 6 "  ports must be in the same croas- 
sectional plane and at a 90' angle. The 3 "  port 
will be downstream of the 6 "  ports. 

a chain to allow equipment access to test port. 
(2) Cut hand rail on existing catwalk and replace with 

(3) Erect scaffolding to access the 6 "  test port that 
will be facing the ground. 

The following modifications need to be made at bath of the 
sawdust dryer cyclone outlets: 

(1) Install two (2) 6 "  Test Ports and one (1) 3 "  Test 
Port. The 6" ports must be in the same cross- 
sectional plane and at a 90° angle. The 3 "  port 
will be dowmtrem of the 6 "  ports. 

4 
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(2) Erect scaffolding to acces6 the test ports at each 
duct. 

4.2 Crushing, Grinding, and Storage 

crus her: 
The following modifications need t o  be made at the primary 

(I) A t  the base of the crusher, cover all openings 

(2) Install pulleys in the roof of the crusher to 

(excopt for the doorway) with plastic. 

suspend the ambient samplers. 

The following modifications need to be made at the grinding 

(1) Install ductwork from the two (2) outlet fans 
facing the primary crusher. Each duct will 
contain two (2) 6 "  Tests Ports at a 90" angle. 

building: 

(2) Erect scaffolding to access test ports. 

(3) Erect scaffolding between the two inlet fans to 

(4) When setting up for emissions testing, cover ridge 

accommodate ambient air samplers. 

vent and the outlet fan facing the storage area 
'with plastic. 

Since there will be no emissions testing at the storage 
building, only Elampling of the process material, no modifications 
need to be made at this location. 

5.0 BMISBIONS TESTING 

All emissions testing will be performed using EPA approved 
test methods and procedures. Additionally, all QA/QC procedures 
listed in each method, a B  well as those constituting good 
laboratory and sampling practices will be followed. 

5.1 Sawdust D r y e r  

Table 5.1-1 lists the pollutants of interest and the test 
methods for  each of these pollutants f o r  the sawdust dryer 
emissions testing. Tables 5.1-2 and 5'.1-3 list the aemivolatile 
and volatile compounds, respectively, which are of interest for 
this emissions testing program. Final ly ,  Table 5.1-4 lists the 
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metals of interest. These lists are applicable f o r  all three 
dryer test locations. 

T a b l e  5.1-1: Pollutants and Test blethods for Emissions 

POLLUTANT TEST METHOD 

Multiple Metaldl and \ Method 0012 Modified for PMa 
Particulate Matter (PM) 

PMio and Condensible PM Method 201A/202b 

Particle Siaing Andersen Impactor 

Total Fluorides Method 138' 

Carbon Monoxide (CO) Method 10" 

Nitrogen Oxides (NO,) Method I E a  

Organics 
Total Hydrocarbons (THC) Method 25Ac 

Methane (CH,) Method 1BCi4 

Ethane ( C,Hs) Method LBCid 

Volatile Organics Method 0030n 

Semivolatile Organics Method O O I O b  - 
'40 CPR 51 Appendlx M 
9-t Me thode for Bvaluatlna s o l i d  wa8 t p ,  Thlrd Edltlon, Report SW-846, V.S .  

EPR, Office of Solid Waste and mnergency ReBgonae, waehington, DC, 1986. 
'40 CFR 60 Appendlx A 
db!ethod 18 utllising an integrated bag ample wi th  GC analysis. 
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TABLE 5.1-2: Targeted Semivolatile Compounds for the Sawdust 
Dryer using Method 0010. - 

COMPOUND (VALIDATED) COMPOUND (NOT VALIDATED) 

phenol 

naphthalene 

2-methylphenol" 

dimethylphthalate 

dibeneofuran 

di-n-butylphthalate' 

$ate 
'Not a listed XAP. 

TABLE 5.1-3: Targeted Volatile ComDounds for the Sawdust 
Dry=& using Wthod OO j O ,  

COMBOUND ( VALIDATED) COMPOUND (NOT VALIDATED) 

chloromethane 

bromomethane 

methylene chloride 

chloroform 

trfchlorofluoromethane' 

iodomethane 

carbon tetrachloride 

triehloraethene' 

benzene 

tetrachloroethene 

acetone' 

carbon disulfide 

acrylonitrile 

.2 - bu tanone 
l,l,l-trichloroethane 

vinyl acetate 

2-hexanone* 

toluene 

ethylbenzene 

styrene 

o-xylene 

m-/p-xylene - 4 

*Not a l i s t e d  HAP. 
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Table 5.1-4: Targeted Metals for the Saw- 
dust Dryer using Method 0012. 

METAL 

anthony 
arsenic 

beryl 1 ium 
cadmium 
chromium 

lead 
manganese 
mercury 
nickel 

phosphorus 
selenium 

A minimum of three valid sampling runs will be performed at 
each of the test locations for each of the test methods. The 
test methods utilizing CEMs (Methods 3A, IE, and 10) will be run 
throughout the teet program. 

coordinator, one QA/QC officer, one CEM technician, and recovery 
and sampling technicians. 
technicians will vary from day to day depending upon the 
scheduled testing. 

The field testing team will'consist of one test team 

The number of recovery and sampling 

5.2 Crushing, Grinding, and Storage 

operaticns will be performed for particulate matter only. 
Particulate emissions will be measured at the primary crueher and 
at the grinding building. 
enclosing the storage building, no missions testing will be 
performed. 
sampled and sieve and moisture analyses will be performed on this 
material. The process material will also be sampled at the 
grinding building. The emleeions testing will lnvolve both 
ambient and in-duct measurements. Table 5.2-1 summarizes the 
testing to be performed at the crushing, grinding, and storage 
operations. 

each of the test locations f o r  each of the test methods. Each 
ambient sampling run at the primary crusher will last eight 
hours. 
will be performed during the in-duct Sampling period. 

Emissions testing for the crushing, grinding, and storage 

Because of the difficulty of totally 

At the storage building the process material will be 

A minimum of three valid sampling runs will be performed at 

The background ambient sampling at the crushlng building 

8 
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The f i e l d  test team w i l l  consist of one test team 
coordinator, one QA/QC o€ficer, and recovery and sampling 
technicians. 
w i l l  vary from day to day depending upon the scheduled testing. 

The number of recovery and sampling technicians 

Table 5.2-1: Pollutants and Test Methods €or Emissions 
Testing for  the Crushing, Grinding and Storage 
Operations. 

TEST LOCATION POLLUTANT TEST METHOD 

Primary Crusher Particulate Matter(Pl4) Ambient H i - V o l e  
PM~,, Ambient Hi-Volb  

Grinding Building PM, PMIo, Method 201/202c 
Background PM Ambient H i - V o l e  
Background PMID Ambient H i - V o l b  

(Bleve and Moisture Analyses on Process Material) 

storage Biiiidiag 

a40 CFR 50 Appendix B 
b 4 ~  CFR 50 Appendix J 
'40 CFR 5 1  Appendix M 
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Figure 1. Sampling points for Pine H a l l  Brick Plant  



3 

W 
2 
H a 




