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I .  INTRODUCTION 

This memorandum presents the background information that was used to develop the revised 
AP-42 Section 8.19.2 on crushed stone processing. Emission data from eight emission tests 
conducted at stone (granite and limestone) processing plants were used to develop emission factors for 
various crushing, screening, and conveying operations. Descriptions of these test reports are 
provided in Section I1 of this memorandum. Tables 1 and 2 present PM-10 emission data and the 
new PM-10 emission factors developed for inclusion in the revised AP-42 section. Tables 3 and 4 
present filterable PM emission data and the new filterable PM emission factors developed for 
inclusion in the revised AP-42 section, The AP-42 section narrative also was revised to include 
current terminology and industry practices; a complete revision of the AP-42 section will not he 
performed until the ongoing test program for the stone crushing source category is completed. The 
draft AP-42 section is provided as the attachment. 

11. DESCRIPTION OF REFERENCES 

A. Reference 1 

This test report documents an emission test conducted at a Martin Marietta stone crushing plant 
in Raleigh, North Carolina. The test was conducted for the Emission Inventory Branch (EIB) of the 
U. S.  Environmental Protection Agency (EPA) as part of an emission test program undertaken to 
provide emission data on stone crushing for AP-42 emission factor development. Uncontrolled and 
controlled particulate matter less than 10 micrometers hm)  in diameter (PM-IO) emissions from a 
Deister vibrating screen were measured using EPA Method 201A in conjunction with a track-mounted 
hood system that was used to capture fugitive emissions from the screen. The Deister screen consists 
of three. vertically stacked decks. The upper deck has a mesh opening of 2.86 centimeters (cm) 
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TABLE 1. SUMMARY OF EMISSION DATA FOR PM-IO EMISSIONS FROM CRUSHED 
STONE PROCESSING TEST REPORTSa 

Dat - - Zating: A 

No. 
of 

test 
NnS 

Average 
material 
moisture 
contentb 

Average 
emission 
factor, 

kg/Mg (lb/ton) 

0.0035 
(0.0070) 

Emission 
factor range, 

kg/Mg (Ib/ton) 

0.0010-0.0075 
(0.0020-0.015) 

Ref 
No. Source (material) 

Screening (granite) 0.48% 3 1 

- 
1 
- 

2 

3 
- 

3 

Screening (granite) 

Tertiary crushing 
(granite) 

0.00028-0.00037 
(0.00056-0.00073) 

0.00075-0.0010 
(0.00 15-0.0020) 

0.00031 
(0.00061) 

0.00090 
(0.00 18) 

1.57% 

0.44% 

Tertiary crushing 
(granite) 

1.77% 3 0.0001 7-0.00055 
(0.00034-0.001 1) 

0.00042 
(0.00083) 

2 

Tertiary crushing 
(granite) 

0.70% 3 0.001 1-0.0031 
(0.002 1-0.0062) 

0.0020 
(0.0040) 

3 

3 
- 

3 

0.000075-0.00019 0.0001 3 3 
- 

3 

Tertiary crushing 
(granite) 

Screening (granite) 

1.78% 

0.70% 

(0.0001 5-0.00037) (0.00026) 

0.012-0.015 
(0.024-0.030) 

0.00049-0.00055 
(0.00097-0, 00 1 1) 

0.014 
(0.027) 

0.00050 
(0.0010) 

Screening (granite) 1.78% 3 3 

Fines crushing (granite) 0.97% 3 0.0017-0.013 
(0,0034-0.026) 

0.0075 
(0 .o 15) 

4 

3 
- 

3 
- 

3 

0.0010 
(0.0020) 

4 Fines crushing (granite) 

Fines screening (granite) 

Fines screening (granite) 

1.92% 

< 1.5% 

1.68% 

0.00055-0.0013 
(0.001 1-0.0026) 

0.021-0.050 
(0.042-0.10) 

0.00060-0.00 I5 
(0.0012-0.0030) 

0.000 10-0.00021 
(0.00020-0.00042) 

0.036 4 

- 
4 

- 
5 

(0.071) 

0.0011 
(0.002 1) 

Conveyor transfer point 
(eranite) 

0.27% 3 0.00014 
(0.00028) 

Conveyor transfer point 
(granite) 

0.66% 3 3.1x10-~-5.9x10-5 
(6.1~10'~- 1 . ~ x I O - ~ )  

5 

Conveyor transfer point 
(granite) 

0.33% 3 0.00037-0.0008 1 
(0.00074-0.0016) 

0.00053 
(0.0011) 

5 
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Source (material) 

Conveyor transfer point 
(granite) 

Conveyor transfer point 
(granite) 

Table 1. (continued) 

Average No. 
material of 
moisture test 
contentb runs 

1.11 % 3 

0.29% 3 

Tertiary crushing 
(limestone) 

Tertiary crushing 
(limestone) 

Screening (limestone) 

Emission 
factor ranee. 

0.88% 3 

2.07% 3 

0.88% 3 

kglMg (Iblon) 

- 
(limestone) 

0.0013-0.0016 
(0.0025-0.0033) 

(0.00079-0.00 13) (0.0010) 

Average 
emission 

kglMg (lb/ton) 

Tertiary crushing 

Screening (limestone) 

(limestone) 

0.0015 
(0.0029) 

1.44% 3 0.000053-0.000095 0.000074 8 
(0,0001 1-0.00019) (0.00015) 

0.67% 3 0.0033-0.0036 0.0035 8 
(0.0067-0.0073) (0.0069) 

Conveyor transfer point I 2.62% I 3 
(granite) 

Screening (limestone) 1.44% 3 0.00024-0.00030 0.00027 8 
(0.00049-0.00059) (0.00055) - 

Screening (limestone) I 2.07% I 3 

9.4x1O6-1.3x1O” 
(1.9~10-~-2.5~10-~) 

0.00092-0.0020 
(0.001 8-0.0041) 

0.00033-0.00083 
(0.00066-0.0017) 

0.0033-0.017 
(0.0067-0.033) 

0.00032-0.001 1 
(0.00064-0.0023) 

1.iX10-5 1 ; 
(2.2x10-5) 

0.0015 
(0.0029) 

0.00053 
(0.001 1) 

(0.018) 

0.00061 
(0.0012) 

0.0092 

11 Tertiarv crushing I 0.67% I 3 I 0.00039-0.0065 I 0.0052 I 8 

‘Emission factors in units of material throughput (process) unless noted. 
bMoisture content < 1.5 percent indicates uncontrolled and 21.5 percent indicates controlled 
emissions. 
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TABLE 2. SUMMARY OF PM-10 EMISSION FACTORS" 

(Factors represent uncontrolled emissions unless noted) 

4 

Process (SCC) 

0.00042 (0.00084) D 

Screening 
(3-05-020-02,-03) 

4 

Screening with wet 
suppression 
(3-05-020-02.-03) 

0.00029 (0.00059) D 

Tertiary crushing 
(3-05-020-03) 

1 

Tertiary crushing with 
wet suppression 
(3-05-020-03) 

0.0010 (0.0020) D 

Fines crushing 
(3-05-020-05) 

1 

1 

Fines crushing with wet 
suppression 
(3-05-020-05) 

0.036 (0.071) D 

0.0011 (0.0021) D 

Fines screening 
(3-05-020- ) 

2 

Fines screening with wet 
suppression 
(3-05-020- ) 

2.4~10" (4.8~10") D 

Conveyor transfer point 
(3-05-020-06) 

Conveyor transfer point 
with wet suppression 
(3-05-020-06) 

Emission 

0.0076 (0.015) 

I D  4 I 0.0012 (0.0024) 

I D  1 I 0.0075 (0.015) 

I D  2 I 0.00072 (0.0014) 

Ref. Nos. 

2, 3, 7, 8 

2, 3, 7, 8 

4 

4 

4 

4 

5 ,  6 

5 ,  6 

"Emission factors in units of material throughput @rows)  unless noted 
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TABLE 3. SUMMARY OF EMISSION DATA FOR FILTERABLE PM EMISSIONS FROM 
CRUSHED STONE PROCESSING TEST REPORTSa 

g: B - - lless otherwise noted) Data Rs 

Average 
material 
moisture 
contentb r Source (material) 

No. 
of 
test 
runs 

Average 
emission 
factor, 

Emission 
factor range, 

kdMg flbltonl kg/Mg (lblton) 

0.70% 3 0.021-0.045 
(0.043-0.091) 

0.037 ~ ~~ 

(0.074) 

3 

- 
3 

Tertiary crushing 
(granite) 

1.78% 

0.70% 

0.00016-0.00071 
(0.00032-0.0014) 

0.062-0.16 
(0.12-0.31) 

0.00044 
(0.00087) 

0.097 
(0.19) 

Screening (granite) II 1.78% 3 0.00096-0.0018 
(0.00 19-0.0035) 

0.0015 
(0.0029) 

Fines crushing (granite) II 0.97% 3 0.13-0.58 
(0.26-1.2) 

0.36 
(0.72) 

3 
- 

3 

0.065-0.11 0.067 Fines crushing (granite) 

Fines screening (granite) 

1.92% 

< 1.5% 

(0.13-0.23) (0.13) 

0.11-0.18 
(0.22-0.37) 

0.15 
(0.30) 

Fines screening (granite) II 1.68% 3 0.00096-0.0027 
(0.00 19-0.0054) 

0.0018 
(0.00361 

0.27% 3 0.00 12-0.0023 
(0.0023-0.0046) 

0.0015 
(0.003 1) 

Conveyor transfer point 

Conveyor transfer point 
(granite) 

Conveyor transfer point 
(granite) 

Conveyor transfer point 
(granite) 

Conveyor transfer point 
(eranite) 

3 0.00014 
(0.00028) 

9.3~10~~-0.00019 
(0.000 19-0.00037) 

0.0054-0.0087 
(0.01 1-0.017) 

2.3~10-~-6.5~10-~ 
(4 .6~ 1 O-’- 1 . 3 ~  1 04) 

0.033-0.036 
(0.066-0.071) 

0.66% 

0.33% 

1.11% 

3 

- 
3 

0.0078 
(0.0 14) 

3 .8~10-~  
(7.6~ 10-3 

0.034 
(0.069) 

0.29% 3 

Conveyor transfer point 
(granite) 

2.62% 3 1 . 9 ~  1 0-5 
(3.8~10-~) 

Conveyor transfer poinf 
(granite) 

0.29% 3 0.014-0.035 
(0.029-0.069) 

0.028 
(0.055) 
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Source (material) 

Table 3. (continued) 

Average No. 
material of Emission 
moisture test factor range, 
contentb runs kg/Mg (lb/ton) 

. 
(granite) 

Convevor transfer uoinf I 2.62% I 3 I 1.1x10”-8.1~10~~ 
(2 .3~10~~-1 .6~10~)  

Tertiary crushing 
(1 imestone) 

Tertiary crushing I 0.88% I 3 I 0.0032-0.012 
flimestone) f0.0064-0.023) 

2.07% 3 0.00067-0.0022 
(0.0013-0.0043) 

Tertiary crushing 
(limestone) 

Tertiary crushing 
airnestone) 

Screening (limestone) I 0.88% I 3 I 0.016-0.10 
(0.032-0.2 1) 

0.67% 3 0.00064-0.014 
(0.0013-0.027) 

1.44% 3 0.00042-0.00074 
(0.00083-0.0015) 

Screening airnestone) I 2.07% I 3 I 0.0020-0.014 
- \  

(0.0040-0.029) 

Screening (limestone) I 0.67% I 3 I 0.012-0.052 
(0.025-0. 10) 

Screening (limestone) 0.0016-0.0021 I 1’44% I I (0.0031-0.0043) 

Average 
emission 
factor, 

kg/Mg (lb/ton) 

4 .0~10-~  
(8 . O X ~ O - ~ )  

0.0073 
(0.015) 

0.0013 
(0.0025) 

0.073 
(0.15) 

0.0062 
(0.012) 

0.0096 
(0.019) 

0.00064 
(0.001 3) 

0.037 
(0.074) 

0.0019 
(0.0037) 

aEmission factors in units of material throughput (process) unless noted. 
bMoisture content < 1.5 percent indicates uncontrolled and 11 .5  percent indicates controlled 

CData are A-rated. 
emissions. 

- - 

Ref 
No. 

6 
- 

- 
I 

7 

7 

- 
7 

- 
8 

8 

8 

8 



E 

No. of 
Process (SCC) tests 

Screening 3 

Screening with wet suppression 3 

Tertiary crushing 3 

(3-05-020-02, -03) 

(3-05-020-02,-03) 

(3-05-020-03) 

7 

Average emission Emission 
factor, kg/Mg (Ib/ton) factor rating 

0.069 (0.14) D 

0.0031 (0.0062) D 

0.018 (0.036) D 

0.000059 (0.00012) 3 

Tertiary crushing with wet 
suppression 

Fines crushing 

(3-05-020-03) 

(3-05-020-05) 

1 

1 

2 

Fines crushing with wet suppression 
(3-05-020-05) 

0.15 (0.30) D 

0.0018 (0.0036) D 

0.018 (0.035) D 

Fines screenine - 
(3-05-020- ) 

Fines screening with wet suppression 

Conveyor transfer point 

(3-05-020- ) 

(3-05-020-06) 

Conveyor transfer point with wet 
sworession 
(3ikO20-06) 

0.00079 (0.0016) 

0.36 (0.72) 

I D  1 I 0.067 (0.13) 

- - 
Ref. 
Nos. 

3, 7, 8 

3, 7, 8 

4 

4 

4 

- 
4 

- 
5 ,  6 

'Emission factors in units of material throughput @recess) unless noted. 
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square (1.125 inches [in.] square) for the first 3.66 meters (m) (12 feet [ft]) and 2.54 cm square 
(I in. square) for the last 2.44 m (8 ft.). The middle deck has a mesh opening of 1.47 cm square 
(0.58 in. square), .and the lower deck has slot openings of 0.30 cm (0,118 in.) by 2.54 cm (1 in.). 
Ambient levels of PM-10 were quantified using HiVol samplers, and the ambient concentrations were 
subtracted from the Method 201A concentrations to determine the actual emissions from the screen. 
Wet suppression was used to control emissions from the screen. Water spray nozzles are located on 
the conveyor underneath the tertiary crusher, at one conveyor transfer point, at the top of the stream 
conveyor above the Deister screen, and on the inlet chute to the Deister screen. The targeted 
moisture contents of the raw material (granite) during the uncontrolled and controlled runs were 
< 1.5 percent and 21.5 percent, respectively. Average material moisture contents are shown in 
Table 1. In addition, sieve analyses were performed on stone samples taken from the conveyor that 
feeds the screen. Silt content of the stone as sampled (wet) was negligible, and the average silt 
content of the sample after drying was 3.35 percent. The relatively small amount of silt particles 
(<75 am) present in the raw material suggests that the potential for PM-10 emissions from the 
material processing operations is low. 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 
and the material processing rates that were measured during the testing. These emission factors are 
shown in Table 1. The emission factors presented differ slightly from the emission factors reported 
in the test report because average production rates were used in the test report, whereas actual 
run-by-run production rates were used in the data analyses presented in this memorandum. The data 
are assigned an A rating. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

B. Reference 2 

This test report documents an emission test conducted at a Martin Marietta stone crushing plant 
in Garner, North Carolina. The test was conducted for EIB as part of an emission test program 
undertaken to provide emission data on stone crushing for AP-42 emission factor development. 
Uncontrolled and controlled PM-10 emissions from a Model 1560 Omnicone conical-type tertiary 
crusher were measured using EPA Method 201A in conjunction with a quasi-stack system, which was 
used to capture fugitive emissions from the crusher. The crusher reduces 8.9- to 10.2cm (3.5- to 
4411.) stone to 2.5 cm (1 in.) and smaller. The crusher inlet and outlet each were enclosed and tested 
separately. Wet suppression was used to control emissions from the crusher. Water spray nozzles 
are located on the conveyor underneath the tertiary crusher, at one conveyor transfer point, and at the 
entrance to the surge bin and vibrating feeder. The targeted moisture contents of the raw material 
(granite) during the uncontrolled and controiled runs were < 1.5 percent and 2 1.5 percent, 
respectively. Average material moisture contents are presented in Table 1. In addition, sieve 
analyses were performed on stone samples taken from the conveyor that feeds the surge bin prior to 
the crusher. The results of the sieve analyses are not documented in the test report. 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 
and the material processing rates that were measured during the test. These emission factors are 
shown in Table 1. The data are assigned an A rating. The report provided adequate detail, the test 
methodology was sound, and no problems were reported. 
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C. Reference 3 

This test report documents an emission test conducted at Vulcan Materials Company stone 
crushing plant in Skippers, Virginia. The test was conducted for the National Stone Association to 
determine emission factors for various stone crushing process operations. Uncontrolled and 
controlled PM-10 and filterable PM emissions from a cone crusher (tertiary crusher) and a Deister 
vibrating screen were measured using EPA Method 201A in conjunction with a quasi-stack and a 
track-mounted hood system, which were used to capture fugitive emissions from the crusher and 
screen, respectively. The crusher produces stone that is 7.6 cm (3 in.) and smaller in size. The 
Deister screen consists of three vertically stacked decks. The upper deck has a mesh opening of 
2.86 cm square (1.125 in. square) for the first 3.66 meters (m) (12 feet [ft]) and 2.54 cm square 
(1.0 in.) for the last 2.44 m (8 ft). The middle deck has a mesh opening of 1.47 cm square 
(0.58 in. square), and the lower deck has slot openings of 0.30 cm (0.118 in.) by 2.54 cm (1.0 in.). 
Wet suppression was used to control emissions from both processes. Water spray nozzles are located 
on the vibrating feeder to the crusher, on the conveyor below the crusher, and on the inlet chute to 
the Deister screens. The targeted moisture contents of the raw material (granite) during the 
uncontrolled and controlled runs were < 1.5 percent and 2 1.5 percent, respectively. Average 
material moisture contents are shown in Table 1. In addition, sieve analyses were performed on stone 
samples taken from a process conveyor. The average silt content of the stone as sampled (wet) was 
3.3 percent, and the average silt content of the sample after drying was 4.0 percent. The relatively 
small amount of silt particles (<75 pm) present in the raw material suggests that the potential for 
PM-10 emissions from the material processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data gathered and the material processing rates that were measured during the test. These 
emission factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM 
data are assigned a B rating. Although Method 201A is not the reference test method for quantifying 
filterable PM emissions, the preseparator and filter catch for the method should provide representative 
results for filterable PM. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

D. Reference 4 

This test report documents an emission test at Nello L. Teer stone crushing plant in Raleigh, 
North Carolina. The test was conducted for EIB as part of an emission test program undertaken to 
provide emission data on stone crushing for AP-42 emission factor development. Uncontrolled and 
controlled PM-10 and filterable PM emissions from a Model 1560 Omnicone conical-type crusher 
(fines crusher) and a TD Seco vibrating screen (fines screen) were measured using EPA Method 201A 
in conjunction with a quasi-stack and a track-mounted hood system, which were used to capture 
fugitive emissions from the crusher and screen, respectively. The crusher reduces 2.5- to 1.9-cm 
(1-to 0.75-in.) stone to 0.476 cm (0.188 in.) and smaller. The screen consisted of three decks. The 
top and middle decks were 2.22 and 1.43 cm square (0.875 and 0.563 in. square), respectively. The 
bottom deck had slots 0.476 by 2.54 cm (0.188 by 1 in.). The crusher inlet and outlet were each 
enclosed and tested separately. Wet suppression was used to control emissions from both processes. 
Water spray nozzles are located at the crusher inlet, midway through the crusher body, at the crusher 
outlet, and at the conveyor transfer point to the screen. The targeted moisture contents of the raw 
material (granite) during the uncontrolled and controlled runs were < 1.5 percent and 5 1.5 percent, 
respectively. Average material moisture contents are presented in Table 1. In addition, sieve 
analyses were performed on stone samples taken from the conveyor that feeds the screen and the 
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conveyor that carries the crusher product. The results of the sieve analyses are not documented in the 
test report. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data and the material processing rates that were measured during the test. These emission 
factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM data are 
assigned a B rating. Although Method 201A is not the reference test method for quantifying filterable 
PM emissions, the preseparator and filter catch for the method should provide representative results 
for filterable PM. The report provided adequate detail, the test methodology was sound, and no 
problems were reported during the valid test runs. 

E. Reference 5 

This test report documents an emission test at Wake Stone Corporation stone crushing plant in 
Knightdale, North Carolina. The test was conducted for EIB as part of an emission test program 
undertaken to provide emission data on stone crushing for AP-42 emission factor development. 
Uncontrolled and controlled PM-10 and filterable PM emissions from two separate conveyor transfer 
points were measured using EPA Method 201A in conjunction with quasi-stack systems, which were 
used to capture fugitive emissions from the two transfer points. Wet suppression was used to control 
transfer point emissions. Water spray nozzles are located on the exit conveyor underneath each 
transfer point, and at numerous other locations throughout the process. The targeted moisture 
contents of the raw material (granite) during the uncontrolled and controlled runs were < 1.5 percent 
and 2 1.5 percent, respectively. Average material moisture contents are presented in Table 1. In 
addition, sieve analyses were performed on stone samples taken from each of the conveyor lines. The 
average silt content of the samples after drying was 1.4 percent for the first transfer point and 
2.4 percent for the second transfer point. The relatively small amount of silt particles (<75 pm) 
present in the raw material suggests that the potential for PM-10 emissions from the material 
processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data and the material processing rates that were measured during the test. These emission 
factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM data are 
assigned a B rating. Although Method 201A is not the reference test method for quantifying filterable 
PM emissions, the preseparator and filter catch for the method should provide representative results 
for filterable PM. The report provided adequate detail, the test methodology was sound, and no 
problems were reported during the valid test runs. 

F. Reference 6 

This test report documents an emission test at a Martin Marietta stone crushing plant in 
Raleigh, North Carolina. The test was conducted for the National Stone Association as part of an 
emission test program undertaken to provide emission data on stone crushing for AP-42 emission 
factor development. Uncontrolled and controlled PM-10 and filterable PM emissions from a 
conveyor transfer point were measured using EPA Method 201A and EPA Method 5, respectively, in 
conjunction with a quasi-stack system, which was used to capture fugitive emissions from the transfer 
point. Wet suppression was used to control transfer point emissions. Water spray nozzles are located 
on the exit conveyor underneath the transfer point, and at numerous other locations throughout the 
process. The targeted moisture contents of the raw material (granite) during the uncontrolled and 
controlled runs were < 1.5 percent and 2 1.5 percent, respectively. Average material moisture 
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contents are presented in Table 1. In addition, sieve analyses were performed on stone samples taken 
from the conveyor. The average silt content of the dried stone was 2.2 percent. The relatively small 
amount of silt particles (<75 pm) present in the raw material suggests that the potential for PM-10 
emissions from the material processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data and the material processing rates that were measured during the test. These emission 
factors are shown in Table 1. The PM-10 data and the filterable PM (Method 5) data are assigned an 
A rating. The filterable PM data from the Method 201A tests are assigned a B rating. Although 
Method 201A is not the reference test method for quantifying filterable PM emissions, the 
preseparator and filter catches for the method should provide results that are representative for 
filterable PM. In addition, the emission factors developed from the Method 201A data are similar to 
the emission factors developed using the Method 5 data. The report provided adequate detail, the test 
methodology was sound, and no problems were reported during the valid test runs. 

G .  Reference 7 

This test report documents an emission test conducted at Vulcan Materials Company stone 
crushing plant in Bristol, Tennessee. The test was conducted for EIB as part of an emission test 
program undertaken to provide emission data on stone crushing for AP-42 emission factor 
development. Uncontrolled and controlled PM-10 and filterable PM emissions from a cone crusher 
(tertiary crusher) and a triple-deck vibrating screen were measured using EPA Method 201A in 
conjunction with a quasi-stack and a track-mounted hood system, which were used to capture fugitive 
emissions from the crusher and screen, respectively. The crusher produces stone 7.6 cm (3 in.) and 
smaller in size. The screen consists of three vertically stacked decks. The upper deck bas a mesh 
opening of 3.175 cm square (1.25 in. square). The middle deck has a mesh opening of 
1.59 cm square (0.625 in. square), and the lower deck has a mesh opening of 0.635 cm square 
(0.25 in. square). Wet suppression was used to control emissions from both processes. Water spray 
nozzles are located in the feed hopper to the crusher and on the conveyor below the crusher. The 
targeted moisture contents of the raw material (limestone) during the uncontrolled and controlled runs 
were < 1 .O percent and 2 1 .O percent, respectively. Average material moisture contents are shown in 
Table 1. In addition, sieve analyses were performed on stone samples taken from a process 
conveyor. The average silt content of the stone was 1.8 percent. The relatively small amount of silt 
particles (<75 pm) present in the raw material suggests that the potential for PM-10 emissions from 
the material processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data gathered and the material processing rates that were measured during the test. These 
emission factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM 
data are assigned a B rating. Although Method 201A is not the reference test method for quantifying 
filterable PM emissions, the preseparator and filter catch for the method should provide representative 
results for filterable PM. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 
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H. Reference 8 

This test report documents an emission test conducted at Vulcan Materials Company stone 
crushing plant in Marysville, Tennessee. The test was conducted for EIB as part of an emission test 
program undertaken to provide emission data on stone crushing for AP-42 emission factor 
development. Uncontrolled and controlled PM-10 and filterable PM emissions from a cone crusher 
(tertiary crusher) and a tripledeck vibrating screen were measured using EPA Method 201A in 
conjunction with a quasi-stack and a track-mounted hood system, which were used to capture fugitive 
emissions from the crusher and screen, respectively. The crusher produces stone 7.6 cm (3 in.) and 
smaller in size. The screen consists of three vertically stacked decks. The upper deck has a mesh 
opening of 3.175 cm square (1.25 in. square). The middle deck has a mesh opening of 
1.59 cm square (0.625 in. square), and the lower deck has a mesh opening of 0.635 cm square 
(0.25 in. square). Wet suppression was used to control emissions from both processes. Water spray 
nozzles are located on the vibrating feeder to the crusher. The targeted moisture contents of the raw 
material (limestone) during the uncontrolled and controlled runs were < 1.0 percent and 
2 1.0 percent, respectively. Average material moisture contents are shown in Table 1. In addition, 
sieve analyses were performed on stone samples taken from a process conveyor. The average silt 
content of the stone was 3.25 percent. The relatively small amount of silt particles (<75 pm) present 
in the raw material suggests that the potential for PM-10 emissions from the material processing 
operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data gathered and the material processing rates that were measured during the test. These 
emission factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM 
data are assigned a B rating. Although Method 201A is not the reference test method for quantifying 
filterable PM emissions, the preseparator and filter catch for the method should provide representative 
results for filterable PM. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

111. RESULTS OF DATA ANALYSIS 

Emission factors were developed for conveyor transfer points, screening, tertiary crushing, 
fines crushing, and fines screening operations. The only data available on primary and secondary 
crushing were of questionable quality and were not consistent with the emission tests included in this 
review. Therefore, the revised AP-42 section does not include emission factors for primary and 
secondary crushing of stone. However, the emission factors for tertiary stone crushing can be used as 
an upper limit to primary and secondary crushing. 

Emissions generally were considered uncontrolled if the raw material moisture content was less 
than 1.5 percent and controlled if the raw material moisture content was greater than or equal to 1.5 
percent. The material moisture contents in the Reference 5 and Reference 8 emission tests did not 
reach the targeted 1.5 percent for the controlled runs. However, data from these tests are consistent 
with data from other controlled tests and are treated as controlled. Table 2 presents the PM-10 
emission factors and Table 4 presents the filterable PM emission factors developed using the data 
from References 1 through 8. All of the emission factors were assigned a D rating because data from 
relatively few plants (compared with the total number of domestic stone crushing facilities) were used 
to develop the emission factors. 
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In addition to the emission factors described above, the revised AP-42 section includes emission 
factors for wet drilling, and truck unloading and loading that were retained from the previous version 
of AP-42 Section 8.19.2. Although the quality of the data upon which these emission factors was 
based is questionable, no other data on those sources were located during this review. 
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A'ITACHMENT 

DRAFT AP-42 SECTION 8.19.2 

8.19.2 CRUSHED STONE PROCESSING 

8.19.2.1 Process Description',' 

Major rock types processed by the rock and crushed stone industry include limestone, granite, 
dolomite, traprock, sandstone, quartz, and quartzite. Minor types include calcareous marl, marble, 
shell, and slate. Industry classifications vary considerably and, in many cases, do not reflect actual 
geological definitions. 

Rock and crushed stone products generally are loosened by drilling and blasting, then are 
loaded by power shovel or frontend loader into large haul trucks that transport the material to the 
processing operations. Techniques used for extraction vary with the nature and location of the 
deposit. Processing operations may include crushing, screening, size classification, material handling, 
and storage operations. All of these processes can be significant sources of PM and PM-10 emissions 
if uncontrolled. 

Quarried stone normally is delivered to the processing plant by truck and is dumped into a 
hoppered feeder, usually a vibrating grizzly type, or onto screens, as illustrated in Figure 8.19.2-1. 
The feeder or screens separate large boulders from finer rocks that do not require primary crushing, 
thus reducing the load to the primary crusher. Jaw, or gyratory, crushers are usually used for initial 
reduction. The crusher product, normally 7.5 to 30 centimeters (3 to 12 inches) in diameter, and the 
grizzly throughs (undersize material) are discharged onto a belt conveyor and usually are conveyed to 
a surge pile for temporary storage. 

The stone from the surge pile is conveyed to a vibrating inclined screen called the scalping 
screen. This unit separates oversized rock from the smaller stone. The undersize material from the 
scalping screen is considered to be a product stream and is transported to a storage pile and sold as 
base material. The stone that is too large to pass through the top deck of the scalping screen is 
processed in the secondary crusher. Cone crushers are commonly used for secondary crushing, 
although impact crushers are sometimes used. The material (throughs) from the second level of the 
screen bypasses the secondary crusher because it is sufficiently small for the last crushing step. The 
output from the secondary crusher and the throughs from the secondary screen are transported by 
conveyor to the tertiary circuit, which includes a sizing screen and a tertiary crusher. 

Tertiary crushing is usually performed using cone crushers or hammermills. Oversize 
material from the top deck of the sizing screen is fed to the tertiary crusher. The tertiary crusher 
output is returned to the sizing screen. Various product streams with different size gradations are 
separated in the screening operation. The products are conveyed or trucked directly to finished 
product bins or to open area stockpiles. 

Some stone crushing plants produce manufactured sand. This is a small-sized rock product 
with a maximum size of 0.50 centimeters (3/16th inch). Crushed stone from the tertiary sizing screen 
is sized in a vibrating inclined screen (fines screen) with relatively small mesh sizes. Oversized 
material is processed in a cone crusher or a hammermill (fines crusher) adjusted to produce small 
diameter material. The output is then returned to the fines screen for resizing. 

Crushed Stone Processing 8.19.2-1 
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8.19.2-2 

Figure 8.19.2-1. Typical stone processing plant? 
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In certain cases, stone washing is required to meet particular end product specifications or 
demands, as with concrete aggregate processing. Crushed and broken stone normally is not milled 
but is screened and shipped to the consumer after secondary or tertiary crushing. 

8.19.2.2 Emissions And C~ntrols'"l*~~* 

Emissions of PM and PM-10 occur from a number of operations in stone quarrying and 
processing. A substantial portion of these emissions consists of heavy particles that may settle out 
within the plant. As in other operations, crushed stone emission sources may be categorized as either 
process sources or fugitive dust sources. Process sources include those for which emissions are 
amenable to capture and subsequent control. Fugitive dust sources generally involve the 
reentrainment of settled dust by wind or machine movement. Factors affecting emissions from either 
source category include the stone size distribution and surface moisture content of the stone 
processed; the process throughput rate; the type of equipment and operating practices used; and 
topographical and climatic factors. 

Of geographic and seasonal factors, the primary variables affecting uncontrolled PM 
emissions are wind and material moisture content. Wind parameters vary with geographical location, 
season, and weather. It can be expected that the level of emissions from unenclosed sources 
(principally fugitive dust sources) will be greater during periods of high winds. The material 
moisture content also varies with geographic location, season, and weather. Therefore, the levels of 
uncontrolled emissions from both process emission sources and fugitive dust sources generally will be 
greater in arid regions of the country than in temperate ones, and greater during the summer months 
because of a higher evaporation rate. 

The moisture content of the material processed can have a substantial effect on emissions. 
This effect is evident throughout the processing operations. Surface wetness causes fine particles to 
agglomerate on, or to adhere to, the faces of larger stones, with a resulting dust suppression effect. 
However, as new fine particles are created by crushing and attrition, and as the moisture content is 
reduced by evaporation, this suppressive effect diminishes and may disappear. Plants that use wet 
suppression systems (spray nozzles) to maintain relatively high material moisture contents can 
effectively control PM emissions throughout the process. Depending on the geographic and climatic 
conditions, the moisture content of mined rock may range from nearly zero to several percent. 
Because moisture content is usually expressed on a basis of overall weight percent, the actual 
moisture amount per unit area will vary with the size of the rock being handled. On a constant 
mass-fraction basis, the per-unit area moisture content varies inversely with the diameter of the rock. 
Therefore, the suppressive effect of the moisture depends on both the absolute mass water content and 
the size of the rock product. Typically, wet material contains 1.5 to 4 percent water or more. 

A variety of material, equipment, and operating factors can influence emissions from 
crushing. These factors include (1) stone type, (2) feed size and distribution, (3) moisture content, 
(4) throughput rate, (5) crusher type, (6) size reduction ratio, and (7) fines content. Insufficient data 
are available to present a matrix of rock crushing emission factors detailing the above classifications 
and variables. Available data indicate that PM-IO emissions from limestone and granite processing 
operations are similar. Therefore, the emission factors developed from the emission data gathered at 
limestone and granite processing facilities are considered to be representative of typical crushed stone 
processing operations. Emission factors for filterable PM and PM-IO emissions from crushed stone 
processing operations are presented in Table 8.19-1. 
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Table 8.19.2-1 .(METRIC UNITS) 
EMISSION FACTORS FOR CRUSHED STONE PROCESSING OPERATIONSa 

Emission Factors in kg/Mg of Material Throughput 
Ratings (A-E) Follow Each Emission Factor 

Sourceb (SCC) Filterable PM PM-10 
Screening (3-05-020-02,-03) 0.069' D 0.0076d 
Screening with wet suppression (3-05-020-02,-03) 
Primary crushing (3-05-020-01) 
Secondary crushing (3-05-020-02) 
Tertiary crushing (3-05-020-03) 
Primary crushing with wet suppression (3-05-020-01) 
Secondary crushing with wet suppression (3-05-020-02) 
Tertiary crushing with wet suppression (3-05-020-03) 
Fines crushingg (3-05-020-05) 
Fines crushing with wet suppressions (3-05-02045) 
Fines screenings (3-05-020- ) 
Fines screening with wet suppressio& (3-05-020- ) 

Conveyor transfer pointh (3-05-02046) 
Conveyor transfer point with wet suppressio# (3-05-020-06) 
Wet drilling: unfragmented stone' (3-05-020-10) 
Truck loading: fragmented stone' (3-05-020-3 1) 
Truck loading-convevor: crushed stond (3-05-020-32) 

0.0031' D 
e E 
e E 
0.018' D 
e E 
e E 
0.00079' D 
0.36 D 
0.067 D 
0.15 D 
0.0018 D 
0.018 D 
5.9x10-' D 

ND 
ND 
ND 

0.00042d 
e 
e 
0.0012' 
e 
e 
0.00029f 
0.0075 
0.0010 
0.036 
0.001 1 
0.00072 
2 . 4 ~  1 O-' 
4.0x10-' 
8 . 0 ~ 1 0 - ~  
5. Ox 10" 

D 
D 
E 
E 
D 
E 
E 
D 
D 
D 
D 
D 
D 
D 
E 
E 
E 

ND = No data available 
'Emission factors represent uncontrolled emissions unless noted. 
bSources controlled with wet suppression maintain a material moisture content 2 1.5 percent. 
Sources that process material with a moisture content of < 1.5 percent are considered to be 
uncontrolled. 

'References 11, 15, and 16. 
dReferences 9, 11, 15 and 16. 
eNo data available, but emission factors for tertiary crushing can be used as an upper limit for 

fReferences 10, 11, 15 and 16. 
gReference 12. 
hReferences 13 and 14. 
'Reference 3. 
JReference 4. 

primary and secondary crushing. 
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Table 8.19.2-1.(ENGLISH UNITS) 
EMISSION FACTORS FOR CRUSHED STONE PROCESSING OPERATIONS' 

Emission Factors in Ib/ton of Material Throughput 
Ratings (A-E) Follow Each Emission Factor 

Sourceb (SCC) Filterable PM PM-10 
Screening (3-05-020-02,-03) 0.14' D 0.015d D 
Screening with wet suppression (3-05-020-02,-03) 
Primary Crushing (3-05-020-01) 
Secondary crushing (3-05-020-02) 
Tertiary crushing (3-05-020-03) 
Primary crushing with wet suppression (3-05-020-01) 
Secondary crushing with wet suppression (3-05-020-02) 
Tertiary crushing with wet suppression (3-05-020-03) 
Fines crushingg (3-05-020-05) 
Fines crushing with wet suppressiong (3-05-020-05) 
Fines screeningg (3-05-020- ) 
Fines screening with wet suppressio& (3-05-020- ) 
Conveyor transfer poind' (3-05-020-06) 
Conveyor transfer point with wet suppressio&' (3-05-020-06) 
Wet drilling: unfragmented stone' (3-05-020-10) 
Truck unloading: fragmented stone' (3-05-020-31) 
Truck loadine-convevor: crushed stond (3-05-020-32) 

0.0062' 
e 
e 
0.036' 
e 
e 
0.0016' 
0.72 
0.13 
0.30 
0.0036 
0.035 
0.00012 

ND 
ND 
ND 

D 
E 
E 
D 
E 
E 
D 
D 
D 
D 
D 
D 
D 

0.00084d 
e 
e 
0.0024f 
e 
e 
0.00059' 
0.015 
0.0020 
0.071 
0.0021 
0.0014 
4.8x10-' 
8.0x10-' 
1.6~1 0-5 
0.0010 

D 
E 
E 
D 
E 
E 
D 
D 
D 
D 
D 
D 
D 
E 
E 
E 

ND = No data available 
'Emission factors represent uncontrolled emissions unless noted. 
bSources controlled with wet suppression maintain a material moisture content 2 1.5 percent. 
Sources that process material with a moisture content of < 1.5 percent are considered to be 
uncontrolled. 

'References 11, 15 and 16. 
dReferences 9, 11, 15 and 16. 
eNo data available, but emission factors for tertiary crushing can be used as an upper limit for 
primary and secondary crushing. 

keferences 10, 11, 15 and 16. 
gReference 12. 
hReferences 13 and 14. 
'Reference 3. 
'Reference 4. 
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Emission factor estimates for stone quarry blasting operations are not presented here because 
of the sparsity and unreliability of available test data. While a procedure for estimating blasting 
emissions is presented in Section 8.24, Western Surface Coal Mines, that procedure should not be 
applied to stone quarries because of dissimilarities in blasting techniques, material blasted, and size of 
blast areas. Milling of fines is not included in this section as this operation is normally associated 
with nonconstruction aggregate end uses and will be covered elsewhere when information is adequate. 
Emission factors for fugitive dust sources, including paved and unpaved roads, materials handling and 
transfer, and wind erosion of storage piles, can be determined using the predictive emission factor 
equations presented in AP-42 Section 11.2. 
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I. INTRODUCTION 

This memorandum presents the background information that was used to develop the revised 
AP-42 Section 8.19.2 on crushed stone processing. Emission data from eight emission tests 
conducted at stone (granite and limestone) processing plants were used to develop emission factors for 
various crushing, screening, and conveying operations. Descriptions of these test reports are 
provided in Section 11 of this memorandum. In addition, the references from the previous version of 
AP-42 Section 8.19.2 were reviewed. Tables 1 and 2 present PM-10 emission data and the new 
PM-10 emission factors developed for inclusion in the revised AP-42 section. Tables 3 and 4 present 
filterable PM emission data and the new filterable PM emission factors developed for inclusion in the 
revised AP-42 section. The AP-42 section narrative also was revised to include current terminology 
and industry practice$a complete revision of the AP-42 section will not be performed unt’ 

Congoing testTrogam for the stone crushing source category is completedJThestaft-AP-42 section is 
U A ,  

provided as the anachmem. G n a t  

II. DESCRIPTION OF REFERENCES 

A. 

This test report documents an emission test conducted at a Martin Marietta stone crushing plant 
in Raleigh, North Carolina. The test was conducted for the Emission Inventory Branch (Em) of the 
U. S. Environmental Protection Agency @PA) as part of an emission test program undertaken to 
provide emission data on stone crushing for AP-42 emission factor development. Uncontrolled and 
controlled particulate matter less than 10 micrometers h m )  in diameter (PM-10) emissions from a 
Deister vibrating screen were measured using EPA Method 201A in conjunction with a trackmounted 
hood system that was used to capture fugitive emissions from the screen. The Deister screen consists 



Source (material) 

'Average No. 
material of 
moisture test 
conten&' NIIS 

Tertiary crushing 
(granite) 

1.78% 3 

Fines screening (granite) 

Fines screening (granite) 

Conveyor transfer point 
(granite) 

Conveyor transfer point 
(granite) 

Conveyor transfer point 
(aranite) 

< 1.5 % 

1.68 '3 

0.27% 

0.66% 

0.33% 

2 

Tm\SLE 1. SUMMARY OF EMISS!ON DATA FOR PM-IO EMISSIONS FROM CRUSHED 
STONE PROCESSING TEST REPORTS. 

Data Rating: A 

Average 
emission 

kgmg (lb/ton) 

0.0035 
(0.0070) 

Emission 
factor range, 

kg/Mg (lb/ton) 

0.0010-0.0075 
(0.0020-0.015) 

Screening (granite) I 0.48% I 3 

I II Screening (granite) I 1.57% I 3 I 0.00028-0.00037 0.00031 
(0.00056-0.00073) 

Tertiary crushing I 0.44% I 3 I 0.00075-0.0010 
Imanite) (0.0015-0.0020) 

Tertiary crushing I 1.77% I , 3  I 0.00017-0.00055 
(manite) (0.00034-0.0011) 

Tertiary crushing 
(manite) 

I 0.70% I 3 0.0011-0.0031 
(0.0021-0.0062) 

0.000075-0.00019 
(0.00015-0.00037) 

0.012-0.015 
(0.024-0.030) 

0.00049-0.00055 
(0.00097-0.001 1) 

0.0017-0.013 
(0.0034-0.026) 

0.00013 

0.014 I 3 

0.00050 I 3 
(0.0010) 

14 0.0075 
(0.015) 

Finescrushing(granite) I 1.92% I 3 0.000554.0013 
(0.0011-0.0026) 14 0.0010 

; (0.0020) 

3 0.021-0.050 
(0.042-0.10) 

0.036 I 4 
(0.071) 

3 0.000600.0015 
(0.00124.0030) 14 0.001 1 

(0.0021) 

3 0.00010-0.00021 
(0.00020-0.00042) 

0.00014 I 5 
(0.00028) 

3 3.1~10.~-5.9~10~ 
16. lxlV5-l.2x104) 

4.6~10-~ I 5 
(9.2~10-~) 

3 
- 

0.00053 
(0.0011) 

0.00037-0.00081 
(O.oO074-0.0016) 
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Table 1. (continued) 

Source (material) 

Convevor transfer point 

moisture 

1.11% 
(granite) I 

Conveyor transfer point 0.29% 3 

Conveyor transfer point- 2.62% 3 

Tertiarycrushing 0.88% 3 

(granite) 

(granite) 

... 
flimestone) 

Average 
Emission emission 

kglMg (lblton) kg/Mg (lblton) 
factor range, factor, 

9.0x106-2.6x10~5 1.5x10-’ 
(1.8x1U5-5. lxlO-’) (3.OxlO-’) 

0.0013-0.0016 0.0015 
(0.0025-0.0033) (0.0029) 

9.4x104-1.3x10-’ i.ixiO-s 
(1 .9x1~5-2.5x10~5~ (2.2~10-~) 

0.ooo924.0020 0.0015 
(0.0018-0.0041) I (0.0029) 

Tertiary crushing 2.M% ’ 3 0.000334.00083 0.00053 
(l imestone) (o.m.0017) (0.0011) 

Screening (limestone) 0.88% 3 0.0033-0.017 0.0092 
(0.00674.033) (0.018) 

Screening (limestone) 2.07% 3 0.000324.001 1 o.Ooo61 
(0.00064-0.0023) (0.0012) 

Tertian crushinn .: 0.67% 3 0.000394.0065 0.0052 - 
I I (0.0010) oiiestone) (0.00079-0.0013) 

(0.000l14.00019) (0.00015) 

Screening (limestone) 0.67% 3 0.00334.0036 0.0035 

screening (limestone) 1.44% 3 0.00024-0.00030 0.00027 
(0.000494.00059) (0.00055) 

(0.0067-0.0073) ( 0 . W )  

- 
Ref 
No. 

5 
- 

6 

6 

I 

I 

‘Emission factors in units of material throughput (process) unless noted. 
bMoisture content < 1.5% indicates uncontrolled and 21.5% indicates controlled emissions. 
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Process (SCC) 

Screening 
(345420-02,43) 

Screening with wet 
suppression 
(345-02042,43) 

A.. "-..-" .̂..."̂ .̂ " . .  EriSsiGn pfa. of mVGLaSG TAIIIaOLVI. 

tests factor, kg/Mg (lb/ton) factor rating Ref. Nos. 

1, 3, 7, 8 4 0.0076 (0.015) 

4 0.00042 (0.00084) 1, 3, 7, 8 

5lP 

Tertiary crushing 
(345-02043) 

4 0.0012 (0.0024) c 2  2, 3, 7, 8 

Fines crushing 
13-05-0204s 

Tertiary crushing with 
wet suppression 
(3-05-02043) 

Fines crushing with wet I 1 1 0.0010 (0.0020) 
suDoression 

2, 3, 7, 8 =E 4 0.00029 (0.00059) 

(3-05-020-0s) I I I 
Fines screening 
(345-020- ) 

Fines screening with wet 
suppression 
1345-020- 

1 0.036 (0.071) 

I 0.0011 (0.0021) 

4 

Conveyor transfer point 
(345rna-06) 

Conveyor transfer point 
with wet suppression 
(345-02a-06) 

4 

~ ~~~ 

1 

2 0.00072 (0.0014) D 5.6 

2 . 4 ~ 1 0 - ~  (4.8xlW') D 5.6 

4 
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TABLE 3. SUMMARY OF EMISSION DATA FOR FILTERABLE PM EMISSIONS FROM 
CRUSHED STONE PROCESSING TEST REPORTS. 

ng: B (unless otherwise noted) 

Emission 
factor range, 

0.021-0.045 
(0.043-0.091) 

Data Rai 

--Average 
material 
moisture 
contentb 

Average 
emission 
factor, 

kg/Mg (lb/ton) 

0.037 

Ref 
No. Source (material) 

Tertiary crushing 
(eranite) 

0.70% 3 
(0.074) 

Tertiary crushing 
(eranite) 

1.78% O.OOO44 3 0.00016-0.OoO71 

0.062-0.16 (0.12-0.31) 

(0.00087) 

0.70% 0.097 (0.19) 3 Screening (granite) 

Screening (granite) 1.78% 0.00096-0.0018 I (0.0019-0.00353 
0.0015 
(0.0029) 

3 

0.36 (0.72) 4 3 0.13-0.58 (0.26-1.2) 0.97% 

1.92% 

Fines crushing (granite) 

Fines crushine (erauite) 3 I 0.065-0.11 (0.13-0.23) 
I 

0.067 (0.13) 4 

< 1.5% 3 I 0.114.18 (0.22-0.37) 0.15 (0.30) I 4 Fines screening (granite) 

Fines screening (granite) 1.68% 0.00096-0.0027 I 10.0019-0.0054) 
0.0018 
(0.0036) 

4 

Conveyor transfer point 
kranite) 

0.27% 0.0012-0.0023 I (0.0023-0.0046) 
0.0015 
(0.0031) 

5 

Conveyor transfer point 
(eranite) 

0.66% 0.00014 
(0.00028) 

5 

Conveyor transfer point 
kranite) 

0.33% 0.0054-0.0087 I (o.oii-0.oin 
0.0078 
(0.014) 

Conveyor transfer point 
leranite) 

1.11% 3.8~10'~ I 5 
(7.6~ 1W5) 

Conveyor transfer point 
Imanite) 

0.29% 0.033-0.036 I (0.0666.071) 
0.034 

1.9~10'~ Conveyor transfer point 
(aranite) 

2.62% 
(3.8~10'~) 

Conveyor transfer poinf 
(manite) 

0.29% 3 1  0.014-0.035 0.028 I 6 
(0.029-0.069) 

Conveyor transfer poinf 
esanite) 

2.62% 4.0~10'~ I 6 
(8 .ox 10-5) 



Source (material) 

Tertiary crushing 
(l imestone) 

Tertiary crushing 
(limestone) 

Screening (limestone) 

Screening (limestone) 

~~ ~ 

2.07% 1- 3 I 0.000674.0022 0.0013 
(0.00134.0043) I (0.0025) 

Tertiary Crushing 
(limestone) 

Tertiary crushing 
(limestone) 

Screening (limestone) 

0.67% 7 
0.67% 

. . . M  .. 

Conveyor transfer 
pointd (limestone) 

Primary crushin$ 
(limestone) 

Screenin$ (limestone) 

0.0164.10 (0.0324.21) 

0.0020-0.014 
(0.oo4o4.029) 

0.00064-0.014 
(0.00134.027) 

0.000424.00074 
(0.00083-0.0015) 

0.0124.052 
(0.0254,. 10) 

U.WIW.WLI 

(0.00314.0043) 

1 . 0~10-~-2 .0~10-~  
(2.0~1cr~-4.0~10-~)  

0.000104.00065 
(O.OW20-0.0013) 

1.o~10-~-0.001 
(2.0~icr~4.00?)  

0.0134.16 (0.0254.33) 

- - - - ~  - - - - ~  

screening 

0.073 (0.15) 

0.0062 
(0.012) 

0.0096 
(0.019) 

O.OOO64 
(0.0013) 

0.037 
(0.074) 

V.wi9 
(0.0037) 

1.5x1V5 
(3.0~10”) 

0.00035 
(0.oO070) 

0.00037 
(0.00074) 

0.083 10.1n 

Screenin# 

4 

6 

Td?k 3. (conthEd? 

~ 1.5% I 9 I 0.00070-0.021 0.0082 
I (0.0014-0.042) I (0.016) 

Average No. 
material of 

Average 
Emission emission 

factor range, factor, 
kghlg (lb/ton) kg/Mg (lb/ton) 

0.00324.012 0.0073 I- (0.0064-0.023~ (0.019 

0.88% ! 3 

1 

1.5% I 9 I 0.00114.011 0.0038 
(0.00214.023) I (0.0076) 

‘Emission factors in units of material throughput (process) unless noted. 
bMoisture content < 1.5% indicates uncontrolled and 2 1 . 5 %  indicates controlled emissions. 
‘Data are A-rated. 
dData are C-rated. 
Waterid moisture content is assumed to be low because wet suppression was not used. 
bata include emissions from three different types of screens. 

- - 

Ref 
No. 

7 

7 

10 

10 

= 
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0.0042 (0.0084) 

TABLE 4. SUMMARY OF FILTERABLE PM EMISSION FACTORS 

3, 7, 
8. 10 

E a  

(Factors remesent uncontroll, 

0.00079 (0.0016) 

0.36 (0.72) 

0.067 (0.13) 

0.15 (0.30) 

I No. of 

.€a 3,7, a 

E - 8  4 

E J f  4 

v 4 

Process (SCC) tests 

O.oooO59 (0.00012) 

Screening 4 
(3-05-020-02,-03) 

Screening with wet suppression 5 
(3-05-020-02,-03) 

Tertiary crushing 3 

E? 5 . 6 '  

Tertiary crushing with wet 1 3  

, 0.00035 (0.ooo70) 
I 

suppression 
(3-05-02043) 

E 9 

Fines crushing I 1  
(3-05-02045)- I 
Fines crushing with wet suppression 

Fines screening - 
(3-05420- ) 

I '  Fines screening with wet suppression 
O-05420- 

Conveyor transfer point 1 2  . 
OM-020-06') I 
Conveyor transfex point with wet 
suppression 
(3-05-020-06) 

2 

Primary crushing 1 
(3-05-020-01) 

i emissions unless noted) 

Averane emission I Emission I Ref. 
factor, k;T/Mg (lb/ton) I factor rating I Nos. 

0.073 (0.15) I E d  I 3, 7, 
8. 10 

0.018 (0.036) I &p 13,798 

I & >  I 0.0018 (0.0036) 

.Emission factors in units of material throughput @rows) unless noted. 
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af three vertically stacked decks. The. upper deck has a mesh opening of 2.80 ce!Aneters (cm) 
square (1.125 inches [in.] square) for the first 3.66 meters (m) (12 feet [ft]) and 2.54 cm square 
(1 in. square) for the last 2.44 m (8 ft.). The middle deck has a mesh opening of 1.47 cm square 
(0.58 in. square), and the lower deck has slot openings of 0.30 cm (0.118 in.) by 2.54 cm (1 in.). 
Ambient levels of PM-10 were quantified using HiVol samplers, and the ambient concentrations were 
subtracted from the Method ZOlA concentrations to determine the actual emissions from the screen. 
Wet suppression was used to control emissions from the screen. Water spray nozzles are located on 
the conveyor underneath the tertiary crusher, at one conveyor transfer point, at the top of the stream 
conveyor above the Deister screen, and on the inlet chute to the Deister screen. The targeted 
moisture contents of the raw material (granite) during the uncontrolled and controlled runs were 
< 1.5 percent and 2 1 . 5  percent, respectively. Average material moisture contents are shown in 
Table 1. In addition, sieve analyses were performed on stone samples taken from the conveyor that 
feeds the screen. Silt content of the stone as sampled (wet) was negligible, and the average silt 
content of the sample after drying was 3.35 percent. The relatively small amount of silt particles 
(c 75 pm) present in the raw material suggests that the potential for PM-10 emissions from the 
material processing operations is low. 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 
and the material processing rates that were measured during the testing. These emission facton are 
shown in Table 1. The emission factors presented differ slightly from the emission factors reported 
in the test report because average production rates were used in the test report, whereas actual 
run-by-run production r a m  were used in the data analyses presented in this memorandum. The data 
are assigned an A rating. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

B. Keference -i 

This test report documents an emission test conducted at a Martin Marietta stone crushing plant 

- 

in Garner, North Carolina. The test was conducted for EIB as part of an emission test program 
undertaken to provide emission data on stone crushing for AP-42 emission factor development. 
Uncontrolled and controlled PM-10 emissions from a Model 1560 Omnicone conical-type tertiary 
crusher were measured using EPA Method 201A in conjunction with a quasi-stack system, which was 
used to capture fugitive emissions from the crusher. The crusher reduces 8.9- to 10.2-cm (3.5- to 
4-in.) stone to 2.5 cm (1 in.) and smaller. The crusher inlet and outlet each were enclosed and tested 
separately. Wet suppression was used to control emissions from the crusher. Water spray nozzles 
are located on the conveyor underneath the tertiary crusher, at one conveyor transfer point, and at the 
entrance to the surge bin and vibrating feeder. The targeted moisture contents of the raw material 
(granite) during the uncontrolled and controlled runs were < 1.5 percent and 2 1.5 percent, 
respectively. Average material moisture contents are presented in Table 1. In addition, sieve 
analyses were performed on stone samples taken from the conveyor that feeds the surge bin prior to 
the crusher. The results of the sieve analyses are not documented in the test report. 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 
and the material processing rates that were measured during the test. These emission factors are 
shown in Table 1. The data are assigned an A rating. The report provided adequate detail, the test 
methodology was sound, and no problems were reported. 



9 

l l i s  test report documents an emission test conducted at Vulcan Materials Company stone 
crushing plant in Skippers, Virginia. The test was conducted for the National Stone Association to 
determine emission factors for various stone Crushing process operations. uncontrokd and 
controlled PM-IO and filterable PM emissions from a cone crusher (tertiary crusher) and a Deister 
vibrating screen were measured using EPA Method 201A in conjunction with a quasi-stack and a 
track-mounted hood system, which were used to capture fugitive emissions from the crusher and 
screen, respectively. The crusher produces stone that is 7.6 cm (3 in.) and smaller in size. The 
Deister screen consists of three vertically stacked decks. The upper deck has a mesh opening of 
2.86 cm square (1.125 in. square) for the f i s t  3.66 meters (m) (12 feet [e]) and 2.54 cm square 
(1.0 in.) for the last 2.44 m (8 e). The middle deck has a mesh opening of 1.47 cm square 
(0.58 in. square), and the lower deck has slot openings of 0.30 cm (0.1 18 in.) by 2.54 cm (1.0 in.). 
Wet suppression was used to control emissions from both processes. Water spray nozzles are located 
on the vibrating feeder to the crusher, on the conveyor below the crusher, and on the inlet chute to 
the Deister screens. The targeted moisture contents of the raw material (granite) during the 
uncontrolled and controlled NIB were < 1.5 percent and 2 1.5 percent. respectively. Average 
material moisture contents are shown in Table 1. In addition, sieve analyses were performed on stone 
samples taken from a process conveyor. The average silt content of the stone as sampled (wet) was 
3.3 percent, and the average silt content of the sample after drying was 4.0 percent. The relatively 
small amount of silt particles (<75 pm) present in the raw material suggests that the potential for 
PM-10 emissions from the material processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data gathered and the material processing rates that were measured during the test. These 
emission factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM 
data are assigned a B rating. Although Method 201A is not the reference test method for quantifying 
filterable PM emissions, the preseparator and filter catch for the method should provide representative 
results for filterable PM. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

D. Reference 4 

This test report documents an emission test at Nello L. Teer stone crushing plant in Raleigh, 
North Carolina. The test was conducted for EIB as part of an emission test program undertaken to 
provide emission data on stone crushing for AP-42 emission factor development. Uncontrolled and 
controlled PM-10 and filterable PM emissions from a Model 1560 Omnicone conical-type crusher 
(tines crusher) and a TD See0 vibrating screen (fines screen) were measured using EPA Method 201A 
in conjunction with a quasi-stack and a track-mounted hood system, which were used to capture 
fugitive emissions from the crusher and screen, respectively. The crusher redum 2.5- to 1.9-cm 
(I-to 0.75-in.) stone to 0.476 cm (0.188 in.) and smaller. The screen consisted of three decks. The 
top and middle decks were 2.22 and 1.43 cm square (0.875 and 0.563 in. square), respectively. The 
boaom deck had slots 0.476 by 2.54 cm (0.188 by 1 in.). The crusher inlet and outlet were each 
enclosed and tested separately. Wet suppression was used to control emissions from both processes. 
Water spray nodes  are located at the crusher inlet, midway &ugh the crusher body, at the crusher 
outlet, and at the conveyor transfer point to the screen. The targeted moisture contents of the raw 
material (granite) during the uncontrolled and controlled runs were < 1.5 percent and 2 1.5 percent, 
respectively. Average material moisture contents are preaented in Table 1. In addition, sieve 
analyses were performed on stone samples taken from the conveyor that feeds the screen and the 
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Thz results of the sieve analyses are not documented in the 

Uncontrolled and controlled PM-IO and filterable PM emission factors were developed from the 
emission data and the material processing rates that were measured during the tat, These emissim 
factors are shown in Table 1.' The PM-10 data are assigned an A rating. The filterable PM data are 
assigned a B rating. Although Method 201A is not the reference test method for quantifying filterable 
PM emissions, the preseparator and filter catch for the method should provide representative results 
for filterable PM. The report provided adequate detail, the test methodology was sound, and no 
problems were reported during the valid test mns. 

E. Reference 5 

This test report documents an emission test at Wake Stone Corporation stone crushing plant in 
Knightdale, North Carolina. The test was conducted for EIB as part of an emission test program 
undertaken to provide emission data on stone crushing for AP42 emission factor development. 
Uncontrolled and controlled PM-10 and filterable PM emissions from two separate conveyor transfer 
points were measured using EPA Method 201A in conjunction with quasi-stack systems, which were 
used to capture fugitive emissions from the two transfer points. Wet suppression was used to control 
transfer point emissions. Water spray nozzles are located on the exit conveyor underneath each 
transfer point, and at numerous other locations throughout the process. The targeted moisture 
contents of the raw material (granite) during the uncontrolled and controlled ~ 1 1 9  were < 1.5 percent 
and 5 1.5 percent, respectively. Average material moisture contents are presented in Table 1. In 
addition, sieve analyses were performed on stone samples taken from each of the conveyor lines. The 
average silt content of the samples after drying was 1.4 percent for the first transfer point and 
2.4 percent for the second transfer point. The relatively small amount of silt particles (e75 pm) 
present in the raw material suggests that the potential for PM-10 emissions from the material 
processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data and the material processing rates that were measured during the test. These emission 
factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM data are 
assigned a B rating. Although Method 201A is not the reference test method for quantifying filterable 
PM emissions, the preseparator and filter catch for the method should provide representative results 
for filterable PM. The report provided adequate detail, the test methodology was sound, and no 
problems were reported during the valid test runs. 

F. 

This test report documents an emission test at a Martin Marietta stone crushing plant in 
Raleigh, North Carolina. The test was conducted for the National Stone Association as part of an 
emission test program undertaken to provide emission data on stone crushing for AP-42 emission 
factor development. Uncontrolled and controlled PM-10 and filterable PM emissions from a 
conveyor transfer point were measured using EPA Method 201A and EPA Method 5 ,  respectively, in 
conjunction with a quasi-stack system, which was used to capture fugitive emissions from the transfer 
point. Wet suppression was used to control transfer point emissions. Water spray nozzles are located 
on the exit conveyor underneath the transfer point, and at numerous other locations throughout the 
process. The targeted moisture contents of the raw material (granite) during the uncontrolled and 
Controlled runs were < 1.5 percent and 21 .5  percent, respectively. Average material moisture 
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contents are presented in Table 1. In addition, sieve analyses were performed on stone samples taken 
from the conveyor. The average silt content of the dried stone was 2.2 percent. The relatively small 
amount of silt particles ( e 7 5  pm) present in the raw material suggests that the potential for PM-10 
emissions from the material processing operations is low. 

Uncontrolled and controlled PM-IO and filterable PM emission factors were developed from the 
emission data and the material processing rates that were measured during the test. These emission 
factors are shown in Table 1. The PM-10 data and the filterable PM (Method 5) data are assigned an 
A rating. The filterable PM data from the Method 201A tests are assigned a B rating. Although 
Method 201A is not the reference test method for quantifying filterable PM emissions, the 
preseparator and filter catches for the method should provide results that are representative for 
filterable PM. In addition, the emission factors developed from the Method 201A data are similar to 
the emission factors developed using the Method 5 data. The report provided adequate detail, the test 
methodology was sound, and no problems were reported during the valid test runs. 

G. Reference 7 

This test report documents an emission test conducted at Vulcau Materials Company stone 
crushing plant in Bristol, Temesee. The test was conducted for EIB as part of an emission test 
program undertaken to provide emission data on stone crushing for AP-42 emission factor 
development. Uncontrolled and controlled PM-10 and filterable PM emissions from a cone crusher 
(tertiary Crusher) and a tripledeck vibrating screen were measured using EPA Method 201A in 
conjunction with a quasi-stack and a track-mounted hood system, which were used to capture fugitive 
emissions from the crusher and screen, respectively. The crusher produces stone 7.6 cm (3 in.) and 
smaller in size. The screen consists of three vertically stacked decks. The upper deck has a mesh 
opening of 3.175 cm square (1.25 in. square). The middle deck has a mesh opening of 
1.59 cm square (0.625 in. square), and the lower deck has a mesh opening of 0.635 cm square 
(0.25 in. square). Wet suppression was used to control emissions from both processes. Water spray 
nozzles are located in the feed hopper to the crusher and on the conveyor below the crusher. The 
targeted moisture contents of the raw material (limestone) during the uncontrolled and controlled runs 
were < 1 .O percent and 2 1 .O percent, respectively. Average material moisture contents are shown in 
Table 1. In addition, sieve analyses were performed on stone samples taken from a process 
conveyor. The average silt content of the stone was 1.8 percent. The relatively small amount of silt 
particles (<75  pm) present in the raw material suggests that the potential for PM-10 emissions from 
the material processing operations is low. 

Uncontrolled and controlled PM-10 and filterable PM emission factors were developed from the 
emission data gathered and the material processing rates that were measured during the test. These 
emission factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM 
data are assigned a B rating. Although Method 201A is not the reference test method for quantifying 
filterable PM emissions, the preseparator and filter catch for the method should provide representative 
results for filterable PM. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

H. Reference 8 

This test report documents an emission test conducted at Vulcan Materials Company stone 
crushing plant in Marysville, Tennessee. The test was conducted for EIB as part of an emission test 
program undertaken to provide emission data on stone crushing for AP-42 emission factor 
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development. Uncontrolled and controlled PM-10 and filterable PM emissions from a cone crusher 
(tertiary crusher) and a tripledeck vibrating screen were measured using EPA Method 201A in 
conjunction with a quasi-stack and a track-mounted hood system, which were used to capture fugitive 
emissions from the crusher and screen, respectively. The crusher produces stone 7.6 cm (3 in.) and 
smaller in size. The screen consists of three vertically stacked decks. The upper deck has a mesh 
opening of 3.175 cm square (1.25 in. square). The middle deck has a mesh opening of 
1.59 cm square (0.625 in. square), and the lower deck has a mesh opening of 0.635 cm square 
(0.25 in. square). Wet suppression was used to control emissions from both processes. Water spray 
nozzles are located on the vibrating feeder to the crusher. The targeted moisture contents of the raw 
material (limestone) during the uncontrolled and controlled runs were < 1.0 percent and 
5 1 .O percent, respectively. Average material moisture contents are shown in Table 1. In addition, 
sieve analyses were performed on stone samples taken from a process conveyor. The average silt 
content of the stone was 3.25 percent. The relatively small amount of silt particles (<75 pm) present 
in the raw material suggests that the potential for PM-IO emissions from the material processing 
operations is low. 

Uncontrolled and controlled PM-IO and filterable PM emission factors were developed from the 
emission data gathered and the material processing rates that were measured during the test. These 
emission factors are shown in Table 1. The PM-10 data are assigned an A rating. The filterable PM 
data are assigned a B rating. Although Method 201A is not the reference test method for quantifying 
filterable PM emissions, the preseparator and filter catch for the method should provide representative 
results for filterable PM. The report provided adequate detail, the test methodology was sound, and 
no problems were reported. 

I. Pefere nce 9 

This document, which was Reference 1 in the previous AP42 Section 8.19.2, contains 
summary data from several emission tests performed at stone crushing plants. Particulate matter 
emissions were measured at baghouse inlets using EPA Method 5 sampling trains, and each test 
consisted of three runs. Emission sources, controls, material types, and emission factors for 12 tests 
at 5 plants were summarized in the document. Data from several of the tests were not analyzed 
because process rates were not documented. Data from nine of the tests were not analyzed because 
they represent emissions from combined sources. Data from three of the tests were used to quantify 
filterable PM emissions from a conveyor transfer point, a primary crusher, and a screen (referred to 
as a secondary screen in the document). 

The data that were analyzed from the three tests described above are assigned a C rating. The 
test methodologies were sound, and no problems were reported during the valid test NIH. However, 
the document did not provide original data s h m ,  and little detail about the raw materials was 
documented. The raw material is assumed to be dry because fabric filtration systems were used for 
emission control. The data from the other tests do not meet the minimum criteria for developing 
emission factors for inclusion in the revised M-42 section. 

J. Reference 1Q 

This report, which was Reference 5 in the previous M 4 2  Section 8.19.2, contains a review of 
emission facton developed in several of the references described above. In addition, data and 
emission factors from two emission tests performed by Engineering-Science are provided in Appendix 
c. 
-$e e~;s;koh .fcsfs de& c d a u  

-he s ~ , e e * l s - f h ~ f  

from these two emission tests for primary, secondary, and tertiary screening operations are 
+m saM& a v t ~  m q z ~  - 5 9  &2reil;+;es, a d  3 P &.td e r e  br;-+if s C M e M s .  
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combined to represent all screening operations, because no consistent correlation between the level of 
screening and the magnitude of PM emissions was established by the data. The quasi-stack method 
was used to capture fugitive emissions from the screens tested at both plants. Both tests were 
performed using wet impingement sampling trains (South Coast AQMD Method) for total PM, and 
cascade impactors for size-specific PM. 

The PM data are assigned a B rating. The test methodology appeared to be sound and no 
problems were reported during the valid test rum. However, the report is a secondary reference, and 
does not provide sufficient detail to warrant an A rating. The PM-IO data are not rated because only 
single-run particle-size data are provided in the report. 

K. Reference 11 

This document, which was Reference 2 in the previous AP-42 Section 8.19.2, examines the 
granite crushing industry and the potential environmental impacts of industry emissions. Topics 
addressed include a source description, emissions, control technology, and growth and nature of the 
industry. 

Emission factors for several granite crushing processes were developed using data from two 
granite processing facilities. Only summary information is provided in the document, although details 
on the processes and test methodology are provided. A GCA respirable dust monitor was used to 
sample PM-10 emissions, and emission rata were calculated using dispersion models. Emissions 
were sampled from several processes, including dumping to the primary crusher, and secondary 
crushing and screening. The monitor was placed about 100 feet from the source being sampled. No 
emission controls (for the plants tested) were specified, and the silt and moisture. contents of the raw 
materials were not recorded. 

The data do not meet the minimum criteria for developing emission faaors for inclusion in the 
AP42 section. The test methodology was not acceptable because only one monitor was used, and the 
monitor was too far from the source during testing. In addition, no detail about the moisture and silt 
contents of the raw material was provided. 

L. JMwmLlz 

This document, which was Reference 3 in the previous AP-42 Section 8.19.2, examines the 
stone crushing industry and the potential environmental impacts of industry emissions. Topics 
addressed include a source description, emissions, control technology, and growth and nature of the 
industry. 

Emission factors for several stone crushing processes were developed using data from two 
traprock processing facilities. Only summary information is provided in the document, although 
details on the processes and test methodology are provided. A GCA Model RDM 101-4 respirable 
dust monitor was used to sample PM-10 emissions, and emission rate3 were calculated using 
dispersion models. Emissions were sampled from several processes, including primary crushing and 
unloadiig. secondary erushig and screening, tertiary crushing and screening, fines crushing and 
screening, and conveying. The monitor was placed about 100 feet from the source being sampled. 
No emission controls were specified, and the silt and moisture contents of the raw materials were not 
recorded. 
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%e data do cot neet the minh im criteria for de-:eloping emissioii factors for inc:usion in the 
AP42 section. The test methodology not acceptable because only one monitor was used, and the 
monitor was too far from the source during testing. In addition, no detail about the moisture and silt 
contents of the raw material was provided. 

M. Reference 13 

This document is divided into four sections, which are addressed separately in the following 
discussion. 

Section I discusses the emission study (sponsored by the construction aggregate industry) that 
was performed by Monsanto Research Corporation (MRC) and The Research Corporation of New 
England WC). In addition, several conclusions about the control of fugitive dust emissions from 
construction aggregate processing facilities were drawn from a comparison of AP42, MRC's source 
assessment studies, and the MRC-TRC study. These conclusions are: (1) AP-42 emission factors are 
from 10 to 10,OOO times higher than the latest (1979) measurements of uncontrolled emissions; (2) 
baghouse emissions from aggregate crushing operations are often higher than uncontrolled emissions 
(apparently due to the suspension of fine particles, which are normally associated with larger particles 
and are not normally released to the atmosphere); (3) the emission factors developed by MRC in the 
source assessment program sponsored by EPA are within one order of magnitude of the emission 
factors developed in the MRC-TRC study, indicating that both data sets are highly reliable; (4) wet 
suppression can achieve between 80 and 90 percent control of the emissions from crushers; and 
(5) wet suppression is more efficient than fabric filters for controlling PM-10 emissions from 
crushers. To conclude Section I, an ambient air quality study performed at a sand and gravel 
production facility in Colorado is summarized. The study concluded that the sand and gravel 
processing operations did not have a deteaable impact on air quality. 

Section U documents the MRC study that included a compilation of emission data from tests at 
seven stone crushing plants that processed a variety of aggregates. Tests were conducted on four 
primary crushers, seven secondary crushers, three tertiary crushers, and two fines crushers. 
Aggregate types included granite (one plant), sand and gravel (two plants), traprock (one plant), and 
limestone (three plants). One of the limestone processing plants used wet suppression to control PM 
emissions. Emission factors for PM-10 and PM < 50 pm were developed for all of the processes 
tested and were presented by process, aggregate type, and control methods. 

A GCA Model RDM 101-4 dust monitor was used to detect tiigitive PM emissions downwind 
of the process operations. The monitor was placed approximately 30 feet from the source during each 
tests. The "tracer gas method" was used to determine the percentage of PM-10 measured with the 
GCA instrument that was emitted from the source beiig tested. The silt and moisture contents of the 
raw materials were not specified. 

The data from this testing program do not m e a  the minimum criteria for developing emission 
factors for the revised AP-42 section because an adequate number of downwind monitors were not 
used during testing. The upwinddownwind test method, specifies a minimum of five downwind 
samplers for a valid test. 

Section III documents the TRC study that included a compilation of emission data from tests at 
six stone crushing plants that processed a variety of aggregates. Tests were conducted on four 
primary crushers, six secondary crushers, three tertiary crushers, and one fines crusher. Aggregate 
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types included granite (one plant), sand and gravel (two plants), traprock (one plant), and limestone 
(two plants). The granite processing plant and both limestone processing plants used wet suppression 
to control PM emissions. Emission factors for PM-10 and PM < 50 pm were developed for all of the 
processes tested, and were presented by process, aggregate type, and control methods. 

A GCA Model RDM to14 dust monitor was used to detect fugitive PM emissions downwind 
of the process operations. The monitor was placed approximately 30 feet from the source during each 
test. The tracer gas method was used to determine the percentage of PM-IO measured with the GCA 
instrument that was emitted from the source being tested. The silt and moisture contents of the raw 
materials were not specified. 

The data from this testing program do not meet the minimum criteria for developing emission 
factors for the revised AP-42 section because an adequate number of downwind monitors were not 
used during testing. The upwinddownwind test method, specifies a minimum of five downwind 
samplers for a valid test. 

Section IV, entitled "Semi-annual Report: Ambient Air Monitoring Program, Cannon-ERTL 
Site," contains no data that can be used for emission factor development. 

N. mente 1 4 

This report, which was Reference 4 in the previous AP-42 Section 8.19.2, is a compilation of 
emission factors from 16 test repom. The emission factors from all of the reports were rated and 
combined by process in order to develop a single emission factor for each process tested. Data 
quantifying PM-10 emissions from primary and secondary crushing operations (from NSPS test 
reports) were not used for emission factor development because adequate details about the test 
methcdology are not provided, and problem with cascade impactor tests performed before about 
1981 have been reported. The other data presented in this document are presented in several of the 
other references described in this review. 

UI. RESULTS OF DATA ANALYSIS 

Emission factors were. developed for conveyor transfer points, screening, primary crushing, 
tertiary crushing, fines crushing. and fine8 screening operations. The only data available for 
secondary crushing were of questionable quality and were not consistent with the emission tests 
included in this review. Therefore, the revised AP-42 d o n  does not include emission faaors for 
primary and secondary crushing of stone. However, the emission factors for tertiary stone crushing 

be USed 89 Upper to~SeCO~dary CtXShhg. 
p C ; " ~ y  sad 

Emissions germally were. considered uncontrolled if the raw material 
than 1.5 percent and controlled if the raw material moisture 
percent. The material moisture contents in the Reference 5 
reach the targeted 1.5 percent for the controlled runs. Howev these tests are consistent en;s;rnr. 
with data from other controlled tests and are treated as control 2 presents the PM-10 
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n e  primary crushing emission fmor was assigned an E rating because it is based on ?r shg!e C-rated 
test. 

In addition to the emission factors described above, the revised AP-42 section includes emission 
faaors'for wet drillinn. and truck unloading and loading that were retained from the previous version 
of AP-42 Section 8.162. Alihough the quality of the data upon which these emission factors was 
based is questionable, no other data on those sources were located during this review. 
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8.19.2 CRUSHED STONE PROCESSING 

8.19.2.1 Process Descriptiodp2 

Major rock types processed by the rock and crushed stone industry include limestone, granite, 
dolomite, traprock, sandstone, quartz, and quartzite. Minor types include calcareous marl, marble, 
shell, and slate. Industry classifications vary considerably and, in many cases, do not reflect actual 
geological definitions. 

Rock and crushed stone products generally are loosened by drilling and blasting, then are 
loaded by power shovel or frontend loader into large haul trucks that transport the material to the 
processing operations. Techniques used for extraction vary with the nature and location of the 
deposit. Processing operations may include crushing, screening, size classification, material handling, 
and storage operations. All of these processes can be significant sources of PM and PM-10 emissions 
if uncontrolled. 

Quarried stone normally is delivered to the processing plant by truck and is dumped into a 
hoppered feeder, usually a vibrating grizzly type, or onto screens, as illustrated in Figure 8.19.2-1. 
The feeder or screens separate large boulders from finerjocks that do not require primary crushing, 
thus reducing the load to the primary crusher. Jaw,hor gyrab crushers are usually used for initial 

grizzly throughs (undersize material) are discharged onto a belt conveyor and usually are conveyed to 
a surge pile for temporary storaga )oc 

The stone from the surge pile is conveyed to a vibrating inclined screen called the scalping 
screen. This unit separates oversized rock from the smaller stone. The undersize material from the 
scalping screen is considered to be a product stream and is transported to a storage pile and sold as 
base material. The stone that is too large to pass through the top deck of the scalping screen is 
processed in the secondary crusher. Cone crushers are commonly used for secondary crushing, 
although impact crushers are sometimes used. The material (throughs) from the second level of the 
screen bypasses the secondary crusher because it is sufficiently small for the last crushing step. The 
output from the secondary crusher and the throughs from the secondary screen are transported by 
conveyor to the tertiary circuit, which includes a sizing screen and a tertiary crusher. 

material from the top deck of the sizing screen is fed to the tertiary c s e r t i a r y  crusher 
output is returned to the sizing screen. Various product streams with different size gradations are 
separated in the screening operation. The products are conveyed or trucked directly to finished 
product b i w f  open area stockpiles AOrp &e< procew' s stems, so& as w a k . h g , a i r  y q d o c s ,  

with a maximum size of 0.50 centimeters (3/16th inch). Crushed stone from the tertiary sizing screen 
is sized in a vibrating inclined screen (fines screen) with relatively small mesh sizes. Oversized 
material is processed in a cone crusher or a hammermill (fines crusher) adjusted to produce small 
diameter material. The output is then returned to the fines screen for resizing. 

x iMPl Oc 

reduction. The crusher product, normally 7.5 to 30 centimete + s (3 to 12 inches) in diameter, and the 

sou ~5 coarse agyga+e5. 

o%c, types d i M p + W  -hers 
' . Oversize Tertiary crushing is usually performed using cone crushers or 

A aM SC-nr COJ? c d % + x  lfar-fhe padodgon ~ftm&~tu& sa&>. 
Some stone crushing plants produce manufactured sand. This is a small-sized rock product 
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Note: All processes are potential 
sources of PM emissions. 
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Figure 8.19.2-1. Typical stone processing plant.2 

EMISSION FACTORS 



In certain cases, stone washing is required to meet particular end product specifications or 
demands, as with concrete aggregate processing. Crushed and broken stone normally is not milled 
but is screened and shipped to the consumer after secondary or tertiary crushing. 

8.19.2.2 Emissions And  control^'^,'.^ 

Emissions of PM and PM-IO occur from a number of operations in stone quarrying and 
processing. A substantial portion of these emissions consists of heavy particles that may settle out 
within the plant. As in other operations, crushed stone emission sources may be categorized as either 
process sources or fugitive dust sources. Process sources include those for which emissions are 
amenable to capture and subsequent control. Fugitive dust sources generally involve the 
reentrainment of settled dust by wind or machine 
source category include the stone size distribution 

Factors affecting emissions from either 
moisture content of the stone 
and ooeratinn Dractices used; and Drocessed: the Drocess throuehDut rate: the t w e  

- -  
emissions are wind and material moisture content. Wind parameters vary with geographical location, 
season, and weather. It can be expected that the level of emissions from unenclosed sources 
(principally fugitive dust sources) will be greater during periods of high winds. The material 
moisture content also varies with geographic location, season, and weather. Therefore, the levels of 
uncontrolled emissions from both process emission sources and fugitive dust sources generally will be 
greater in arid regions of the country than in temperate ones, and greater during the summer months 
because of a higher evaporation rate. 

The moisture content of the material processed can have a substantial effect on emissions. 
This effect is evident throughout the processing operations. Surface wetness causes fine particles to 
agglomerate on, or to adhere to, the faces of larger stones, with a resulting dust suppression effect. 
However, as new fine particles are created by crushing and attrition, and as the moisture content is 
reduced by evaporation, this suppressive effect diminishes and may disappear. Plants that use wet 
suppression systems (spray nozzles) to maintain relatively high material moisture contents can 
effectively control PM emissions throughout the process. Depending on the geographic and climatic 
conditions, the moisture content of mined rock may range from nearly zero to several percent. 
Because moisture content is usually expressed on a hasis of overall weight percent, the actual 
moisture amount per unit area will vary with the size of the rock being handled. On a constant 
mass-fraction basis, the per-unit area moisture content varies inversely with the diameter of the rock. 
Therefore, the suppressive effect of the moisture depends on both the absolute mass water content and 
the size of the rock product. Typically, wet material contains 1.5 to 4 percent water or more. 

A variety of material, equipment, and operating factors can influence emissions from 
crushing. These factors include (I) stone type, (2) feed size and distribution, (3) moisture content, 
(4) throughput rate, (5) crusher type, (6) size reduction ratio, and (7) fines content. Insufficient data 
are available to present a matrix of rock crushing emission factors detailing the above classifications 
and variables. Available data indicate that PM-10 emissions from limestone and granite processing 
operations are simdar. Therefore, the emission factors developed from the emission data gathered at 
limestone and granite processing facilities are considered to be representative of typical crushed stone 
processing operations. Emission factors for filterable PM and PM-10 emissions from crushed stone 
processing operations are presented in Table 8.19-1. 
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EMISSION FACTORS FOR CRUSHED STONE PROCESSING OPERATIONS* I\ 
Emission Factors in kgMg of Material Throughput 

Filterable PM PM-10 & 
Screening ~3-05-020-02,-03) 
Screenings%th wet suppression (3-05-020-02,-03) 
Primary crushing ~3-05-020-01) 
Secondary crushi~@45-020-02) 
Tertiary crushing k3%-020-03) 
Primary crushing Eth wet suppression 
Secondary crushing with wet suppression 3-05-020-02) 

-05-020-01) 8 
SL 

with wet suppression f&O5-020-03) 
yc. 

Fines screenin@3-05-020- ) 5% 

E 
Wet drilling: unfragmented ston, @ (3-05-020-10) 

Fines screening %h we 
Conveyor transfer 

x(- Conveyor transfer point with wet suppressio@ -05-020-06) 

Truck loading: fragmented s tom-05320-31)  

0.36 @ 
0.067 9 
0.15 
0.0018 9 
0.018 
5 . 9 ~ 1 0 - ~  9 

ND 
ND 
ND 

0.0075 Ep 
0.0010 E J3- 
0.036 EJ3  
0.0011 fX 
0.00072 D 
2 . 4 ~ 1 0 - ~  D 
4 . 0 ~ 1 0 - ~  E 
8 . 0 ~ 1 0 ~  E 
5.0~10-~  E 

a n  Truck loading--conveyor: crushed ston&f&O5-020-32) ~~ 

YL 
ND = No data available 
'Emission factors represent uncontrolled emissions unless noted. 
bSources controlled with wet suppression maintain a materid moisture content 2 1.5 percent. 
Sources that process material with a moisture content of < 1.5 percent are considered to be 
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Table 8.19.2-1. (ENGLISH UNITS) 
EMISSION FACTORS FOR CRUSHED STONE PROCESSING OPERATIONS" 

Emission Factors in Ib/ton of Material Throughput 
Ratings (A-E) Follow Each Emission Factor 

0.0084' 0.00084d 
E 
E f 

0.036e 0.0024h c a  

O.0007Oc E f 

f E 

Tertiary crushing with wet suppression $&020-03) 0.0016 E+ 0.00059h $3- 

0.72 @- 0.015 &p 
Fines crushing Zth wet suppression' J3-05-OZ0-05) 0.13 E+ 0.0020 
Fines screening' Q-OS-OZO- ) xc 0.30 fa 0.071 E,& 
Fines screening %th wet suppressiod Q-OS-OZO- ) 0.0036 %Y 0.0021 €3 

Fines crushing' (3-05-020-05) s v .  

0.035 % 0.0014 D 

ND = No data available 
'Emission factors represent uncontrolled emissions unless noted. 
b~ources controlled with wet suppression maintain a materid moisture con 

, 

Sources that process material with a moisture content of < 1.5 percent are considered to be 
uncontrolled. 

'References 6, 11, 15, and 16. 
dReferences 9, 11, 15 and 16. 
eReference 1. 
'No data available, but emission factors for tertiary crushing can be used as an upper limit for 
primary and secondary crushing. 

Qeferences 11, 15, and 16. . .  

hReferences 10, 11, 15 and 16. 
'Reference 12. 
JReferences 13 and 14. 
Qeference 3. 
'Reference 4. 
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E~ssiocln fxtor estimates for stone quarry blasting operatiops ant presented here because 
of the sparsity and unreliability of available test data. While a procedure for estimating blasting 
emissions is presented in Section 8.24, Western Surface Coal Mines, that procedure should not be 
applied to stone quarries because of dissimilarities in blasting techniques, material blasted, and size of 
blast areas. Milling of fines is not included in this section as this operation is normally associated 
with nonconstruction aggregate end uses and will be covered elsewhere when information is adequate. 
Emission factors for fugitive dust sources, including paved and unpaved roads, materials handling and 
transfer, and wind erosion of storage piles, can be determined using the predictive emission factor 
equations presented in AP-42 Section 11.2. 
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INTEROFFICE COMMUNICA TlON 

MIDWEST RESEARCH INSTITUTE 

September 19, 1994 

To: Rick Marinshaw 

From: Chat Cowherd- 

Subject: Review of Entropy Test Plan Proposal 

I have completed a preliminary review of the Entropy Test Plan proposal entitled 
"Determination of PM- IO Emission Factors for a Quarry Haul Road and Storage Pile 
for a Stone Crushing Plant" (March 1993). Because the limitation of hours 
specified for m y  review effort, I will be brief in highlighting my major concerns as 
detailed below. 

I have serious concerns about a number of aspects of the proposed sampling 
strategies and emission factor calculation schemes, which depart in many respects 
from the evolution of work in the field of fugitive dust source quantification over 
the past 20 years. [Russell Frankel on assignment from UNC t o  EMB has recently 
summarized this field in "A Review of Methods for Measuring Fugitive PM-10 
Emission Rates from Stationary Sources" (1994). I 

The authors make no reference to  the prior studies (or the associated sampling 
methods and calculation schemes) which produced the AP-42 generic fugitive dust 
emission factor equations for unpaved roads and storage piles. Even the units 
proposed for the haul road emission factor (Iblton-ft) are at variance with the 
standard units (IblVMT) used for this source. AP-42 also contains standard 
methods t o  be used for the collection and analysis of samples from unpaved roads 
and storage piles, which are adapted from appropriate ASTM methods. 

Haul Road 

The concept of capturing a road dust plume by inducing a stable f low of ambient 
air of 1-3 mph in velocity over a 3-6 hour period has many potential pitfalls. 
Ambient winds in the typical daytime range of 5-1 5 mph in most cases would 
seriously disrupt the induced f low. In addition the f low instabilities created by 
vehicle wake turbulence may inject PM-10 particles to  heights well above the top 
of the vehicle, particularly at l ow  ambient wind flows. I base the conclusion on 
our studies of winds in the vicinity of roadways during numerous exposure profiling 
tests at industrial and rural sites. 



Rick Marinshaw 
Page 2 
September 19, 1994 

M y  question would be: w h y  is not conventional exposure profiling being 
proposed? That proven technique has generated the most reliable and widely 
applicable of the fugitive dust emission factor equations in AP-42. Emission rates 
are calculated by superposition of vertical profiles of PM-10 concentration and 
wind speed. The ambient wind is used as the  transport medium, and no elaborate 
apparatus is needed to  direct the plume across the array of samples. 

The time required for an exposure profiling test is usually short enough that wind 
conditions are relatively constant. In testing of emissions from unpaved roads, 
traffic counts are enhanced w i th  "captive" vehicles so that the required number of 
vehicle passes wil l occur in less than one hour for uncontrolled emissions and no 
more than about t w o  hours for controlled emissions. 

Storaae Pile 

The other segment of the proposed testing relates t o  the measurement of 
emissions discharged during the dropping o f  stone from a conveyor to  a storage 
pile. Of the six samplers t o  be deployed during the testing, three are located 
downwind of the pile. However, only one sampler (suspended from a crane on the 
prevailing downwind side of the drop zone) is positioned t o  capture emissions 
directly from the dropping of stone into the pile. The other t w o  samplers are 
positioned "on the ground, near the base of the pile," completely away from the 
drop zone; apparently those samplers are intended to  capture emissions generated 
by  the impact of the conveyed material as it falls onto the surface of the pile. 

It is unclear w h y  the PM-10 catches from all three samders are combined in 
determining the PM-10 emission rate from the dropping of material onto the pile. 
In effect this weights all three samplers equally in the calculation of downwind 
concentration, and masks information on the actual concentration variation 
downwind of the pile. Undoubtedly the apparent emission factor for the drop zone 
would be reduced significantly by giving equal weighting t o  the ground based 
samplers. 

Moreover, in calculating the air f low through the pile "array" (base diameter x 
height), a single average wind velocity is used. In contrast, the actual wind field 
downwind of the pile is very complex. In addition, wind speed and direction over a 
period of 6 hours may significantly change the portion of the plume impacting each 
fixed downwind sampler. 
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From the Entropy test report (August 1994) for the storage pile emission 
measurements, it is evident that the downwind sampling network was expanded to  
five PM-10 samplers, with four of the five samplers at 9 f t  above ground. The 
f i f th downwind sampler was suspended immediately downwind of the drop zone, 
which extended from the stacker height of 33 f t  down to the top of the pile, which 
appeared to  range from 15 f t  to  29 f t  above ground. 

Because emissions of interest were restricted t o  the drop operation, there was 
concern about the impact of the front end loader operating on one side of the pile, 
and other trucks operating in the pile area. Even though carbon catches on the 
filters were shown t o  be small, the dust created by  these vehicles still could have 
contributed substantially to  the downwind concentrations measured during the 
testing. 

Once again the proposed sampling and calculation scheme should be related to  
what was learned in prior testing of this source. For example, much of the data 
used in developing the AP-42 equation for materials handling operations, was 
generated using a symmetrical 2-dimensional sampling array placed immediately 
downwind of the drop zone. None of the samplers were positioned at a downwind 
location potentially shielded by the pile itself. The measured concentration field 
was superimposed on the separately measured velocity field in the calculation of 
the integrated emission flux (masdarea-time). By focusing the sampling array 
directly on the drop zone, sampling time was reduced t o  about an hour, over which 
wind speed and direction remained fairly constant. 

This concludes m y  preliminary evaluation. I will be happy t o  discuss these 
concerns further and expand upon this writ ten evaluation as necessary. 

D 
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Enclosed is a copy of the draft background memorandum 
and AP-42 section on crushed stone processing. I would like to 
point out that we did not revise the process flow diagram to show 
SCC and emission points, but we will do so before the next 
submittal. Also, the emission factors presented in 
Table 8.19.2-3 were taken directly from the existing AP-42 
section, and the conversion between english and metric units is 
not consistent in all cases. We will look into which numbers are 
correct, and will revise the table accordingly. 
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Date: April 23, 1993 

Subject: Background Information for Revised AP-42 Section 8.19.2, Crushed Stone Processing 
Review and Update Remaining Sections of Chapter 8 (Mineral Products Industry) of 
AP-42 
EPA Contract 68-D2-0159, Work Assignment 12 
MRI Project 3612 

From: 

To: 

Brian Shrager 

Ron Myers 

U. S. Environmental Protection Agency 
Research Triangle Park, NC 2771 1 

EPAIEIBIEFMS (MD-14) 

I. INTRODUCTION 

This memorandum presents the background information that was used to develop the revised 

AP-42 Section 8.19.2 on crushed stone processing. Emission data from four emission tests conducted 

at stone (granite) processing plants were used to develop emission factors for various crushing and 

screening operations. Descriptions of these test reports are provided in Section I1 of this 

memorandum, Tables 1 and 2 present the emission data and the new emission factors developed for 

inclusion in the revised AP-42 section. The narrative section and existing tables were reformatted and 

edited for technical accuracy but were not revised; a complete revision of the AP-42 section will not 

be performed until the ongoing test program for the stone crushing source category is completed. 

The draft AP-42 section is provided as the attachment. 

11. DESCRIPTION OF REFERENCES 

A. Reference 1 

This test report documents an emission test conducted at a Martin Marietta stone crushing 

plant in Raleigh,' North Carolina. The test was conducted for the Emission Inventory Branch (EIB) of 

the U. S. Environmental Protection Agency @PA) as part of an emission test program undertaken to 
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TABLE 1. SUMMARY GI: EMISSIO! 
FROM CRUSHED STONE PRO1 

Secondary 

Secondary 

Tertiary 

Primary 
crushing 

Average 
material 
moisture 
content 

0.48% 

1.57% 

0.44% 

1.77% 

0.70% 

1.78% 

DATA FOR PM-IO EMISSIONS 
ESSING TEST REPORTSa 

Data Ratine: A 

No. of Ti Emission 
factor range, 

kg/Mg (lb/ton) 

0.0010-0.0075 
~0.0020-0.015) 

0.00028-0.00037 
(0.00056-0.00073) 

Average 
emission 

.;%; 1 R: 1' 
(lb/ton) No. 

0.0035 
(0.0070) 

0.00075-0.0010 I (0.0015-0.0020) (0.0018) 

3 0.00017-0.00055 0.00042 2 

3 0.001 1-0.0031 0.0020 3 

(0.00034-0.001 1) (0.00083) 

II (0.0021-0.0062) (0.0040) 

3 I O.oooO75-0.00019 I 0.00013 I 3 11 
I I (n nnnicnnnnm I mnnnm I 

I screening I (0.0012-0.0030) (0.0021) 

aEmission factors in units of material throughput (process) unless noted 
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1 

TABLE 2. SUMMARY OF PM-10 EMISSION FACTORSa 

0.00013 (0.00026) D 3 

II Process (SCC) 

2 

Primary crushing 

0.00040 (0.00081) D 1 ,  3 

Primary crushing with 
wet suppression 
~3-05-020-01) 

2 

Secondary screening II (3-05-020-021 

0.00071 (0.0014) D 2, 4 

Secondary screening with 
wet suppression 

Tertiary crushing 
(3-05-020-03) 

1 

Tertiary crushing with 
wet suppression 

Tertiary screening 
(3-05-020-03) 

0.001 1 (0.0021) D 4 Tertiary screening with 
wet suppression 

aEmission factors in units of I 

represent uncontrolled emissions unless noted) 

Emission 

0.0020 (O.oO40) 

2 I 0.0085 (0.017) I D I 1 ,  3 II 

naterial throughput (process) unless noted. 
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provide emission data on stone crushing for AP-42 emission factor development. Uncontrolled and 

controlled particulate matter less than 10 micrometers @m) in diameter (I'M-10) emissions from a 

deister vibrating screen (secondary screen) were measured using EPA Method 201A in conjunction 

with a track-mounted hood system that was used to capture fugitive emissions from the screen. 

Ambient levels of PM-10 were quantified using HiVol samplers, and the ambient concentrations were 

subtracted from the Method 201A concentrations to determine the actual emissions from the screen. 

wet suppression was used to control emissions from the screen. The targeted moisture contents of 

the raw material (granite) during the uncontrolled and controlled NW were < 1.5 percent and 

> 1.5 percent, respectively. Average material moisture contents are shown in Table 1. In addition, 

Silt content of the 

/ 
P 

do",.r 
+?' +!M 

C 

7 t' 

analyses were performed on stone samples taken from a process conveyor. 

as sampled (wet) was negligible, and the average silt content of the sample after drying was 

3.35 percent. The relatively small amount of silt particles (<75 pm) present in the raw material 

suggests that the potential for PM-10 emissions from the material processing operations is low. 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 

and the material processing rates that were measured during the testing. These emission factors are 

shown in Table 1. The emission factors presented differ slightly from the emission factors reported I! f i$ jP  
J& in the test repoc because average production rates were used 4 the test rellprt, w h e r e  actual - , d L  I df'h - T."-py'-- 

run-by-run production rates were used in the data analyses presented in this memorandum. The data I ;" 
8- .;I 

are assigned an A rating. The report provided adequate detail, the test methodology was sound, and 

no problems were reported during the valid test NILS. . 
B. Reference 2 

This test report documents an emission test conducted at a Martin Marietta stone crushing 

plant in Gamer, North Carolina. The test was conducted for EIB as part of an emission test program 

undertaken to provide emission data on stone crushing for AP-42 emission factor development. 

Uncontrolled and controlled PM-10 emissions from a Model 1560 Omnicone conical-type tertiary 

were measured using EPA Method 201A in conjunction with a quasi-stack system, which was 

suppression was used to control emissions from the crusher. The targeted 

used to capture fugitive emissions from the crusher. The crusher inlet and outlet were each enclosed 

and tested 

material (pranite) during the uncontrolled and controlled runs were 
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Table 1. In addition, sieve analyses were performed on stone samples taken from a process 

conveyor. The results of the sieve analyses are not documented in the test report. 
4 
( 

0' 
> 
b 

Uncontrolled and controlled PM-10 emission factors were developed from the 

and the material processing rates that were measured during the testing. These emission factors are 

-. 

system, which were used to capture fugitive emissions from the crusher and screen, respectively. 

Wet suppression was used to control emissions from both processes. The targeted moisture contents 

of the raw material (granite) during the uncontrolled and controlled runs were < 1.5 percent and 

> 1.5 percent, respectively. Average material moisture contents are shown in Table 1. In addition, 

sieve analyses were performed on stone samples taken from a process conveyor. The average silt 

content of the stone as sampled (wet) was 3.3 percent, and the average silt content of the sample after 

drying was 4.0 percent. The relatively small amount of silt particles (<75 am) present in the raw 

material suggests that the potential for PM-10 emissions from the material processing operations is 

low. 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 

gathered and the material processing rates that were measured during the testing. These emission 

factors are shown in Table 1 .  The data are assigned an A rating. The report provided adequate 

detail, the test methodology was sound, and no problems were reported during the valid test runs. 
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D. Reference 4 

This test report documents an plant in Raleigh, 

North Carolina. The test was 

provide emission data on 

controlled PM-10 

Seco vibrating screen (tertiary screen) were measured using EPA Method 201A in conjunction with a 

asi-stack and a track-mounted hood system, which were used to capture fugitive emissions from the 4 (4 A 

crusher and screen, respectively. The crusher inlet and outlet were each enclosed and tested 

was used to control emissions from both processes. The targeted 

material (granite) during the uncontrolled and controlled runs were 

respectively. Average material moisture contents are presented in 

b 5 ' -  Table 1. In addition, sieve analyses were performed on stone samples taken from a process 

&nveyor. The results of the sieve analyses are not documented in the test report. - 
Uncontrolled and controlled PM-10 emission factors were developed from the e ission data 

,' and the material processing rates that were measured during the testing. These emission factors are 
qhnwn in Tahle 1. The data are arsiened - an A ratine. - The remrt provged adeauate detail. the test 

methodology was sound, and no problems were reported during the valid test runs. 
- - 

111. RESULTS OF DATA ANALYSIS 

Emission factors were developed for primary crushing, secondary screening, tertiary crushing, 

and tertiary screening operations. Emissions were considered uncontrolled if the raw material 

moisture content was less than 1.5 percent and controlled if the raw material moisture content.was 

greater than 1.5 percent. Table 2 presents the emission factors developed using the data from 

References 1 through 4. All of the emission factors were assigned a D rating because data from only 

one or two plants were used to develop the emission factors. 

The previous version of Section 8.19.2 includes emission factors for the same types of 

sources for which new emission factors are presented in this memorandum. However, the emission 

factors in the previous version of the section are based on the testing of various types of stones, and 

there is inadequate information to classify the tests according to stone type. Because emissions are 
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likely to vary significantly by stone type, the new emission factors for granite stone processing are 

presented in a separate table in the revised AP-42 Section 8.19.2; they were not averaged with the 

corresponding emission factors in the previous version of the section. 

REFERENCES 

1. PM-IO Emission Factors for a Stone Crushine Plant Deister Vibratine Screen, EPA Contract 
No. 68-D1-0055, Task 2.84, U.S. Environmental Protection Agency, Research Triangle Park, 
NC, February 1992. 

PM-IO Emission Factors for a Stone Crushine Plant Tertian, Crusher, EPA Contract No. 
68-D1-0055, Task 2.84, U.S. Environmental Protection Agency, Research Triangle Park, 
NC, February 1992. 

PM-IO Emission Factors for a Stone Crushine Plant Deister Vibrating Screen and Crusher, 
National Stone Association, Washington DC, December 1992. 

PM-IO Emission Factors for a Stone Crushine Plant Tertiarv Crusher and Vibratine Screen, 
EPA Contract No. 68-D0-0122, U.S. Environmental Protection Agency, Research Triangle 
Park, NC, December 1992. 

2. 

3. 

4. 
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Attachment 

DRAFT AP-42 SECTION 8.19.2 

8.19.2 CRUSHED STONE PROCESSING 

8.19.2.1 Process Description] 

Major rock types processed by the rock and crushed stone industry include limestone, granite, 

dolomite, traprock, sandstone, quartz, and quartzite. Minor types include calcareous marl, marble, 

shell, and slate. Industry classifications vary considerably and, in many cases, do not reflect actual 

geological definitions. 

Rock and crushed stone products generally are loosened by drilling and blasting, then are 

loaded by power shovel or front-end loader and transported by heavy earth-moving equipment. 

Techniques used for extraction vary with the nature and location of the deposit. Further processing 

may include crushing, screening, size classification, material handling, and storage operations. All of 

thee processes can be significanl s o q a  of dust emissions if uncontroll@. Some_orocessin_e 

operations also include washing, depending on rock type and desired product. 

Quarried stone normally is delivered to the processing plant by truck and is dumped into a 

hoppered feeder, usually a vibrating grizzly type, or onto screens, as illustrated in Figure 8.19.2-1. 

These screens separate or scalp large boulders from finer rocks that do not require primary crushing, 

thus reducing the load to the primary crusher. Jaw, or gyratory, crushers are usually used for initial 

reduction. The crusher product, normally 7.5 to 30 centimeters (3 to 12 inches) in diameter, and the 

grizzly throughs (undersize material) are discharged onto a belt conveyor and usually are transported 

either to secondary screens and crushers or to a surge pile for temporary storage. 

Further screening generally separates the process flow into two or three fractions (oversize, 

undersize, and throughs) ahead of the secondary crusher. The oversize is discharged to the secondary 

crusher for further reduction, and the undersize usually bypasses the secondary crusher. The 

throughs sometimes are separated, because they contain unwanted fines, and are stockpiled as crusher 

8.19.2-1 Crushed Stone Processing 04/93 
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Figure 8.19.2-1. Typical stone processing plant. 

8.19.2-2 EMISSION FACTORS 04/93 
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run material. Gyratory crushers or cone crushers are commonly used for secondary crushing, 

although impact crushers are sometimes found. 

The product of the secondary crushing stage, usually 2.5 centimeters (1 inch) diameter or 

less, is transported to secondary screens for further sizing. Oversize material is sent back for 

recrushing. Depending on rock type and desired product, tertiary crushing or grinding may he 

necessary, usually using cone crushers or hammermills. The product from tertiary crushing may be 

conveyed to a classifier, such as a dry vibrating screen system, or to an air separator. Any oversize 

is returned to the tertiary crusher for further reduction. At this point, end products of the desired 

grade are conveyed or trucked directly to finished product bins or to open area stockpiles. 

In certain cases, stone washing is required to meet particular end product specifications or 

demands, as with concrete aggregate processing. Crushed and broken stone normally is not milled 

but is screened and shipped to the consumer after secondary or tertiary crushing. 

8.19.2.2 Emissions And  control^^^^^^^^ 

Dust emissions occur from - __ manyooerations - in stone auarrving and orocessing. A substantial 

portion of these emissions consists of heavy particles that may settle out within the plant. As in other 

operations, crushed stone emission sources may be categorized as either process sources or fugitive 

dust sources. Process sources include those for which emissions are amenable to capture and 

subsequent control. Fugitive dust sources generally involve the reentrainment of settled dust by wind 

or machine movement. Factors affecting emissions from either source category include the type, 

quantity, and surface moisture content of the stone processed; the type of equipment and operating 

practices used; and topographical and climatic factors. 

~ .- 

Of geographic and seasonal factors, the primary variables affecting uncontrolled particulate 

matter (PM) emissions are wind and material moisture content. Wind parameters vary with 

geographical location, season, and weather. It can be expected that the level of emissions from 

unenclosed sources (principally fugitive dust sources) will be greater during periods of high winds. 

Tire material moisture content also varies with geographic location, season, and weather. Therefore, 

the levels of uncontrolled emissions from both process emission sources and fugitive dust sources 

04/93 Crushed Stone Processing 8.19.2-3 
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generally will be greater in arid regions of the country than in temperate ones, and greater during the 

summer months because of a higher evaporation rate. 

The moisture content of the material processed can have a substantial effect on uncontrolled 

emissions. This effect is especially evident during mining, initial material handling, and initial plant 

process operations such as primary'crushing. Surface wetness causes fine particles to agglomerate on, 

or to adhere to, the faces of larger stones, with a resulting dust suppression effect. However, as new 

fine particles are created by crushing and attrition, and as the moisture content is reduced by 

evaporation, this suppressive effect diminishes and may disappear. Depending on the geographic and 

climatic conditions, the moisture content of mined rock may range from nearly zero to several 

percent. Because moisture content is usually expressed on a basis of overall weight percent, the 

actual moisture amount per unit area will vary with the size of the rock being handled. On a constant 

mass-fraction basis, the per-unit area moisture content varies inversely with the diameter of the rock. 

Therefore, the suppressive effect of the moisture depends on both the absolute mass water content and 

the size of the rock product. Typically, a wet material will contain 1.5 to 4 percent water or more. 

A large number of material, equipment, and operating factors can influence emissions from 

crushing. These factors include (1) rock type, (2) feed size and distribution, (3) moisture content, 

(4) throughput rate, (5) crusher type, (6) size reduction ratio, and (7) fines content. Insufficient data 

are available to present a matrix of rock crushing emission factors detailing the above classifications 

and variables. Data available from which to prepare emission factors also vary considerably, for both 

extractive testing and plume profiling. Emission factors from extractive testing are generally higher 

than those based upon plume profiling tests, but they have a greater degree of reliability. Some test 

data for primary crushing indicate higher emissions than from secondary crushing, although factors 

affecting emission rates and visual observations suggest that the secondary crushing emission factor, 

on a throughput basis, should be higher. Table 8.19.2-1 shows single factors for either primary or 
secondary crushing reflecting a combined data base. An emission factor for tertiary crushing is 

given, but it is based on extremely limited data. All factors are rated low because of the limited and 

highly variable data base. Emission factors for PM-10 emissions from granite processing operations 

are presented in Table 8.19-2. 

8.19.2-4 EMISSION FACTORS 04/93 



r 

Particulate matter 

Source (SCC) 5 30pm PM-IO 

Primary or secondary crushingb (3-05-020-01, -02) 0.14 D 0.0085 D 

Primary or secondary crushing with wet suppressionC 0.009 D NA 
(3-05-020-01, -02) 

Tertiary crushingd (3-05-020-03) 0.93 E NA 

Particulate matter 

- _ _  - 
““Y...., ” ̂..__  ̂ ,YY”, I O O P ,  ~ 4 30pm PM- 10 

Primary or secondary crushingb (3-05-020-01, -02) 0.28 D 0.017 D 

Primary or secondary crushing with wet suppressionC 0.018 D NA 
(3-05-020-01, -02) 

Tertiary crushingd (3-05-020-03) 1.9 E NA . 

04/93 Crushed Stone Processing 8.19.2-5 
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Primary crushing with wet suppressionC (3-05420-01) 

Secondary screeningd (3-05-020-02) 

Secondary screening with wet suppressio& (3-05-0202) 

Tertiary crushinf (3-05-020-03) 

Tertiary crushing with wet suppressione (3-05-0203) 

Tertiary screeningf (3-05-0203) 

Tertiary screening with wet suppressionf (3-05-0203) 

0.00026 D 

0.017 D 

0.00081 D 
0.0084 D 
0.0014 D 
0.071 D 
0.0021 D 

- 

\ 

8.19.2-6 04/93 
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Emission factor es iates for stone quarry blasting operations are not presented here because of the 

sparsity and unreliability of available test data. While a procedure for estimating blasting emissions is 

presented in Section 8.24, Western Surface Coal Mines, that procedure should not be applied to stone 

quarries because of dissimilarities in blasting techniques, material blasted. and size of hlaqt areas. 

Milling of fines is not included in this section as this operation is normally associated with 

nonconstruction aggregate end uses and will be covered elsewhere when information is adequate. 

Open dust source (fugitive dust) emission factors for stone quarrying and processing are presented in 

Table 8.19.2-3. These factors have been determined through tests at various quarries and processing 

plants. The single-valued open dust emission factors given in Table 8.19.2-2 may be used when no 

other information exists. Empirically derived emission factor equations presented in Section 11.2 of 

this document are preferred and should be used when possible. Because these predictive equations 

allow the adjustment of emission factors for specific source conditions, these equations should be used 

instead the emission factors in Table 8.19.2-3 whenever emission estimates applicable to specific 

stone quarrying and processing facility sources are needed. Section 11.2 provides measured 

properties of crushed limestone, as required for use in the predictive emission factor equations. 

04/93 Crushed Stone Processing 8.19.2-7 
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TABLE a. I ~ . Z - ~ . ( M E T R I C  UNITS) PARTICULATE MATTER EMISSION FACTORS FOR 
OPEN DUST SOURCES AT STONE CRUSHING PLANTSa 

Wet quarry drilling: unfractured stoneC ( 3 4 5 4 2 0 - 3  

Batch drop truck unloading: fractured stoneC (345-02.0-3 

Truck loading-anveyor: crushed stoned (3-05-020-2 

Truck loading-frontend loader: crushed stonee (345-020-J 

Emission Factors in kdMe of Material Throueh Primarv Crusher ExceDt as Noted 

O.OOO4 E 4 . 0 ~ 1 0 - ~  E 

0.00017 D 8.0~10‘ D 

0.00017 E 5 . 0 ~ 1 0 - ~  E 

0.029 E NA E 

Razng; (A-E) Follow EachEmission Factor 
II II 
II I Particulate matterb II 
II I 4 

I s 3 0 u m  TSP I PM-IO 

11 Conveying-tunnel belt: crushed stoneC (3-05-02.0-06) I 0.0017 I E I 0.00011 I 

11 Blastine: auarried stone (3-05-02049) I g I I g I l l  
NA = No data available 
aEmission factors represent uncontrolled emissions unless noted. 
bTotal suspended particulate (TSP) is that PM measured by a standard high-volume sampler (see. 
Section 11.2). Use of empirical equations in Chapter 11 is preferred to single value factors in this 
table. Factors in this table are provided for convenience in quick approximations and/or for occasions 
when equation variables can not be reasonably estimated. 
CReference 2. 
dReference 3. 
%eference 6. Expressed as kg/Mg of material transferred. 
fsee Section I I .2 for empirical equation. 
gNot presented because of sparsity and unreliability of test data. 

8.19.2-8 EMISSION FACTORS 04/93 ’ 
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TABLE 8.19.2-3.(ENGLISH UNITS) PARTICULATE MAlTER EMISSION FACTORS FOR 
OPEN DUST SOURCES AT STONE CRUSHING PLAKTSa 

Wet quarry drilling: unfractured stoneC (345-020-3 

Batch drop truck unloading: fractured stonec (3-05-020-3 

Truck loading--frontend loader: crushed stonee (3-05-020-3 

Truck loading--conveyor: crushed stoned (3-05-020-J 

Conveying-tunnel belt: crushed stoneC (3-05-020-06) 

Emission Factors in Ib/ton of Material Through Primarv Crusher Excent as Noted 

0.O0080 E 0.0001 E 

0.00030 D 2.0~10-5 D 

0.00030 E 0.0001 E 

0.060 E NA E 

0.0034 E 0.00020 E 

Ratings (A-E) Follow Each Emissioi Factor 
r ~ 

I, I 

Blasting: quarried stone (3-05-020-09) 

ii 

g g 

Particulate matter 

5 30vm PM-10 

11 UnDaved haul roads (3-05-020-11) I f I I f I I I  

NA = No data available 
aEmission factors represent uncontrolled emissions unless noted. 
bTotal suspended particulate VSP) is that PM measured by a standard high-volume sampler (see 
Section 11 2). Use of empirical equations in Chapter 11 is preferred to single value factors-in this 
table: Fact6rs -in %s table are~provided for convenience in' quicc approximationS iid/or~for occasions 
when equation variables can not be reasonably estimated. 
CReference 2. 
dReference 3. 
%eference 6. Expressed as Ib/ton of material transferred. 
f ~ e e  Section 11.2 for empirical equation. 
gNot presented because of sparsity and unretiability of test data. 

04/93 Crushed Stone Processing 8.19.2-9 
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MARTlM MARIETTA AOMIEOATES 

April 22, 1994 

Mr. Ronald E. M y m  
EPNEIBIEFMS (Mp14) 
U.S. Environmental Protection Agency 
Raearch Triangle Park, North Carolha 27711 

Subject: Emission FactoTo 

Dear Mr. Myers: 

We appreciate the time you and Mr. James Southerland took to meet with US on April 13, 1994 
to review the laaxr d d  of S d u n  8.19.2. 

As you know, we have been working very closely with EPA and Entropy Environmentalist, Inc. 
since the middle of 1991 to develop numbers thaI would better reflect the emissions from our 
indushy. This has been accomplished by the Entropy testing program which covered seven 
different c ~ s h e d  stone operations bated in North Carolina, Virmla and Twuiessee. Industry 
members were p m t  during a mejority of the testing at all seven locations. 

We feel that the PMlO resUtts from these studies ate the best n u m b  by far for the crushed 
stone industry. We weiw glad (0 see that these numbers, with minor changes, have found their 
way Into table 8.19.2-1. We are, howeve, surprised to see another column of numbers noted 
aanl&&&m . As you may recall, we had not seen this term or the numbers before our 9:aO 
a.m. meeting. This last minute addition has created a major concern with our inausq. 

It appears from your cornmentri Ulat this filterable PM numbcr includes all of the materid 
captuwl by the testing device, suspended or otherwise, and that this column could be used to 
represent TSP numbers. If this ir the ODSB, we feel that the publishing of this table will create 
more contmversy than has ewer been experienced in the past. 

We were hoping that a mvemion from PMlO to TSP could be accomplished by using QIE 
standard conversion number. Such a number currently exists by using the p t i c l e  size multiplier 
found in Section 11.2.1 and Section 11.2.3 of W42. If the particle s k  multipliers of each 
section are averaged, a ratio of 2.2 TSP ta 1 PMlU i S  fovnd. A standard conversion number 
such as this would not create the controversy that is expectad from the WVJ draft. 

Section 8.19.2 - Crushed Stone Processing 
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Mr. Ronald E. Myers 
April 22, 1994 
%e 2 

We have major problcms with the Filterable PM column as noted in &e fallowing comments: 

How can it be explained that the difference between Filterable PM (FPM) and PMlO for 
dry sweens is by a factor of 10, that for crushing is by a factor of IS, and that far 
conveying is by a factar of 25. This is the same type of dust. How can it be so 

The use of the old screen factor dcvebped by Engineering-Science, Inc. and currently 
in table 8.19.1-1. dated 9/91 is nnt an accurate comparison. This old scree0 was a mall 
&& Screen working in a dry sand and gravel operation in California. This appliition 
has ~ t h i i g  to do with inclined screens working in Limestone and granite. 

AP42, by definition. states that "total suspended particulates (TSP) is that rneamm4 by 
a standard high volume sampler. " Entropy was not instructd to dcterminc FPM as an 
emission factor. According to Dr. John Richards, Entropy would not be able to certify 
these FPM numbers as representing dependable data. Tbe data was not obtained using 
EPA reference methods and the procedure used by EPA to calculate the emission from 
ZOIA data has not been studied. Dr. Ricbsrds will be mponding to this $sue in mom 
detail later. 

In all of the documents we have seen relative to this testing program, the work 
assignment issued to Entropy hVbONnEdiSt, Inc. was to "conduct a set of emission 
teh at several stone cnrshfng plants to determine the PMlO emission factor." In 
addition, during the many meetings wlth Den& sbipmcn and Solomon Ricks, the only 
factor refereed tn wan PM10. FPM has never been mentioned throughout this entire 
testing program. 

different behvecn pieces of equipment? 

a 

Wc 81'e requesting that you please reconsider inc ludi  FPM in the new draft table. We 
need a singlt wnversion rehtionsbip between PMlO and TSP. We feel that this is very 
necessary since m y  states arc still askiug for TSP numbers. It would be very helpfi~l 
if wc could total up tho PMlO figures for tbe plant emissiorrs and then multiply this tow 
by one TSP convfrsion number. 

Anolher concern with the new table is the ratings. m's report State6 that the testing 
methods used duhg this entire project received an "A" rating for clan, but a "D" mliOg 
overall due to the testing of only a few plan@. Based on our undcrstatlding of crushed 
stone plants, we feel tbsr the mrcults collcctcd thus far could be duplicated at any numbu 
of additional plants. This testing series deserves at least a "B" rating. We ae collpemed 
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Mr. Ronald E. Myem 
April 22, 1% 
Page 3 

that the “Do d n g  will cause some agencies to insist on using the old numbers since the 
ratings are the mnc. 

In summary. we are fearful of thE FPM numbers showing up in the same table as the PMlO 
numbers. Please consider deleting this colurrm from the table. We will be glad to meet with 
you again to discuss this matter in more detail. Please give me a call here m Raleigh at 783- 
4631 if you have any questions rcgardiog the above comments or to m e  an additional 
meeting. 

Respectfully submitted, 

Horace WiUson 
Mennger 
Envimnmcntal Services 

HSWhp 

cc: James Southerland 
Dennis Shipmen 
Bill Ford 
Fred Allen 
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. _ -_ .  . ... , April 25, 1994 -.. 

Mr. Ronald E. Myers 
Emission Pactore and Methodologies Section 
Emission Inventory Branch 
offw of Air Quality Planning and Standards (MD-14) 
United States Environmental Prolarion Agency 
Reacarch Triangle Park, North Carolina 27711 

Dear Mr. Myers: 

I appreciate thig oppor~unity to wmmunicate with you on this topic of great importam to ~ l l r  indusw. 
We must strive for scimtiflc and awurate information when cnvironmenlal regulation is concerned. The 
time for usage of pre or Ul-conceivcd Information is past. The present NSA-=A pro]& for accurakty 
t-kmmmg emission factors should be replicated for all lndusay to work mqperatively w1tn EPA. uSf 
effdvdy maximizing the i n f o d o n  base for environmental projects. 

As a m b e r  of the NSA AP-42 Task group. I am familiar with he wnespondence from Mr. Wffllun 
Ford, P.6. who is Vice PKsidenI Environmental Programs of the NSA. I will state that I am in Camplete 
agreement with dl  the points he discussed in hls letter, M I am sure it is truly a representative rapme 
for all members of our associatioh As one who daily interacts with state and bGd ~CgubtorS.  i 
&cular?y going to expand on Ihe discussion of the inclualon of U M ~ ~ ~ S S U Y  filterable PM emission 
factors in Table 8.19.2-1. At first, the Inclueion of this information confused me and f have been ctosely 
o k N 1 ~  this project for s d  years. The opportunities for misuse of this infomation b enormous, 
being rhar I know of M appropriate regulatory use for this infonaarlon. The use of the filterable PM 
informatlon is not apparent to me and I am juslifably concerned that iu Inclusion is debimcotal to the 
uscability of the AP-42 document. 

The quality of rhe information generated is  obviously greater than the “D‘ rating as given the collective 
project. Most probably rbe @ropes inclusion of the California dry sand and gravel opcration data is 
responsible for this. I am aot in favor of diluting the properly designed testing p m g m  of crusher stone 
plards with thb outside i n f o d o n  and hereby reducing the effect of the sckntific procedures used. 
Great care WBS used to properly tepresent the induetry witb the input of EPA and NSA. I can not 
imagine a more thoughtfully designed projea with input from a mre diverse cross section of  regulators 
and industry than tb project. 1 would therefore reconrmcnd a “8’ rating for the AP42 factors BS 
represenretlve of the industry. 

Again, 1 would like to exteat my cangratulations on an excellent r w c h  projccl and my thank8 for the 
opportunlty to have n positive impact on the correct usage of AP42, a very vltal information sourca. 

. .  

Sincerely Yours, 

cc. Dennis Shipman 
Jim Southerland 

MIDSOUTH DIVISION I P.O. BCP( 7 - KNOXVILLE. TENNESSEE mm . TELEPHONE 61s 577.~511 

A 
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nsa National Stone Association 
1415 Elliot piece. N. W., Wushington, 0. C. 20007-2599 2OW342-1100 

I will be in Raleigh on Friday. Horace Wlllson and I would like to dmp by and visit with you 
and Jim Southerland for a few minutes Friday afternoon if your schedules permit. There are 
a few things we would like to touch base on! 

o We now have some cost estimates for the additional parameters we discussed earlier and 
would like to share that with you. 

Have we furnished everything you need In the way of comments on the draft AP-42 
Section? 

Will we be able to hit the May 1 deadline for the October revision of AP4!? 

o 

0 

Please call Christine Saunderson at 800/342-1415 and let her know if we can droip by for a few 
minutes. 

Thanks. 
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GARY D. RADABAUGH. Plesldenr JOHN T. BEARSS. Vice h i d e n 1  THOMAS P. MILLIGAN. T m m r  
MARSWIUVILLE, om0 MUMEE. OHIO SIDNEY, OHIO 

The Ohio Aggregates Association 

ROBERT A. WlLKINSON 20 SOUTH PnONT STREET. SUlTE 2M TELEPHONE 
MMSettg- mwMBus. OHIO 4321s AREA CODE 614 

224-2717 

April25 1994 

Mr. Ronald E. Myers 
Emission Factors and Methodologies Section 
EmissiOn Inventory Branch 
Offk of Air Quality Planning 8i Standards (MD-14) 
United Stutes Environmental Protection Agency 
Research Triangle Park. North Carolina 27711 

Fax #: (919) 541-0684 

Dear Mr. Myers: 

We have had a chance to review the draftAP42 Section 8.19.2 Crushed Stone 
processing report. We would like to complement EPA and NSA on the work that 
went into producing this document. 

The Ohio Aggregates Association only has two suggestions towards making 

1) 

this a more ueable reference: 

We feel the reference to Filterable PM should be removed. It 
appears to us thess factors just add confusion to those using the 
document. 

A note or explanation that an estimate of TSP(P&) can be 
obtained by multiplymg the new PMIO value by 2.2. Ohio EPA 
has a lot of TSP data, but not much PMI. data on our type 
operations. A suggested conversion factor would help both the 
regulated community and the regulators. 

2) 

W e  appreciate the opportunity to review and comment on AP-42 draft. 

Siucerely, 

Robert A. WWSOB. P.E. 
Managing Director 
OHIO AGGREGATES ASSOCIATION 
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April 25,1994 

Mr. Ronald E. Myers 
Emission Factors and Methodologies Section 
Emission Inventory Branch 
Office of Air Quality Planning and Standards (MD-14) 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 2771 I 

RE: Draft M-42 Section 8.19.2 

Dear Mr. Myers: 

I am writing in response to the recently released draft AP-42 SECTION 8.19.2 CRUSHED 
STONE PROCESSING and the comsponding background report The Virgmia Aggregates 
Association (VAA) is a state-based trade association whose members account for over 80 
percent of the total annual non-fuel mineral production in Virginia Virginia has consistently 
been ranked in the top ten nationally in tdal annual crushed stone production. On behalf of the 
VAA member companies I appreciate the opportunity to comment on the above referenced draft. 

First, let me note that I have reviewed National Stone Association’s (NSA) letter to you of April 
22, 1994 and l l l y  support the comments contained therein. For brevity, 1 will  not repeat the 
entire body of Mr. Ford’s letter. Howver, there are a numbcr of critical points in his 
correspondence which are worthy of specific emphasis. They are: 

1) Filterable PM emission factors should not be included in this e d h n  of AP- 
42. PMlo is the criteria pollutant for Partjculafe matter and AP-42 should not include 
emission factors for other pollutants According to the MRI background document 
“Methd 102A is not thc reference test method for quanti!jmg filterable PM 
emissions, ...” I fail to see justification in including such questionable data in the results 
of a t b  year test program that used standard testing procedures to develop more 
accurate data on a specific pollutant (i.e. PM,,,). Including filterable PM factors will only 
lead to confusion within bath the regulatory and xegulated community. 
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Mr. Ronald E. Myers 
Page 2 of 2 
April 25,1994 

2) Tbe “D” ratings given to the PMlo emission factom are much too low. In 
review of  Section 5.3 of EPA’s October 1993 manual. Tecbnioal Ptbcedurts for 
DeveloDiggAP 4 2  Emission Factors an d Premuin~ M-42 Sections there does not appear 
to be a basis for such low emission factor ratings. nK individual test arc d “A” rated. 

For many months, the VAA has been wow with our state air mguJalory agency to 
encourage their early adoption of the new emission factors. A very compKng feasan for 
this action is the quality ofthe new data compared to the old data. By EPA adopting ad 
unreasonably low rating for the new emission factors what impetus is there for my stste 
agency to use these new factors? Considerable time, money and &mt went into the 
testing program by & EPA aod industry. I would hope this collabora!ive effort was not 
in vain. 

VAA appreciates the opportunity to comment on the proposed draft Ap-42 section Should you 
have any questions ~gardmg the issues raised please do not hesitate to tontact me directly. 

Executive Director 

TEWnmd 

CC: Jim Southerland (EPA) 
Dennis Shipman ( P A )  
W i U b  Ford(NSA) 

WiUaord\k\mya~doc 



National Stone Association 
1415 Elllot Place, N.W. 0 Warhlngton, D.C. 20007-2599 0 202B42-1100 

April 22, 1994 

Mr. Ronald E. Myers 
Emission Factors and Methodologies Section 
Emission Inventory Branch 
Office of Air Quality Planning and Standards (MD-14) 
United States Environmental Protection Agency 
Research Triangle Park, North Carolina 2771 1 

Dear Mr. Myers: 

Thank you for your recent letter and the enclosed copy of the draft AP-42 SECTION 8.19.2 
CRUSHED STONE PROCESSING and the corresponding background report for the section. 
The National Stone Association (NSA), as the national trade association representing the many 
interests of the crushed stone industry, and whose over 500 members account for approximately 
80 percent of the annual United States production of crushed stone, appreciates the opportunity 
to review and comment on the draft section. 

NSA has also appreciated the opportunity to work with EPA over the last three years in  the 
cooperative project to develop high-quality, accurate measurements of PM,, emissions from 
crushed stone operations. We believe the project has been extremely successful and has made 
a positive contribution to the nation’s scientific database on air emissions. 

While the draft AP-42 Section 8.19.2 is generally satisfactory, we have comments on four areas 
and some minor clean-up suggestions. Our comments and suggestions follow. 

The following changes should be made to Section 8.19.2.1 Process Description. Strikeouts 
indicate text which should be removed and !inderlining indicates suggested additional text: 

0 

0 

0 

Paragraph 3, line 4: Jaw, inloactor; or gyratory crushers 

Paragraph 3, line 7: .,.a surge pile for temporary storage: or sold as coarse aggregates. 

Paragraph 5 ,  line 1: Tertiary crushing is usually performed using cone crushers or 
hmmew+i+h other tyoes of impactor crushers. 

Paragraph 5, line 5 :  . . .p  roduct bins or to open area stockpiles:. or to other orocessing 
systems. such as washino-. air seDarators. screens and classifiers for the Droduction of 
manufactured sand. 

0 

0 Paragraph 6: This paragraph should be deleted. 
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Filterable PM 
PM should be defined as particulate matter that includes only those particles with an 
aerodynamic diameter less than or equal to a nominal ten micrometers. 

Filterable PM emission factors should not be included in  this edition of AP-42. Including 
Filterable PM emission factors is misleading and will lead to confusion. 

0 The National Ambient Air Quality Standard is now PM,,. It has been PM,, for more 
than six years. According to 40 CFR 50.6 (c), "For the purpose of determining 
attainment of the primary and secondary standards, particulate matter shall be measured 
in the ambient air as PM,, (particles with an aerodynamic diameter less than or equal to 
a nominal 10 micrometers) by.. , 'I. 

Since PM,, is now the criteria pollutant, there is no reason to include emission factors 
for Filterable PM in AP-42. To do so only creates confusion among the users of the 
document and lessens the credibility of AP-42. 

The only potential argument for considering Filterable PM might fall under NSPS 
Subpart 000, which includes a standard of 0.05 g/dscm particulate matter, which ties 
back to the particulate measured by Method 5 or Method 17. Had EPA revised and 
updated the NSPS rule in a timely manner as required by law, that standard would not 
remain as it is. Further, the NSPS rule requires that a measurement be made. 
Compliance cannot be determined using an emission factor. Finally, information we 
have received from members around the country calculating emissions using the new data 
indicates that most, if not all, plants will fall under the 100 ton limit set out i n  Title V 
of the Clean Air Act Amendments. 

In short, even the outdated NSPS rule does not support the argument for including 
Filterable PM in the new AP-42 section. In addition, Subpart 000 should be re- 
promulgated in terms of PM,,. 

The new operating permit fee program under Title V of the Clean Air Act Amendments 
of 1990 is intended to generate revenue for states to use to operate their air pollution 
control programs. It provides an incentive for states to use the largest numbers available 
as the basis for their fee programs. As the draft section is currently written, there will 
be an inclination for the states to use the numbers for Filterable PM, which are larger 
than the numbers for PM,o. 

Filterable PM represents all particulates caught by the filter, including the big stuff. As 
noted under 8.19.2.2 Emissions and Controls, "A substantial portion of these emissions 
consists of heavy particles that may settle out within the plant." TSP, as it has been used 
by the states up to now, and as shown in Table 8.19.2-1 i n  the current version of AP-42, 
is PM,,. Unless states using 
Filterable PM as a substitute for TSP,, go through the public rule-making process and 
promulgate new rules based on Filterable PM, they will be regulating a different 
parameter without the benefit of public input. 

0 

o 

0 

0 

There is a difference between the two parameters. 
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o The background document from MRI notes on pages 9 - 12, in  reference citations 3 - 8, 
that "Method 201A is not the reference test method for quantifying filterable PM 
emissions,...". The author goes on to say that "the preseperator and filter catch for the 
method should provide represenfafive results for filterable PM" (emphasis added). We 
believe this is a poor approach and does not represent good science. If Filterable PM 
values are to be included, they should be measured using the reference test method. 

Including the Filterable PM emission factors in Table 8.19.2-1 in a column adjacent to 
the PM,, emission factors based on high quality, " A "  rated data creates the impression 
that the Filterable PM emission factors are of equal quality to the PM,, emission factors. 
They were not measured using the reference test method and they are not of equal 
quality. 

We have been working cooperatively with EPA on the test program for three years. 
Until our meeting with you and Jim Southerland on April 13, 1994, no mention has been 
made of Filterable PM. If there is evidence that Filterable PM will become a criteria 
pollutant in  the next few years, subsequent testing should be designed to gather high 
quality data to serve as the basis for eventual Filterable PM emission factors. Adding 
Filterable PM at this point as an apparent afterthought, without an opportunity to build 
it into the testing program, is bad science and bad policy. 

We recommend deleting Filterable PM from this edition of AP-42. If  the Agency is 
moving in the direction of rule-making involving Filterable PM, we should incorporate 
it into our testing program and begin developing sound data for future use. 

0 

If there is interest in providing guidance on total particulates, at least as an interim measure, we 
suggest an approach based on the particle size multipliers in the current edition of AP-42. A 
note could be added to the new section advising that an estimate of TSP (PM,,) can be obtained 
by multiplying the new PM,, values by 2.2 (The average of the particle size multipliers in 
Section 11.2.1 and Section 11.2.3 of the current AP-42). This would give the states a way to 
estimate PM,, and may help keep them from having to re-promulgate rules because the definition 
of TSP has changed. 

Data from several tests which are not representative of typical stone crushing plants have been 
included and should be removed. The data from Reference I O  was part of the data set for 
screening operations. This data was from Engineering-Science tests of horizontal screens at two 
dry sand and gravel operations in California, not stone crushing operations, and should be 
deleted from the stone crushing section of AP-42. 

Emission Factor Ratings 
NSA disagrees with the "D" ratings given to the PM,, emission factors. This is not consistent 
with the criteria specified on page 28 of Technical Procedures for Developing AP-42 emission 
Factors and Preparing AP-42 Sections. The "D" ratings apply to data sets which have the 



following characteristics: 
0 
0 

0 

Based on A and B rated test data 
"...reason to suspect that these facilities do not represent a random sample of the 
industry." 
Evidence of variability within the source population. 

With the exception of the Engineering-Science tests of sand and gravel plants (which do not 
belong in this data set) all of the tests have been "A" rated. There are no "B" rated tests. 

While not spelled out in the test reports, Entropy, NSA and EPA made a very determined effort 
to find plants that were representative. Entropy, NSA and EPA personnel visited a large number 
of facilities in North Carolina, Virginia, Tennessee and Maryland. A significant pre-survey was 
also conducted prior to the tests in North Carolina and Virginia. Throughout the three year test 
program there has not been an attempt to find the best or worst facilities for emission testing. 

The emission factor tests at the various plants tested exhibited surprisingly little variability. 
There is no valid reason to discredit the data with a "D" rating. 

The "B" rating appears to be very consistent with the stone crushing emission factor data set 
(References 3 - 8). All of these tests are "A" rated, the tests were conducted at a number of 
different facilities representative of the overall industry and the data are sufficiently precise. 

By not using EPA's published criteria and by adopting a very low rating for the new emission 
factors, EPA is discrediting the data developed jointly by its own Emission Inventory Branch 
and NSA. State regulatory agencies could very easily dismiss the new data (which has been 
obtained at considerable cost and effort) as no better than the earlier versions of AP-42 emission 
factors. The "D" rating is inappropriate and serves as a disincentive to future joint efforts 
involving EPA and private organizations. 

The new emission factors for crushing, screening and transfer points should receive at least a 
"B" rating. 

Miscellaneoris 
PM-10 should be written PM,,. 

Paragraph 1 of Section 8.19.2.2 Emissions and Controls should be modified as follows (line 6): 
... re-entrainment of settled dust by wind or machine movement. All Drocessing emissions exceDt 
baehouses or enclosed buildings with a forced air vent or stack should be considered fugitive 
emissions. Factors affecting emissions ... 

Fines crushing in Table 8.19.2-1 should be defined to prevent confusion 

With regard to the background report, line 10 of I .  INTRODUCTION should be revised as 
follows: ... and industry practices; 

This appears to be hold-over language from last year's draft. We have now finished the test 
program for crushers, screens and transfer points. 

. .  
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On page 15 of the background document, in paragraph 1 under 111. RESULTS OF DATA 
ANALYSIS, the statement is made that the emission factors for tertiary crushing can be used 
as an upper limit for secondary crushing. Since footnote f of Table 8.19.2-1 notes that emission 
factors for tertiary crushing can be used as an upper l imit  for both primary and secondary 
crushing, this paragraph should be corrected to include primary crushing so that it corresponds 
with the table. 

There are several rounding errors: 
Fines crushing (3-05-020-05) - 0.01446 rounds to 0.014, not 0.015. 

Fines screening (3-05-020) - 0.07041 rounds to 0.070, not 0.071 

Transfer point with wet suppression (3-05-020-06) - rounds to 0.000046, not 0.000048. 

And two typos: 
Fines screening with .wet suppression (3-05-020) - should be 0.00184, not 0.0021 

Truck loading-conveyor: crushed stone (3-05-020-32) - should be 0.00010, not 0.0010. 
The metric version needs to be checked also. 

In summary, NSA requests that the following changes be made to the draft AP-42 SECTION 
8.19.2 CRUSHED STONE PROCESSING: 
1. 

2. 

The process description should be changed as indicated to make it accurate. 

The emission factors for Filterable PM should be removed from the document. 

3.  A note that TSP can be estimated by multiplying the PM,,, values by 2.2 should be added 
to give state regulators guidance on TSP values. 

The emission factor ratings based on the new test data should be changed to "B". 

The miscellaneous changes as noted should be made. 

4. 

5 .  

NSA appreciates the opportunity to comment on the proposed draft AP-42 section. We look 
forward to continuing to work cooperatively with EPA in developing other high-quality additions 
to the air emissions database in the future. 

Sincerely, 

William C. Ford, P.E. 
Vice President Environmental Programs 

cc: Jim Southerland 
Dennis Shipman 
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April 22, 1994 

Mr. Ronald E. Myers 

U.S. Environmental Protection Agency 
Research Triangle Park, North Carolina 2771 1 

Subject: Emission Factors 

EPA/EIB/EFMS (MD- 14) 

Section 8.19.2 - Crushed Stone Processing 

Dear Mr. Myers: 

We appreciate the time you and Mr. James Southerland took to meet with us on April 13, 1994 
to review the latest draft of Section 8.19.2. 

As you know, we have been working very closely with EPA and Entropy Environmentalist, Inc. 
since the middle of 1991 to develop numbers that would better reflect the emissions from our 
industry. This has been accomplished by the Entropy testing program which covered seven 
different crushed stone operations located in North Carolina, Virginia and Tennessee. Industry 
members were present during a majority of the testing at all seven locations. 

We feel that the PMlO results from these studies are the best numbers by far for the crushed 
stone industry. We were glad to see that these numbers, with minor changes, have found their 
way into table 8.19.2-1. We are, however, surprised to see another column of numbers noted 
as Filterable PM. As you may recall, we had not seen this term or the numbers before our 9:00 
a.m. meeting. This last minute addition has created a major concern with our industry. 

It appears from your comments that this filterable PM number includes all of the material 
captured by the testing device, suspended or otherwise, and that this column could be used to 
represent TSP numbers. If this is the case, we feel that the publishing of this table will create 
more controversy than has ever been experienced in the past. 

We were hoping that a conversion from PMlO to TSP could be accomplished by using one 
standard conversion number. Such a number currently exists by using the particle size multiplier 
found in Section 11.2.1 and Section 11.2.3 of AP-42. If the particle size multipliers of each 
section are averaged, a ratio of 2.2 TSP to 1 PMlO is found. A standard conversion number 
such as this would not create the controversy that is expected from the new draft. 
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We have major problems wi the Filteral: ~ Pfi cc mn as noted in the following comments: 

How can it be explained that the difference between Filterable PM (FPM) and PMlO for 
dry screens is by a factor of 10, that for crushing is by a factor of 15, and that for 
conveying is by a factor of 25. This is the same type of dust. How can it be so 
different between pieces of equipment? 

The use of the old screen factor developed by Engineering-Science, Inc. and currently 
in table 8.19.1-1, dated 9/91 is not an accurate comparison. This old screen was a small 
- flat screen working in a dry sand and gravel operation in California. This application 
has nothing to do with inclined screens working in limestone and granite. 

AP42, by definition, states that "total suspended particulates (TSP) is that measured by 
a standard high volume sampler. " Entropy was not instructed to determine FPM as an 
emission factor. According to Dr. John Richards, Entropy would not be able to certify 
these FPM numbers as representing dependable data. The data was not obtained using 
EPA reference methods and the procedure used by EPA to calculate the emission from 
201A data has not been studied. Dr. Richards will be responding to this issue in more 
detail later. 

In all of the documents we have seen relative to this testing program, the work 
assignment issued to Entropy Environmentalist, Inc. was to "conduct a set of emission 
tests at several stone crushing plants to determine the PMlO emission factor." In 
addition, during the many meetings with Dennis Shipmen and Solomon Ricks, the only 
factor refereed to was PM10. FPM has never been mentioned throughout this entire 
testing program. 

We are requesting that you please reconsider including FPM in the new draft table. We 
need a single conversion relationship between PMlO and TSP. We feel that this is very 
necessary since many states are still asking for TSP numbers. It would be very helpful 
if we could total up the PMlO figures for the plant emissions and then multiply this total 
by one TSP conversion number. 

Another concern with the new table is the ratings. MRI's report states that the testing 
methods used during this entire project received an "A" rating for data, but a "D" rating 
overall due to the testing of only a few plants. Based on our understanding of crushed 
stone plants, we feel that the results collected thus far could be duplicated at any number 
of additional plants. This testing series deserves at least a "B" rating. We are concerned 

0 
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that the "D" rating will cause some agencies to insist on using the old numbers since the 
ratings are the same. 

In summary, we are fearful of the FPM numbers showing up in the same table as the PMlO 
numbers. Please consider deleting this column from the table. We will be glad to meet with 
you again to discuss this matter in more detail. Please give me a call here in Raleigh at 783- 
4631 if you have any questions regarding the above comments or to arrange an additional 
meeting. 

Respectfully submitted, 

Horace Willson 
Manager 
Environmental Services 

HSWlbp 

cc: James Southerland 
Dennis Shipmen 
Bill Ford 
Fred Allen 
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William C. Ford, P.E. 
Vice-president Environmental Programs 
National Stone Association 
1415 Elliot Place, NW 
Washington, DC 20007-2599 

Dear Mr. Ford: 

I have reviewed the May 8 ,  1995 test plan proposal entitled 
"Determination of PM-10 Emission Factors for a Quarry Haul Road 
for a Stone Crushing Plant" prepared by John Richards, PhD., P.E. 
and Todd Brozell of Air Control Techniques, P.C. for the National 
Stone Association. Other EPA staff which have assisted in this 
review include Roy Huntley and Solomon Ricks. In the review of 
this test plan the primary criteria used is to recommend the use 
of established testing procedures that will collect particulate 
emission information to satisfy our immediate mutual needs and 
also satisfy potential future needs that can be identified. In 
addition, I have included recommendations that will satisfy the 
needs of other air pollution users where that can be satisfied 
for minimal expenditure of resources. 

I would first like to apologize for the time that it has 
taken to provide you with a review of the test plan. I would 
also like to apologize for what may seem like a change in the 
direction that it seems that we are recommending be taken in the 
testing of these fugitive emission sources. However, I would 
prefer that the information collected be of comparable quality to 
the information that the Agency has used to establish the 
existing emission factors for unpaved roads and other fugitive 
sources. I do not hesitate to use novel sampling methods when 
there are not established protocols or when the protocols that 
have been established have serious flaws. However, whenever 
there are established protocols, those should be preferred and if 
there is some reason that they are not preferred then additional 
procedures should be incorporated in the test plan to allow valid 
comparisons of the collected data with the standard 
methodologies. 
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It appears that the air flow of the fans is sufficient to 
provide a capture hood face velocity of only about 60 ft/minute. 
This is significantly lower that the desired face velocity for 
this system of 150 ft/min and the stated capture velocity of 130 
ft/min. It is recommended that the fan size be increased to more 
closely achieve the desired face velocity of the hooding system. 
As a quality control check of this face velocity, it is 
recommended that velocity measurements at the face of the hood be 
made and included in the test report. The air flow provided by 
the fans used to push the air at the upwind locations are not 
indicated. The upwind air flow should meet the following 
criteria: 

X Q2 
1 

D X E  Ql = 

Where Q, is the upwind airflow, Q2 is the airflow of the 
capture hood system, D is the throw length distance (between the 
fans and the hood) and E is an entrainment factor which is 0.7 
for throw lengths in excess of 24 feet. As a quality control 
check the air flows from the upwind fans should be verified and 
included in the test report. As suggested by Dr. John Richards 
in our meeting of April 27, a flange should be used to extend the 
effective capture height of the hood system. Although the flange 
height will be limited by structural considerations, it is 
believed that a height of more than 14 ft would not be 
beneficial. This is based upon an estimated velocity toward the 
hood system at the highest point be at least 10% of the average 
capture velocity of the hood (reference ACGIH Industrial 
Ventilation, A Manual of Recommended Practice). I have attached 
the relevant pages from the ACGIH manual for the above 
calculations. 

As you may be aware, the method that has historically been 
used to quantify emissions from unpaved and paved roads is a 
profiling tower to quantify total particulate and to obtain 
particle size distributions. See the attached pages from the 
Southern Research Institute "Critical Review of Open Source 
Particulate Emission Measurements" and the Emission Measurements 
Laboratory study "Review of Methods for Measuring Fugitive PM-10 
Emission Rates". The historical methodology has incorporated 
preferred sampling heights for total particulate mass at 1.5, 
2.5, 4.0, 6.0, 7.5 and 10 meters using isokinetic samplers 
because significant exposures have been documented up to 9 
meters. In addition, concurrent particle sizing devices are 
included in the profiling tower at 1.5, 4.5, and 7 . 0  meters. 
This historical sampling methodology has documented maximum 
exposure values at between 1.5 and 2 meters. This is the 
methodology that has been used to quantify emissions for the data 
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base supporting the unpaved roads emission factor. The test 
procedure recommended by Air Control Techniques, P.C. differs 
substantially from the established methodology that has received 
critical review and provides good results. The most significant 
differences and their estimated effects are 1) that because the 
highest sampling height of the hood system is only 4.2 meters (14 
feet), only approximately 50% of the effective area of emissions 
are captured, and 2) that because the sampling is not being 
conducted isokinetically, the area where the maximum exposure 
values have been historically measured may be over sampled. The 
comparison of results from different tests using the same 
measurement method is difficult enough. The introduction of a 
sampling method that has not undergone critical review or a 
comparison with the established methodology complicates any 
comparison further. 

However, this method does appear to offer advantages with 
respect to decreased reliance on ambient wind conditions, 
relative wind directions to the road segment being tested, 
avoidance of interfering sources of particulate emissions and 
physical constraints at typical stone quarries that may be 
selected for performing the test program. It is believed that 
the obstacles to using the procedure recommended could be 
overcome by incorporating the use of gas tracer measurements into 
the QA/QC procedures of the test program. By using the 
quantitative release of an inert, non-toxic, stable gas to 
quantify the over/under sampling of the particulate (primarily 
that particulate smaller than 10 p meter), the usefulness of the 
emissions quantified during this test program would be improved 
to the level of the measurements that have been made for unpaved 
road emissions factors using the established methodologies. It 
is recommended that the tracer gas be released from the lower 
portion of the haul trucks so as to represent not only the dust 
entrained within the capture area of the hood system but also to 
represent the dust entrained and carried into the capture area of 
the hood system by the truck. A study by Russell G. Frankel on 
the accuracy of Gas Tracer Measurements of Fugitive Dust 
Emissions is attached. 

In section 2.2, there is a statement that the standard 
operating procedures for Method 201a will be followed. However, 
later a statement that single point measurements will be made 
since the hood sampling systems will serve as a mixing chamber 
for the swirling emissions from the haul road. The standard 
operating procedures for Method 201a involve a full traverse even 
when emissions are fully mixed and sampling location criteria 
have been met. It is recommended that a full traverse be 
performed using two ports (one at the top of the duct and.one 9 0 °  
off of vertical. In addition, this section indicates that the 
standard Method 201a procedures will be modified at the request 
of the U.S. EPA in order to measure total filterable particulate. 
No modifications of the sampling train are required in order to 
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measure the filterable particulate collected in the cyclone. The 
gas flow disturbance from large diameter cyclone are not 
significant when the duct diameters are as large as are proposed 
for this test. It is also recommended that the emission testers 
plan to achieve isokinetics within *lo%. 

In section 2.3.2, there is a procedure for sampling and 
analyzing the road material. The procedure does not follow the 
methodology that has been established for unpaved road surfaces. 
In addition, the drying procedure described does not follow the 
recommended procedure. The established procedure for sampling 
from unpaved roadways is to mark a 0.3M wide portion of the road 
surface (full width). Sweep the loose surface material from the 
hard base (avoiding any mounded material along the road 
centerline). This procedure for collecting the sample is 
described in more detail in the attached Appendix C.l of AP-42 
Sth Edition. The drying procedure uses an oven of 230° F and a 
drying time of overnight. The procedure for drying the sample is 
described in more detail in the attached Appendix C.2 of AP-42 
5th Edition. 

In section 2.3.3, there is a procedure for analyzing the 
fines content of the road dust collected. This does not appear 
to follow the recommended laboratory procedure for surface/bulk 
materials. The stated procedure lists the use of a 325 mesh 
sizing pan and has 75 micron in parenthesis following that 
statement. The recommended laboratory procedure is to use a 200 
mesh screen. The stated size is the same and the number in the 
test plan may be a typographical error. The recommended 
procedure is contained in Appendix C.2 of AP-42 5th Edition. 

I have noted that only Filterable PM-10 and Filterable 
Particulate are included in the test plan. With the increased 
emphasis that is being placed on particulate in the smaller size 
ranges, I would suggest that serious consideration be given to 
extending the usefulness of this test data by obtaining particle 
size distribution data through the use of a concurrent analysis 
using some type of cascade impactor. 

I appreciate the National Stone Association allowing me to 
review the test plan and provide the above recommendations on 
improving the haul road test. I also appreciate the Associations 
willingness to expend resources and staff time in the development 
of information that will lead to an improved knowledge of the 
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emissions that are generated by process operations of member 
companies. As always, should you wish to discuss my 
recommendations or how the Agency may be of assistance please 
call me at (919) 541-5407. I look forward to the two haul road 
tests that you have planned. 

Sincerely, 

Ronald E. Myers 
Emission Factor and Inventory Group 

6 Enclosures 

cc: Roy Huntley, EFIG without Enclosures 
Bill Lamason, SCG-B without Enclosures 
John Richards, Air Control Techniques w/ Enclosures 
Solomon Ricks, SCG-B without Enclosures 
Jim Southerland, EFIG without Enclosures 
Henry Thomas, EMAD withoutEnclosures 

OAQPS:EMAD:EFIO:MYERS:sw:42OlALW(:618195:HAULrRD.EVL(Mabley'a Purple Lsbel rreaM618195) 



34/22/1994 16: 58 262-342-0782 NATIONAL STONE ASSOC PAGE 01 

nsa National Stone Association 
1415 Ellot Place. N. W., Washington. D.C. 20007-2599 202/342- I100 

FAX Y t 9W541-0684 

W e  transmit from 202-342-0702. If YOU do not receive the mes clearly. call me at BOO- 11 . -  
342-1415 -t 202-342-1100.' 1 

Please see atrached. 



~~~ ~ 

84/22/1994 16: 58 282-342-8782 NATIONAL STONE ASSOC PAGE 02 

Natlonal Stone Asoclatlon 
14lSEllm m, N.V. 0 W&h#tab D.C lQQ07-UW ¶ O W - 1  IQO 

April 22. 1994 

Mr. Ronald E. Myers 
Emission Factors and Methodologies Section 
Emission Inventory Branch 
Office of Air Quality Planning and Standards (MD-14) 
Unitad States Environmental Protection Agency 
Research Triangle Park, North Carolina 2771 1 

Dear Mr. M y m :  

Thank you for your recent letter and the enclosed copy of the draft AP-42 SECTION 8.19.2 
CRUSHED STONE PROCESSING and the corresponding background report for the section. 
The National Stone Association (NSA), as the national uade association representing the many 
interests of !he crushed stone industry, and whose over 500 members account for appmximately 
80 percent of the annual United States production of crushed stone, appreciates the opportunity 
to review and comment on the draft section. 

NSA has also appreciated the opportunity to work with EPA over the last three years in the 
moperative project to develop high-quality, accurate measurements of PM,, emissions from 
crushed stone operations. We believe the project has been extremely successful and h a s  made 
a positive contribution to the nation's scientific database on air emissions. 

While the draft AP-42 Section 8.19.2 is generally satisfactory, we have comments on four areas 
and some minor clean-up suggestions. Our comments and suggestions follow. - 
The following changes should be made to Section 8.19.2.1 Process Description. Strikeouts 
indicate text which should be removed and underlining indicates suggested additional text: 

o 

o 

o 

Paragraph 3, line 4: law, m: or gyratory crushers .... 
Paragraph 3, line 7: ... a surge pile for temporary storage 

Paragraph 5 ,  line 1: Tertiary crushing i s  usually performed using cone crushers or 
Q&-&ps of I-. 

o Paragraph 5, line 5:  ...p d u c t  bins or to open area stockpile*+ or 10 0- 
Svstems. such as was-rato rs. scree ns and classifiers for the u r d  ucltipnf 
manufactured. 

o Paragraph 6 This paragraph should be deleted. 
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BlternblePM 
PM should be ddined as particulate matter that includes only those particles with an 
aemdynamic diameter less than or q u a l  to a nominal ten micrometers. 

Filterable PM emission factors should not be included in this edition of AP42. Including 
Fdtcrable PM emission factors is misleading and will lead to confusion. 

o The National Ambient Air Quality Standard is now PM,,. It has been PM,, for more 
than six ycars. According to 40 CFR 50.6 (c), "For the p u r p ~ w  of determining 
attainment of the primary and secondary standards, particulate matter shall be measured 
in the ambient air as PMlo (particles with an aerodynamic diameter less than or equal to 
a nominal IO micrometers) by...". 

Since PMIo is now the criteria pollutant, there is no reason to include emission factors 
for Filterable PM in AP-42. To do so only cmtes confusion among the users of the 
document and Lessens the credibility of AP-42. 

The only potential argument for considering Filterable PM might fall under NSPS 
Subpart OOO. which includes a standard of 0.05 g/dscm particulate matter, which ties 
back to the particulate measured by Method 5 or Method 17. Had EPA revised and 
updated the NSPS rule in a timely manner as required by law, that standard would noc 
remain as it is. Further. the NSPS rule requires that a measurement be made. 
Compliance Cannot be determined using an emission factor. Finally, information we 
have received from members around the country calculating emissions using the new data 
indicates that most, if not all, plants will fall under the 100 ton limit set out in Title V 
of the Clean Air Act Amendments. 

In short, even the outdated NSPS rule does not support the argument for including 
Filterable PM in the new AP-42 section. In addition, Subpart 000 should be re- 
promulgated in terms of PM,o. 

The new operating permit fee program under Title V of the Clean Air Act Amendments 
of 1990 is intended to generate revenue for states to use to operate their air pollution 
control programs. It provides incentive for states to use the largest numbers available 
as the basis far their fee programs. As the draft section is currently written, them will 
be an inclination for the stam to use the numbers for Filterable PM, which are larger 
than the numbers for PM,,. 

Filterable PM represents all particulates caught by the filter, including the big stuff. As 
notad under 8.19.2.2 Emissions and Controls, "A substantial portion of these emissions 
consists Of  heavy particles that may settle out within the plant." TSP, as it has been ured 
by the states up to now, and as shown in Table 8.19.2-1 in the current version of AP-42, 
is PMm Unless states using 
Filterable PM as a substitute for TSP,, go through the public rule-making process and 
promulgate new rules based on Filterable PM, they will be regulating a different 
perameter without the benefit of public input. 

0 

o 

o 

0 

There is a difference between the two parameters. 
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0 The background document from MRI nota on pages 9 - 12, in reference citations 3 - 8 ,  
that 'Method 201A is not the reference test method for quantifying filterable PM 
emissions.. . ." . The author goes on to say that "the presepator and filter catch for the 
method should w i d e  repnsenrut&e result# for filttrable PM" (emphasis addcd). We 
believe this is a poor approach and does not 1q-t gmd science. If Filterable PM 
values am to be included. they should be mtasurcd using the reference test method. 

Including the Filterable PM emission factors in Table 8.19.2-1 in a column adjacent to 
the PM,, emisskm fa&tors based on high quality, "A" rated data creates the impmsion 
that the Filterable PM emission factors are of qual  quality to the emission facton. 
They were not measured using the reference test method and they are not of equal 

W e  have been working Coopeatively with EPA on the test program for three y m .  
Until our meeting with you and Jim Southerland on April 13, 1994, no mention has been 
made of Filterable PM. If there is evidence that Filterable PM will become a criteria 
pollutant in the next few years, subsequent testing should be designed to gather high 
quality data u) Serve as the basis for eventual Filterable PM emission factors. Adding 
Filterable PM at this point as an apparent afknhought, without an opponunity to build 
it into the testing program, is bad science and bad policy. 

W e  remmnend dclaing Filterable PM from this edition of AP-42. If the Agency is 
moving in the direction of rule-making involving Filterable PM, we should incorporate 
it into our testing program and begin developing sound data for future use. 

quality. 

o 

If there is interest in providing guidance on total paniculate& at least as an interim measure, we 
suggest an approach based on the particle size multipliers in the current edition of AP-42. A 
note could be added to the new section advising that an estimate of TSP (PM,,) can be obtained 
by multiplying the new PM,, values by 2.2 (The average of the particle size multipliers in 
Section 11.2.1 and Section 11.2.3 of the current AP-42). This would give the states a way to 
estimate PMa0 and may help keep them from having to rcpromulgate rules because the definition 
of TSP has changed. - 
Data from several tests which are not representative of typical stone crushing plants have been 
included and should be removed. The data from' Reference IO was part of the data set for 
scmning operations. This data was from Engineering-Science tests of horizontal screens at two 
dry sand and gravel operations in California, not stone crushing operations, and should be 
deleted from the stone crushing section of AP-42. - 
NSA diagagrees with Ihe "D' ratings given to the PM,, emission factors. This is not consistent 
with the criteria specified on page 28 of Technlcal Proceduresfor Developing AP-42 emission 
Factom and frepariq AP42 Secrions. The "D" ratings apply to data sets which have the 



. 4 04/22/1394 16:58 262-342-8782 NATION& STONE AS% PAGE 85 

\ 
-4- 

following chamchistier: 
Based on A and B rated test data 
'...reawn to suspect that these facilities do not represent a random sample of the 
industry." 
Evidence of variability within the source population. 

0 
0 

0 

With the exception of the Engincuing-Science tests of sand and gravel plants (which do not 
belong in this data set) all of the tsts have been "A" rated. There arc no "B" rated tests. 

while not spelled out in the test reports, Entropy, NSA and EPA made a very determined effort 
to find plants that were r e p m t a t i v e .  Entropy, NSA and EPA personnel visited a large number 
of facilities in North Camlina, Viwinia, Tennessee and Maryland. A significant pre-survey was 
alsa conducted prior to the tesh in North Carolina and Virginia. Throughout the three year test 
program there has not bem an attempt to find the best or worst facilities for emission testing. 

The emission factor tests at the various plants tested exhibited surprisingly little variability. 
There is no valid reason to discredit the data with a "D" raring. 

The 'B" rating appears to be very consistent with the stone crushing emission factor data set 
(References 3 - 8). All of thesc tests are "A" rated, the tests were conducted at a number of 
different facilities representative of the overall industry and the data are sufficiently precise. 

By not using EPA's published criteria and by adopting a very low rating for the new emission 
factors. EPA is discrediting the data developed jointly by its own Emission Inventory B m c h  
and NSA. Smte regulatory agencies could very easily dismiss the new data (which has been 
oblained at considerable cost and effort) as no better than the earlier versions of AP-42 emission 
factors. The " D  rating is inappropriate and serves as a disincentive to future joint efforts 
involving EPA and private organizations. 

The new emission factors for crushing, screening and tmsfer points should receive at least a 
"B' rating. 

Misrcllemous 
PM-IO should be written PM,* 

Paragraph 1 of Section 8.19.2.2 Emissions and Controls should be modified as follows (line 6): 
... re-enuainmentof settled dust by wind or machine movement. 
-1dines &I a forced a ir vent ~t SU shou Id be con- fueitivc 
emissionS. Factors affecting emissions.. . 
Fines crushing in Table 8.19.2-1 should be defined to prevent confusion. 

With regard to the background report, line 10 of 1. INTRODUCTION should be revised as 
follows: ... and industry practices; 

This appears to be hold-over language from last year's draft. We have now finished the test 
program fw crushers, screens and transfer poinu. 

. .  

. .  
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On page I5 of the background document, in paragraph 1 under 111. RESULTS OF DATA 
ANALYSIS, the statement i s  made that the emission factors for tertiary crushing can be used 
as an upper limit for sccondafy crushing. Since footnote f of Table 8.19.2-1 n o m  that emission 
hctors for tertiary Crushing can be used as an upper limit for both primary and secondary 
crushing, this paragraph should be cwrected to include primary crushing so that it corresponds 
with the table. 

There are s e v d  rounding errors: 
Fines crushing (3-05-020-05) - 0.01446 rounds to 0.014, not 0.015. 

Fmcs screening (3-05-020) - 0.07041 rounds to 0.070, nor 0.071. 

Transfa point with wet suppression (3-05-020-06) - rounds to 0.000046, not 0.000048. 

And two typos: 
Fines screening with wet suppression (3-05-020) - should be 0.00184, not 0.0021. 

Truck loading-conveyor: crushed stone (3-05-020-32) - should be 0.0M)lO. not 0.0010. 
The metric version needs to be checked also. 

In summary, NSA rcqucats that the following changes be made to the draft AP-42 SECTION 
8.19.2 CRUSHED STONE PROCESSING: 
1. 

2. 

3. 

The process description should be changed as indicated to make it accurate. 

The emission factors for Filterable PM should be removed from the document. 

A note that TSP can be estimated by multiplying the PM,,, values by 2.2 should be added 
to give state regulators guidance on TSP values. 

The emission factor ratings based on the new test data should be changed to "B". 

'Ihe miscellaneous changes as noted should be made. 

4. 

5. 

NSA appreciates the opportunity to comment on the proposed draft AP-42 section. We look 
forward to mtinuing  to work cooperatively with EPA in develbping other high-quality additions 
to the air emissions database in the future. 

Sincerely, 

William C. Ford, P.E. 
Vice President Environmental Programs 

cc: Jim Southerland 
Dennis Shipman 
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Emission Test Report Review Checklist--Short Form 

Reviewer: h- in* 3 lfluqef 
Review Date: I f Z - R h ' p I  

Background Information 
1. Facility name: h'&h Marit f fG %me Cfo>hirq 

2. source category: ' c rude8 sAC O r o e 5 s y  

3. Test date: ~ 2 / r 3 / 4 1  -- 1 / 0 4  / 4 Z e J  

4 .  Test sponsor: EPA/Efl& 
5. Testing contractor: mmpc, 

6 .  Purpose of test: Go.the. G r  ervri-ssro- +n=+or &e(mmnh 

7. Pollutants measured (include test method and indicate 

Rkle nurhBm ,, hrlf J 
Location: . 

40, -%Q i6 f@% s%-c;ou 

if valid): PM-lO t 2 0 l A >  

i,', 

8. Process overview: Attach a process description and a 
block diagram. Identify processes tested with letters 
from the beginning of the alphabet (A, B, C, etc. ..) 
and APC systems with letters from the end of the 
alphabet (V, W, X, etc...). Also identify test 
locations with Arabic numerals (1,2,3, ...). Using the 
ID symbols from the diagram, complete the table below. 

Type: 
Model I: 

ID 

Model X: 

ID: 

TYP: 



B. Process Information 

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here.) 



2.0 PLANT AN0 SAMPLING LOCATION OESCRIPTION 

2 .1  PROCESS OESCRIPTION AN0 OPERATION 

The Raleigh-Durham plant produces crushed granite used for construction and 
Figure 2-1 is a flowchart of the portion of the Raleigh-Ourham 

relevant in this project. The figure was prepared based on a drawing 

Rock blasted from various locations in the quarry is trucked (stream 1) 
to  a primary crusher. A large surge pile is used to provide a steady flow of 
stone to the plant processing equipment located adjacent to the quarry. An 8 
foot by 420 foot conveyor (stream 3 )  is used to deliver the stone to the 
vibrating deck above the secondary crushers. Martin Marietta monitors the stone 
feed rate from the surge pile by means of a load cell type weigh belt scale near 
t h e  discharge end of this conveyor. This instrument is used as the indicator of 
plant production rates. Normal production rates range from 500 to 700 tons per 

The scalping screen serving the secondary crushers removes less than 1.5 
inch  material produced during blasting or during primary crushing. This less 
than 1.5 inch material is conveyed (stream 4 )  to a separate storage pile and are 
sold as product. Typical stone flow levels in stream 4 are estimated at 80 tons 
Der hour by Martin Marietta personnel. 

Two cone-type secondary crushers reduce the size distribution Of the 
material received from the surge pile. Stone leaving the secondary crushers 
r;nWS in size from 6 inches to relatively small particles. The material from 
both secondary crushers discharges onto a conveyor (stream 9) leading to the 
tertiary crusher inlet. also 
discharges onto this conveyor (now labelled stream IO). Following the tertiary 
CrLlsher discharge. the main feed conveyor (stream 10) contains all of the plant 
ej;oiuction with the exception of the fines discharge stream discussed earlier. 

'? %in feed conveyor stream passes through a transfer station and delivers the 
ston? t o  the top of the structure housing the Oeister vibration screens and the 
"nnicone tertiary crusher. The stone flow to the Oeister screens and tertiary 
crusher i s  termed "closed circuit" since oversized material containing some fines 
'dhering to the surface can recirculate through the Oeister and tertiary 'rasher . 

At the conveyor discharge point, the stone feed splits into two streams 
*""n lead to the East and West screens. In order to check the adequacy of the 
"e 'uh  !-at? belt scale as a production rate monitor, Entropy measured the stone feed 

.lo the Deister screen being tested by collecting and weighing a 2 foot 
Point B on 

The oeister decks are 7 feet wide by 20 feet long and are inclined on a 20 % w e  
7'? Pe.  There are three vertically stacked decks. The upper deck has a 
. * "  Opening of 1.125 square inches, for the first 12 feet of travel and an 

The middle deck has mesh 
'Dening Of 0.58 square inches and the lower deck has slot openings of 0.118 

,.oad paving. 

labelled "Plant 632 Flow Diagram" provided by Martin Marietta. 

o o u r ,  

The tertiary crusher discharge stream (stream 16) 

. .  . 1  ""'le Of stone at a point just upstream of the conveyor discharge. "" is the conveyor (stream 10) monitoring location. 

Of 1 W a r e  inch for the last 8 feet of travel. 

3 
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inches by 1 inch. Stone collecting on the middle and lower decks are combined as 
one product stream. Fine particles passing through all three decks collect as 
a separate process stream. Both of these sized product streams are designated 
together as "stream 17" in Figure 2-1. The oversized material remaining on the 
top screen goes to the inlet of the tertiary crusher. The total quantity of 
oversized material entering the Tertiary crusher is estimated to be 300 to 400 
tons per hour. The stone feed rates to the two Deister screens were 
approximately equal during the tests. 

The plant operates approximately 200 days per year. The typical operating 
times are 7 a.m. to 5:OO p.m. each day. Total production quantities per year are 
approximately 1,000,000 tons. 

2.2 FUGITIVE DUST CONTROL 

Wet suppression is used for fugitive dust control of the Deister vibrating 
screens. There are water spray nozzles located on the conveyor underneath the 
tertiary crusher (beginning of stream lo), at the stream 10 conveyor transfer 
point, at the top of the stream conveyor above the Deister screens, and on the 
discharge chute near the top of the Deister screens. Not all of these spray 
nozzles are necessary to maintain wet conditions. The nozzles on the inlet chute 
to the Deister screen were off during the tests. 

Over-wetting of the rock can cause blinding of the lower screen or blockage 
of the fines discharge chute underneath the D e i ~ t e r ~ . ~ .  During these emission 
tests, the plant experienced no significant screen blinding conditi.ons. 
However, the wet stone condition test coupled with heavy overnight rains on 
several test days caused some blockages of the fines discharge chute. 

2.3 SAMPLING AND EMISSION TESTING PROCEDURES 

2.3.1 Fuqitive Emission Capture Systems 

Since there is not an air pollution control device on the Deister screens, 
a fugitive emission capture system is needed to capture the particulate matter 
leaving the upper screen. Entropy considered the criteria listed in Table 2-1 
in designing the fugitive emission capture system. Entropy evaluated alternative 
capture systems during several site visits by Entropy and U. S. EPA personnel. 
The alternative capture techniques which are generally applied to fugitive dust 
emission sources 

Quasi-stack 
Roof monitor 
Upwind-downwind profiling 

The quasi-stack method involves the construction of a temporary enclosure 
around the Deister screen and the installation of a duct and fan system for gas 
handling. Entropy rejected this approach primarily because of the extremely high 
gas flow rates necessary. Observations of dust emissions made during.the pretest 
visits indicated that wind flowing across the 6- to 24-inch zone above the 

5 



C. 1. Lis my APCD p ~ m e t m  (supplied in the M report) below. ,? 



., 
MARTIN MARIE'TTWRALEIGH PlANT DEISTER VIBRATING SCREEN 

PM10 I Iblhr 

D. Emission DatdEmission Factors 

Volumetric flow (standard) calculated using 27 times the actual flow rate (27 test pts) 
with corrections for temperature, pressure, and moisture. 

0.174 I 0.133 I 0.146 I 
I Emission factors. II ~ ~~ ~ ~ 

PMlO I Iblton I 0.000727 I0.000556 I0.000556 10.000613 
I I I I I 

I! I I I I I I 
Volumetric flow (standard) calculated usink 27 times the actual flow rate (27 test Pts) - 
with correctibns for temperature, pressure, and moisture. 



Emission Test Report Review Checklist--Short Form 

Reviewer: Brian S h ~ 4 + 5 /  
Review Date: 2/1/73 

A. Background Information 
1. 

2.  

3 .  

4 .  

5. 

6 .  

7 .  

8 .  

Pollutants measured (include test method and indicate 
if valid): PM-io (2oi A’) 

Process overview: 
block diagram. 
from the beginning of the alphabet (A, B, C, etc. ..) 
and APC systems with letters from the end of the 
alphabet (V, W, X, etc...). Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from the diagram, complete the table below. 

Attach a process description and a 
Identify processes tested with letters 



E. pr0ces.s Information 

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here.) 

I 
i' 



2.0 PLANT AND SAMPLING LOCATION DESCRIPTION 

I 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Garner plant produces crushed granite used for construction and road 
paving. Figure 2-1 is a flowchart of the portion of the Garner plant relevant 
in this project. The figure was prepared based on a drawing labelled Flow 
Diagram Plant No. 632 provided by Martin Marietta. 

Rock blasted from various locations in the quarry is trucked (stream 1) to 
a primary crusher. A large surge pile is used to provide a steady flow of stone 
to the plant processing equipment located adjacent to the quarry. An 8 foot by 
540 foot conveyor (stream 3) is used to deliver the stone to the vibrating deck 
above the secondary crusher. Normal production rates ranged from 250 to 500 tons 
per hour as calculated by the transport time and volumetric feed of the vibrating 
feeder, points A and B of Figure 2-1 (see Appendix A for production data). 

The scalping screen serving the secondary crushers removes oversized material 
too large for the secondary crusher, this material is conveyed to a separate 
storage pile and sold as product. The material passing through the scalping 
screen is conveyed (stream 4) to the secondary crusher separate storage pile and 
are sold as product. 

The cone-type secondary crusher reduces the size distribution of the 
material received from the surge pile. Stone leaving the secondary crusher 
ranges in size from 6 inches to relatively small particles. The material from 
the secondary crusher discharges onto a conveyor (stream 6) leading to the 
tertiary crusher inlet. The tertiary crusher discharge stream (stream 10) also 
discharges onto this conveyor. Following the tertiary crusher discharge, the 
main feed conveyor (stream 6) contains all of the plant production with the 
exception of oversized product discussed earlier. The main feed conveyor stream 
passes through a transfer station and delivers the stone to the top of the 
structure housing the Deister vibration screens. The stone flow to the Deister 
screens and tertiary crusher is termed "closed circuit" since oversized material 
containing some fine; adhering to the surface can recirculate through the Deister 
and tertiary crusher until the stone is crushed small enough to fall through the 
Deister screen (streams 8,9).  

The tertiary crusher is a Model 1560 Omnicone, conical type crusher. Figure 
2-2 shows a side view of the vibrating feeder and tertiary crusher before the 
inlet and outlet enclosures were built. This receives the oversize stone from 
the 8 x 20 - 3D Diester screens downstream from the secondary crusher. The 
stone is fed to the tertiary crusher by means of a 36" wide, 260 foot long 
conveyor (stream 7). The stone is discharged onto a rectangular surge feeder 
which serves a 36" wide 72" long vibrating feeder (Figure 2-1.). The feeder 
discharges onto a 4 foot by 4 foot chute directly above the Omnicone inlet. This 
chute i s  not indicated on Figure 2-1. There are very limited free fall distances 
from the feeder to the charging chute and from the charging chute to the inlet 
of the Omnicone. The Omnicone discharges the crushed stone to a 36 inch wide, 
336 foot long conveyor (stream 10) leading to the enclosed Diester screens. 

5 



9 



, 
I 

\ 

7 





1. Emission Data/Mass Flux RatedEmission Factors 

'est ID Parameter Units Run 1 Run2 Run3 Run4 
Values reported 

Stack temperature 
Moisture 

I 
Emission factors: 

:apacity: I 
I Pollutant concentratlans: I 

L 

I I I I I 
Pollutant mass flux rates: I 



- 
I 

v 

MARTIN MARIElTNGARNER PLANT TERTIARY CRUSHER 

D. Emission Data/Emission Factors 



t 

Y ’  
I 



Emission Test Report Review Checklist--Short Form 

Reviewer: Sllrclq~r 
Review Dat? Z/ i , /q% 

A. Background Information 
1. 

2. 

3 .  

4 .  

5. 

6 .  

7 .  

8 .  

Facility name: i d s ,  z i r c .  

Location: % ; o a m .  fa 
Source category: h u s h e d  stmc W S ~  

Test date: U o v .  I6 - 14, 1 4 9 2  

Test sponsor: /Jafi;drca/ 5t or(c ASSO c ;a+:* 
Testing contractor: fi-t TODU 

purpose of test: 6 d&rt-viA #IO m;ss;a*r & t o e  wf(iab/e+a 

Pollutants measured (include tesd method and indicate 
if valid) : fM/O /Zo /A? 

V a r i o o S  Once53 Qn;i$ at 5t-a- c r / U h  fll/4ncI. 
I 

~~ 

Process overview: 
block diagram. 
from the beginning of the alphabet (A, B, C, etc. ..) 
and APC systems with letters from the end of the 
alphabet (VI W, X, etc...). Also identify test 
locations with Arabic numerals (1,2,3, ... ) .  Using the 
ID symbols from the diagram, complete the table below. 

Attach a process description and a 
Identify processes tested with letters 



- B. process Information . 
f 

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here.) 



2.0 PLANT AND SAHPLING LOCATION DESCRIPTION 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Skippers, V i rg in ia  plant produces crushed grani te  used for road paving 
and construction. Figure 1 provides a s imp l i f i ed  f lowchart o f  the por t ion o f  
the p lan t  relevant t o  t h i s  emission t e s t i n g  program. 
shown i n  the upper r i g h t  o f  Figure 1 i s  rock which has been conveyed from the 
large surge p i l e  o f  rock i n  the quarry. The stone i s  then conveyed v i a  Stream 
1 t o  t h e  7' X 20' v ib ra t i ng  screens and the coarse product i s  conveyed v i a  
Stream 2 t o  the coarse surge p i le .  The coarse product i s  transported v i a  
Streams 3 and 4 t o  the  7' heavy duty shorthead Simons Cone Crusher (hereafter 
re fer red t o  as the  7' crusher). 
the 7' crusher by weighing a two f o o t  sect ion o f  Stream 5 and mul t ip ly ing  t h i s  
weight by the  speed o f  the belt. 

the coarse surge p i le .  Stone leaving the 7' crusher ranges i n  s ize  from 3 
inches t o  r e l a t i v e l y  small part ic les.  The mater ia l  from the 7' crusher 
discharges onto a conveyor (Stream 5) leading t o  the ou t l e t s  o f  two node1 1560 
omni cone crushers. Following the mi cone crushers discharge, the main feed 
conveyor (Stream 6) contains a l l  o f  t h e  p lan t  production with the  exception o f  
oversized product. The main feed conveyor (Stream 6) de l l vers  the stone t o  the 
top o f  the  s t ruc tu re  housing the Deis ter  v ib ra t i ng  screens. The p lan t  operates 
a scale on t h i s  conveyor t o  ca lcu late t o t a l  d a i l y  tonnage from a l l  three 
crushers t o  the 8' X 20' screens. Entropy also used t h i s  scale as a basis f o r  
ca lcu lat ions o f  the  Deister screen. 

termed .closed c i r c u i t '  since oversized mater ia l  containing some f ines adhering 
t o  the surface can rec i r cu la te  through the Deister and mi cone crushers u n t i l  
the stone i s  crushed m a l 1  enough t o  f a l l  through the Deister screen. The 7' 
crusher t h a t  Entropy tested however had no rec i rcu la ted  stone f lowing through 
it. 

The Deister decks are 8 fee t  wide by 20 fee t  long and are i nc l i ned  on a 
20 degree slope. There are three v e r t i c a l l y  stacked decks. The upper deck has 
a mesh opening o f  1.125 square inches. f o r  the  f i r s t  12 f e e t  of t r ave l  and an 
opening o f  1 square inch for the l a s t  8 feet o f  t ravel .  The middle deck has 
mesh opening of 0.58 square inches and the  lower deck has s l o t  openings of 
0.118 inches by 1 inch. Stone co l l ec t i ng  on the  middle and lower decks are 
combined as one product stream. Fine p a r t i c l e s  passing through a l l  three decks 
c o l l e c t  as a separate process stream. The oversized mater ia l  remaining on the 
top screen goes t o  the i n l e t  o f  the Omni Cone crushers. The t o t a l  quant i ty  of 
oversized mater ia l  enter ing the  Omni Cone crushers i s  estimated t o  be 500 t o  
600 tons per hour. The stone feed ra tes  t o  the  two Deister screens were 
approximately equal dur ing the tests. 

The primary surge p i l e  

Entropy monitored the stone feed r a t e  leaving 

The 7' crusher reduces the s ize  d i s t r i b u t i o n  o f  the materia< received from 

The stone f low t o  the Deister screens and the mi cone crushers i s  

3 
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C. 1. List MY APCD parameters (supplied in the test report) below. “I; 

2. Include my a d d i t i d  informptioo (such as caphm tefhniqw for fugitiw systems) and 
daseriptioar of the air pollution control systems (use a sepnnts page if necessary). 





.I 

VULCAN MATERIALS 7' CONE CRUSHER 

I I I I 

Pollutant concentrations: 
PMlO (stack) I Gldscf 0.065 1 0.1 0.164 I 
Filterable PM Imgldscf I 87.330 I 160.903 150.130 I 
Pollutant mass flux rates: 
PMlO Ilb/hr 1.19 I 1.82 2.99 I 
Filterable PM Ilb/hr 24.7 I 45.2 42.2 I 
Emission factors: 
PMlO I Iblton I 0.00206 I 0.00366 I 0.00617 I 0.00396 

k Filterable PM I Ib/ton 0.0427 I 0.0908 I 0.0872 I 0.0736 

Y 
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VULCAN MATERIALS DEISTER VIBRATING SCREEN 

with corrections for temperature, pressure, and moisture. 

with corrections for temperature, pressure, and moisture. 
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Emissim Test .Report Review Checkgist--Short Form 

Reviewer: &, .an Shiaqer 
Review Date: Z@93 " 

A. Background Information 

1. Facility name: L. 7'eer Yl 

Location : "IC@, NJC 

2. 
3. TeEt date: 3 J v  2 3  - 30, t 992- 

5. Testing contractor: gf?+fV0l.4 

C b  -,v\dostc y 

Sorice category: & u W  ~ ~ c i ~ ~  ( % cwshiy, 1 
J 

4. Test sponsor:. &P4& _I-._,___=- .-_ 

-- -- 
6. Purpose of test: X c m r n t C  'dl;ssiw t h ' O f i  f i ~  r h o  c,,&siayg 

7. Pollutants measured (include test method and indicate 
W M  ShC SfdMe 

J I 
-- 

if valid): PMiO f Z o i A 1  

._ ,  .. 

8. Process overview: Attach a process description and a 
block diaqren. 
from the beginning of the alphabet (A, B, C, etc...) 
and APC systems with letters from the end of the 
alphabet (V, W, X I  etc.. .) . Also identify test 
locations with Arabic numerals ( X , 2 , 3 ,  ...). Using the 
ID .- symbols . from the diagram,~~complete the table below. 

Identify processes tested with letters 
' 
._ 

_. - 
.- - _  
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8 .  Process Information 
i' 

1. provide a brief narrative description of the process I 

and attach process flow diagram. (Note: If the process (B.. 
description provided in the test report is adequate, 
attach a copy here.) I 
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2.0 PLANT AND SAMPLING LOCATION DESCRIPTION ? ?  ) T : ' - < y  
;,: , .. I 

2.1 PROCESS DESCRIPTION AND OPERATION 

The Raleigh p lan t  produces crushed gran i te  used f o r  construct ion and road 
paving. Figure 2-1 i s  a f lowchart  o f  t he  por t ion  o f  the Raleigh p lan t  relevant 
i n  t h i s  project .  The f i gu re  was photocopies from a drawing provided by Nel lo  L. 
Teer and labe l led  6011, Raleigh Quarry Stat ionary Plant. 

Rock blasted from various loca t ions  i n  the quarry i s  trucked t o  a primary 
crusher (No. 25, Fig. 2-1). A la rge  surge p i l e  i s  used t o  provide a steady f low 
o f  stone t o  the p lan t  processing equipment. A conveyor de l i vers  stone t o  the  6' 
x 16' TD Telsmith Vibro-King screen deck above the secondary crusher (No's 5 & 
33, Fig.2-1). Stone tha t  passes through the screen i s  sent t o  the 6 x 16-foot 
TD Seco screen v i a  a 30-inch by 159-foot Barber-Greene conveyor (No's 17 & 36, 
Fig. 2-1). Stone too la rge  to. pass through the  screen i s  sent t o  the t e r t i a r y  
crusher (No. 67, Fig. 2-1). Upon e x i t i n g  the t e r t i a r y  crusher the stone i s  sent 
back t o  the TD Seco screen. Production ra tes  ranged from 60 t o  100 tons per hour 
during the t e s t  program. Production ra tes  were calculated from 2-foot b e l t  cuts 
taken during the tes t .  The be l t - cu t  sampling locat ions f o r  the t e r t i a r y  crusher 
and the  TO Seco screen are shown i n  Figure 2-1 as points  A and B respect ively.  
The stone f l o w  t o  the TD Seco screens and t e r t i a r y  crusher i s  termed "closed 
c i r c u i t "  since oversized mater ia l  containing some f ines  adheri!g t o  the surface 
can rec i rcu la te  through the TD Seco screen and t e r t i a r y  crusher u n t i l  the stone 
i s  crushed small enough t o  f a l l  through the  TD Seco screen. 

The t e r t i a r y  crusher i s  a Model 1560 Omnicone, conical type crusher. Figures 
1-1 & 2 show views o f  the t e r t i a r y  crusher before the i n l e t  and ou t l e t  enclosures 
were b u i l t .  The crusher receives the  oversize stone from the 6 x 16 -TD Seco 
screen downstream from the secondary crusher. The stone i s  fed t o  the t e r t i a r y  
crusher by means o f  a 24" wide, 25 foo t  long conveyor (No.18, Fig. 2-1). A f te r  
passing through the crusher, the stone i s  discharged onto a 30" wide 159 foo t  
long conveyor (No.21, Fig. 2-1). There are very l i m i t e d  f ree  f a l l  distances from 
the conveyor t o  the Omnicone i n l e t .  The Omnicone discharges the crushed stone t o  
a 30 inch wide, 111 f o o t  long conveyor (NO.21, Fig. 2-1). 

The i n l e t  t o  the Omnicone was def ined as the area j u s t  a f t e r  the stone was 
released from the conveyor and included the c i r c u l a r  i n l e t  t o  the Omnicone 
vessel. This area was enclosed w i th  plywood attached t o  the safety r a i l s  
surrounding the Omnicone i n l e t .  The crusher i n l e t  enclosure was approximately 
3- feet  high w i th  a diameter o f  8.5 feet .  HEPA f i l t e r e d  a i r  was introduced on one 
side o f  the enclosure and the sampling stack was constructed on the opposite 
side. 

The discharge..point o f  the Omnicone t e r t i a r y  crusher i s  a conveyor leading 
f r o m  the secondary crusher t o  the TO Seco screens (No. 21, Fig. 2-1). The 
discharge po in t  is enclosed approximately 3 fee t  upstream and downstream of the 
Omnicone discharge point .  A plywood enclosure was constructed around t h i s  area 
also. Tii;. o t i t l e t  enclosure was approximately 8 fes t  lmg., 8 f e e t  wide, ,and 6 
f ee t  high. HEPA f i l t e r e d  a i r  was introduced a t  b e l t  locations-upstream and 
downstream o f  the discharge chute. The sampling stack was constructed on the 
opposite side. 

. 
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Figure 2-1 Process Flow Diagram 
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The TD Seco screen decks are 6 f e e t  wide by 16 feet long and are i nc l i ned  on 
a 20 degree slope. There are three v e r t i c a l l y  stacked decks. Fine p a r t i c l e s  
passing through a l l  three decks c o l l e c t  as a separate process stream. The 
oversized m a t e r i a l  remaining on the top screen goes t o  the i n l e t  of the t e r t i a r y  
crusher. The TD Seco screen receives mater ia l  from a 30-inch wide, 159-foot long 
overhead conveyor (No. 17, Fig.2-1). A l l  o f  the crushed stone from the t e r t i a r y  
crusher i s  deposited on t h i s  conveyor and mixed w i t h  screened mater ia l  from the 
TD Telsmith Vibro-King screen. Process rates were determined by a 2- foot  b e l t  
cut  taken f r o m  the overhead conveyor. 

The TD Seco v ib ra t ing  screen emission tes ts  were conducted using a t rack-  
mounted hood system. The hood had dimensions o f  2 fee t  by 2 fee t  and was mounted 
12 inches above the upper screen deck o f  the TD Seco Screen. The small scale and 
the mounting pos i t ion  o f  the  hood ensured t h a t  the normal PMlO emissions were not 
s i g n i f i c a n t l y  inf luenced by the  presence o f  the hood. The capture ve loc i t y  i n  
the hood was set by adjust ing the var iab le  speed DC motor o f  the tube-axial fan 
i n s t a l l e d  on the hood o u t l e t  duct. The hood capture ve loc i t y  was selected based 
on observations o f  the f u g i t i v e  dust capture charac ter is t i cs  o f  the hood. A 
constant gas f low was used throughout the t e s t  program. This tes t i ng  approach 
i s  an adaptation o f  the  conventional " roof  monitoring" technique f o r  f u g i t i v e  
emission test ing.  

2.2 FUGITIVE DUST CONTROL 

Wet suppression i s  used f o r  f u g i t i v e  dust cont ro l  o f  the t e r t i a r y  crusher. 
There are water spray nozzles located a t  the discharge po in t  o f  the  i n l e t  

, conveyor, midway i n  the body o f  the crusher, and w i t h i n  the discharge chute. Not 
a l l  o f  these spray nozzles are necessary t o  maintain wet condit ions. The screen 
has water spray nozzles located a t  t he  conveyor t rans fer  po int .  These spray 
nozzles were not  used dur ing the t e s t  program. Over-wetting o f  the rock can 
cause b l ind ing  o f  the lower screen o r  blockage o f  the f i nes  discharge chute 
underneath the screen'.'. 

2.3 SAMPLING AND EMISSION. TESTING PROCEDURES 

2.3.1 Fuqi t ive Emission Caoture Svstems 

Since there i s  not  an a i r  p o l l u t i o n  control  device on the i n l e t  and o u t l e t  
o f  the t e r t i a r y  crusher o r  the TD Seco screen, a f u g i t i v e  emission capture system 
i s  needed t o  capture the par t i cu la te  matter. Entropy considered the c r i t e r i a  
l i s t e d  i n  Table 2 -1  i n  designing the  f u g i t i v e  emission capture system. Entropy 
evaluated a l te rna t ive  capture systems dur ing several s i t e  v i s i t s  by Entropy and 
U. S. EPA personnel. The a l te rna t ive  capture techniques which are general ly 
appl ied t o  f u g i t i v e  dust emission sources include'.': 

Roof monitor 
Upwind-downwind p r o f i l i n g  
Quasi-stack 
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dcscriptionr of the air pollution control system (use I separate page if nccessnry). 
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NELLO L. TEER CRUSHER 

I I I I I 
Pollutant concentrations: 
PMlO I G/dscf I 0.00191 I 0.00373 1 0.00607 I 

I 96 OF FILTERABLE PM 14.2OA 7.704 4.34 

I Pollutant mass flux rates: 
PMlO 0.0163 I 0.0312 I 0.0505 I 
FILTERABLE PM 0.115 I 0.406 1 1.174 I 



D. Emission Data/Emission Factors 

D. Emission Data/Emission Factors 

Emission factors: 
PMI 0 Ilb/ton I 0.00232 I 0.00250 I 0.00109 I 0.00197 
FiLTERABLE PM llb/ton I 0.129 1 0.228 1 0.0418 I 0.1 33 

0 .ooz++ 4 f O - I  f M ' D  
6 t h  1%1 0. /30 0.226 0.0119 0.1 '33 



NELLO L. TEER VIBRATING SCREEN 

Test ID 

with corrections for temperature, pressure, and moisture. 

Values reported 
Parameter Units Run 1 I Run 2 lRun 3 I Averaoe 

I Percent isokinetic 
Circle: Production or feed rate 

Moisture % 2.8 2.1 1.4 
Pressure in. Hg 27.71 29.88 29.88 
Volumetric flow, actual acfm 1056 1012 1009 
Volumetric flow, standard * dscfm 221 03 22963 231 01 

% 103.8 89.1 99.4 
tons/hr 1 02 1 02 102 I 

with corrections for temperature, pressure, and moisture. 
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2.1 PROCESS DESCRIPTION AND OPERATION 

The Knightdale North Carolina p lan t  produces crushed gran i te  used f o r  
construction and road paving. Figure 2-1 i s  a f lowchart o f  the  po r t i on  of 
the Hake Stone p lan t  which i s  relevant i n  t h i s  pro ject .  This has been copied 
from a drawing labe l led  'Knightdale Quarry New Secondary Crushing Plant" 
provided by Hake Stone Corp. The t rans fe r  po ints  tested are c i r c l e d  and j o i n  
conveyor C and J t o  conveyor 0. 

Rock blasted from various locat ions i n  the  quarry i s  trucked t o  a 
primary jaw type crusher located near the  quarry p i t .  A l a rge  surge p i l e  
created by the  f low o f  stone from the  jaw crusher i s  used t o  provide a steady 
f low o f  stone t o  the p lant  processing equipment located adjacent t o  the  quarry 
(STATION 4). Conveyor B i s  used t o  de l i ve r  t he  stone t o  the  v ib ra t i ng  screen 
above the  5.5 foo t  Symons Cone Crusher. The v ib ra t i ng  screen serving the  5.5 
f oo t  Symons crusher removes f i n e  material produced during b las t i ng  or during 
primary crushing. These fines are conveyed t o  a separate storage p i l e  and are 
sold as product. The rock t h a t  remains i s  crushed and conveyed v i a  conveyor C 
t o  conveyor D t o  the s iz ing  screens (STATION 5). The rock t h a t  i s  s t i l l  t oo  
la rge  t o  be sold as product i s  conveyed v i a  conveyor I t o  a Model 1560 
Omnicone crusher (STATION 6). the crushed rock i s  then conveyed v i a  conveyor J 
t o  conveyor D t o  the s i z ing  screen again. This loop continues unt i l  t he  rock 
i s  crushed t o  the  current screen sizes. The t rans fer  po ints  from conveyor C 
t o  D and from conveyor J t o  D are the locat ions t h a t  were tested. They have 
been denoted as C 1  and 52 respect ive ly  f o r  the  tes t .  

2.2 FUGITIVE DUST CONTROL 

There are water spray nozzles located on the  e x i t  conveyor underneath the  
t rans fer  point. There are also spray nozzles located a t  the  i n l e t  and o u t l e t  
o f  the conetype crushers. Spray nozzles area a lso located a t  the  top  o f  t he  
conveyor above the  v ib ra t ing  screens, and on the  discharge chute near the  top 
of the  v ib ra t i ng  screens. Not a l l  o f  these spray nozzles are necessary t o  
maintain wet conditions. Over wet t ing o f  the  rock can cause b l i nd ing  o f  the  
lower screen or blockage o f  the f ines discharge chute underneath the v ib ra t i ng  
screen4,'. During these emission tests ,  the  p lan t  experienced no s i g n i f i c a n t  
screen b l ind ing  conditions. 

2.3 SAMPLING AND EMISSION TESTING PROCEDURES 

i 

Wet suppression i s  used f o r  f u g i t i v e  dust cont ro l  o f  the  t rans fer  point. 

2.3.1 Fugi t ive Emission Test Approach - 
Since there i s  no a i r  p o l l u t i o n  contro l  devices on the  t rans fer  point, 

f u g i t i v e  emission tes t i ng  procedures were needed t o  capture and measure the  
PHI0 par t i cu la te  emissions. The quasi-stack method appeared t o  be the  most 
accurate and prac t ica l  approach f o r  capturing the  f u g i t i v e  emissions from the  
i n l e t  and o u t l e t  areas o f  the  t rans fer  point. 
o f  the  t rans fer  po int  from the  other f u g i t i v e  dust sources i n  the  immediate 

This approach allowed i s o l a t i o n  
) 
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The low emission factors  are also substantiated by p a r t i c l e  s i ze  
d i s t r i b u t i o n  tes ts  conducted by Entropy using d r ied  stone. The s ize 
d i s t r i b u t i o n  data provided i n  Table 3-6 explains the  higher moisture contents 
found on the  stone material i n  t rans fer  po in t  52. From the  tab le  one can see 
52 had a la rger  percent o f  smaller p a r t i c l e s  than C 1  therefore the  pa r t i c l es  
o f  52 had a l a rge r  surface area exposed t o  the  wet suppression sprays. This 
explains the  lower WET emissions and higher DRY emissions o f  t rans fer  po in t  52 
compared t o  t rans fer  po in t  C1. 

TABLE 3-6. PARTICLE SIZE DISTRIBUTIONS 

Percent o f  Total Dry Sample i n  Specif ied Range 
For Transfer Point  C1 

Wet Wet Wet Dry 
Size Range Test 1. Test 2. Test 3 Test 1 

> 1.5 Inches 28.1 24.3 11.2 31.9 
> 0.75 Inches 37.5 41.9 30.3 27.8 
> 0.375 Inches 13.8 12.4 19.4 11.0 
> 0.0787 Inches 9.1 10.6 18.1 13.3 
> 150 Microns 8.5 9.1 16.2 12.8 
> 75 Microns 1.5 1.4 2.4 1.7 
> 38 Microns 0.7 0.2 1.3 0.8 
Bottom Pan 0.8 0.1 1.1 0.7 

Moisture Content o f  
Sample 
(% Wet Weight) 0.55 0.68 0.74 0.27 

i 

Percent o f  Total Dry Sample i n  Specif ied Range 
For Transfer Point  52 

Wet Wet Wet Dry 
Size Range Test 1. Test 2, Test 3 Test 1 

> 1.5 Inches 00.0 
> 0.75 Inches 37.7 
> 0.375 Inches 25.1 
> 0.0787 Inches 18.7 
> 150 Microns 14.1 
> 75 Microns 2.3 
> 38 Microns 1.1 
Bottom Pan 1.0 

00.0 00.0 00.0 
21.8 35.9 30.2 
29.0 32.7 18.8 
25.1 18.1 26.9 
18.1 9.6 19.4 
2.9 1.8 2.2 
1.6 0.9 1.2 
1.5 1.0 1.3 

~ ~ 

Moisture Content o f  
Sample 
(% Wet Weight) 0.86 1.48 1.00 0.33 
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FILENAME: TRANSPT.WQ1 
D. Emission Data/Mass Flux Rates/Emisslon Factors 

I I I I Values reDorted H 
Test ID Parameter Units Run 1 Run 2 Run 3 Run 4 

2 Stack temperature Deg F 77.1 79.8 78.8 
WET Moisture % 1.97 2.56 2.58 

Pollutant mass flux rates: 

FILTERABLE PM (Iblhr 0.098 I 0.159 I 0.152 I 
Emission factors: \ 

PM-10 I Ib/hr I 0.0324 I 0.0506 I 0.0511 I 

PM-I 0 Ilblton I 6.1 1E-05 I 1 .I  8E-04 I 9.64E-05 I 9.1 95E-05 
FILTERABLE PM llbjton I 0.000185 I 0.000371 I 0.000286 I 0.0002805 



. 

PM-10 
% OF FILTERABLE PM 
Pollutant mass flux rates: 
PM-10 
FILTERABLE PM 

PM-10 Ib/hr 0.372 I 0.349 I 0.767 I 
FILTERABLE PM Iblhr 5.10 I 6.02 I 8.24 I 
Emission factors: 
PM-10 Iblton 0.000787 I 0.000738 I 0.00162 I 0.00105 
FILTERABLE PM ibnon 0.0108 I 0.0127 I 0.0174 I 0.01 36 

mg/DSCF 0.0689 I 0.176 I 0.0716 I 
% 39.14 39.2OA 3 8 . 4  

Iblhr 0.00946 I 0.0240 I 0.00973 I 
Iblhr 0.0242 I 0.0612 1 0.0255 I 

I Emission factors: II -. . . . - -. -. . . -. . . . . . 

PM-10 I ibnon I 1.79E-05 I 5.10E-05 I 1.96E-05 1 2.95E-05 
FILTERABLE PM I Iblton I 4.58E-05 1 1.30E-04 I 5.12E-05 I 7.57E-05 
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Emismion Test Report Review Checkliet--Short Form 

Reviewer: BRIM SHRAGER 
Review Date: 3/ 12/94 .- 

A. Bwkground Information 
1. Facility name: f laridtfa % l e & - D u r h ~ d  

2. Sourca category: C/d& %c PraeSSh, 
3. Test data: I/&: l/l8,/94 
4. Test sponsor: Mart,- h k e t t a  

5 .  Testing contractor: ENTAOPV - 
6. 

Location: Kh? N C  

J 

Purpose of test: Dettrrnhr. PM -10 -c 6 'It pn/l w;sia*.r ( t d c  
ur;ssf,". Ahc to<) 

I 

7. Pollutants measured (include test method and indicate 
if valid): - PM- I O  , filtecable PM 

f4 201-h . kh od 5 - 

~ 

C Y  

8. Procasm overview: Attach a proccsm description and a 
block diagraw. 
from tho baginning of tho alphaht (A, B, C, etc...) 
and APC symtemm with letters from tho end of tha 
alphakt (V, W, X, ate...). Also idantify tam6 
locatfonm with Arabic numerals (1,2,3, ...). Using the 
ID sylalbolm iron tha diagram, complato tha table b6dQW, 

Identify grocasues tested with letters 
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B. process Inf onnation 
Y'. 

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided i n  the test report is adequate, 
attach a copy here.)  
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2.0 PLANT AND SAMPLING LOCATION DESCRIPTION 

i 

i 
! 

2.1 .PROCESS DESCRIPTION AND OPERATION 

The Raleigh-Durham plant produces crushed granite used for construction 
and road paving. Figure 2-1 i s  a flowchart of the portion of the Raleigh- 
Durham plant which is relevant i n  t h i s  project. This  has been prepared based 
on a drawing labelled 'Plant 613 Flow Diagram. provided by Martin Marietta. 
The transfer p o i n t  tested is circled and joins Streams 10 and 11. 

primary crusher located i n  the quarry p i t .  A large surge pile i n  the quarry 
p i t  is  used t o  provide a steady flow of stone t o  the plant processing 
equipment located adjacent t o  the quarry. A conveyor i s  used t o  deliver the 
stone t o  the vibrating screen above the secondary crushers. Martin Marietta 
monitors the stone feed ra te  from the quarry by means of a load cell  type 
weigh belt scale near the discharge end of this conveyor. T h i s  instrument is 
used as the indicator of plant production rates. Normal production rates 
range from 400 t o  600 tons  per hour. 

The vibrating screen serving the secondary crushers removes f ine 
material produced during blasting or during primary crushing. These fines are 
conveyed t o  a separate storage pile and are sold as product. Typical fines 
levels are estimated a t  80 tons per hour by Martin Marietta personnel. 

Two cone-type secondary crushers reduce the size distribution of the 
material received from the surge pile. 
ranges i n  size from 6 inches t o  relatively small particles. 
both secondary crushers discharges onto a conveyor leading t o  the transfer 
point tested and then t o  the te r t ia ry  crusher inlet. The te r t ia ry  crusher 
discharge stream also discharges onto this conveyor (now labelled stream 10). 
Following the ter t iary crusher discharge, the main feed conveyor (stream 10) 
contains a l l  of the plant production w i t h  the exception of the fines discharge 
stream discussed earlier.  The quantity of t h i s  stream exceeds the total  plant 
t h r o u g h p u t  rates monitored using the weigh belt feeder on the conveyor leading 
t o  the secondary crusher due t o  the recycle of  oversized material separated by 
the Deister screens. 

and delivers the stone t o  the top of the structure housing the Deister 
vibration screens and the Omnicone ter t iary crusher. 
Deister screens and te r t ia ry  crusher i s  termed 'closed circuit '  since 
oversized material and incompletely screened fines can recirculate through the 
Deister and te r t ia ry  crusher . The plant operates approximately 200 days per 
year. Total production quantities per year are approximately 1,000,000 tons. 

2.2 FUGITIVE DUST CONTROL 

Rock blasted from various locations i n  the quarry is trucked t o  a 

i 
Stone leaving the secondary crushers 

The material from 

The main feed conveyor stream passes through the tested transfer point 

The stone flow t o  the 

Wet suppression i s  used for fugitive dus t  control of the transfer poin t .  
There are water spray nozzles located on the exi t  conveyor underneath the 
transfer po in t .  There are also spray nozzles located a t  the e x i t  o f  the 

2 
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tertiary crusher (beginning of stream 10). at the top of the stream conveyor 
above the Deister screens. and on the discharge chute near the top of the 
Deister screens. 
conditions. Over wetting of the rock can cause blinding of the lower screen 
or blockage of the fines discharge chute underneath the Deister4,'. During 
these emission tests, the plant experienced no significant screen blinding 
conditions. 

Not all of these spray nozzles are necessary to maintain wet 

2.3 SAMPLING AND MISSION TESTING PROCEDURES 

2.3.1 Fugitive Emission Test Approach 

Since there is no air pollution control devices on the transfer point, 
fugitive emission testing procedures were needed to capture and measure the 
PMlO and total particulate emissions. The quasi-stack method appeared to be 
the most accurate and practical approach for capturing the fugitive emissions 
from the inlet and outlet areas of the transfer point. This approach allowed 
isolation of the transfer point from the other fugitive dust sources in the 
innnedi ate vicinity. 
temporary enclosures around the inlet and outlet of the transfer point and the 
installation of a duct and fan system for gas handling. 
emissions are generated primarily by stone-to-stone attrition in the transfer 
point and during falling, the use of an enclosure does not significantly 
influence the rate of PHI0 emissions. 

2.3.2 Emission Testing Procedure 

high, by 3.5 feet wide by 8 feet long it was enclosed with foam insulation to 
allow capture of the emissions caused by the stone-to-stone attrition during 
movement of the stone. 
conveyor leading to the Deister screens. The actual transfer point was 
completely enclosed in a steel chute. The discharge point was enclosed 
approximately 8 feet downstream of the transfer point. There are several 
water spray nozzles on the downstream side of the transfer point. 
Figure 2-2. shows a view of the transfer point. 

The enclosure had a one foot diameter outlet duct which ran 
approximately 35 feet to the ground, it was used as a combined sample point 
for both the inlet and outlet of the t r p f e r  point. The one foot diameter 
duct upon reaching the ground turned 90 via an elbow aid was then increased 
to a two foot diameter duct, to allow use of a two foot diameter SCR driven 
tubeaxial fan. 
adjusting the variable speed DC motor of the tubeaxial fan installed on the 
outlet duct. 
transfer point prior to the construction of enclosures. 
view of the transfer point inlet and outlet after the installation of the 
enclosure. 
controlled by a Dayton Model 3C411 24 inch, 2 HP direct current (DC) driven 
tubeaxial fan. This variable speed fan was set at the gas flow rate necessary 
to maintain a slightly negative static pressure within the enclosure. 

The quasi -stack method required the construction of 

Since the P M l O  

The inlet to the transfer point has an area of approximately 1 foot 

The discharge point of the transfer point is the lower 

The air flows from the combined enclosure were set by 

Figures 2-2. and 2-3. show views of the inlet and outlet of the 
Figure 2-4. shows a 

The combined gas flow from the inlet and outlet enclosures was 

4 
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FILENAME: TRANSPT2.WQl 

METHOD 201 A DATA 
"., . 

- .- -. . . . -. - 

Moisture 
Oxygen 
Volumetric flow, actual 
Volumetric flow, standard 

... 

_ _  . .- _ _  _ _  
% 1.2 0.8 0.9 
% 20.9 20.9 20.9 
acfm 896 892 892 
dscfm 939 943 943 

\ -  

I +-- , 
I- , "- 

i... ^ 

I.__ . 

, .  i 

Values reported 
est ID Parameter Units Run 1 [Run 2 I Run 3 [Run 4 

II 2 IStack temnerature IDenF I 42 I 38 I 38 I II 

RANSFE 
:. 

M201 A 
I lsokinetic variation 1 %  I 111.6 I 114.2 I 112.1 I 

Circle: Production or feed rate 604 I 542 I I 



METHOD 5 DATA 
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8. Procoss overview: Attach a procoss description and a 
block diagram. 
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ID symbols from tho diagram, complato the tabla below. 

Idontify procassas tasted with lattare 
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B. process Information 
, 

1. Provide a brief narrative description of the process 
and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here.) 
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2.0 PIANT AND SAMPLING LOCATION DESCRIPTSOR 

2.4 PROCESS DESCRIPTION AND OPERATION 

Tennessee plant. This receives the oversize stone from a 8' x 20' t r i p l e  deck 
v ibrat ing screen downstream from the secondary surge p i l e  and 4.25' standard 
crusher. The stone i s  feed t o  the t e r t i a r y  crusher by mans o f  a conveyor. 
The stone i s  discharged i n t o  a feed hopper which serves the 4.5' shorthead cone 
crusher (equipment number 5 i n  Figure 1). There were very l i m i t e d  f ree  f a l l  
distances from the feed conveyor t o  the feed hopper t o  the shorthead crusher. 
The crusher discharges the crushed stone onto a conveyor leading t o  the  8' X 
20' v ib ra t ing  screen. 

The i n l e t  t o  the shorthead crusher was defined as the discharge o f  the  
feed'hopper t o  the shorthead crusher vessel. This area, having a height o f  
approximately 4 feet  above the platform, was enclosed w i t h  galvanized s tee l  
f lashing t o  a l l o w  capture o f  the PHI0 emissions caused by the stone-to-stone 
a t t r i t i o n  during movement o f  the stone. The gas ve loc i t i es  around the layers 
o f h t o n e  were maintained a t  gas f low ra tes  equivalent t o  1 t o  5 mph. 

conveyor tha t  feeds the;8' X 20' v ib ra t i ng  screen. The discharge po in t  i s  
enclosed approx4inateFy :4 fee t  upstream and downstream o f  the  shorthead 
distharge point'. The discharge o f  the shorthead crusher was defined as the 
total ' .  enclosure' surrounding the conveyor underneath the crusher. 

Company consists of one 8' x 20'- t r i p l e  deck screen (equipment number 4 i n  
Figure 1). This screen receives stone from the conveyor underneath the 4.5' 
shorthead crusher and the 4.25' standard crusher as seen i n  Figure 1. The 
v ib ra t ing  screen source was defined as the 8 foo t  wide, 20 f oo t  long open, 
sloped surface above the upper screen deck. There i s  approximately a.12 inch 
freeboard above the upper screen t o  reduce wind entrainment o f  dust. The area; 
traversed as par t  o f  t h i s  t e s t  program was the sloped surface p a r a l l e l  t o  the  
top o f  the freeboard. 

'closed c i r c u i t '  since oversized material containing some f ines  adhering t o  the 
surface can rec i rcu la te  through the v ib ra t i ng  screen and 4.5' crusher u n t i l  the 
stone i s  crushed small enough t o  f a l l  through the v ib ra t i ng  screen. The 
oversized material remaining on the top screen goes t o  the i n l e t  o f  the 4.5' 
crusher. The t o t a l  quant i ty  o f  oversized mater ia l  enter ing the 4.5' crusher 
was ,approximately 280 tons per hour. The stone feed rates t o  the v i b r a t i n g  
screen was approximately 425 tons per hour. 

A 4.5 shorthead cone type t e r t i a r y  crusher was tested a t  the B r i s t o l ,  

The discbarge point  o f  the shorthead t e r t i a r y  crusher i s  the same 

The v ib ra t ing  screen a t  the B r i s to l ,  Tennessee p lan t  o f  Vulcan Mater ia ls 

The stone f low t o  the v ib ra t ing  screens and the 4.5' crusher is ' termed 
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Figure 1. Simplified Process Flowchart 
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tgy Entropy using dried stone. The sire distribution data i s  provided in Table 
8-1 and Table 8-4. As indicated in the wet stone had near negligible levels o f  
dust in the less than 75 micron sire range. 
I 

TABLE 8-1. PARTICLE SIZE DISTRIBUTIONS 
FOR DRY RUNS - 

Fraction of Sample in Specified Range 

Size Range Test 1,2,3 
Dry 

> 37.5 Millimeters 0 
> 19.0 Millimeters 0.280 
> 4.75 Millimeters 0.358 > 2.00 Millimeters 0.255 
> 150 Microns 0.083 

> 38 Microns 0.006 
> 75 Microns 0.009 

, Bottom Pan 0.009 - 

TABLE 8-2. PARTICLE SIZE DISTRIBUTIONS 
FOR WET RUNS 

' Size Range 

Fraction of Sample In Specified Range 

Test 1, Test 2,3 
Wet Wet 

> 37.5 Millimeters , o  0 > 19.0 Millimeters 0.150 0.354 
> 4.75 Millimeters 0.313 0.279 
> 2.00 Millimeters 0.372 0.205 > 150 lhcrons 0.145 0.121 > 75 Microns 0.011 0.015 > 38 Microns 0.005 0.016 

. Bottom Pan 0.006 0.011 
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Emission Test 'Report Review GB$ecklist--Short Form 
. ,. I .  . 

A. Backqround Information 
1. 

a .  
3.  

4. 

5 .  

6. 

7 .  

8 .  
. .  . .  

.' -Proces@ , overview: Attach a process d e k i p t i o n ,  and '.a. .'''..... ' 

block @sagram. Ident i fy  processes tested wi . th ; :LeOte r s&. .  
from tb'e bpqinning'of': t h e  alphabet (A', B,:. C ,  etc:,.%).id2! :- 
and. APCsysteme w i t h :  3etter.s .from tlb end of t h e  . 

alphabot (V<, W,. X, etc: . .) . ',Also ident i fy  test: 
locat igns with Arabic numerals,' (1,2,3, . .. . ) . Using t h e  i 
ID .sym"blm"from the diagram, Complete the  table. below. . 1, , .,'>:. ., 

;: . 

. .. , 7.. ~ 5. -1 . .  / L  .. . 

, .,. I. I. .. 



i ., 

Y 

8 .  process Information I .. 
1. Provide a brief narrative description of the process 

and attach process flow diagram. (Note: If the process 
description provided in the test report is adequate, 
attach a copy here.) 

1 .. 

.- 

'<.* ..: 

. . L  

! ?!, :. 
i 

' _  ..,: 

... 

r .  
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2.0 PLANT AND SAHPLING LOCATION DESCRIPTION * -- -; C' 
0-  < S i  

2.1 PROCESS DESCRIPTION AND OPERATION 

Maryvil le, Tennessee plant. This receives the  oversize stone from a p a i r  o f  
6' x 16' t r i p l e  deck v ib ra t i ng  screens downstream from the secondary surge 
p i le .  
(stream number 17 i n  Figure 1). The stone i s  discharged i n t o  a feed hopper 
which serves a v ib ra t i ng  feeder above the  5.5' shorthead crusher (equipment 
number 15 i n  Figure 1). There were very l i m i t e d  f ree f a l l  distances from the  
feed conveyor t o  the  feed hopper t o  the  v ib ra t i ng  feeder and from the v ib ra t i ng  
feeder t o  the  i n l e t  o f  the  shorthead crusher. 
crushed stone onto a conveyor (stream number 16 i n  Figure 1) leading t o  the  6' 
X 16' v i b ra t i ng  screens. 

The i n l e t  t o  the  shorthead crusher was defined as the discharge o f  the  
v ib ra t ing  feeder t o  the  shorthead crusher vessel. This area, having a height 
o f  approximately 6 fee t  above the  platform, was enclosed w i t h  galvanized steel 
f lash ing t o  al low capture o f  the  PHI0 emissions caused by the  stone-to-stone 
a t t r i t i o n  during movement o f  the  stone. The gas ve loc i t i es  around the  layers 
o f  stone were maintained a t  gas f low ra tes  equivalent t o  1 t o  5 mph. 

'1.- 

A 5.5' Shorthead, conical type t e r t i a r y  crusher was tested a t  the  

The stone i s  feed t o  the  t e r t i a r y  crusher by means o f  a conveyor 

The crusher discharges the 

The discharge po in t  o f  the  shorthead t e r t i a r y  crusher i s  the  same 
conveyor leading from the secondary surge p i l e  tha t  feeds the  6' X 16' 
v ib ra t ing  screens (stream number 16 on Figure 1). The discharge po in t  i s  
enclosed approximately 5 f ee t  upstream and downstream o f  the  shorthead 
discharge point. The discharge o f  the shorthead crusher was defined as the  
t o t a l  enclosure presently surrounding conveyor number 16 underneath the  
crusher. 

The v ib ra t i ng  screens a t  the  Haryv i l le ,  Tennessee p lan t  o f  Vulcan 
Materials Company consists o f  two p a r a l l e l  6 x 16 t r i p l e  deck screens 
(equipment numbers 13 and 14 i n  Figure 1). 
the conveyor numbered 16 i n  Figure 1. A s p l i t e r  i s  used t o  propor t ion the  
stone between the two screens. The v ib ra t i ng  screen source was defined as the  
6 foo t  wide, 16 f o o t  long open, sloped surface above the  upper screen deck. 
There i s  approximately a 10 inch freeboard above the  upper screen t o  reduce 
wind entrainment o f  dust. The area traversed as pa r t  o f  t h i s  t e s t  program was 
the sloped surface pa ra l l e l  t o  the  top o f  t he  freeboard. 

The stone f l o w  t o  the  v ib ra t i ng  screens and the 5.5' crusher i s  termed 
"closed c i r cu i t .  since oversized material containing soma f i nes  adhering t o  the  
surface can rec i r cu la te  through the  v i b r a t i n g  screens and 5.5' crusher unt i l  
the stone i s  crushed small enough t o  f a l l  through the  v ib ra t i ng  screen. The 
oversized material remaining on the  top screen goes t o  the  i n l e t  o f  the  5.5' 
crusher. The t o t a l  quant i t y  o f  oversized material enter ing the  5.5' crusher 
was approximately 260 tons per hour. The stone feed ra tes  t o  the  two v ib ra t i ng  
screens were approximately 350 tons per hour or 175 tons per hour per screen. 

These screens receive stone from 
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i TABLE 8-1. PARTICLE SIZE OISTRIBUTIONS 
FOR DRY RUNS 

Fraction of Sample in Specified Range 

Size Range Test 1 , 2.3 
Dry 

> 37.5 Hillimeters 0 
> 19.0 Hillimeters 0.065 
> 4.75 Hillimeters 0.280 
> 2.00 Hillimeters 0.464 
> 150 nicrons 0.141 
> 75 Hicrons 0.019 
> 38 Hicrons 

Bottom Pan 0.017 

TABLE 8-2. PARTICLE SIZE OISTRIBUTIONS 
FOR WET RUNS - 

Fraction of Sample in Specified Range 

Size Range Test 1, Test 2, Test 3, 
Wet Wet Wet 

> 37.5 Hillimeters 
> 19.0 Hillimeters 
> 4.75 Hillimeters 
> 2.00 Hillimeters 
> 150 Hicrons 
> 75 Hicrons 
> 38 Hicrons _. 

Bottom Pan 

~ ~~~ ~ 

0 0 0 
0.125 0.050 0.034 
0.267 0.420 0.268 
0.447 0.405 0.453 
0.111 0.079 0.175 
0.020 0.020 0.029 

0.016 0.012 0.019 
0.015 3 9. 0.014 3 2&0/0 0.023 pa 
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C. I.  List my AFCD p.nmecm (supplied in the mt report) below. 



i' 
) Emission DaWMass Flux RatWEmission Factors 



L 

PM-10 I Ib/hr 

i 
L . _ _ .  

.;. -- . 
c- .. ,. 

i- 
t .. 

i 
. .  

. . . .  

L. 

* _  - 
. .  
.. . 

I_ 
F 
C '  
k... k.  
i-: c- 

L. 
r- 

- 

I; - -  
I-- 
,-- 
i. 
I-..-. 

0.221 I 0.322 I 0.276 I 

I lsokinetic variation % 104.2 103.6 100.3 
Circle: Production or feed rate TPH 282 246 267 
Capacity: 

PM-10 I Ib/hr 

Pollutant concentrations: 
PM-10 ]mg/DSCF I 1.07 I 1.56 I 1.31 I 
% OF FII TFRARI F PM I % I 6 4  4 89d 6.9YJ 

0.221 I 0.322 I 0.276 I 

FILTERABLE PM I Ib/ton 0.0127 I 0.0273 I 0.0175 I 0.01 91 

PM-10 I Ib/hr 0.0503 0.0334 0.0306 
FILTERABLE PM I Ib/hr 0.409 
Emission factors: 
PM-10 I Ib/ton I 0.0001 89 
FILTERABLE PM I ibnon I 0.00153 

0.337 0.243 

0.0001 46 0.0001 05 0.0001 47 
0.00148 0.000833 0.00126 



:apacity: 

% OF FILTERABLE PM 1% 27.54 7.74 6.54 

PM-10 1 Ib/hr 0.0482 I 0.0504 I 0.0444 I 
FILTERABLE PM 1 Ib/hr 0.175 I 0.654 I 0.684 I 

FILTERABLE PM 1 Ib/ton 0.0246 I 0.0946 I 0.103 I 0.0739 




