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1.1 Summary 

The U.S. Environmental Protection Agency (EPA), Office of 
Air Quality Planning and Standards (OAQPS), Emission Inventory 
Branch (EIB) is responsible for developing and maintaining air 
pollution emission factors for industrial processes. EIB, in 
collaboration with the National Redi-Mixed Concrete Association, 
is currently studying the cement manufacturing industry. The 
purpose of this study was to develop emission factors for the 
operations used within typical concrete batching facilities. The 
Emission Measurement Branch (EMB) of OAQPS coordinated the 
emission measurement activities at the plant. ETS Incorporated 
(ETS, Inc.) conducted the ambient and source measurements. EPA 
personnel obtained the process materials samples and process data 
during the test period. 

EPA/EIB and the National Redi-Mixed Concrete Association 
considered the Concrete Ready Mixed Corporation plant located in 
Roanoke, Virginia to be a representative concrete batching 
operation. The concrete batching operations sampled were; (1) 
aggregate delivery; (2) aggregate 
cement silo filling; 

handling and storage; (3) 

loading. 
(4) fly ash silo filling; and (5) truck 

A schematic of the facility is shown in Figure 1.1-l. 

The test program was conducted from October 25, 1993 through 
November 1, 1993. Air sampling was conducted at: (1) upwind and 
downwind locations from the truck loading operation using ambient 
monitors; (2) cement silo filling; (4) fly ash silo filling; and 
(4) the inlet and outlet ducting of the central dust collector. 
The air sampling was conducted to determine emissions of 
particulate matter (PM), PM less than or equal to ten microns 
(PM,,) and targeted metals. 

Process samples from the facility roadway, sand, aggregate, 
and cement were obtained during the test program. 
samples were analyzed for moisture and sieve size. 

All process 
The cement 

process sample additionally underwent a targeted metals analysis. 
The targeted metals are listed in Table 1.1-l. 
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Figure 1.1-l: Schematic of the Concrete Ready Mixed Corporation Batch 

?lant Located Fn Roanoke, VA. 

TABLE 1.1-l: Targeted Metals for Concrete Ready Mixed 
Corporation of Roanoke, Virginia. 

METAL 

arsenic 
beryllium 

cadmium 
chromium 

lead 
manganese 

mercury 
nickel 

phosphorus 
selenium 
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1.2 Test Program Personnel 

The key personnel who coordinated the test program and their 
phone numbers are: 

= ETS, Inc., Project Manager, Tony Underwood 703/265-0004 
n EIB Technical Coordinator, Ron Meyers 919/541-5407 
= EMB Field Yest Coordinator, John Brown 919/541-0200 
n Concrete Ready Mixed Corporation, 

Robert Lindsay 703/932-5000 



2.0 PLANT AND SAMPLING LOCATION DESCRIPTION 

The Concrete Ready Mixed Corporation facility located in 
Roanoke, Virginia is composed of two separate concrete batching 
plants; (1) the Erie plant; and (2) the Johnson plant. All 
sampling was conducted at the Erie plant. 

The following typical concrete batch plant operations were 
sampled during the test program: 

(1) aggregate delivery; 
(2) aggregate handling and storage; 
(3) cement silo filling; 
(4) fly ash silo filling; 
(5) truck loading. 

A process flow schematic for this operation is outlined in 
Figure 2.0-l. 

2.1 Aggregate Delivery Operation 

Trucks deliver the concrete precursors of sand and gravel to 
the batching plants located in downtown Roanoke. A plant road 
connects the batch loading operations of the Erie and Johnson 
plants with Norfolk Avenue. 

2.1.1 Air Samplinq: Ambient air monitoring was conducted at 
upwind and downwind locations from the Erie plant truck loading 
operation. The ambient sampling was used to determine the 
background PM and metals emissions generated by the truck traffic 
within the facility. 

2.1.2 Process Material Samples: Two dust samples were taken 
from the roadway servicing the Erie Plant: (1) a 26'x27'x32'area 
of the roadway near the Norfolk Avenue exit; and (2) a 37'-3"~4~' 
area of a concrete pad located adjacent to the Johnson plant. 
These process samples underwent a sieve and moisture analysis. 

2.2 Aggregate Handling and Storage Operations 

After delivery, the aggregate is stored in six open piles 
that are separated by concrete retaining walls. The aggregate is 
transported via belt conveyors to the overhead feed bins located 
above the truck loading operation as required. From the feed 
bins, the aggregate is conveyed to a mixing scale where it is 
quantitatively blended with fly ash. 

2.2.1 Air Samplinq: No air emission sampling for the aggregate 
handling and storage operations was conducted. 
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2.2.2 Process Material SamDles: Four material samples were 
obtained from the material storage and handling areas surrounding 
the Erie Plant: (1) fine aggregate from west plant; (2) sand from 
west pit (right); (3) sand from the west pit (left); and (4) 
aggregate gravel. These process samples underwent a sieve and 
moisture analysis. 

2.3 Cement Silo Filling Operation 

Tanker trucks are contracted from outside sources to deliver 
cement to the storage silos of the Johnson and Erie batch plants. 
The Johnson plant has a single cement storage silo. The Erie 
plant has two cement storage silos designated east and west. To 
transport the cement from the tanker to the silo, a 4-inch 
flexible line is attached to the rear of the tanker truck. The 
cement is then pneumatically conveyed to the top of the storage 
silo. It takes approximately 45-minutes to unload one tanker 
truck. 

Each storage silo has its own dust collector attached to its 
roof. The dust collectors vent to the atmosphere and are not 
equipped with any fans or blowers. The air flow out of each silo 
is a result of the air being displaced by the incoming cement. 

2.3.1 Air Samplinq: Air emission testing was conducted during 
cement silo filling operations at the outlet to the dust 
collector located on top of the silo. A detailed schematic of 
the cement storage silo sampling location is given in Figure 
2.3.1-l. Figure 2.3.1-2 is a detailed schematic of the cement 
storage silo outlet sampling and traverse points. 

2.3.2 Process Material Samples: A process sample of the cement 
contained within tanker truck #ll was obtained for sieve, 
moisture and targeted metals analysis. 

2.4 Fly Ash Silo Filling Operation 

Tanker trucks are contracted from outside sources to deliver 
fly ash to the Johnson and Erie batch plants. The Johnson and 
Erie plants use a common fly ash storage silo. A 4-inch flexible 
line is used to pneumatically transport the fly ash from the 
tanker to the top of the storage silo. It takes approximately 
45-minutes to unload one tanker truck. 

The fly ash storage silo has its own dust collector attached 
to its roof. The dust collector vents to the atmosphere and is 
not equipped with a fan or blower. The air flow emitted by the 
silo is a result of the air beinq displaced by the incoming fly 
ash. 
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Figure 2.3.1-1: Schematic of Cement Storage Silo, Concrete Ready Mixed Corporation 
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Figure 2.3.1-2: Traverse Point Locations for the Cement Sto?zz~z 
Silo, Concrete Ready Mixed Corporation 
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Air emission testing was conducted during fly ash silo 
filling operation at the outlet to the dust collector located on 
top of the silo. A detailed schematic of the fly ash storage 
silo sampling location is given in Figure 2.4-l. Figure 2.4-2 is 
a detailed schematic of the fly ash storage silo outlet sampling 
and traverse points. 

2.5 Truck Loading Operation 

The concrete batching process combines aggregate from the 
overhead feed bins with cement and fly ash from the storage 
silos. This mixture is then transferred to the batch scale. The 
batch scale then gravity discharges a specific amount of this dry 
mixture to each truck via a loading chute. Water is also 
introduced into the truck at this time. Emissions from the truck 
loading operation are controlled by a shroud which is connected 
to a central dust collector. This central dust collector is 
common to both the Johnson and Erie batch plants. 

The air sampling was conducted at the inlet and outlet of 
the central dust collector to determine the PM, PM,, and targeted 
metals emissions generated during truck loading operations at the 
Erie batch plant. A detailed schematic of the central dust 
collector inlet sampling location and traverse point locations 
are given in Figures 2.5-l and 2.5-2, respectively. Schematics 
of the sampling location and traverse point locations for the 
central dust collector outlet are given in Figures 2.5-3 and 
2.5-4, respectively. 

2.6 Pollution Control Description 

The air pollution control equipment at the Concrete Ready 
Mixed Corporation Erie and Johnson batching plants consists of a 
Griffin Environmental Model JA-360DA dust collector. The dust 
collector services both plants truck loading operations and 
contains 360 bags with a total cloth area of 3219 square feet. 
The necessary pressure drop is obtained through the use of a 40 
hp I.D. fan. 
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Figure 2.4-l: Fly Ash Storage Silo Schematic, Concrete 
Ready tied Corporation 
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Figure 2.4-2: Travers Point Locations for the Fly Ash 
Storage Silo, Concrete Ready Mired Corporation 
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Figure 2.5-l: Schematic of the Central Dust COlleCtOr Inlet, 
Concrete Ready Mixed Corporation 
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Figure 2.5-2: Saxqling and Traverse Point Locations for the 
Central Dust Collector Inlet, Concrete Ready Mixed 
Corporation 
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Figure 2.5-3: Schematic of Dust Collector Outlet Test Location 
for Concrete Ready Mixed Corporation 
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Figure 2.5-4: Sampling and Traverse Point Locations for the Dust 
Collector Outlet, Concrete Ready Mixed Corporation 
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3.0 SUMMARY AND DISCUSSION OF TEST RESULTS 

3.1 Objectives and Test Matrix 

The purpose of the test program was to develop emission 
factors for the operations used within a typical concrete 
batching facility. 

The specific objectives of the test program for the Concrete 
Ready Mixed Corporation Plant were: 

(1) 

(2) 

(3) 

(4) 

(5) 

Obtain upwind and downwind ambient air samples to 
determine the following background pollutants caused by 
truck delivery traffic within the facility: 

Particulate Matter 
Targeted Metals 

Obtain process material samples for aggregate storage 
and handling operations to determine the following: 

Sieve Sizing 
Moisture 

Measure the following emissions from the Cement Silo 
filling operation: 

Particulate Matter 
PM10 

Targeted Metals 

Obtain a cement process sample in order to determine 
the following: 

Sieve Sizing 
Moisture 
Targeted Metals 

Measure the following emissions from the Fly Ash Silo 
filling operation: 

Particulate Matter 
PM10 
Targeted Metals 

Measure the following emissions from the truck loading 
operation: 

Particulate Matter 
PM10 

Targeted Metals 
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3.2 Test mtrix 

Table 3.2-l presents an overview of the sampling and 
analytical emission measurements for the Concrete Ready Mixed 
Corporation Erie Batching Plant. A more detailed delineation of 
the source test program is contained in Appendix A. 
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TABLE 3.2-l 

OVERVIEW OP THE TEST PROGRAM FOR THE CONCRETE READY MIXED CORPORATION 
ERIE BATCBING PLANT 

PROCESS 
DESCRIPTION 

AGGREGATE 
DELIVERY 

3AMPLE 
LOCATION 

UPWIND 

AGGREGATE 
DELIVERY 

DOWNWIND 

CEMENT SILO CEMENT SILO OUTLET 
FILLING 

FLY ASH SILO FLY ASH SILO OUTLET 
FILLING 

TRUCK LOADING DUST COLLECTOR INLET 

ANALYSIS 
DATE RUN NO. MODE 

10/26/93 u1026-AMB-Rl METALS, PM 
10/26/93 u1026-AMB-R2 METALS, PM 
10/26/93 u1026-AMB-R3 METALS, PM 
10/27/93 U1027-AMB-Rl METALS, PM 
10/27/93 U1027-AMB-R2 METALS, PM 
10/27/93 U1027-AMB-R3 METALS, PM 
10/20/93 U1028-AMB-Rl METALS, PM 
10/28/93 U1028-AMB-R2 METALS, PM 
10/28/93 U1028-AMB-R3 METALS, PM 
10/28/93 U1028-AMB-R4 METALS, PM 

10/26/93 D1026-AMB-Rl 
10/26/93 Dlo26-AMB-R2 
10/26/93 D1026-AMB-R3 
lo/27193 D1027-AMB-Rl 
10/27/93 D1027-AMB-R2 
10/27/93 DlQ27-AMB-R3 
10/28/93 D1028-AMB-Rl 
10/20/93 D1028-AMB-R2 
lo/28193 D1028-AMB-R3 
10/28/93 D1020-AMB-R4 

METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 
METALS, PM 

10/26/93 CSO-MZOlA-Rl 
10/27/93 CSO-M201A-R2 
lo/28193 CSO-M201A-R3 

METALS,>PMlO,<=PMlo 
METALS,>PMlo,<=PMlo 
METALS,>PM1o,<=PMlo 

10/27/93 FSO-MZolA-Rl 
10/28/93 FSO-M201A-R2 
11/01/93 FSO-M201A-R3 

METALS,>PMlo,<=PMlD 
METALS,>PMlo,<=PMlD 
METALS,>PMlo,<=PMlo 

10/26/93 DCI-M201A-Rl 
10/26/93 DCI-MZOlA-R2 
10126193 DCI-M2olA-R3 
10/27/93 DCI-MZOlA-R4 
10/27/93 DCI-M2OlA-RS 
lo/27/93 DCI-MZOlA-R6 
10/28/93 DCI-M201A-R7 
10/28/93 DCI-MZOlA-R8 
10/28/93 DCI-MZOlA-R9 
10/28/93 DCI-M201A-RlO 

METALS,>PMlo,<=PMlo 
METALS,>PM1o,<=PM10 
METALS,>PMlo,<=PMlo 
METALS,>PMlo,<=PMlO 
METALS,>PMlo,<=PM10 
METALS,>PMlo,<=PMlo 
METALS,>PMlo,<=PMlo 
METALS,>PMlo,<=PM10 
~TALS,>PM1o,<=PM10 
~TALS,>PM1o,<=PM10 

TRUCK LOADING DUST COLLECTOR OUTLET 10/26/93 DCO-MZOlA-Rl 
10/26/93 DCO-M201A-R2 
10/27/93 DCO-MZOlA-R3 
10/28/93 DCO-M201A-R4 
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3.3 Summary of Results 

The results of the emissions testing conducted at the 
Concrete Ready Mixed Corporation Erie batch plant are summarized 
in Tables 3.3-1, 3.3-2 and 3.3-3. 

3.3.1 Aasreaate Delivery: The results of the aggregate delivery 
are summarized for ambient air sampling in Table 3.3-l. A 
summary of the process material results for sieve, moisture and 
targeted metals analyses are in Table 3.3-2. 

3.3.1.1 Ambient Air Samnlinq: The ambient air sampling of the 
aggregate delivery process was conducted through the use of 
upwind and downwind ambient monitors. The upwind and downwind 
filter catches were analyzed for particulate loading and targeted 
metals. A summary of the wind speed and direction that occurred 
during the ambient monitoring is located in Appendix B. 

3.3.1.1.1 Particulate Loadinq: 
particulate loading from the 

The downwind background 
Erie batching plant ranged from 

0.00154 to 0.00658 gr/dscf at an average of 0.00332 gr/dcsf over 
the three day test program. The upwind particulate loading due 
primarily from the truck traffic within the facility ranged from 
5.643-04 to 7.393-04 gr/dscf at an average of 6.393-04 gr/dscf 
for the test program. 

3.3.1.1.2 Taraeted Metals: The particulate catch from the 
ambient monitoring filters were combined with respect to upwind 
or downwind location for metals analysis. The resulting metal 
background concentrations for the upwind monitoring location 
ranged from 0.00 ug/dscm for selenium (Case 1) to 0.448 ug/dscm 
of chromium (Cases 1 and 2). The downwind ambient metals 
background ranged from 0.00517 ug/dscm of cadmium to 1.57 ug/dscm 
of manganese. The results for the ambient monitoring are 
summarized in Table 3.3-1, with more detailed sampling results 
located in Appendix B. 

3.3.1.2 Process Material Samnlinq: The sieve analyses of the 
two roadway process samples resulted in 10.7% and 12.5% of dust 
passing through the 200 mesh U.S. standard sieve for the street 
exit and concrete pad samples, respectively. The results of the 
roadway material sampling are summarized in Table 3.3-2. A more 
detailed accounting of the roadway sampling results are given in 
Appendix C. 

3.3.2 Aaareaate Handlins and Storaae Onerations: Three material 
samples that were obtained from the aggregate handling and 
storage operations at the Erie plant for sieve and moisture 
analyses. These samples consisted of fine aggregate, sand and 
aggregate gravel. The sieve and moisture results for these three 
samples are summarized in Table 3.3-2. 
results for these samples are located 

Detailed laboratory 
in Appendix C. 
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TABLE 3.3-l 

SUNNARY OF AUBIEN!l? MONI!CORING RESULTS 

DATE 10/26/93 10/27/93 10/28/93 AVERAGE 

SAMPLING PARAMETERS 
Temperature - F 
Moisture - ~01% 
Barometric Pressure - in.Hg 
Upwind Sampling Rate - acfm 
Downwind Sampling Rate - acfm 

UPWIND PARTICULATE RESULTS 
Test Duration - minutes 
Sampling Rate - dscfm 
Sample Volume - dscf 
Filter Gain - g 
Grain loading - gr/dscf 

59.2 58.7 51.8 56.6 
0.85 1.07 0.47 0.79 

30.12 29.97 29.80 29.96 
10.76 10.80 10.72 10.76 
10.85 10.99 10.81 10.88 

132.2 
10.92 

1443.13 
0.0689 

7.393-04 

125.3 
10.90 

1364.83 
0.0500 

5.643-04 

122.7 126.7 
10.96 10.93 

1344.64 1384.20 
0.0535 0.0575 

6.153-04 6.393-04 

DOWNWIND PARTICULATE RESULTS 
Test Duration - minutes 
Sampling Rate - dscfm 
Sample Volume - dscf 
Filter Gain - g 
Grain loading - gr/dscf 

TARGETED METALS - ua/dscm 

124.0 120.6' 120.6 121.8 
11.01 10.99 11.06 11.02 

1366.20 1325.49 1333.76 1341.82 
0.1367 0.1595 0.5706 0.2889 

1.543-03 1.84E-03 6.583-03 3.323-03 

UPWIND DOWNWIND 

Arsenic (As) Case 1 
Case 2 

1.42E-01 
1.44E-01 

1.81E-01 
1.83E-01 

Beryllium (Be) Case 1 7.813-03 1.983-02 
Case 2 9.543-03 2.153-02 

Cadmium (Cd) Case 1 4.603-03 5.173-03 
Case 2 4.603-03 5.173-03 

Chromium (Cr) Case 1 4.483-01 7.663-01 
Case 2 4.483-01 7.663-01 

Lead (Pb) Case 1 1.84E-01 3.253-01 
Case 2 1.84E-01 3.253-01 

Managanese (Mn) Case 1 5.343-01 1.57E+OO 
Case 2 5.343-01 1.57E+OO 

Mercury (Hg) Case 1 6.243-02 8.873-02 
Case 2 6.423-02 9.053-02 

Nickel (Ni) Case 1 1.73E-01 3.293-01 
Case 2 1.91E-01 3.463-01 

Phosphorus (P) 

Selenium (Se) 

Case 1 
Case 2 

Case 1 
Case 2 

1.65E+Ol 1.98E+Ol 
1.73E+Ol 2.07E+Ol 

O.OOE+OO 1.553-02 
1.733-03 1.723-02 

Notes: 
Case 1 results were calculated by substituting the detection limit value for 
all non-detect analytical results. 
Case 2 results were calculated by substituting a zero-value for all non-detect 
analytical results. 
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TABLE 3.3-2 

SUMMARY OF SIEVE, MOISTURE AND METALS RESULTS FORTRR PROCESS SAMPLES 

TRUCK ill 
GRAVIMETRICS CEMENT 

Total Sample Weight - grams 1247 
Moisture - Wt% 0.03 

SIEVE ANALYSIS I% LESS THAN) 

ROADWAY 
SAMPLE 

NO.l* 

8732 
0.27 

ROADWAY 
SAMPLE 

N0.2* 

2722 
1.59 

18 Mesh (1000 Microns) 100.0000 

20 Mesh (850 Microns) 100.0000 

25 Mesh (710 Microns) 100.0000 

30 Mesh (600 Microns) 100.0000 

35 Mesh (500 Microns) 100.0000 

60 Mesh (250 Microns) 99.9678 

80 Mesh (180 Microns) 99.9678 

100 Mesh (150 Microns) 81.1229 

200 Mesh (75 Microns) 24.3879 

MULTI-METALS ANALYSIS Imu/ku) 

67.3451 74.1064 35.5142 98.4267 

65.0156 71.7136 29.3557 97.3921 

62.5836 68.9367 23.0960 95.2380 

59.9334 65.5353 18.2391 91.3478 

55.6309 60.5629 13.7175 81.6109 

27.8597 31.6746 4.2033 13.3042 

20.6584 25.5504 2.8839 3.5049 

18.6625 23.8413 2.5466 2.5724 

10.7274 12.5397 1.9143 2.0230 

Arsenic (As) 0.85 
Beryllium @E$ 0.75 
Cadmium 1.07 
Chromium (cr) 67.00 
Lead (pb) 5.13 
Manganese (Mn) 283.00 
Mercury (WI co.10 
Nickel (Nil 19.90 
Phosphorus (P) 316.00 
Selenium (se) qo.14 

* Roadway samples No.1 and No.2 were takep from the street exit (331.6 ft') and from a concrete pad 
adjacent to the Johneon Plant (523.6 ft'), respectively. 

FINE 
AGGREGATE 

1769 
2.50 

SAND 

3357 
3.34 

AGGREGATE 
GRAVEL 

27442 
1.59 

0.1053 

0.0910 

0.0910 

0.0910 

0.0910 

0.0910 

0.0910 

0.0910 

0.0910 



3.3.3 Cement Silo Filling: Results of the cement silo filling 
air sampling are summarized in Tables 3.3-3. The sieve, moisture 
and targeted metals analysis of the cement material sample from 
truck #ll is summarized in Table 3.3-2. 

3.3.3.1 Air Samnlinq: The average particulate emission results 
from the air sampling at the cement silo dust collector outlet 
were 0.015 lb/hr at 0.0049 gr/dscf for PM,, and 0.019 lb/hr at 
0.0064 gr/dscf for total particulate matter. The combined filter 
metals analysis ranged from 0.0 lb/hr for cadmium, mercury, 
phosphorus, and selenium to 3.683-06 lb/hr for manganese. The 
results of these three sampling runs are summarized in Table 3.3- 
3. Results by individual sampling run are detailed in Appendix 
D. 

3.3.3.2 Process Material Samplinq: The sieve and moisture 
analysis of the cement from truck #ll yielded an average moisture 
content of 0.03 weight percent. Approximately 24-percent of the 
cement passed through the 200 (75 micron) U.S. standard sieve. 
The metals content of the cement ranged from less than 0.01 mg/kg 
of mercury to 316 mg/kg of phosphorus. The cement material 
sampling results are summarized in Table 3.3-2. Detailed results 
of the sieve and moisture analysis are located in Appendix C. 
Detailed metals results are located in Appendix G2. 

3.3.4 Flv Ash Silo Fillinq: The results of the fly ash silo 
filling operation for were 0.14 lb/hr at 0.048 gr/dscf and 0.156 
lb/hr at 0.052 gr/dscf for PM,, and total particulate, 
respectively. The metal mass emissions from the combined filter 
analyses ranged from 0.00 lb/hr for mercury to 8.853-05 lb/hr for 
phosphorus. The results of the fly ash silo filling operation 
are summarized in Table 3.3-3. More detailed emission 
information for the fly ash silo filling process are located in 
Appendix E. 

3.3.5 Truck Loadinq: The results of the truck loading operation 
sampled before the central dust collector were 0.713 lb/hr at 
0.013 gr/dscf and 2.89 lb/hr at 0.051 gr/dscf for PM,a and total 
particulate, respectively. The metal mass emissions from the 
combined filter analyses ranged from 0.00 lb/hr for mercury and 
phosphorus to 1.593-04 lb/hr for manganese (Case 1). 

The particulate loading that was emitted by the central dust 
collector was 0.155 lb/hr at 9.673-04 gr/dscf and 0.22 lb/hr at 
1.383-03 gr/dcsf for PM,, and total particulate, respectively. 
The metal mass emissions from the central dust collector obtained 
from a combined filter analyses ranged from 0.00 lb/hr for 
cadmium, mercury, phosphorus, and selenium to l-973-05 lb/hr for 
manganese. 
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The results of the truck loading operation are summarized in 
Table 3.3-3. More detailed emission information for the truck 
loading operation are summarized chronologically in Appendix F. 
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TABLE 3.33 

SUMMARY OF PARTICUIATE AND METALS EMISSIONS 

SAMPLE LOCATIONS: 
DUST COLLECTOR DUST COLLECTOR CEMENT SILO FLY ASH SILO 

INLET OUTLET OUTLET OUTLET 

Gas Temperature - OF 57.9 64.7 52.3 52.5 
Oxygen-% 20.9 20.9 20.9 20.9 
Carbon Dioxide - % 0.0 0.0 0 0 
Moisture - % 0.79 0.58 0.18 1.21 

GAS FLOWRATE 

Velocity - Nsec 78.10 58.50 7.36 7.31 
Actual Volume - acfm 6543 18383 347 345 
Standard Volume - dscfm 6519 18568 357 351 

PM10 EMISSIONS 

Concentration - gr/dscf 
Mass Rate - lblhr 

1.28E-02 9.87E-04 4.87E-03 4.75E-02 
7.13E-01 1 S5E-01 1 SOE-02 1.42E-01 

10 PM> 

Concentration - gr/dscf 
Mass Rate - lb/hr 

TOTAL PM 

Concentration - gr/dscf 
Mass Rate - lbihr 

METALS EMISSIONS - Ibihr 

Arsenic: 

Beryllium : 

Cadmium: 

Chromium: 

Lead: 

Manganese: 

Mercury: 

Nickel: 

Phosphorus: 

Setenium: 

Notes: 

Case 1 2.OOE-05 1.25EJI8 4.74E07 2.49E-05 
Case 2 2.68E-05 1.88E-06 O.WE+W 2.51 E-05 

Case 1 7.87E-07 8.26E-08 7.9OE-09 2.25E-06 
Case2 1.04E-08 1.25E-07 1.32E-08 2.26E-06 

Case 1 1.77E-07 O.WE+W O.WE+W 4.96E-07 
Case 2 3.42E-07 O.WE+W O.WE+W 4.96E-07 

case1 3.58E-05 3.13E-06 5.53E-07 3.05E-05 
case 2 3.58E-05 3.13E-06 5.53E-07 3.05E-05 

Case 1 2.29E-05 4.85E-06 2.58EJJ7 1.3OE-05 
Case 2 2.29E-05 4.85E-08 2.58E-07 1 JOE-05 

Case 1 1.59E-04 1.97EXI5 3.68EXI8 
Case2 1.48E-04 1.97E-05 3.68E-06 

6.4oE-08 
6.4oE-06 

case1 O.OOE+OO O.WE+W O.WE+W O.WE+W 
Case 2 O.WE+OO O.WE+W O.WE+W O.WE+W 

Case 1 2.90E-05 8.26E-06 5.26E-07 5.58E45 
Case 2 5.2OE-05 1.25E-05 1.05E-06 5.70E-05 

Case 1 O.WE+W O.WE+W O.WE+W 2.57E-05 
Case2 O.WE+W O.WE+W O.WE+W 8.85E-05 

Case 1 3.06E-06 
Case 2 2.86E-06 

O.WE+W 
O.WE+W 

O.WE+W 1.68E-08 
O.WE+W 1.81 E-08 

3.86E-02 4.12E-04 1.52E-03 4.43E-03 
2.18E+W 8.6OEJJ2 5.WE-03 1.3OE-02 

5.14E-02 1.38Ea3 6.39E-03 5.19E-02 
2.89E+W 2.2OE-01 1.9OE-02 1 S6E-01 

- Case 1 results were calculated by substituting the detection limit value for all non-detect analytical results. 
- Case 2 results were calculated by substiiuting a zero-value for all non-detect analytical results. 
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4.0 SAMPLING AND ANALYTICAL PROCEDURE8 FOR SOURCE TESTING 

Background and emissions sampling was conducted at: (1) 
ambient air sampling was conducted upwind and downwind of the 
Erie batch plant; (2) the exhaust from the dust collector located 
on top of the cement storage silo; (3) the fly ash silo dust 
collector exhaust duct inlet duct; (4) the inlet to the central 
dust collector; (5) the outlet from the central dust collector. 

4.1 Ambient Sampling and Analytical Procedures 

4.1.1 Particulate Matter (PM) - Ambient Samnlinq: Ambient 
sampling of PM was conducted in accordance with 40 CFR 50 
Appendix B. This method provided a measurement of the mass 
concentration of total suspended particulate matter in ambient 
air. The sampler withdrew a measured quantity of air through a 
tared glass filter. The sampler collected particles ranging in 
size from 25 to 50 micrometers. 

4.1.1.1 Sampler Setun and Calibration: The ambient high-volume 
(Hi-Vol) PM samplers were located at upwind and downwind 
locations from the Erie batch plant truck loading operation. The 
samplers were secured to level platforms made of construction 
scaffolding, two-meters above the surrounding terrain. 

The Hi-Vol samplers were calibrated on-site by measuring the 
pressure drop across a certified calibrated orifice attached to 
the sampler inlet. A flow rate versus pressure drop calibration 
curve was subsequently generated for each sampler. Ambient 
temperature and barometric pressure readings were recorded in 
order to correct the sampled volumes to standard conditions. The 
wind direction and speed were also recorded. The calibration 
curve for both samplers is contained within Appendix B.4. 

4.1.1.2 Samoler Operation and Filter Recoverv: A pre-tared, 
numbered glass filter was attached to the inlet screen of each 
sampler. Using the on-site generated calibration curves, the air 
pumps for each sampler were adjusted to a specific flow rate. 
The samplers were operated during the entire length of the 
testing day. The wind speed and direction was recorded during 
the day in order to ascertain which Hi-V01 sampler was the upwind 
of the truck loading building at any given time. The sample 
times and flow rates were recorded in order to calculate the 
total air volume sampled. Average daily temperatures and 
barometric pressures were determined from the Method 201A 
sampling in order to convert to the sampled volume to standard 
conditions. 
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At the completion of the sampling period, the filter was 
recovered by carefully removing it from the inlet sampler screen 
and folding it, exposed side in, and placing it in a labeled 
envelope. The sampling data and chain-of-custody form was also 
completed and enclosed in the envelope 

4.1.1.3 Field Blanks: One field blank was collected. The field 
blank consisted of a filter taken to the site and was treated as 
a sample. 

4.2 Source Sampling Procedures 

4.2.1 Samnlins and Traverse Point Determination - EPA Method 1: 
EPA Method 1 procedures are used to determine suitability of test 
locations and to calculate the sampling and traverse points for 
each location. The results of EPA Method 1 analysis for each 
sampling location are provided in the following sections. 

4.2.1.1 Cement Storaqe Silo Exhaust Samnlinq Location: The 
cement storage silo exhausted through a screen on the door of a 
dust collector located on top of the silo. The exhaust was 
modified for sampling by attaching a 12-inch round duct extension 
that was five-foot in length to the screen. Two five-inch 
sampling ports were placed within this extension. Velocity 
measurements were made from two three-inch ports located 4 feet 
downstream of the sampling ports. Figure 2.3.1-1 shows a 
detailed schematic of the cement storage silo sampling location. 
Figure 2.3.1-2 is a detailed schematic of the cement storage silo 
outlet sampling and traverse points. 

4.2.1.2 Flv Ash Storaae Silo Exhaust Samplinq Location: The fly 
ash storage silo sampling location is identical to the cement 
storage silo sampling location, and similar modifications were 
required. Figure 2.4.1-1 shows a detailed schematic of the 
cement storage silo sampling location. Figure 2.4.1.-2 is a 
detailed schematic of the fly ash storage silo outlet sampling 
and traverse points. 

4.2.1.3 Samnlina and Traverse Points at the Central Dust 
Collector Inlet: The central dust collector has inlet ductwork 
which measured 16-inches in diameter. An undisturbed distance of 
approximately 20 feet existed prior to entry into the dust 
collector. Two 5" diameter ports (90' apart) were located two 
duct diameters from the nearest upstream flow disturbance, and 
twelve duct diameters from the nearest downstream flow 
disturbance. Figure 2.5.1-1 shows a schematic for the inlet 
ducting and sampling location used. A total of 12 sampling and 
traverse points were used for the all testing conducted within 
the central dust collector inlet. Figure 2.5.1-2 is a detailed 
schematic of the sampling and traverse points. 
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4.2.1.4 Central Dust Collector Outlet Samolina Location: The 
central dust collector exhausts through a 26-inch x 29-inch 
rectangular duct that was located on the positive pressure side 
of the fan. The equivalent diameter of the outlet duct was 
calculated to be 27.5-inches. The rectangular duct had a 
disturbance free length of 81-inches which allowed the placement 
of ports which meet the minimum disturbance free distance of 2 
diameters downstream and 0.5 duct diameters upstream. Three 
ports were installed into the outlet duct. A total of 24 
sampling and traverse points were used in all testing at the 
central dust collector outlet sampling location. Figure 2.5.1-3 
shows a schematic of the dust collector outlet ducting and 
sampling location. Figure 2.5.1-4 is a detailed schematic of 
the outlet sampling and traverse points. 

4.2.2 Volumetric Measurements - EPA Method 2: EPA Reference 
Method 2 was used to measure the gas velocity required to 
determine the volumetric flow rates of the stack gases. 
Stainless steel Type-S pitot tubes were used to measure the gas 
velocity heads. The pitot tubes were calibrated against a NIST 
traceable pitot tube in accordance with Method 2 procedures. 
Calibrated Type-K thermocouples were used to determine stack gas 
temperatures. Velocity and temperature measurements were made at 
each of the traverse points determined by EPA Method 1. 

4.2.3 Molecular Weiuht Determination - Ambient Air: The cement 
batching process does not involve combustion processes. The 
batch process simply involves the mixing of aggregate stone and 
cement with water; therefore the ambient air composition of 79% 
N, and 20.9% 0, was used for the molecular weight determination. 

4.2.4 Flue Gas Moisture Content - EPA Method 4: The flue gas 
moisture content was measured in conjunction with each of the 
pollutant tests according to the sampling and analytical 
procedures outlined in EPA Method 4. The flue gas moisture for 
each test was determined by gravimetric analyses of the water 
collected in the impinger train. All impingers were contained in 
an ice bath during the testing in order to assure complete 
moisture condensation of the sampled flue gas. Any moisture 
which was not condensed in the impingers was captured in the 
silica gel contained in the final impinger. 

4.2.5 PM and PM,,, Samolina - EPA Method 201A: EPA Method 201A 
was used for determination of PM 

'cp 
emissions. 

utilized an in-stack PM,, sizing 
This procedure 

evice and an in-stack filter in 
conjunction with an EPA Method 5 train. Gravimetric emissions 
analyses were performed as described by EPA Method 5. 
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4.2.5.1 Samolina Train Descriotion: The Method 201A train 
consisted of a cyclone followed by a 47 mm diameter glass fiber 
(Gelman) filter. These in-stack components were attached to an 
unheated stainless steel probe. The Method 201A sampling train 
is shown in Figure 4.2.5.1-1. 

GdlWlt7 
Cyclqne Filter 

Stainless Steal Conduit 

I 

Sample Line 

\ 

Pitot 
Tubes 
(Type-9 inclined 

Llanometcr 

Inclined Dry Gas 
Monometer M&r 

VOIX 
Pump 

Thermometer 

/ 
Silica Ccl I water 

Blank 

Figure 4.2.5.1-1: Method 201A Sampling Train 

The stack gases were drawn through the cyclone where a 
portion of the airborne particulate is separated before it passes 
through a Gelman filter. The size fraction of the particles that 
have a 50 percent probability of exiting the cyclone through the 
Gelman filter are defined as the cyclone cut size (DsO). The 
required particle size for a valid test run ranges from 9 um to 
11 um. After the sample gas passes through the Gelman filter, it 
then enters a stainless steel conduit which leads into a glass 
impinger train consisting of four impingers immersed in an ice 
bath. The first and second impingers each contained 100 
milliliters of water. The third impinger was initially empty and 
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the fourth impinger contained approximately 200 grams of color- 
indicating silica gel. 

4.2.5.2 Pre-Test Preoaration: Before sampling, a velocity 
traverse of the stack was performed. This traverse, along with a 
an ambient gas composition assumption, was used to determine the 
nozzle diameter(s) needed to maintain a flow rate through the 
cyclone to achieve a cut size of 10pm. A nozzle was selected by 
comparing the velocity heads from the velocity traverse with the 
*Rni and Ap calculated for each nozzle. 

bracket 211 
The nozzle was chosen 

to the Ap’s from the velocity traverse. If one 
nozzle did not meet this criterion, then the nozzle was changed 
during the sampling run so that the velocity head at that 
sampling point was within the Ap. and Ap for that nozzle. 
details of the calculations are given in rppendix 

The 
1.1. 

Two additional pretest calculations were also required: (1) 
the orifice pressure head needed to maintain the necessary 
cyclone flow rate; and (2) the dwell time for the first traverse 
point. These calculations were based upon the pretest traverse. 
These calculations are also detailed in Appendix 1.1. 

4.2.5.3 Samolins Train Ooeration: Throughout the sampling run 
the orifice pressure head was maintained at the pretest 
calculated value. If the stack gas temperature varied by more 
than 28'F from the pretest average temperature, then the orifice 
pressure head was determined using the pretest average + 28OF. 

The sampling train operation was modified from the standard 
Method 201A technique through the use of a single sampling point 
of average velocity. This sampling modification was brought 
about by the limited work area available for the test team. It 
was impractical and unsafe to attempt complete traverses, since 
the sampling probe would extend into the cement truck traffic 
during batch loading operations. The total test duration was 
determined by the process time of the plant operation being 
sampled. Nozzles were changed as necessary. Filters were also 
changed as necessary. 

4.2.5.4 Samnle Train Recovery: The filters were quantitatively 
recovered into their original tared and labeled foil wrappers at 
the end of the run. At this time, the particulate matter was 
quantitatively recovered using acetone from all of the surfaces 
from the cyclone exit to the front half of the in-stack filter 
holder, including the "turn around" cup inside the cyclone and 
the interior surfaces of the exit tube. 
into labeled glass bottles. 

The rinsings were placed 
The filters and rinsings were 

transported to the ETS laboratory for gravimetric analyses as 
described by EPA Method 5. The impinger water and silica gel 
were recovered as per EPA Method 4 procedures. A schematic of 
the recovery procedure are given Figure 4.2.5.4-1. 
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Figure 4.2.5.4-l: EPA Method 201A Recovery Procedure. 



4.3 Analytical Procedures 

s- 

.I*_ 

The following are EPA approved analytical procedures. All 
pollutants are from the same sampling train. 

4.3.1 Moisture Content - EPA Method 4: Moisture contents were 
determined gravimetrically in accordance with Method 4 by 
measuring either the volume or mass gains of each impinger in the 
pollutant sampling trains. 

4.3.2 PM Analvses - EPA Method 5: Particulate matter was 
determined from the Method 201A sampling. The total particulate 
matter was determined in accordance with EPA Method 5 procedures. 
The filter was analyzed gravimetrically to a constant weight. 
The front half rinses were evaporated and analyzed 
gravimetrically to a constant weight. The total particulate 
catch equaled the sum of the front half rinses and the filter. 

4.3.3 PM,, Analvses - EPA Method 201A: Analyses of the glass 
fiber filers and cyclone acetone rinses from the Method 201A 
sampling were performed gravimetrically in accordance with EPA 
Method 5 procedures. The total PM,, catch included the 
particulate collected in the acetone rinses from all of the 
surfaces from the cyclone exit to the front half of the in-stack 
filter holder, including the "turn aroundVV cup inside the cyclone 
and the interior surfaces of the exit tube, as well as the 
particulate collected by the glass fiber filter. The Method 201A 
analysis procedure is schematically represented in Figure 4.3.3- 
1. Appendix G.l contains the analytical data for the gravimetric 
PM,, analyses. 
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Container 6 
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1 - Filter is analyzed for trace metals in accordance with EPA Method 29 analytical procedures 

Figure 4.3.3-l: EPA Method 201A Analytical Procedure 
Source: 40 CFR Part 51, Appendix M 

4.3.4 Multi-Metals Analvses - EPA Multi-Metals: Only the 
filters from the Method 201A sampling were analyzed for arsenic, 
beryllium, cadmium, total chromium, lead, manganese, mercury, 
nickel, phosphorous, and selenium at the completion of the Method 
5 gravimetrics. The filters that were used to sample similar 
process operations were combined into single filter samples by 
direction of the on-site EPA/EM5 personnel. The multi-metals 
recovery procedure is schematically represented in Figure 4.3.4- 
1. 
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Figure 4.3.4-l: Multi-metals Recovery Procedure 

The filters were prepared for analysis in accordance with 
the procedures given in the EPA 29 method. All digestions were 
performed using a 600-watt microwave digester and Teflon pressure 
relief vessels. After preparation, the samples were analyzed 
with a Perkin Elmer Plasma 2000 inductively coupled plasma (ICP) 
spectrometer for arsenic, beryllium, cadmium, chromium, lead, 
manganese, nickel, phosphorous, and selenium. A Coleman 50A cold 
vapor spectrometer (CVAAS) was used to analyze the samples for 
mercury. 

Duplicate analyses were performed on all metals samples. In 
addition, one field blank along with its corresponding acetone 
probe wash was also analyzed. Spikes were added to the samples 
to determine the metals recovery efficiencies. 
contains the multi-metals laboratory data. 

Appendix G.2 
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5.0 FACILITY PROCEBB DATA 

The facility process data was collected by EPA/EIB personnel 
and contains the truck identification numbers, composition by 
weight of the cement loaded, the yards of cement loaded, and a 
dust collection efficiency estimate for each load. The process 
data is located in Appendix J. 
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6.0 QA/QC ACTIVITIES 

Specific quality control (QC) procedures were followed to 
ensure the continuous production of useful and valid data 
throughout the course of this test program. The QC checks and 
procedures described in this section represent an integral part 
of the overall sampling and analytical scheme. Strict adherence 
to prescribed procedures is quite often the most applicable QC 
check. A discussion of both the sampling and analytical QC 
checks that were utilized during this program are presented 
below. 

6.1 Equipment QC Procedures 

6.1.1 Equipment Insoection and Maintenance: Each item of field 
test equipment was assigned a unique, permanent identification 
number. An effective preventive maintenance program was 
necessary to ensure data quality. Each item of 
equipment returning from the field was inspected before it was 
returned to storage. During the course of these inspections, 
items were cleaned, repaired, reconditioned, and recalibrated 
where necessary. 

Each item of equipment transported to the field was 
inspected again before being packed to detect equipment problems 
which may originate during periods of storage. This minimizes 
lost time on the job site due to equipment failure. 

Equipment failure in the field is unavoidable despite the 
most rigorous inspection and maintenance procedures. For this 
reason, ETS routinely transported to the job site spare equipment 
for all critical sampling train components. 

6.1.2 Eauinment Calibration: New items for which calibration 
was required were calibrated before initial field use. 
whose calibration status may change with use or time was 

Equipment 

inspected in the field before testing began and again upon return 
from each field use. 
out of calibration, 

When an item of equipment was found to be 

from service. 
it was repaired and recalibrated or retired 

All equipment was periodically recalibrated in 
full, regardless of the outcome of these regular inspections. 

Calibrations are conducted in a manner, and at a frequency, 
which meets or exceeds U.S. EPA specifications. ETS followed the 
calibration procedures outlined in the EPA Methods 
recommended within the Quality Assurance Handbook 

and those 

Pollution Measurement Systems: 
;or Air 

August, 1977). 
Volume III (EPA-600/4-77-027b, 

When these methods were inapplicable, ETS used 
methods such as those prescribed by the American Society for 
Testing and Materials (ASTM). 
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Data obtained during calibrations were recorded on 
standardized forms, which were checked for completeness and 
accuracy by the quality assurance director or the quality 
assurance manager. Data reduction and subsequent calculations 
were performed using ETS computer facilities. Calculations were 
checked at least twice for accuracy. 

Emissions sampling equipment requiring calibration included pitot 
tubes, pressure gauges, thermometers, dry gas meters, and 
barometers. The following sections elaborate on the calibration 
procedures followed by ETS for these items of equipment. 

6.1.2.1 Pitot Tubes: All Type-S pitot tubes used by ETS, 
whether separate or attached to a sampling probe, are constructed 
in-house. Each new pitot was calibrated in accordance with the 
geometric standards contained in EPA Method 2. A Type S pitot 
tube, constructed and positioned according to these standards, 
had a coefficient of 0.84 _+ 0.02. This coefficient should not 
change as long as the pitot tube was not damaged. The actual 
coefficient of each pitot tube was determined using a wind tunnel 
calibration against a standard NIST traceable pitot tube. These 
calibrations were performed in accordance with EPA Method 2 
procedures. 

Each pitot tube was inspected visually upon return from the 
field. If a cursory inspection indicated damage or raised doubt 
that the pitot remained true to its original calibration, the 
pitot tube was refurbished as needed and recalibrated. 

6.1.2.2 Imnincfer Thermometer: Prior to the start of testing, 
the thermometer used to monitor the temperature of the gas 
leaving the last impinger was compared with a mercury-in-glass 
thermometer which meets ASTM E-l No. 63F specifications. The 
impinger thermometer was adjusted when necessary until it 
agreed within 2OF of the reference thermometer. If the 
thermometer was not adjustable, it was labeled with a correction 
factor. 

6.1.2.3 Drv Gas Meter Thermometer: The thermometer used to 
measure the temperature of the metered gas sample was checked 
prior to each field trip against an ASTM mercury-in-glass 
thermometer. The dry gas meter thermometer was acceptable if the 
values agree within + 5.4OF. Thermometers not meeting this 
requirement were adjusted or labeled with a correction factor. 

6.1.2.4 Flue Gas Temnerature Sensor: All thermocouples employed 
for the measurement of flue gas temperatures were calibrated upon 
receipt. Initial calibrations were performed at 
three points (ice bath, boiling water, and furnace). An ASTM 
mercury-in-glass thermometer was used as a reference. The 
thermocouple was acceptable if the agreement is within 1.5 
percent (absolute) at each of the three calibration points. 
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On-site, prior to the start of testing, the reading from the 
flue gas thermocouple-potentiometer combination was compared with 
an ASTM mercury-in-glass reference thermometer. If the two agree 
within f 1.5 percent (absolute), the thermocouple and 
potentiometer were considered to be in proper working order for 
the test series. After each field use, the thermocouple- 
potentiometer system was compared with an ASTM mercury-in-glass 
reference thermometer at a temperature within f 10 percent of the 
average absolute flue gas temperature data. If the absolute 
temperatures agree within + 1.5 percent, the temperature data 
were considered valid. 

6.1.2.5 Drv Gas Meter and Orifice: Two procedures were used to 
calibrate the dry gas meter and orifice simultaneously. The full 
calibration was a complete laboratory procedure used to obtain 
the calibration factor of the dry gas meter. Full calibrations 
are performed over a wide range of orifice settings. A simpler 
procedure, the post test calibration, was designed to check 
whether the calibration factor had changed. Post test 
calibrations were performed after each field test series at an 
intermediate orifice setting (based on the test data) and at the 
maximum vacuum reached during the test. 

Each metering system received a full calibration at the time 
of purchase and a post test calibration after each field use. If 
the calibration factor Y deviated by less than five percent from 
the initial value, the test data were acceptable. If Y deviated 
by more than 5 percent, the meter was recalibrated and the meter 
coefficient (initial or recalibrated) that yielded the lowest 
sample volume for the test runs was used. EPA Method 5 requires 
another full calibration anytime the post test calibration check 
indicates that Y had changed by more than 5 percent. Standard 
practice at ETS is to recalibrate the dry gas meter anytime Y was 
found to be outside the range of 0.98 to 1.02. 

An orifice calibration factor was calculated for each flow 
setting during a full calibration. If the range of values did 
not vary by more than 0.15 in. H,O over the range of 0.4 to 4.0 
in. H,O, the arithmetic average of the values obtained during the 
calibration was used. A record of the field equipment 
calibration data is located in Appendix H. 
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6.2 Sampling QC Procedures 

6.2.1 Pre-Test QC Checks and Procedures: The following pretest 
QC checks were conducted: 

All sampling equipment was thoroughly checked to ensure 
clean and operable components. 

Equipment was inspected for possible damage from 
shipment. 

The oil manometer used to measure pressure across the 
Type S pitot tube was leveled and zeroed. 

The number and location of the sampling traverse points 
were checked before taking measurements. 

The temperature measurement system was visually checked 
for damage and operability by measuring the ambient 
temperature prior to each traverse. 

All cleaned glassware and sample train components were 
kept sealed until train assembly. 

The sampling trains were assembled in an environment 
free from uncontrolled dust. 

Each sampling train was visually inspected for proper 
assembly. 

Pretest calculations determined the proper sampling 
nozzle size. 

6.2.2 QC Checks and Procedures Durina Testinq: The following 
checks and procedures will be conducted during testing: 

Readings of temperature and differential pressure were 
taken at each traverse point. 

All sampling data and calculations were recorded on 
preformatted data sheets. 

All calibration data forms were reviewed for 
completeness and accuracy. 

Any unusual occurrences were noted during each run on 
the appropriate data form. 

The project supervisor reviewed sampling data sheets 
daily during testing. 
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The roll and pitch axis of the Type S pitot tube and 
the sampling nozzle were properly maintained. 

Leak check the train before and after any filter 
change. 

Conduct additional leak checks if the sampling time 
exceeded 4 hours. 

Maintained the probe, 
proper temperature. 

filter and impingers at the 

Maintained ice in the ice bath at all times. 

Make proper readings of the dry gas meter, delta P and 
delta H, temperature, and pump vacuum during sampling 
at each traverse point. 

Maintained isokinetic sampling within the requirements 
of each method. 

6.2.3 QC Checks and Procedures After Testinq: 

Visually inspect the sampling nozzle. 

Visually inspect the Type S pitot tube. 

Leak check each leg of the Type S pitot tube. 

Leak check the entire sampling train. 

6.3 Analytical QA Procedures 

All analytical QA procedures followed those given in each 
test method. Each test method along with the prescribed 
reference sections regarding auditing procedures are as follows: 

Test Method Reference 

Method 29 Method 29, Section 7 
of 40 CFR 60 

Method 201A Method 201A, Section 4 
of 40 CFR 60 
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6.4 Analytical QC Procedures 

All analyses for this program were performed using accepted 
laboratory procedures in accordance with the specified analytical 
protocols. Adherence to prescribed QC procedures ensured data of 
consistent and measurable quality. Analytical QC focused upon 
the use of control standards to provide a measure of analytical 
precision and accuracy. Also, specific acceptance criteria were 
defined for various analytical operations including calibrations, 
control standard analyses, drift checks, blanks, etc.. The 
following general QC procedures were incorporated into the 
analytical effort: 

The on-site project supervisor reviewed all analytical 
data and QC data on a daily basis for completeness and 
acceptability. 

Analytical QC data was tabulated using the appropriate 
charts and forms on a daily basis. 

Copies of the QC data tabulation were submitted to the 
quality assurance manager following the completion of 
the test program. 

All hard copy raw data (i.e., strip charts, computer 
printouts, etc.) were maintained in organized files. 

6.5 QA/QC Checks of Data Reduction 

Calculations that were to be used in the field were checked 
by the QA officer prior to testing with predetermined data. The 
QA officer performed random checks in the field to insure data 
was being properly recorded. Upon completion of the testing, 
data was then transferred from the data sheets to the computer. 
This process was also reviewed and checked by the QA officer. 
When multiple tests were performed in one location, data from 
each test were compared. The calculations used in this report 
are given in Appendix I. 

6.6 Sample Identification and Custody 

Each test run was assigned a unique run identification 
(i.d.) which consisted of a 3 digit code for the location, the 
test method and the specific test run. Labels were pre-printed 
with the test method, the container number, a unique 
client/sample i.d., a space to write in the run number described 
above and the contents of the sample container. As each sample 
was recovered, its sample label was attached and the sample 
number and contents were recorded in the chain of custody section 
of the run sheet. The run identification, the sample number and 
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contents were then recorded in a bound field sample log that was 
maintained by the sample recovery person. A three way check was 
then made by the recovery person to insure that the sample label 
information, the log book information and the run sheet chain of 
custody all corresponded correctly. 

When the samples were returned for analysis, the team leader 
again checked to see that the sample label information, the run 
sheet chain of custody and the field log book information all 
corresponded correctly. Any discrepancies were brought to the 
attention of the project manager. If any condition existed that 
may influence the integrity of the sample, it was noted and 
brought to the attention of the project manager (i.e. broken 
seals, leaking samples, improper storage temperature). All of 
the chain of custody information was entered into a database. A 
print out of the computerized field log was made and checked 
against the chain of custody on the test run sheet. A copy of 
the computerized chain of custody accompanied the samples to the 
location where they were to be analyzed. Each sample label was 
checked again against the computerized field log as it was sent 
from sample management. 

-s 

-  

- -  
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