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1. SUMMARY 

1.1 PURPOSE AND SCOPE 

The Ready Mixed Concrete Research Foundation (RMC Research Foundation) has sponsored 
this emission factor test program at ready mixed concrete facilities located in North Carolina, 
Virginia, and South Carolina.  The purpose of this project is to prepare an updated and 
expanded set of AP42, Chapter 11.12 emission factors for total particulate matter, PM10,  
PM10-2.5, and PM2.5 from truck mix and central mix process operations at ready mixed 
concrete plants. 

The 1995 edition of AP42 Section 11.121 has total particulate and PM10 emission factors 
based on only one central mix plant and two truck mix plants.  These EPA emission factors 
were based, in part, on subjective visible emission observations, and the measured data had 
considerable scatter.  EPA rated the factors as D for truck mix operations and E for central 
mix operations.   

The 1995 edition of AP42 Section 11.12 does not have any emission factor data applicable to 
PM10-2.5 and PM2.5.  Information concerning these two forms of particulate matter is needed by 
the Ready Mixed Concrete Industry and regulatory agencies due to the anticipated 
promulgation of new nationwide ambient air quality standards applicable to these two forms 
of particulate matter. 

Three truck mix operations and three central mix operations are included in the scope of this 
test program.  This test report presents the results of December 2003, February 2004, and May 
2004 emission factor testing at the (1) Ready Mixed Concrete Company, Inc. (RMCC) truck 
mix and central mix operations at the Wake Forest, North Carolina plant, (2) the S.T. Wooten 
central mix plant in Raleigh, North Carolina, (3) the Chandler Concrete truck mix plant in 
Troutville, Virginia, (4) the Concrete Supply truck mix plant in Rock Hill, South Carolina, 
and (5) the RMC Carolina Materials central mix plant in Raleigh, North Carolina. 

The criteria used by the RMC Research Foundation in choosing the plants to be tested 
included (1) the availability of process equipment representative of the U.S. Ready Mixed 
Concrete Industry, (2) facility locations within 200 miles of Raleigh, North Carolina to 
minimize travel related costs, and (3) sufficient anticipated plant throughput at the time of the 
test program.  All of these plants have fugitive dust capture systems and fabric filters.  The 
RMC Research Foundation and Air Control Techniques, P.C. believe that these plant sites are 
representative of most plants in the U.S. based on the following facts: (1) ready mixed 
processes are highly uniform from region-to-region in the U.S. due to state DOT and other 
customer product specifications, (2) processing equipment manufactured for ready mixed 
plants is highly consistent throughout the U.S., and (3) the types of control systems are very 
similar throughout the U.S. 

 

                                                      
1 The January 1995 edition of AP42, Section 11.12 contains the presently applicable emission factors for Ready 
Mixed Concrete Industry sources.  
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1.2 Emission Factor Test Results 

The results of the RMC Research Foundation emission factor test program indicate that the 
hood capture efficiencies at Ready Mixed Concrete plants are substantially higher than those 
specified in the 1995 edition of AP42 Section 11.12.  Truck mix operations demonstrated 
hood capture efficiencies ranging from 93% to 99.5%, well above the 71% average values 
(range of 58% to 85%) published in AP42.  Central mix operations demonstrated hood capture 
efficiencies ranging from 97.2% to 99.3%, well above the 94% average  value (range of 84% 
to 99%) published in AP42. 

The total particulate matter and PM10 particulate matter emissions measured in this RMC 
Research Foundation study are substantially below the emissions reported in the 1995 edition 
of AP42 Section 11.12.  The RMC Research Foundation study emissions for central mix 
operations are below those of truck mix operations; however, the differences are considerably 
smaller than suggested by the 1995 AP42 emission factors.  The RMC Research Foundation 
and 1995 EPA emission factors are summarized in Figure 1-1. 
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Figure 1-1. Comparison of AP42 and RMC Research Foundation Controlled Emission Factors 

The results of the controlled2 emission factor tests are summarized in Table 1-1 for the truck 
mix sources and Table 1-2 for the central mix sources. The RMC Research Foundation 
emission factors for filterable particulate matter and PM10 particulate matter are compared 
                                                      
2 Controlled emissions are the total of emissions from the fabric filter used to control the mixing operation plus 
the fugitive emissions not captured by the hood.  
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with previously published AP42 emission factors (controlled conditions).  No emission factors 
were previously available for PM10-2.5 (termed “coarse particulate matter”) and PM2.5 (termed 
“fine particulate matter”). 

Table 1-1. Truck Mix Controlled Emission Factor Results1 
 

Emission Factors 

RMCC 
Raleigh 

Truck Mix 
(Controlled) 

Chandler 
Concrete 

Truck Mix 
(Controlled) 

Concrete 
Supply 

Truck Mix 
(Controlled) 

RMC 
Research 

Foundation 
Truck Mix 
Average 

AP42 Fifth 
Edition 

Truck Mix 
(Controlled) 

Ratio, RMC 
Research 

Foundation 
compared to 

EPA 
Emission 
Factors Lbs./ton Lbs./ton Lbs./ton Lbs./ton Lbs./ton Ratio 

Total Particulate 
Matter 0.0094 0.0512 0.0197 0.0268 0.2100 0.13 
PM10 0.0039 0.0225 0.0035 0.0100 0.0510 0.20 
PM10-2.5 0.0033 0.0195 0.0032 0.0086 No Data No Data 
PM2.5 0.0007 0.0031 0.0003 0.0013 No Data No Data 
Collection Efficiency 
Truck Hood, % 99.5 93.1 99.3 97.3 71 0.0932 

1. All emission factors expressed as pounds of mass per ton of cement and cement supplement 
processed 

2. Ratio calculated based on penetration; 100% - 97.3% for RMC Research Foundation tests, 100% - 
71% for previous tests 

Table 1-2. Central Mix Controlled Emission Factor Results1 
 

Emission 
Factors 

 
 
 

RMCC 
Raleigh 

Central Mix 
(Controlled) 

S.T. Wooten 
Raleigh 

Central Mix 
(Controlled) 

RMC 
Carolina 
Materials 
Raleigh 

Central Mix 
(Controlled) 

RMC 
Research 

Foundation 
Central 

Mix 
Average 

AP42 Fifth 
Edition 

Central Mix 
(Controlled) 

Ratio, RMC 
Research 

Foundation 
compared to 

EPA 

Emission 
Factors Lbs./ton Lbs./ton Lbs./ton Lbs./ton Lbs./ton Ratio 

Total Particulate 
Matter 0.0042 0.0402 0.0191 0.0212 0.0110 1.93 
PM10 0.0028 0.0095 0.0049 0.0057 0.0038 1.50 
PM10-2.5 0.0014 0.0087 0.0043 0.0048 No Data No Data 
PM2.5 0.0014 0.0007 0.0006 0.0009 No Data No Data 
Collection Efficiency 
Central Mix 
Hood, % 

99.3 97.5 97.2 98.0 94.0 0.332 

1. All emission factors expressed as pounds of mass per ton of cement and cement supplement 
processed 

2. Ratio calculated based on penetration; 100% - 98% for RMC Research Foundation tests, 100% - 
94% for previous tests 
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The controlled particulate matter emission factors measured during the RMC Research 
Foundation tests are substantially lower than those presently in AP42, Section 11.12.  The 
differences in the emission factors, especially for truck mix operations, are greater than 
anticipated at the start of the study.  To clarify the reasons for the differences, Air Control 
Techniques, P.C. has evaluated the EPA emission factors and the test programs used to 
develop these EPA factors.  The EPA test programs were conducted in ready mixed concrete 
plants in Maryland and Virginia during the fall of 19933. 

The previous emission factors for controlled conditions were based on qualitative and 
subjective visible emission observations of hood capture efficiencies at two truck mix 
operations and one central mix operation.  Visible emission observers assigned a capture 
efficiency value to each truck and central mix loading operation.  These collection efficiencies 
were used along with the inlet particulate matter loadings to the fabric filter control system to 
estimate the particulate matter emissions not captured by the hood over the mixing and 
loading operation. 

Due to the development of new particulate matter monitoring instruments, the qualitative 
procedure used by EPA observers at the plants tested by EPA is no longer needed.  The 
differences in the controlled emission factors measured in the RMC Research Foundation 
study and in the earlier EPA studies are primarily due to the following factors. 

• Improved hood designs for capture of particulate matter emissions 

• Improved truck designs to minimize fugitive dust emissions and material spillage 

• Possible underestimation of hood capture efficiencies by EPA using subjective 
visible emission observation techniques 

Air Control Techniques, P.C. believes that the previously reported EPA hood capture 
efficiencies are not representative of present practices in the Ready Mixed Concrete Industry 
and of the five plants tested in this project.  Data provided in Table 15.1 of the AP42 Section 
11.12 Support Document indicates that the silt loadings on the paved roads of the two plants 
tested EPA ranged from 7 to 67 grams per square meter.  These values suggest that these two 
plants were experiencing hood capture problems.   

High fugitive dust plume opacities and heavy silt loadings were not observed by Air Control 
Techniques, P.C. personnel at any of the plant operations tested in this program.  Accordingly, 
the controlled condition emission factors reported by EPA in the 2001 edition of AP42 
Section 11.12 do not appear to be representative of operations similar to the six plants tested 
and of the modern Ready Mixed Concrete Industry.  

The uncontrolled emission factors were determined by summing the particulate matter 
emissions to the inlet of the fabric filter plus the fugitive emissions escaping capture.  The 
uncontrolled emissions are summarized in Table 1-3 for truck mix operations and Table 1-4 
for central mix operations. 

Table 1-3. Truck Mix Uncontrolled Emission Factor Results1 
 

                                                      
3 The test reports concerning loading operations are references 9 and 10 of AP42 Section 11.12.  
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Emission Factors 

RMCC 
Raleigh 

Truck Mix 
(Controlled) 

Chandler 
Concrete 

Truck Mix 
(Controlled) 

Concrete 
Supply 

Truck Mix 
(Controlled) 

RMC 
Research 

Foundation 
Truck Mix 
Average 

AP42 Fifth 
Edition 

Truck Mix 
(Controlled) 

Ratio, RMC 
Research 

Foundation 
compared to 

EPA 
Emission 
Factors Lbs./ton Lbs./ton Lbs./ton Lbs./ton Lbs./ton Ratio 

Total Particulate 
Matter 2.112 0.559 1.716 1.462 0.61 2.4 
PM10 0.721 0.239 0.294 0.418 0.21 1.99 
PM10-2.5 0.62 0.205 0.269 0.365 No Data No Data 
PM2.5 0.101 0.034 0.025 0.053 No Data No Data 
Collection Efficiency 
Truck Hood, % 99.5 93.1 99.3 97.3 71 0.0932 

1. All emission factors expressed as pounds of mass per ton of cement and cement supplement 
processed 

2. Ratio calculated based on penetration; 100% - 97.3% for RMC Research Foundation tests, 100% - 
71% for previous tests 

 
Table 1-4. Central Mix Uncontrolled Emission Factor Results1 

 

Emission Factors 
 
 
 

RMCC 
Raleigh 

Central Mix 
(Controlled) 

S.T. Wooten 
Raleigh 

Central Mix 
(Controlled) 

RMC 
Carolina 
Materials 
Raleigh 

Central Mix 
(Controlled) 

RMC 
Research 

Foundation 
Central 

Mix 
Average 

AP42 Fifth 
Edition 

Central Mix 
(Controlled) 

Ratio, RMC 
Research 

Foundation 
compared to 

EPA 

Emission Factors Lbs./ton Lbs./ton Lbs./ton Lbs./ton Lbs./ton Ratio 
Total Particulate 
Matter 0.147 1.254 0.654 0.685 0.22 3.11 
PM10 0.053 0.331 0.16 0.181 0.078 2.32 
PM10-2.5 0.044 0.306 0.140 0.164 No Data No Data 
PM2.5 0.009 0.025 0.020 0.018 No Data No Data 
Collection Efficiency 
Central Mix 
Hood, % 99.3 97.5 97.2 98.0 94.0 0.332 

1. All emission factors expressed as pounds of mass per ton of cement and cement supplement processed 
2. Ratio calculated based on penetration; 100% - 98% for RMC Research Foundation  tests, 100% - 94% for 

previous tests 
 

 

 

All of the RMC Research Foundation and EPA emission factor data summarized in Tables 1-1 
through 1-4 are expressed in a format of pounds of emission per unit of cement (including 
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cement supplement if present).4  There are two major problems associated with this emission 
factor format. 

(1) Plant operators can minimize emissions only by limiting cement and cement 
supplement loading rates. 

(2) There are no means available to tailor the emission factors to site-specific 
conditions that affect particulate matter emissions. 

To determine if this emission factor format is appropriate, Air Control Techniques, P.C. has 
reviewed the variability of both emission factors data sets: (1) the data from this study and (2) 
the previously available EPA data.  As summarized below, the use of emission factors 
expressed solely on production rate is not sufficient. 

The EPA measured emission factors for truck mix and central mix operations as a function of 
the tons of cement and supplement loaded are shown in Figures 1-2 and 1-3.  These figures 
demonstrate that EPA experienced a very high level of data variability in the 1993 tests used 
to develop the 1995 AP42 emission factors in Section 11.12.  If the cement and cement 
supplement loading rates were a logical basis for the emission factor calculation, the data 
shown in Figures 1-2 and 1-3 would ramp upward as the production rate increased.  No such 
trend is apparent.  The extent of the data variability and the lack of an increase in measured 
emissions with increased cement and cement supplement loading rate suggest that there are 
parameters in addition to the loading rates of cement and cement supplements that affect 
emissions. 

Analyses of the data developed in this RMC Research Foundation sponsored project also did 
not show any strong relationship between the measured emissions and the tons per hour of 
cement and supplement.  For example, Figure 1-4 illustrates that there is no clear relationship 
between the tons of cement and supplement loaded and the PM10 emissions per hour from 
truck loading operations expressed in pounds per hour.  The RMC Research Foundation data 
for central mix operations summarized in Figure 1-5 indicate that there is some relationship 
between emissions and cement and cement supplement loading rate; however, substantial 
variability continues to exist, especially at high loading rates. 

The variability of the emission rate versus production rate data in the RMC Research 
Foundation studies and the older EPA studies indicates that parameters other than cement and 
cement supplement loading rates affect particulate matter emissions.  

A review of the RMC Research Foundation data and the previously available EPA data 
indicates that the variables useful in explaining most of the emission factor data are (1) the 
moisture content of the cement and cement supplement and (2) the wind speed in the area 
immediately adjacent to the loading operations.  The moisture and wind data compiled during 
the RMC Research Foundation test programs were analyzed with the measured emission 
factor data to determine if an alternative form of the particulate matter emission factors could 
be developed.  These two parameters were chosen because both are commonly associated with 
fugitive dust emissions from a variety of mineral process industry sources.  Other factors that 
conceivably influence emission factors include (1) truck positioning, (2) wind direction 
                                                      
4 Cement supplement includes flyash and other supplements such as “Newcem” discussed in EPA reference 9. 
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relative to the loading “alley,” (3) and hood characteristics.  However, all three of these 
conditions are difficult to quantify in a manner consistent with the use of emission factors. 
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Figure 1-2.  Truck Mix Emission Factor Data, EPA AP42 Section 11.12 References 9 and 10 

(Note: Data should be on a line with a slope of 0.051 lbs PM10/ton of cement.) 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1-3.  
Central Mix Emission Factor Data, EPA AP42 Section 11.12 Reference 9 

(Note: Data should be a line with a slope of 0.0038 lbs PM10/ton of cement.) 
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Figure 1-4. PM10 Emission Rate as a Function of the Production Rate in Tons per Hour of 

Cement and Flyash (RMC Foundation Data for Truck Mix Operations) 
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Figure 1-5. PM10 Emission Rate as a Function of the Production Rate in Tons per Hour of 

Cement and Flyash (RMC Foundation Data for Central Mix Operations) 
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Air Control Techniques, P.C. used the EPA equation presented in AP42 Section 13.2 for 
loading mineral material on a storage pile as a basis for these analyses.  This has an emission 
factor in a format expressed by Equation 1-1.  Emission factor prediction equations in this 
general format were developed by Air Control Techniques, P.C. to predict the controlled 
emissions from the ready mix concrete plants tested as part of the RMC Research Foundation 
Study. 
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a

2
M
5
U

k(0.0032)E   [pound (Lb)/ton]    (1-1) 

Where: 
E = Emission factor in Lbs./ton of product 
k = Particle size multiplier (dimensionless) 
U = Wind speed, meters per second (m/s) or miles per hour (mph) 
M = Moisture (% by weight) 
a,b  Exponents 
 

Analyses of the RMC Research Foundation test program data indicate that Equation 1-2 
provides a good prediction of the measured emission factor data. 

⎥
⎦

⎤
⎢
⎣

⎡
= bk(0.0032)E

M
U a

         (1-2) 

E = Emission factor in Lbs./ton of cement and cement supplement 
k = Particle size multiplier (dimensionless) 
U = Wind speed, meters per second (m/s) or miles per hour (mph) 
M = Minimum moisture (% by weight) of cement and cement supplement 
a,b  Exponents 
 

The parameters for Equation 1-2 are summarized in Table 1-5.  These parameters provide the 
best fit of the measured emission factor data for controlled particulate matter emissions. 
 

Table 1-5. Emission Factor Predictive Equation Parameters 
 

Parameter Parameter 
Category 

Truck Mix 
Operations 

Central Mix 
Operations 

Total PM 1.30 1.30 
PM10 0.35 0.35 

PM10-2.5 0.30 0.30 

Particle size 
multiplier (k) 

PM2.5 0.05 0.05 
a 2 0.3 Exponents (a,b) 
b 0.2 0.8 

Figures 1-6 and 1-7 compare the measured PM10 emission factors and the emission factors 
predicted by Equation 1-2 for truck mix and central mix operations.
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Figure 1-6. Truck Mix PM10 Emission Factors Based on Equation 1-2 
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Figure 1-7. Central Mix PM10 Emission Factors Based on Equation 1-2 
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Emission factors for truck mix and central mix operations based on Equation 1-2 minimize the 
variability associated with emission factors based solely on production rate.  The inclusion of 
wind speed and moisture content parameters provides a means for ready mixed plants to tailor 
the emission factors to their site-specific conditions. 

Ready mixed plant operators can minimize emissions to satisfy regulatory demands without 
necessarily restricting the production rate.  The examples provided in Table 1-6 illustrate the 
impact on emission factors relating to relatively small changes in the moisture content and 
local wind speeds.  

Table 1-6.  Example Emission Factor Changes Due to Control Measures 
 

Truck Mix Central Mix Parameter Operating 
Condition Value Equation   

1-2 
Emission 

Factor 

Percent 
Reduction 

in Emission 
Factor 

Value Equation 
1-2 

Emission 
Factor 

Percent 
Reduction 

in Emission 
Factor 

Baseline 
Condition 1.5 mph 0.0074 2.7 mph 0.00331 Wind 

Speed Revised 
Condition 1.0 mph 0.0032 

56.8% 
1 mph 0.00245 

26.0%  

Baseline 
Condition 0.07% 0.0074 0.09% 0.003312 

Moisture 
Revised 
Condition 0.20% 0.0055 

25.7% 
0.2% 0.001749 

47.2% 

 

To achieve the reduced emission factors illustrated in Table 1-6, ready mixed concrete plant 
operators could shield the loading areas to reduce the local wind velocities at the point of 
material transfer and/or slightly increase the moisture content of the cement or cement 
supplement immediately prior to the material transfer operation. 

The examples shown in Table 1-6 illustrate that the truck mix operations appear to be 
especially sensitive to the wind speed in the immediate vicinity of the material transfer 
operation.  The central mix operations appear to be especially sensitive to the moisture content 
of the cement and/or cement supplement.  These observations are consistent with the results of 
the RMC Research Foundation test program results.  These observations are also generally 
consistent with the previously compiled EPA data cited in the 1995 edition of AP42 Section 
11.12. 

Based on these analyses of the emission factor data, Air Control Techniques, P.C. 
recommends that the AP42 emission factors for truck mix and central mix operations be 
modified to be based on Equation 1-2.  This equation substantially increases the flexibility for 
ready mixed plant operators to minimize emissions without the need to restrict production 
rates.  
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1.3 Study Procedures  

All of the RMC Research Foundation data summarized in this report were obtained using a 
test protocol provided by the RMC Research Foundation to the U.S. Environmental Protection 
Agency and State agencies more than thirty days prior to the start of the test program.  Quality 
assurance and quality control data compiled during the study validate the test results. 
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2.0 TEST PROGRAM OBJECTIVES, LOCATIONS & PROCEDURES 

2.1 Emission Factors Test Program Objectives 
This emission factor-testing program is concerned with particulate matter emissions from 
truck mix operations and central mix operations.  The presently applicable emission factors 
for total particulate matter and PM10 particulate matter for these two sources are listed in 
Tables 1-1 and 1-2.  No emission factors for PM2.5 and PM10-2.5 are presently published in 
EPA’s AP42 emission factor database.  The objectives of this emission factor test program are 
to accurately measure the emission factors for total particulate matter5, PM10

6, PM10-2.5 
(termed “coarse particulate matter”), and PM2.5 (termed “fine particulate matter”) from truck 
mix and central mix process operations at ready mixed concrete plants.   

2.2 Test Locations 
The test program was designed to provide emission factor data at the following locations at 
ready mixed concrete plants. 

• Outlet of the fabric filter collector serving the mixing operation 
• Inlet to the fabric filter collector serving the mixing operation 
• Fugitive emissions from the mixing operations and trucks  

 

The inlets to the fabric filters were tested using EPA reference methods in conventional ducts. 
During the tests at RMCC Wake Forest, EPA reference method tests were also conducted in 
the fabric filter outlet ducts.  During the subsequent tests at S.T. Wooten Raleigh, Chandler 
Concrete Troutville, Concrete Supply Rock Hill, and RMC Carolina Materials Raleigh, the 
fabric filter outlet PM10 emissions were measured using a continuous particulate matter 
monitor that was sensitive to the low mass loadings present in the effluent gas streams from 
the fabric filters.  

Fugitive emissions from the mixing operations were measured simultaneously with the tests at 
the inlet and outlet to the fabric filter.  The fugitive emissions were captured in a set of 
sampling arrays that were located immediately adjacent to the fugitive emission points. 

2.3 Test Procedures  

2.3.1 Total, PM10, PM10-2.5, and PM2.5 Particulate Concentration Measurements  
U.S. EPA Conditional Test Method 040 was conducted at the inlets of the mixing operation 
fabric filter particulate matter control devices to simultaneously measure the concentrations of       
(1) total particulate matter, (2) PM10 particulate matter, (3) PM10-2.5 particulate matter, and (4) 
PM2.5 particulate matter.  The PM10, PM10-2.5, and PM2.5 emission concentrations were 
measured directly in this sampling train by partitioning the captured particulate matter into 
several size ranges.  PM10 was measured as the sum of the PM10-2.5 and PM2.5 particulate 
                                                      
5 Total particulate matter is the sum of PM10 particulate matter and super coarse (greater than 10 micrometer) 

particulate matter. 
6 PM10 is the sum of coarse (PM10-2.5) and fine (PM2.5) particulate matter. 
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matter.  Total particulate matter was measured as the sum of PM10 particulate matter and all of 
the solids having a size greater than 10 micrometers that were captured in the cyclone and 
sampling train.  There is a possible bias to higher-than-true total particulate matter 
concentration results due to the geometry of the PM10 cyclone, the short length of the 
sampling nozzle, and the inertia of particles larger than 10 micrometers in the sampled gas 
stream.  Despite this possible bias, it was decided to measure the total particulate matter using 
the CTM 040 sampling train due to the ability to collect data in all size ranges simultaneously. 

During the tests at RMCC Wake Forest, EPA CTM 040 was also used at the fabric filter 
outlet; however, the total particulate matter catch weights in the sampling trains ranged from 
only 1.0 to 2.3 milligrams.  These small catch weights were distributed in several different 
particle size fractions.  Air Control Techniques, P.C. determined that tests sponsored by EPA7 
in 1993 also experienced low catch weights.  To minimize data precision problems at these 
low catch weights, Air Control Techniques, P.C. proposed to the RMC Research Foundation 
to modify the fabric filter outlet tests procedures to use a tapered element oscillating 
microbalance (TEOM) continuous particulate matter monitor.  This instrument is sensitive 
down to particulate matter concentrations of less than 10 micrograms per cubic meter and is, 
therefore, very appropriate for testing low concentration particulate matter gas streams.  
During the tests at S.T. Wooten (central mix), Chandler Concrete (truck mix), Concrete 
Supply (truck mix) and RMC Carolina Materials (central mix), a PM10 TEOM was used at the 
fabric filter outlet, and EPA CTM 040 was used only at the fabric filter inlet. 

CTM 040 was originally developed by Air Control Techniques, P.C. in 1996 based on EPA 
research conducted in the mid-1980s.  EPA previously reviewed the method, assigned the 
number “CTM 040,” and made it available through its website since 1999.  The method has 
been used extensively for the simultaneous measurement of PM10, PM10-2.5, and PM2.5.  A 
complete summary of the method is available in the Conditional Test Methods section of 
EPA’s website.  EPA’s promulgation of the method is in-progress. 

The CTM 040 sampling train consisted of a PM10 cyclone followed by a PM2.5 cyclone.  A 47 
mm filter was mounted after the PM2.5 cyclone.  This sampling train was identical to the EPA 
Method 201A (40 CFR Part 60, Appendix A, Method 201A) sampling train except that a 
PM2.5 cyclone was inserted between the PM10 cyclone and the filter.  Both cyclones and the 
filter were coupled closely together so that the entire sampling head shown in Figure 2-1 
could be positioned entirely in the gas stream in large ducts.  Due to the small size of the 
fabric filter inlet ducts at all of the plants tested8, only a portion of the sampling head was 
inside the duct at some of the traverse points. 

 

                                                      
7 EPA References 9 and 10 in AP42 Section 11.12. 
8 The large majority of the fabric filter inlet and outlet ducts used at Ready Mixed Concrete plants in the U.S. are 

less than 24 inches, and most are less than 18 inches.  The sampling conditions at the RMCC plant are typical 
of plants throughout the U.S. 



Ready Mixed Concrete Research Foundation  Emission Factor Testing Program 
  Final Report 

Air Control Techniques, P.C. November 2005 15

 
 

Figure 2-1.  EPA Conditional Test Method 040 Sampling Head 
 

As with Method 201A, the CTM 040 sampling system is a constant sampling rate technique.  
It is important to maintain the actual sample gas flow rate in each of the cyclones at a rate that 
provides the desirable particle collection efficiencies.  The PM10 cyclone must collect 
particles that have a D50 (particle size collected with 50% efficiency) between 9.0 and 11.0 
micrometers in order to be consistent with Method 201A.  The PM2.5 cyclone (the cyclone on 
the right side in Figure 2-1) should optimally have a cut diameter between 2.25 and 2.75 
micrometers.  Using the cyclone performance curves, Air Control Techniques, P.C. calculated 
the sampling rates necessary to simultaneously satisfy the required PM10 cyclone and cyclone 
PM2.5 D50 ranges.  The area between the two solid lines in Figure 2-2 demonstrates that this 
range is very small for ready mixed concrete plants and other sources operating at ambient gas 
temperatures. 

A sampling time of two hours was used at the outlet of the RMCC fabric filter to ensure that 
catch weights of both the PM10 and PM2.5 cyclones could be analyzed gravimetrically. 
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Figure 2-2. Sampling Rate Requirements of CTM 040 
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CTM 040 was conducted at the RMCC fabric filter inlet and outlet sampling locations and at 
the inlets of the S.T. Wooten, Chandler Concrete, Concrete Supply, and RMC Carolina 
Materials plants in accordance with all applicable EPA sampling and quality assurance 
requirements.  Each test consisted of a set of three 1-hour test runs per test location.  
Particulate matter samples were withdrawn isokinetically (100% ± 20%) from the test 
locations.  

Following the CTM 040 sampling head shown in Figure 2-1, the sampling train consisted of a 
set of impingers, a dry gas meter, control valves, a vacuum pump, and an orifice meter as 
shown in Figure 2-3.  The impingers were used to measure the sample stream moisture 
content in accordance with EPA Method 4 (40 CFR Part 60, Appendix A, Method 4) and to 
protect the vacuum pump by condensing and removing water vapor from the sampling gas 
stream.  The sampling train components shown in Figure 2-3 were used to accurately measure 
the sample gas flow rate and sampling nozzle capture velocities.   

The CTM 040 sampling train was charged with 100 ml of deionized, distilled (DI) water in 
each of the first two impingers.  The third impinger was kept empty, and the fourth contained 
preweighed silica gel.  The set of four impingers was kept in an ice-filled cold box to ensure 
high efficiency moisture removal from the sample gas stream. 

 

 
Figure 2-3. Sampling Train Components  

The combined cyclone sampling head was recovered using a nylon brush and ultra-pure 
acetone rinse.  The particulate matter was divided into four separate sample jars. 

Sample Jar #1, Particulate Matter > 10 micrometers 
• Solids and acetone rinse from the PM10 cup 
• Acetone rinse of the nozzle 
• Acetone rinse of the PM10 cyclone 
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Sample Jar #2, Particulate Matter ≤ 10 micrometers and > 2.5 micrometers 
• PM10 cyclone turnaround cup (above the inner downcomer line) 
• Brushed and acetone rinsed solids from the downcomer line 
• Solids from the PM2.5 cyclone cup 
• Acetone rinse of the PM2.5 cyclone  

 
Sample Jar #3, Particulate Matter ≤ 2.5 micrometers 

• Brushed and acetone rinsed solids from the downcomer line 
• Acetone rinse from front half of the filter holder 

 
Sample Jar #4, Particulate Matter ≤ 2.5 micrometers 

• Filter 
 
The total particulate matter catch weights were measured as the sum of all the particulate 
matter recovered from the combined cyclone sampling assembly (sample jars #1 through #4).  
PM10 particulate matter was measured as the quantity of all solids recovered from sample jars 
#2, #3, and #4.  PM2.5 particulate matter was measured as the quantity of solids recovered 
from sample jars #3 and #4.  PM10-2.5 was measured as the material recovered in sample jar #2.  
An acetone blank was analyzed and subtracted from the particulate catch weights using the 
volume of acetone rinse used for each sample jar. 

The DI water reagent was returned to the original 1,000 ml glass jar and weighed.  The weight 
was recorded on the label, and the liquid level was marked.  The silica gel was returned to the 
original tared container and weighed.  The weight was recorded on the label.  The volume of 
water vapor condensed in the impingers and the volume of water vapor collected in the silica 
gel were summed and entered into moisture content calculations. 

EPA Method 5 analytical procedures were used to analyze the filter and the three front half 
acetone rinses for particulate matter. 

2.3.2 Flue Gas Velocity and Volumetric Flow Rate - EPA Method 2 
The flue gas velocity and volumetric flow rates during the CTM 040 tests were determined 
according to the procedures outlined in U.S. EPA Reference Method 2.  Velocity 
measurements were made using S-type Pitot tubes conforming to the geometric specifications 
outlined in Method 2.  Accordingly, each Pitot tube was assigned a coefficient of 0.84.  
Velocity pressures were measured with fluid manometers.  Effluent gas temperatures were 
measured with chromel-alumel thermocouples equipped with hand-held digital readouts.  A 
cyclonic flow check was performed prior to the CTM 040 tests at each sampling location. 

2.3.3 Flue Gas Composition and Molecular Weight - EPA Method 3 

Flue gas analyses and calculation of flue gas dry molecular weight were performed in 
accordance with EPA Method 3.  A gas sample was withdrawn from a stainless steel probe 
attached to the CTM 040 sampling head.  Moisture was removed from the sample gas by 
means of a knockout jar located prior to the aspirator.  Oxygen and carbon dioxide were 
determined using a Fyrite® apparatus. 
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2.3.4 Flue Gas Moisture Content - EPA Method 4  

The sample gas stream moisture contents were determined using EPA Method 4.  The 
impingers were connected in series and were charged with 100 milliliters of deionized, 
distilled water in the first two impingers.  The impingers were contained in an ice bath to 
assure condensation of the flue gas stream moisture.  Any moisture that was not condensed in 
the impingers was captured in the silica gel in the fourth impinger.  

2.3.5 Hood Capture Efficiency and Fabric Filter Outlet Concentrations - Ambient 
PM10 Compendium Method IO-1.3 

The presently available hood capture efficiency data were obtained during 1993 tests 
sponsored by EPA at two plants: one in Maryland and one in Virginia.  In both test programs, 
EPA used qualitative visible emission evaluations to estimate capture efficiency.  Air Control 
Techniques, P.C. has determined that this subjective evaluation technique is no longer 
necessary due to the development of new monitoring instruments, such as the R&P TEOM 
that has been adopted by EPA as an ambient air reference test method.  Based on this 
instrument, Air Control Techniques, P.C. designed and used a downwind sampling array to 
quantify the capture efficiency of the ready mixed concrete plant hood systems.  This 
sampling array design was based on the sampling principles adopted by EPA in Method 5D 
(40 CFR Part 60, Appendix A, Method 5D) used for sampling open top fabric filter systems.  
This sampling array is also similar to the traversing hood system designed and used by Air 
Control Techniques, P.C. to measure fugitive particulate matter emissions9 from sloped 
vibrating screens at stone crushing plants. 

Air Control Techniques, P.C. used a set of downwind sampling arrays mounted vertically on 
the side walls of the truck loading area and at the inlet of central mixing operations to measure 
the fugitive dust mass flux through a defined 200 square foot area10.  Due to space constraints, 
the downwind sampling arrays were limited to a 140 square foot area for all of the following 
tests at both truck and central mix facilities.  The sampling arrays were mounted directly 
adjacent to the transfer operations, and portions of the arrays were close to parts of the truck 
receiving concrete.  There were sixty sampling points in the set of two arrays; this number of 
points exceeds the requirements of EPA Method 5D.  The area monitored by the sampling 
arrays included all of the downwind area subject to dispersion of the fugitive particulate 
matter.  The gas transport velocities through all sampling tubes and ductwork were maintained 
at a minimum of 3,500 feet per minute to prevent settling of dust in the tubes and ductwork.  
Method 22 visual observations were conducted during the run.  These observations also 
provided qualitative supporting information concerning the fugitive particulate matter 
concentrations. 

Each of the sampling arrays was ducted together to yield a single sample gas stream.  This gas 
stream was directed past an enlarged duct with the intake for an ambient TEOM monitor 
meeting the requirements of Method IO-1.3.  The gas flow rate through this enclosure was 
maintained at less than 5 mph.  The TEOM had a PM10 sampling head and operated at a flow 

                                                      
9 The emission factors measured using the screening operation traversing hood system have been published in 

AP42 Section 11.19.2 (Fifth Edition, 1995).  
10 The array area for the inlet to the central mixer was limited to 140 square feet due to space constraints. 
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rate of 16.67 liters per minute.  The TEOM was operated in accordance with Method IO-1.3.  
The instrument was calibrated in accordance with Section 12.1 of Method IO-1.3. 

The TEOM instrument was mounted on a secure base.  The instrument was protected from 
severe vibration.  The TEOM was equilibrated prior to the start of the first test run on each 
test day. 

The fugitive PM10 emissions (PM10 escaping the plant hood system) were measured by 
multiplying the measured ambient PM10 concentration by the ambient air flow rate through 
the sampling array.  A Davis Instruments, Inc. meteorological monitoring station was located 
within 20 feet of the sampling arrays and at the same elevation as the sampling arrays to 
measure the wind direction and wind speed through the arrays.  During the initial set of tests 
at the RMCC Plant in December 2003, Air Control Techniques, P.C. determined that the 
meteorological monitoring equipment was subject to swirling and suppressed winds caused by 
the deflection of ambient wind by the plant equipment and trucks in the immediate vicinity of 
the monitoring equipment.  Accordingly, Air Control Techniques, P.C. obtained confirming 
wind speed data from a local meteorological monitoring station located within ten miles of the 
plant site.  During the tests at S.T. Wooten, Chandler Concrete, Concrete Supply, and RMC 
Carolina Materials, Air Control Techniques, P.C. used multiple wind speed and direction 
monitoring stations on the plant site located in areas immediately adjacent to the sampling 
array to provide confirmation data.  Wind pennants were also mounted on the arrays to 
provide a direct indication of wind direction through the array.  The tests at S.T. Wooten, 
Chandler Concrete, Concrete Supply, and RMC Carolina Materials were also videotaped to 
provide a visual indication of the wind speed and direction during the tests periods. 

All of the particulate matter measured by the TEOM during the time that the equipment being 
tested was operating was assumed to originate as fugitive emissions from the mixing 
operation being tested.  This approach introduced a bias to lower-than-true capture efficiency 
due to the presence of ambient PM10 in the ambient air upwind of the plant and due to other 
fugitive PM10 sources in the plant area (i.e. roadways and truck exhaust).  There were no 
practical means to identify and correct for these other sources of PM10 on a continuous basis. 

During the initial set of tests at the RMCC plant sources, Air Control Techniques, P.C. 
determined that the particulate matter catch weights were extremely low due to the high 
efficiency of the fabric filter.  Air Control Techniques, P.C revised the testing procedures 
prior to the tests at S.T. Wooten, Chandler Concrete, Concrete Supply, and RMC Carolina 
Materials to address this issue.  A second TEOM monitor was used to provide a more 
sensitive and precise measurement of particulate matter emissions from the fabric filter.  The 
entire fabric filter outlet gas stream was captured and directed through a duct with a TEOM 
monitor installed.  The TEOM was used to provide a continuous indication of the PM10 
concentration in the fabric filter effluent gas stream.  Total particulate matter emissions were 
calculated based on (1) the measured PM10 emissions from the fabric filter and (2) the total 
PM/ PM10 ratio at the inlet to the fabric filter.  The total PM/ PM10 ratio was checked based on 
scanning electron microscopy sizing of filter samples obtained at the fabric filter outlet.  
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2.4 Process Description and Operation 
The plants in this emission factor test program produce ready mixed concrete used for 
construction.  The plants included both central and truck mixing operations. 

Stone, sand, cement, and water are combined with various additives depending on the 
customer’s requirements to produce concrete.  These raw materials are conveyed to the 
concrete truck mixer (truck mix) or plant concrete mixer (central mix) by conveyor belts and 
gravity feed hoppers.  In the truck mix process, the raw materials are transferred dry into the 
concrete truck mixer and then mixed in route to the customer.  In the central mix process, the 
raw materials are mixed in the plant central mix before they are transferred wet to the concrete 
truck mixer.  The plants tested use a hood system for collection of fugitive emissions during 
transfer of raw materials (truck mix) and concrete (central mix).  The hood system is then 
ducted to a fabric filter. 

2.4.1 Ready Mixed Concrete Company, Truck Mix, Wake Forest, NC 
The truck mix process at the Wake Forest RMCC plant conveys dry raw materials to the 
concrete truck mixer.  The truck mix process is located on the west side of the process and 
hopper tower.  The sampling arrays on this process were located on the downwind East and 
North sides of RMCC’s truck hood system.  The fabric filter controlling the truck hood system 
is located north of the process and hopper tower.   

Both the inlet and outlet of this fabric filter were tested in order to develop the emission 
factors.  Photographs 1 and 2 show the truck hood system and the Method 5 D-sampling 
arrays.  Photographs 3 and 4 show the sampling arrays fan system and TEOM test location.  
Photographs 5 and 6 show the fabric filter inlet and outlet test locations.  It was necessary to 
extend the outlet stack of the fabric filter by using a temporary duct to ensure that the 
sampling location conformed to U.S. EPA Method 1 criteria. 
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Photograph 1. RMCC Truck Hood System and the Sampling Arrays 

 
Photograph 2. RMCC Truck Hood System and the Sampling Arrays 
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Photograph 3. RMCC TEOM Fan System and Sampling Duct 

 

 
Photograph 4. RMCC TEOM and Sampling Duct 
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Photograph 5. RMCC Fabric Filter Inlet and Outlet Ducts, Truck Mix Test 

 

 
Photograph 6. RMCC Temporary Outlet Duct Connection to Fabric Filter Outlet Duct 
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2.4.2 Ready Mixed Concrete Company, Central Mix, Wake Forest, NC  
The central mix process at the Wake Forest RMCC facility conveys dry raw materials to the 
central mixer and then pours wet, mixed material to the truck.  The Wake Forest RMCC 
central mix process is located on the east side of the process and hopper tower.  On this 
process, the sampling arrays were located on the north side of the central mix transfer area and 
on the north side of the raw material belt.  This raw material belt conveys dry raw materials to 
the central mixer.  The selection of a sampling array location was based on the predominant 
wind direction, visible emissions (diesel from trucks), and accessibility.   

The fabric filter controlling the fugitive emissions from the central mixer hood system is 
located north of the process and hopper tower.  The fabric filter is the same fabric filter used 
for the truck mix process.  With this system, only one type mix, truck or central, can be 
operated at a time.  The fabric filter has two separate inlet ducts (one for the truck mix and 
one for the central mix) that are wyed together prior to entering the fabric filter.  Valves on 
each of the inlet ducts are wired so that as one opens, the other closes, thus allowing emissions 
to be captured from one process at a time.  Both the inlet and outlet of this fabric filter were 
tested in order to develop the emission factors.  Photographs 7 and 8 show the raw material 
conveyor inlet to the central mixer (main emission point) and the central mixer outlet to the 
truck.  Both areas were tested simultaneously using sampling arrays and the emissions were 
combined. 

 

 
Photograph 7. RMCC Central Mix Transfer Area Sampling Array 

The fabric filter inlet test location is shown in Photograph 9.  The same fabric filter outlet test 
location was used for both truck and central mix tests.  Photograph 10 shows a side view of 
the fabric filter inlet ducts prior to testing. 
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Photograph 8. RMCC Central Mix Transfer to Truck Sampling Array 

 

 
Photograph 9. RMCC Fabric Filter Inlet Test Location, Central Mix Test 
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Photograph 10. RMCC Fabric Filter Inlet Ducts Prior to Testing 
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2.4.3 S.T. Wooten Plant, Central Mix, Raleigh, NC 
This plant uses a central mixing process.  The mixer and truck loading areas were tested using 
the Method 5D sampling arrays and the TEOM PM10 monitor.  The 5D sampling array at the 
inlet to the central mixer was located immediately adjacent to the mixer entrance as shown in 
Photograph 11.  The 5D sampling array for the truck loading operation was located 
immediately adjacent to the loading chute of the truck as shown in Photograph 12.  Both of 
the arrays were located downwind of the point of fugitive emissions. 

The plant uses a hood above the conveyor leading to the mixer to capture particulate matter 
emissions.  The gas stream from this hood and from the cement and flyash silos is controlled 
by a pulse jet fabric filter located on the north side of the mixing process.  The mixing 
operation tests were conducted only during periods when the cement and flyash silos were not 
being filled.  During these non-filling periods, the gas flow rates in the ducts serving the silos 
were negligible.  Accordingly, the emissions measured at the fabric filter inlet and outlet 
(Photograph 13) were due solely to the mixing operation.  The fabric filter inlet duct was 
tested using CTM 040.  The sampling location was installed to conform as closely to Method 
1 as possible. 

The fabric filter outlet was tested using a TEOM PM10 monitor.  This monitor was mounted in 
the center of an outlet duct (Photograph 14) that was sized to reduce the gas velocity to 
approximately 5 miles per hour.  The total gas flow rate in the duct was measured using EPA 
Methods 2 through 4. 
 
 

 
Photograph 11. S.T. Wooten Central Mix Operation Inlet Sampling Array 
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Photograph 12. S.T. Wooten Truck Inlet Sampling Array 

 

 
Photograph 13.  S.T. Wooten Fabric Filter Inlet Duct Test Location 
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Photograph 14.  S.T. Wooten Fabric Filter Outlet Duct Test Location and TEOM Inlet 

 

2.4.4 Chandler Concrete Plant, Truck Mix, Troutville, VA 
Chandler Concrete operates a truck mix process.  The truck loading operation is conducted in 
a semi-enclosed area open on the east and west side (Photograph 15) where the trucks only 
back in for loading.  The hood collecting fugitive emissions from truck loading is ducted to a 
pulse jet fabric filter located south of the loading enclosure.  This fabric filter also serves the 
cement and flyash storage silos.  The mixing operation was tested only during periods when 
the silos were not being filled.  Accordingly, the fabric filter inlet and outlet emissions were 
due solely to the mixing operation. 

The sampling arrays for the mixing operation were located on the east side of the truck 
loading area in order to take advantage of the normal west to southwest wind direction.  The 
particulate matter captured in the arrays was ducted past a TEOM used to measure PM10 on a 
continuous basis.  The wind speed and direction of ambient air moving past the truck loading 
operation and through the arrays were measured by a set of two Davis meteorological 
monitoring stations mounted on the array and the top of the baghouse.   
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Photograph 15. Chandler Concrete Truck Loading Enclosure 

2.4.5 Concrete Supply Plant, Truck Mix, Rock Hill, SC 
Concrete Supply operates a truck mix process.  The truck mix process at the Rock Hill, SC 
plant conveys dry raw materials to the concrete truck mixer.  The sampling arrays on this 
process were located on the downwind North and East sides of Concrete Supply’s truck hood 
system.  The fabric filter controlling the truck hood system is located northeast of the process 
and hopper tower.  This fabric filter also serves the cement and flyash storage silos.  The 
mixing operation was tested only during periods when the silos were not being filled.  
Accordingly, the fabric filter inlet and outlet emissions were due solely to the mixing 
operation.   

Photographs 16 and 17 show the truck hood system and the Method 5 D-sampling arrays.  
Photographs 18 and 19 show the sampling arrays, fan system and TEOM test locations.  
Photograph 20 shows the fabric filter inlet test location.  It was necessary to extend the outlet 
stack of the fabric filter by using a temporary duct to ensure that the sampling location 
conformed to U.S. EPA Method 1 criteria. 
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Photograph 16. Concrete Supply Truck Mix Sampling Array 

 

 
Photograph 17. Concrete Supply Truck Mix Inlet Operation Sampling Array 
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Photograph 18.  Concrete Supply Array Duct Test Location and TEOM Inlet 

 

 
Photograph 19.  Concrete Supply Fabric Filter Outlet Duct Test Location and TEOM Inlet 
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Photograph 20.  Concrete Supply Fabric Filter Inlet Duct Test Location 

 

2.4.6 RMC Carolina Materials Plant, Central Mix, Raleigh, NC 
This plant uses a central mixing process.  The mixer and truck loading areas were tested using 
the Method 5D testing arrays and the TEOM PM10 monitor.  The 5D sampling array at the 
inlet to the central mixer was located immediately adjacent to the mixer entrance as shown in 
Photograph 21.  The 5D sampling array for the truck loading operation was located 
immediately adjacent to the loading chute of the truck as shown in Photograph 22.  Both 
arrays were located downwind of the point of fugitive emissions. 

The plant uses a hood above the conveyor leading to the mixer to capture particulate matter 
emissions.  The discharge point of the conveyor into the central mixer is in a semi-enclosed 
area open on the north and south sides (Photograph 22).  The gas stream from this hood and 
from the cement and flyash silos is controlled by a pulse jet fabric filter located on the west 
side of the mixing process.  The mixing operation tests were conducted only during periods 
when the cement and flyash silos were not being filled.  During these non-filling periods, the 
gas flow rates in the ducts serving the silos were negligible.  Accordingly, the emissions 
measured at the fabric filter inlet and outlet (Photograph 23) were due solely to the mixing 
operation.  The fabric filter inlet duct was tested using CTM 040.  The sampling location was 
installed to conform as closely to Method 1 as possible. 

The fabric filter outlet was tested using a TEOM PM10 monitor.  This monitor was mounted in 
the center of an outlet duct (Photograph 24) that was sized to reduce the gas velocity to 
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approximately 5 miles per hour.  The total gas flow rate in the duct was measured using EPA 
Methods 2 through 4. 
 

 
Photograph 21.  RMC Carolina Materials Central Mix Operation Inlet Sampling Array 
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Photograph 22.  RMC Carolina Materials Truck Inlet Sampling Array 

 

 
Photograph 23.  RMC Carolina Materials Fabric Filter Inlet Duct Test Location 
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Photograph 24.  RMC Carolina Materials Fabric Filter Outlet Duct Test Location  

 

2.5 Monitoring of Process Conditions 
A number of variables potentially influence the particulate matter emission rates from the 
concrete mix operations. 

• Raw material moisture levels 
• Raw material silt contents 
• Raw material size distribution  
• Concrete raw material mix 
• Production rates 
• Wind speed  
• Wind direction 

 
All of these variables were monitored during the test runs.  The test results are summarized in 
Section 3. 
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3. TEST RESULTS 

3.1 Process Operating Conditions 

3.1.1 Production Rates and Mix Characteristics  
The total amount of concrete processed by the concrete mixing trucks during each test run was 
recorded in units of yards.  The five plants tested recorded the amount of each raw material 
used for each order.  The mix composition information and processing rate information are 
summarized for each test run in Table 3-1 through 3-6.  All of the processes operated in a 
normal manner during the test program. 

 

Table 3-1. Wake Forest, RMCC Truck Mix Production Data 
 

Parameters Truck Mix 
Run # 1 

Truck Mix 
Run # 2 

Truck Mix 
Run # 3 

Averages 
 

Test Date 12/8/03 12/8/03 12/9/03 N/A 
Run Start Time 9:01 12:14 7:53 N/A 
Run Stop Time 11:12 14:14 10:03 N/A 
Number of Truck Loads 11 6 7 8 
Sand, lbs. 104,440 30,280 80,360 71,693 
Stone 67 Size, lbs. 118,840 25,480 72,440 72,253 
Stone 78 Size, lbs. 14,480 9,960 20,680 15,040 
Cement, lbs. 28,170 9,540 21,480 19,730 
Flyash, lbs. 9,350 2,460 7,180 6,330 
Liquid Air, lbs.  26.06 4.56 19.50 16.71 
Water Reducer, lbs.  11.81 16.94 37.25 22.00 
Retarder, lbs. 0 0 0 0 
High Range Water Reducer, lbs. 0 3.44 0 1.15 
Calcium Accelerator, lbs. 175 0 71.88 82.29 
Non-Chloride Accelerator, lbs. 210 0 0 70 
Water, lbs. 9,552 1,872 5,552 5,658.7 
Total Process Weight, lbs. 285,255 79,617 207,821 190,897.7 
Total Process Weight, tons 142.6 39.8 103.9 95.4 
Total Process Weight, yards 75 23 54 50.7 
Tons / Yard 1.91 1.77 1.92 1.87 
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Table 3-2. Wake Forest, RMCC Central Mix Production Data 

Parameters Run # 1 Run # 2 Run # 3 Averages
Test Date 12/10/03 12/11/03 12/11/03 N/A 
Run Start Time 8:22 7:31 12:21 N/A 
Run Stop Time 13:24 9:37 15:35 N/A 
Number of Truck Loads 5 7 7 6.3 
Sand, lbs. 66,560 96,560 88,640 83,920 
Stone 67 Size, lbs. 88,240 124,120 113,240 108,533 
Stone 78 Size, lbs. 0 0 0 0 
Cement, lbs. 22,230 29,680 26,320 26,076.7 
Flyash, lbs. 4,770 7,430 6,970 6,390 
Liquid Air, lbs.  14.44 21.88 21.5 19.27 
Water Reducer, lbs.  34.81 11.88 45.31 30.67 
Retarder, lbs. 0 0 0 0 
High Range Water Reducer, 
lbs. 

0 0 0 0 

Calcium Accelerator, lb 65.63 66.25 17.50 49.79 
Non-Chloride Accelerator, lbs. 0 280 0 93.3 
Water, lbs. 3,160 6,564 3,888 4,537.3 
Total Process Weight, lbs 185,075 264,734 239,142 296,317 
Total Process Weight, tons 92.5 132.4 119.6 114.8 
Total Process Weight, yards 49 69 64 60.7 
Tons / Yard 1.89 1.92 1.87 1.89 

 

 

Table 3-3. S.T. Wooten Concrete Central Mix Production Data 
Parameters Run # 1 Run # 2 Run # 3 Averages

Test Date 3/2/04 3/2/04 3/2/04 N/A 
Run Start Time 9:10 11:12 13:04 N/A 
Run Stop Time 10:10 12:12 14:05 N/A 
Number of Truck Loads 5 5 6 5.3
Sand, lbs. 41,380 68,780 79,100 63,090 
Stone 57 Size, lbs. 53,620 88,800 101,880 81,433 
Cement, lbs. 12,540 19,310 23,800 18,550 
Flyash, lbs. 3,460 6,580 7,190 5,743 
Liquid Air, lbs.  5.43 6.18 9.06 6.90 
Polyheed, lbs.  52.5 157.25 153.5 121.1 
Water, lbs. 2,804 6,192 6,885 5,294 
Total Process Weight, lbs 113,862 189,815 219,018 174,238 
Total Process Weight, tons 56.94 94.91 109.51 87.12 
Total Process Weight, yards 29.500 50.000 57.50 45.67 
Tons / Yard 1.98 1.90 1.90 1.93 
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Table 3-4. Chandler Concrete Truck Mix Production Data 
Parameters Run # 1 Run # 2 Run # 3 Averages 

Test Date 3/17/04 3/17/04 3/18/04 N/A 
Run Start Time 7:17 9:17 12:40 N/A 
Run Stop Time 8:34 13:21 14:50 N/A 
Number of Truck Loads 4 4 4 4
Stone 57, lbs. 43,180 28,700 56,960 42,946.7 
Limestone, lbs. 33,040 17,220 28,260 26,173.3 
Type 1-2 Cement, lbs. 12,245 6,690 11,915 10,283.3 
Castle 5,100 6,620 19,120 10,280.0 
Flyash, lbs. 1,220 1,495 4,105 2,273.3 
Liquid Air, lbs.  1.75 2.25 3.00 2.33 
Water Reducer, lbs.  12.81 14.50 38.38 21.90 
Polarset, lbs. 69 0 0 23.0 
Water, lbs. 5315.95 2,995.96 6,993.36 5,101.8 
Total Process Weight, lbs. 100,185 63,738 127,395 97,105.7 
Total Process Weight, tons 50.092 31.869 63.697 48.6 
Total Process Weight, yards 24.5 14.50 32.0 23.7 
Tons / Yard 2.03 2.16 1.99 2.1 

 

Table 3-5. Concrete Supply Truck Mix Production Data 
Parameters Run # 1 Run # 2 Run # 3 Averages 

Test Date 5/12/04 5/12/04 5/13/04 N/A 
Run Start Time 7:50 10:07 9:06 N/A 
Run Stop Time 8:50 11:06 10:10 N/A 
Number of Truck Loads 8 9 5 7.3 
Sand, lbs. 95,731 80,700 51,080 75,837 
Stone, lbs. 130,660 107,130 66,750 101,513 
Type 1-2 Cement, lbs. 38,490 33,525 21,380 31,131 
Flyash, lbs. 1,785 9,160 5,910 5,618 
Water, lbs. 11,082.16 9,897.17 6,225.37 9,068.23 
Water Reducer, lbs.  58.5 55.31 6.5 40.1 
Liquid Air, lbs.  3.81 13.88 10.06 9.25 
M.S. Sand, lbs. 5,970 26,150 17,740 16,620 
Retarder, lbs. 42.81 29.13 46.56 39.29 
Adva, lbs. 53.13 0 0 17.71 
Delvo, lbs 75.06 0 0 25.02 
Total Process Weight, lbs. 283,951 266,660 169,148 239,919 
Total Process Weight, tons 141.976 133.330 84.574 119.96 
Total Process Weight, yards 71.250 67.20 43.00 60.48 
Tons / Yard 1.99 1.99 1.97 1.98 
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Table 3-6. RMC Carolina Materials Central Mix Production Data 
Parameters Run # 1 Run # 2 Run # 3 Averages 

Test Date 5/19/04 5/19/04 5/20/04 N/A 
Run Start Time 8:10 10:08 8:52 N/A 
Run Stop Time 9:09 11:11 9:52 N/A 
Number of Truck Loads 5 4 8 5.7 
Sand, lbs. 65,120 39,700 81,320 62,046 
Stone, lbs. 78,860 51,840 100,700 77,133 
Type 1-2 Cement, lbs. 20,860 13,100 27,280 20,413 
Flyash, lbs. 4,990 3,190 6,580 4,920 
Water, lbs. 66,092.4 40,256.28 61,763.04 56,037.24 
Water Reducer, lbs.  64.69 34.94 67.31 55.65 
Liquid Air, lbs.  0 3.06 18.25 7.10 
Retarder, lbs. 0 0 6.5 2.2 
Total Process Weight, lbs. 235,987 148,124 277,735 220,614 
Total Process Weight, tons 117.994 74.052 138.868 110.307 
Total Process Weight, yards 45.0 29.0 58.0 44 
Tons / Yard 2.62 2.55 2.42 2.51 

 

3.1.2 Raw Materials Size Distribution, Moisture Levels, and Silt Content 
The raw materials for both the truck and central mix processes come from the same sources 
and, therefore, were sampled only once at the Wake Forest, RMCC plant.  The raw material 
size distribution, moisture levels, and silt contents are summarized in Table 3-7. 
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Table 3-7. Raw Material Particle Size Distribution, Moisture Levels and Silt Contents 
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RMCC, Wake Forest Plants (Truck Mix and Central Mix) 
Sand 12/8/03 13:00 0.0 0.0 41.06 56.61 1.56 0.77 12.8711 
Stone 12/8/03 13:00 0.0 33.59 64.93 0.77 0.34 0.38 1.44 

Cement 12/8/03 14:00 0.0 0.0 0.0 79.96 10.01 10.03 0.27 
Flyash 12/9/03 08:07 0.0 0.0 0.0 4.14 11.13 84.73 0.21 
S.T. Wooten, Raleigh Plant 
Cement 3/2/04 11:52 0.0 0.0 0.0 37.7 12.5 49.8 0.30 
Flyash 3/2/04 13:06 0.0 0.0 0.31 1.78 10.3 87.6 0.09 
Sand 3/2/04 9:11 0.0 0.0 19.3 79.1 0.7 0.8 6.3 
Stone 3/2/04 11:18 0.0 18.8 78.9 1.1 0.4 0.8 1.1 

Chandler Concrete, Troutville Plant 
Cement 3/16/04 13:15 0.0 0.0 0.0 73.5 21.94 4.56 0.39 
Flyash 3/16/04 13:22 0.0 0.0 37.2 3.18 9.63 86.81 0.16 
Sand 3/16/04 10:57 0.0 0.0 5.80 92.57 1.43 0.2 8.01 
Stone 3/16/04 12:24 0.0 9.92 89.05 0.35 0.18 0.50 2.07 

Concrete Supply, Rock Hill Plant 
Cement 5/11/04 13:15 0.0 0.0 0.09 80.68 18.12 1.11 0.31 
Flyash 5/11/04 14:38 0.0 0.0 0.189 3.89 12.28 83.64 0.07 
Sand 5/11/04 15:21 0.0 0.0 24.96 72.59 1.96 0.48 3.43 
Stone 5/11/04 16:33 0.0 18.87 80.41 0.17 0.11 0.44 0.46 

RMC Carolina Materials, Raleigh Plant 
Cement 5/18/04 15:13 0.0 0.0 0.70 91.74 5.26 2.30 1.07 
Flyash 5/18/04 16:13 0.0 0.0 0.24 4.07 26.87 68.82 0.19 
Sand 5/18/04 12:45 0.0 0.0 23.89 73.25 2.25 0.62 7.70 
Stone 5/18/04 17:08 0.0 22.05 76.94 0.39 0.19 0.42 0.86 

3.2 Wind Speed and Direction  
Meteorological data were monitored on a continuous basis on the downwind side of the 
process being tested.  During the first test run at the RMCC plant, it was determined that the 
wind speed and direction were erratic due to constant truck traffic moving from the loading 
areas to the wash-off area and to the topography of the surrounding plant area.  Earth berms 
and trees surround the plant and form a bowl shaped depression around the plant.  The 
topography causes swirling wind conditions, especially during truck movement in and out of 
the loading areas.  For this reason, the data were erratic and could not be used to evaluate 
wind direction.  Air Control Techniques, P.C. visually observed wind direction to confirm that 
fugitive emissions were passing through the array.  The rapid response of the TEOM monitor 
to the fugitive emissions during each truck and central mixer loading operation also provided 

                                                      
11 The sand moisture content of 12.87% is higher than levels in some parts of the U.S.  This sand moisture value 
has been confirmed for this facility. 
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direct confirmation that the wind was in the appropriate direction during the test program.  
Table 3-8 summarizes the average wind speeds during both the truck and central mix tests for 
the five plants tested. 

Table 3-8. Wind Speed Averages 
 

Test Run Average Wind Speed, MPH 
RMCC Wake Forest 
Truck Mix Run # 1 1.1 
Truck Mix Run # 2 1.4 
Truck Mix Run # 3 11 

Average 1.2 
RMCC Wake Forest 
Central Mix Run # 1 11 

Central Mix Run # 2 2.7 
Central Mix Run # 3 2.5 

Average 2.1 
S.T. Wooten, Raleigh 
Central Mix Run # 1 7.0 
Central Mix Run # 2 8.2 
Central Mix Run # 3 2.7 

Average 6.0 
Chandler Concrete2 
Truck Mix Run # 1 1.7 
Truck Mix Run # 2 4.3 
Truck Mix Run # 3 1.3 

Average 2.4 
Concrete Supply 
Truck Mix Run # 1 1.1 
Truck Mix Run # 2 1.5 
Truck Mix Run # 3 1.6 

Average 1.4 
RMC Carolina Materials 
Central Mix Run # 1 7.1 
Central Mix Run # 2 4.4 
Central Mix Run # 3 1.5 

Average 4.3 
1. One mph was used as a default value during tests in 

which the meteorological monitoring station was 
blocked by trucks being loaded.  

2. Wind speed was potentially biased low due to wind 
blocking effect of truck on meteorological monitoring 
station. 
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3.3 PM2.5, PM10-2.5, PM10, and Total Particulate Matter Emission Factors 
The truck and central mix emission factors were calculated from the measured fabric filter 
inlet and outlet particulate matter concentrations and the measured fugitive particulate matter 
emissions captured by the sampling arrays.  The calculations for fugitive emissions captured 
by the sampling arrays and measured by the TEOM monitor are shown in example 
calculations in Appendix H of this report.  The average wind speeds were measured during 
each test in conjunction with the PM10 particulate matter concentration measurements to 
determine the fugitive PM10 mass fluxes from the hood areas. 

The upwind ambient PM10 concentrations were not subtracted from the baseline data sets of 
the sampling arrays when calculating the emission factors.  Furthermore, diesel exhaust 
emissions from the concrete trucks were not subtracted from the sampling array data sets.  The 
inclusion of both the upwind PM10 particulate matter and diesel particulate matter biases the 
hood capture efficiencies to lower-than-true levels and biases the emission factors to higher-
than-true levels. Tables 3-9 and 3-14 present the truck and central mix emissions data. 

Table 3-9. Wake Forest RMCC Truck Mix Emissions Data 
Test Results Run # 1 

12/8/03 
Run # 2 
12/8/03 

Run # 3 
12/9/03 

Averages 

Method 5 D-Sampling Array Results  
Average Array PM10 Particulate Concentration, ug/m3 36.1 130.5 64.6 77.1 
Measured PM10 Emissions Thru Array, lbs./hour 0.0026 0.0120 0.0043 0.0063 
Calculated Total Emissions Thru Array, lbs./hour 0.0084 0.0465 0.0116 0.0222 
Calculated PM2.5 Emissions Thru Array, lbs./hour 0.0003 0.0012 0.0006 0.0007 
Calculated PM10-2.5  Emissions Thru Array, lbs./hour 0.0023 0.0109 0.0036 0.0056 
Fabric Filter Results      
Fabric Filter Inlet, Total Particulate Concentration, lbs./hr 3.2497 3.9991 32.1562 13.1350 
Fabric Filter Outlet, Total Particulate Concentration, lbs./hr 0.0214 0.0139 0.0211 0.0188 
Fabric Filter Inlet, PM10 Particulate Concentration, lbs./hr 1.0090 1.0351 11.8126 4.6189 
Fabric Filter Outlet, PM10 Particulate Concentration, lbs./hr 0.0214 0.0042 0.0211 0.0156 
Fabric Filter Inlet, PM2.5 Particulate Concentration, lbs./hr 0.1247 0.0989 1.7750 0.6662 
Fabric Filter Outlet, PM2.5 Particulate Concentration, lbs./hr 0.00005 0.0014 0.00703 0.0028 
Fabric Filter Inlet, PM10-2.5 Particulate Concentration, lbs./hr 0.8843 0.9362 10.0376 3.9527 
Fabric Filter Outlet, PM10-2.5 Particulate Concentration, 
lbs./hr 0.0214 0.0028 0.0141 0.0128 
Particulate Size Ratios based on Fabric Filter Inlet Data 
Total / PM10 for TEOM Total Calculation 3.22 3.86 2.72 3.27 
PM2.5 / PM10 for TEOM PM2.5 Calculation 0.12 0.10 0.15 0.12 
PM10-2.5/PM10  Ratio for TEOM PM10-2.5  Calculation 0.88 0.90 0.85 0.88 
Emission Factor Results 
Average Plant Production Levels During Tests, Tons/Hour  8.58 3.00 6.91 6.16 
Total Particulate Emission Factor, lbs./ton 0.00347 0.02011 0.00468 0.00942
Total PM10 Emission Factor, lbs./ton 0.00280 0.00538 0.00362 0.00393
Total PM10-2.5 Emission Factor, lbs./ton 0.00276 0.00452 0.00253 0.00327
Total PM2.5 Emission Factor, lbs./ton 0.00003 0.00086 0.00109 0.00066
Collection Efficiencies 
Fabric Filter Total Efficiency 99.3% 99.7% 99.9% 99.6% 
Truck Hood PM10 Efficiency  99.7% 98.8% 99.9% 99.5% 
System Collection Efficiency 97.6% 98.4% 99.8% 98.6% 
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Table 3-10. Wake Forest RMCC Central Mix Emissions Data 

 
Test Results Run # 1 

12/10/03 
Run # 2 
12/11/03 

Run # 3 
12/11/03 

Averages 
 

Method 5 D-Sampling Array Results 
Average Array PM10 Particulate Concentration, ug/m3 18.8 16.4 57.9 31.0 
Measured PM10 Emissions Thru Array, lbs./hour 0.0009 0.0020 0.0067 0.0032 
Calculated Total Emissions Thru Array, lbs./hour 0.0029 0.0053 0.0178 0.0087 
Calculated PM2.5 Emissions Thru Array, lbs./hour 0.0003 0.0003 0.0010 0.0005 
Calculated PM10-2.5 Emissions Thru Array, lbs./hour 0.0006 0.0018 0.0057 0.0027 
Fabric Filter Results  
Fabric Filter Inlet, Total Particulate Concentration, lbs./hr 0.6950 1.5389 1.3322 1.1887 
Fabric Filter Outlet, Total Particulate Concentration, lbs./hr 0.0270 0.0198 0.0262 0.0243 
Fabric Filter Inlet, PM10 Particulate Concentration, lbs./hr 0.2094 0.5922 0.4987 0.4334 
Fabric Filter Outlet, PM10 Particulate Concentration, lbs./hr 0.0270 0.0128 0.0148 0.0182 
Fabric Filter Inlet, PM2.5 Particulate Concentration, lbs./hr 0.0617 0.0799 0.0729 0.0715 
Fabric Filter Outlet, PM2.5 Particulate Concentration, lbs./hr 0.0170 0.0000 0.0103 0.0091 
Fabric Filter Inlet, PM10-2.5  Particulate Concentration, lbs./hr 0.1477 0.5123 0.4258 0.3619 
Fabric Filter Outlet, PM10-2.5 Particulate Concentration, lbs./hr 0.0099 0.0128 0.0046 0.0091 
Particulate Size Ratios based on Fabric Filter Inlet Data 
Total / PM10 for TEOM Total Calculation 3.32 2.60 2.67 2.86 
PM2.5 / PM10 for TEOM PM2.5 Calculation 0.29 0.13 0.15 0.19 
PM10-2.5/PM10  Ratio for TEOM PM10-2.5  Calculation 0.71 0.87 0.85 0.81 
Emission Factor Results 
Average Plant Production Levels During Tests, Tons/Hour  6.82 8.88 7.18 7.63 
Total Particulate Emission Factor, lbs./ton 0.00431 0.00232 0.00612 0.00425
Total PM10 Emission Factor, lbs./ton 0.00401 0.00134 0.00299 0.00278
Total PM10-2.5 Emission Factor, lbs./ton 0.00153 0.00130 0.00142 0.00142
Total PM2.5 Emission Factor, lbs./ton 0.00249 0.00003 0.00157 0.00136
Collection Efficiencies 
Fabric Filter Total Efficiency 96.1% 98.7% 98.0% 97.6% 
Truck Hood PM10 Efficiency  99.6% 99.7% 98.7% 99.3% 
System Collection Efficiency 86.7% 97.5% 95.7% 93.3% 
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Table 3-11. S.T. Wooten Central Mix Emissions Data 

 
Test Results Run # 1 

3/2/04 
Run # 2 
3/2/04 

Run # 3 
3/2/04 

Averages 
 

Method 5 D-Sampling Array Results  
Average Array PM10 Particulate Concentration, ug/m3 80.86 426.70 402.62 303.4
Measured PM10 Emissions Thru Array, lbs./hour 0.0261 0.1616 0.0501 0.0792
Calculated Total Emissions Thru Array, lbs./hour 0.1088 0.9414 0.1119 0.3874
Calculated PM2.5 Emissions Thru Array, lbs./hour 0.0023 0.0136 0.0029 0.0063
Calculated PM10-2.5  Emissions Thru Array, lbs./hour 0.0238 0.1480 0.0471 0.0730
Fabric Filter Results      
Fabric Filter Inlet, Total Particulate Concentration, lbs./hr 13.46 14.82 12.74 13.67
Fabric Filter Outlet, Total Particulate Concentration, lbs./hr 0.047 0.049 0.274 0.123
Fabric Filter Inlet, PM10 Particulate Concentration, lbs./hr 3.22 2.54 5.7 3.82
Fabric Filter Outlet, PM10 Particulate Concentration, lbs./hr 0.011 0.008 0.122 0.047
Fabric Filter Inlet, PM2.5 Particulate Concentration, lbs./hr 0.28 0.21 0.33 0.28
Fabric Filter Outlet, PM2.5 Particulate Concentration, lbs./hr 0.00098 0.00070 0.0071 0.00294
Fabric Filter Inlet, PM10-2.5 Particulate Concentration, lbs./hr 2.94 2.33 5.36 3.55
Fabric Filter Outlet, PM10-2.5 Particulate Concentration, 
lbs./hr 0.0103 0.0076 0.1152 0.0444
Particulate Size Ratios based on Fabric Filter Inlet Data 
Total / PM10 for TEOM Total Calculation 4.17 5.83 2.24 4.08
PM2.5 / PM10 for TEOM PM2.5 Calculation 0.09 0.08 0.06 0.08
PM10-2.5/PM10  Ratio for TEOM PM10-2.5  Calculation 0.91 0.92 0.94 0.92
Emission Factor Results 
Average Plant Production Levels During Tests, Tons/Hour  7.90 13.10 15.27 12.09 
Total Particulate Emission Factor, lbs./ton 0.01972 0.07560 0.02526 0.04020
Total PM10 Emission Factor, lbs./ton 0.00470 0.01240 0.01127 0.00945
Total PM10-2.5 Emission Factor, lbs./ton 0.00428 0.01131 0.01061 0.00873
Total PM2.5 Emission Factor, lbs./ton 0.00042 0.00109 0.00065 0.00072
Collection Efficiencies 
Fabric Filter Total Efficiency 99.6% 99.7% 97.9% 99.0%
Truck Hood PM10 Efficiency  99.2% 94.0% 99.1% 97.5%
System Collection Efficiency 98.8% 93.3% 97.0% 96.4%
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Table 3-12. Chandler Concrete, Troutville Truck Mix Emissions Data 

 
Test Results Run # 1 

12/8/03 
Run # 2 
12/8/03 

Run # 3 
12/9/03 

Averages 
 

Method 5 D-Sampling Array Results  
Average Array PM10 Particulate Concentration, ug/m3 983.4 495.3 1511.2 996.6
Measured PM10 Emissions Thru Array, lbs./hour 0.0786 0.0991 0.0886 0.0887
Calculated Total Emissions Thru Array, lbs./hour 0.1623 0.2099 0.2410 0.2044
Calculated PM2.5 Emissions Thru Array, lbs./hour 0.0163 0.0098 0.0108 0.0123
Calculated PM10-2.5  Emissions Thru Array, lbs./hour 0.0622 0.0893 0.0777 0.0764
Fabric Filter Results      
Fabric Filter Inlet, Total Particulate Concentration, lbs./hr 2.52 1.80 5.62 3.32
Fabric Filter Outlet, Total Particulate Concentration, lbs./hr 0.065 0.064 0.150 0.093
Fabric Filter Inlet, PM10 Particulate Concentration, lbs./hr 1.221 0.851 2.066 1.380
Fabric Filter Outlet, PM10 Particulate Concentration, lbs./hr 0.031 0.030 0.055 0.039
Fabric Filter Inlet, PM2.5 Particulate Concentration, lbs./hr 0.254 0.084 0.252 0.197
Fabric Filter Outlet, PM2.5 Particulate Concentration, lbs./hr 0.007 0.003 0.007 0.005
Fabric Filter Inlet, PM10-2.5 Particulate Concentration, lbs./hr 0.967 0.767 1.814 1.183
Fabric Filter Outlet, PM10-2.5 Particulate Concentration, 
lbs./hr 0.025 0.027 0.048 0.033
Particulate Size Ratios based on Fabric Filter Inlet Data 
Total / PM10 for TEOM Total Calculation 2.07 2.12 2.72 2.30
PM2.5 / PM10 for TEOM PM2.5 Calculation 0.21 0.10 0.12 0.14
PM10-2.5/PM10  Ratio for TEOM PM10-2.5  Calculation 0.79 0.90 0.88 0.86
Emission Factor Results 
Average Plant Production Levels During Tests, Tons/Hour  6.19 4.12 7.75 6.02
Total Particulate Emission Factor, lbs./ton 0.03673 0.06647 0.05045 0.05122
Total PM10 Emission Factor, lbs./ton 0.01771 0.03133 0.01853 0.02252
Total PM10-2.5 Emission Factor, lbs./ton 0.01395 0.02823 0.01623 0.01947
Total PM2.5 Emission Factor, lbs./ton 0.00377 0.00311 0.00230 0.00306
Collection Efficiencies 
Fabric Filter Total Efficiency 97.4% 96.5% 97.3% 97%
Truck Hood PM10 Efficiency  94.0% 89.6% 95.9% 93.1%
System Collection Efficiency 91.0% 84.8% 93.0% 89.6%
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Table 3-13. Concrete Supply, Rock Hill Truck Mix Emissions Data 

 
Test Results Run # 1 

5/12/04 
Run # 2 
5/12/04 

Run # 3 
5/13/04 

Averages 
 

Method 5 D-Sampling Array Results  
Average Array PM10 Particulate Concentration, ug/m3 351.0 854.6 527.0 577.5
Measured PM10 Emissions Thru Array, lbs./hour 0.0170 0.0585 0.0378 0.0378
Calculated Total Emissions Thru Array, lbs./hour 0.0885 0.2154 0.2897 0.1979
Calculated PM2.5 Emissions Thru Array, lbs./hour 0.0025 0.0049 0.0026 0.0034
Calculated PM10-2.5  Emissions Thru Array, lbs./hour 0.0145 0.0536 0.0351 0.0344
Fabric Filter Results     
Fabric Filter Inlet, Total Particulate Concentration, lbs./hr 15.992 24.505 43.483 27.99
Fabric Filter Outlet, Total Particulate Concentration, lbs./hr 0.070 0.132 0.192 0.131
Fabric Filter Inlet, PM10 Particulate Concentration, lbs./hr 3.071 6.654 5.668 5.131
Fabric Filter Outlet, PM10 Particulate Concentration, lbs./hr 0.013 0.036 0.025 0.025
Fabric Filter Inlet, PM2.5 Particulate Concentration, lbs./hr 0.456 0.561 0.393 0.470
Fabric Filter Outlet, PM2.5 Particulate Concentration, lbs./hr 0.002 0.003 0.002 0.002
Fabric Filter Inlet, PM10-2.5 Particulate Concentration, lbs./hr 2.615 6.093 5.275 4.6609
Fabric Filter Outlet, PM10-2.5 Particulate Concentration, 
lbs./hr 0.011 0.033 0.023 0.023
Particulate Size Ratios based on Fabric Filter Inlet Data 
Total / PM10 for TEOM Total Calculation 5.21 3.68 7.67 5.52
PM2.5 / PM10 for TEOM PM2.5 Calculation 0.15 0.08 0.07 0.10
PM10-2.5/PM10  Ratio for TEOM PM10-2.5  Calculation 0.85 0.92 0.93 0.90
Emission Factor Results 
Average Plant Production Levels During Tests, Tons/Hour  20.24 21.73 13.91 18.63
Total Particulate Emission Factor, lbs./ton 0.00783 0.01599 0.03538 0.01973
Total PM10 Emission Factor, lbs./ton 0.00148 0.00435 0.00461 0.00348
Total PM10-2.5 Emission Factor, lbs./ton 0.00126 0.00399 0.00427 0.00317
Total PM2.5 Emission Factor, lbs./ton 0.00022 0.00036 0.00034 0.00031
Collection Efficiencies 
Fabric Filter Total Efficiency 99.6% 99.5% 99.6% 99.5%
Truck Hood PM10 Efficiency  99.4% 99.1% 99.3% 99.3%
System Collection Efficiency 99.0% 98.6% 98.9% 98.8%
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Table 3-14. RMC Carolina Materials Central Mix Emissions Data 

 
Test Results Run # 1 

5/19/04 
Run # 2 
5/19/04 

Run # 3 
5/20/04 

Averages 
 

Method 5 D-Sampling Array Results  
Average Array PM10 Particulate Concentration, ug/m3 309.2 223.7 193.3 242.1
Measured PM10 Emissions Thru Array, lbs./hour 0.1013 0.0456 0.0132 0.0534
Calculated Total Emissions Thru Array, lbs./hour 0.3972 0.1761 0.0601 0.2111
Calculated PM2.5 Emissions Thru Array, lbs./hour 0.0072 0.0083 0.0013 0.0056
Calculated PM10-2.5  Emissions Thru Array, lbs./hour 0.0942 0.0373 0.0119 0.0478
Fabric Filter Results      
Fabric Filter Inlet, Total Particulate Concentration, lbs./hr 7.580 5.823 10.254 7.886
Fabric Filter Outlet, Total Particulate Concentration, lbs./hr 0.0056 0.0064 0.0058 0.0060
Fabric Filter Inlet, PM10 Particulate Concentration, lbs./hr 1.934 1.508 2.245 1.896
Fabric Filter Outlet, PM10 Particulate Concentration, lbs./hr 0.0014 0.0017 0.0013 0.0015
Fabric Filter Inlet, PM2.5 Particulate Concentration, lbs./hr 0.137 0.274 0.219 0.2098
Fabric Filter Outlet, PM2.5 Particulate Concentration, lbs./hr 0.0001 0.0003 0.0001 0.0002
Fabric Filter Inlet, PM10-2.5 Particulate Concentration, lbs./hr 1.797 1.235 2.027 1.6860
Fabric Filter Outlet, PM10-2.5 Particulate Concentration, 
lbs./hr 0.001 0.001 0.001 0.001
Particulate Size Ratios based on Fabric Filter Inlet Data 
Total / PM10 for TEOM Total Calculation 3.92 3.86 4.57 4.12
PM2.5 / PM10 for TEOM PM2.5 Calculation 0.07 0.18 0.10 0.12
PM10-2.5/PM10  Ratio for TEOM PM10-2.5  Calculation 0.93 0.82 0.90 0.88
Emission Factor Results 
Average Plant Production Levels During Tests, Tons/Hour  13.01 8.15 16.82 12.66
Total Particulate Emission Factor, lbs./ton 0.03097 0.02240 0.00392 0.01909
Total PM10 Emission Factor, lbs./ton 0.00790 0.00581 0.00086 0.00485
Total PM10-2.5 Emission Factor, lbs./ton 0.00733 0.00475 0.00078 0.00429
Total PM2.5 Emission Factor, lbs./ton 0.000561 0.0010555 0.0000835 0.00057
Collection Efficiencies 
Fabric Filter Total Efficiency 99.9% 99.9% 99.9% 99.9%
Truck Hood PM10 Efficiency  95.0% 97.1% 99.4% 97.2%
System Collection Efficiency 94.7% 96.9% 99.4% 97.0%
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The total particulate matter and PM10 particulate matter emission factors measured for the 
three truck mix sources tested are substantially below the values measured during previous 
EPA tests summarized in AP42 Section 11.12.  The hood capture efficiencies observed during 
the tests at RMCC, Chandler, and Concrete Supply were substantially higher than the values 
reported by EPA based on qualitative visual observations.  Air Control Techniques, P.C. 
believes that the higher efficiencies for truck mix operations reported in the RMC Research 
Foundation tests are due primarily to the following. 
 

• Improved fugitive particulate matter measurement techniques now available due to the 
development and promulgation of the TEOM PM10 monitoring technique 

• Improved capture systems installed at ready mixed concrete plants 
• Improved truck loading operations 

 

The TEOM monitoring system and the sampling array provide for the accurate measurement 
of fugitive particulate matter emissions from the truck and central mixing loading operations.  
This method is substantially more accurate than the qualitative visual observations used by 
EPA personnel during previous tests.  

The ready mixed concrete industry has improved the design of hoods used to capture 
particulate matter during truck and central mixer loading.  The extent of hood enclosure 
around the transfer operation has reduced fugitive dust emissions.  Accordingly, some of the 
data presently presented in AP42 Section 11.12 are out-of-date.   

During the tests at RMCC Wake Forest, there were two spills due to improper truck 
positioning.  Material transfer to the improperly positioned trucks caused moderate-to-high 
PM10 spikes in the TEOM monitored sampling array.  Air Control Techniques, P.C. believes 
that these spills are the primary source of fugitive emissions.  In a review of the field notes 
compiled by EPA during the 1993 tests, it is apparent that the plants being tested had a 
relatively high frequency of spills.  This is one possible reason why the capture efficiencies 
reported by EPA ranged from 71% for truck mix operations to 94% for central mix operations.  
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4. QUALITY ASSURANCE AND QUALITY CONTROL ACTIVITIES 

4.1 QA/QC Procedures for Sample Treatment and Analysis 
All of the tests were conducted using QA/QC procedures established by EPA and Air Control 
Techniques, P.C. for CTM 040.  Problems encountered before a test run were identified and 
corrected prior to sampling. 

4.1.1 Leak Checks 
Pretest and posttest leak checks were conducted on each sampling train used in all CTM 040 
tests.  The observed leak rates must be below 0.02 actual cubic feet per minute to be 
acceptable.  Posttest leak checks were completed with the dual cyclone removed.  This is a 
standard CTM 040 procedure to ensure that the particles in the cyclone catch cups are not re-
entrained into subsequent stages. 

4.1.2 S-Type Pitot Tube Calibration 
All S-type Pitot tubes used in this project conformed to EPA guidelines concerning 
construction and geometry.  Pitot tubes were inspected prior to use.  If the specified guidelines 
were met, a Pitot tube coefficient of 0.84 was used.  Information pertaining to S-type Pitot 
tubes is presented in detail in Section 3.1.1 of EPA Publication No. 600/4-77-027b.  Only S-
type Pitot tubes meeting the required EPA specifications were used in this project. 

4.1.3 Sample Nozzle Calibration 
Stainless steel nozzles were used for isokinetic sampling.  All nozzles were thoroughly 
cleaned, visually inspected, and calibrated according to the procedure outlined in Section 
3.4.2 of EPA Publication No. 600/4-77-027b. 

4.1.4 Temperature Monitor Calibration 
The thermocouples used in this project were calibrated using the procedures described in 
Section 3.4.2 of EPA Publication No. 600/4-77-027b.  Each temperature sensor was calibrated 
at a minimum of 3 points over the anticipated range of use against an NIST-traceable mercury 
in glass thermometer. 

4.1.5 Dry Gas Meter Calibration 
All dry gas meters were fully calibrated to determine the volume correction factor prior to 
field use.  Post-tests calibration checks were performed as soon as possible after the 
equipment was returned to the shop.  Pre-and post-test calibrations agreed within ±5 percent.  
The calibration procedure is documented in Section 3.3.2 of EPA Publication No. 600/4-77-
237b. 

4.1.6 Moisture Scale Calibration 
The scales used at the test location to determine flue gas moisture content were calibrated 
using a standard set of weights. 

4.1.7 Particulate Sampling Using CTM 040 
Standard operating procedures described in the PCA protocol and CTM 040 were followed.  
Prior to conducting the test, the sampling trains were tested to confirm proper operation and to 
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determine the sampling nozzles that were needed to achieve isokinetic sampling conditions.  
The gas flow velocities at the sampling locations were measured using EPA Method 2.  An S-
type Pitot tube was used for these velocity measurements.  The S-type Pitot tube was visually 
inspected before each run.  Each leg of the Pitot tube was leak checked before and after each 
run.  Proper orientation of the S-type Pitot tube was maintained throughout each 
measurement.  The yaw and the pitch axis of the S-type Pitot tube was maintained 90 degrees 
to the airflow.  Checks for cyclonic flow were completed at each sampling location before the 
start of the first test run. 

4.2 QA/QC Checks for Data Reduction, Validation and Reporting 
Daily quality audits were conducted using data quality indicators that require the review of the 
recording and transfer of raw data, calculations, and documentation of testing procedures.  All 
data and calculations for air flow rates and isokinetic sampling rates were recorded manually 
and then transferred to a portable computer.  The calculations were verified by independent, 
manual checks. 

Any suspect data or outliers were noted and identified with respect to the nature of the 
problem and potential effect on data quality.   

4.2.1 Sample Recovery and Custody 
All samples were recovered by Air Control Techniques, P.C. personnel using standard EPA 
procedures.  Sample recovery was performed in the Air Control Techniques, P.C. mobile 
laboratory.  All sampling equipment was sealed to prevent contamination during transport to 
the laboratory.  All chemicals used for sampling train preparation and sample recovery were 
American Chemical Society ACS, High Performance Liquid Chromatography (HPLC) or 
pesticide grade.   

The list of the samples recovered from each of the reference method tests are summarized 
below. 
 
CTM 040 
 

• Sample Jar #1, Particulate Matter > 10 micrometers 
• Sample Jar #2, Particulate Matter ≤ 10 micrometers and > 2.5 micrometers 
• Sample Jar #3, Particulate Matter ≤ 2.5 micrometers 
• Sample Jar #4, Filter, Filterable Particulate Matter ≤ 2.5 micrometers 
• Acetone blank (1 per acetone lot) 
• Silica gel (impinger 4 for moisture determination) 

 
All of the samples were labeled immediately after recovery.  The samples were packed in 
boxes and sealed.  A chain of custody record and sample log were maintained during the 
emissions study.  Air Control Techniques, P.C. delivered the sample boxes to the laboratory 
along with the appropriate chain of custody record forms. 
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4.2.2 Sample Identification 
The test runs were identified using the procedures described in Table 4-1.  For example the 
Wake Forest RMCC plant, the first CTM 040 run for the truck mix at the inlet to the fabric 
filter was designated as WF-T-IN-Pre4-1. 

Table 4-1.  Sample Identification 
 

Plant Mix Type Test Location Method Runs Run Numbers 
Wake Forest Truck Fabric Filter Inlet Pre-4 1,2,3 WF-T-In-Pre4-1,2,3 
Wake Forest Truck Fabric Filter Outlet Pre-4 1,2,3 WF-T-Out-Pre4-1,2,3 
Wake Forest Central Fabric Filter Inlet Pre-4 1,2,3 WF-C-In-Pre4-1,2,3 
Wake Forest Central Fabric Filter Outlet Pre-4 1,2,3 WF-C-Out-Pre4-1,2,3 
S.T. Wooten Central Fabric Filter Inlet Pre-4 1,2,3 ST-C-In-Pre4-1,2,3 
Troutville Truck Fabric Filter Inlet Pre-4 1,2,3 TV-T-Pre4-1,2,3 
Concrete 
Supply 

Truck Fabric Filter Inlet Pre-4 1,2,3 CS-T-IN-Pre4-1,2,3 

RMC Carolina 
Materials 

Central  Fabric Filter Inlet Pre-4 1,2,3 RMC-C-IN-Pre4-1,2,3 

 
4.2.3 Quality Assurance Results 
Not all of the sample runs met the results acceptability criteria as defined by CTM 040.  A 
summary of the quality assurance results for the CTM 040 tests is presented in Table 4-2. 

All of the isokinetic results are consistent with the exception of one test run that was not 
within the CTM 040 criteria of 80% to 120%.  Three of the PM10 (cyclone I) D50 values are 
also not consistent with the CTM 040 requirement of D50 values equal to or greater than 9.0 
micrometers and equal to or less than 11.0 micrometers.  Two of the PM2.5 (cyclone IV) D50 
values are not consistent with the CTM 040 requirement of D50 values equal to or greater than 
2.25 micrometers and equal to or less than 2.75 micrometers.  Because all of the D50 values in 
this test program are greater than 10 micrometers, some particles with aerodynamic diameters 
greater than 10 micrometers were included in the PM10 catch.  This means that there is a slight 
bias to larger-than-actual PM10 emissions.  Because two D50 values in this test program were 
less than 2.25 micrometers, there was a slight bias to smaller than actual PM2.5 emissions.  
Based on the very low catch weights observed during the test run, the impact of these biases 
was considered to be negligible. 

The cut size problems experienced in several test runs were due to the very narrow acceptable 
sampling rate range for ambient temperature sources shown in Figure 2-2.  The average stack 
temperature for the twenty four test runs was 53.8 degrees Fahrenheit.  Because CTM 040 is a 
constant sampling rate method, there is very little allowance for flow adjustments once 
sampling has begun; therefore, with such a narrow flow criteria, calculations were based on 
satisfying the PM2.5 cut sizes prior to the PM10 and isokinetic criteria.  Adjustments of the 
sampling rate by even 0.01 ACFM (an extremely small value in emission sampling) to allow 
lower PM10 cyclone D50 values might have caused out-of-specification PM2.5 cyclone D50 
values. 
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4.3 TEOM Monitor Calibration 
Leak checks were performed according to Rupprecht and Patashnick’s (R&P) performance 
audits in the field prior to sampling and immediately following the final day of sampling.  
R&P also completed a multi-point calibration of the sample flow rate prior to shipment.  This 
calibration was conducted using an NIST traceable flow rate standard that is accurate to ± 2%.  
A single point verification of the sample flow rate was conducted by Air Control Techniques, 
P.C. upon arrival of the monitor and prior to testing. 

The temperature and pressure calibration checks are documented in Appendix E of this report 
and were conducted using calibrated equipment.  The temperature checks were conducted 
with a K-type thermocouple and electronic hand-held readout. 

Table 4-2. Quality Assurance Results 
 

Parameter Cyclonic 
flow, 

degrees  

Isokinetics, 
(%) 

Cyclone I 
D50, 

Micrometers 

Cyclone IV 
D50, 

Micrometer
s 

Pre-leak 
check, 

DSCFM 
With 

Cyclone  

Post-leak 
check, 

DSCFM 
Without 
Cyclones 

Average 
Stack 
Temp, 

Degrees 
ºF  

Requirement <20° 80-120 9.0-11.0 2.25-2.75 <0.02 <0.02 N/A 
WF-T-In-Pre4-1 1.0 104.0 10.91 2.30 0.000 0.000 38.3 
WF-T-In-Pre4-2 1.0 105.0 10.86 2.30 0.008 0.000 40.5 
WF-T-In-Pre4-3 1.0 98.4 11.16 2.39 0.001 0.000 33.5 

WF-T-Out-Pre4-1 5.3 77.1 11.68 2.58 0.000 0.000 42.0 
WF-T-Out-Pre4-2 5.3 86.8 10.73 2.26 0.000 0.000 50.7 
WF-T-Out-Pre4-3 5.3 84.0 10.80 2.27 0.000 0.000 34.7 
WF-C-In-Pre4-1 2.3 118.4 10.77 2.27 0.007 0.002 46.8 
WF-C-In-Pre4-2 2.3 110.8 10.94 2.33 0.002 0.001 46.2 
WF-C-In-Pre4-3 2.3 110.2 10.91 2.33 0.000 0.000 54.2 

WF-C-Out-Pre4-1 5.3 87.4 10.82 2.28 0.000 0.000 49.0 
WF-C-Out-Pre4-2 5.3 105.4 10.96 2.34 0.001 0.000 46.0 
WF-C-Out-Pre4-3 5.3 91.2 11.03 2.38 0.002 0.000 54.7 

ST-C-Pre4-1 1.0 101.0 10.52 2.21 0.000 0.000 63.8 
ST-C-Pre4-2 1.0 100.4 10.66 2.25 0.000 0.000 66.3 
ST-C-Pre4-3 1.0 99.2 10.68 2.25 0.000 0.000 66.5 
TV-T-Pre4-1 6.8 104.8 10.83 2.30 0.003 0.000 37.7 
TV-T-Pre4-2 6.8 105.4 10.90 2.33 0.000 0.004 38.5 
TV T-Pre4-3 6.8 104.2 10.84 2.34 0.003 0.000 56.7 

CS-T-IN-Pre4-1 2.2 119.6 10.66 2.26 0.000 0.000 67.5 
CS-T-IN-Pre4-2 2.2 119.1 10.82 2.32 0.000 0.000 72.2 
CS-T-IN-Pre4-3 2.2 119.5 10.75 2.29 0.000 0.000 67.3 

RMC-C-IN-Pre4-1 3.3 111.0 10.64 2.24 0.001 0.001 71.2 
RMC-C-IN-Pre4-2 3.3 109.6 10.78 2.30 0.000 0.000 75.8 
RMC-C-IN-Pre4-3 3.3 109.8 10.64 2.25 0.000 0.000 71.8 
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The extensive quality assurance protocol built into the TEOM instrument will cause alarms 
and stop sampling if any parameters are out of specification.  These data were scanned for any 
monitoring problems that could potentially affect the adequacy of the observed PM10 
concentrations.  No problems were detected.  Air Control Techniques, P.C. believes that the 
R&P TEOM monitor performed well throughout the test program. 

4.4 Particulate Matter Distribution at Fabric Filter Outlet Duct 

The distribution of PM10 at the outlet duct of the RMC Carolina Materials Plant in Raleigh 
was evaluated to confirm that the location of the TEOM provided representative PM10 
particulate matter concentration data.  The outlet of the duct was sampled using a MIE, Inc. 
Nephelometer with a PM10 cyclone separator.  The outlet duct was divided into twelve 
separate traverse points, and the nephelometer probe was positioned at each point for a total of 
one minute.  Six ten-second PM10 concentration values were averaged to determine the PM10 
concentration at the traverse point.  A total of three separate nephelometer runs were 
completed.  The results of the nephelometer test runs are summarized in Table 4-3. 

Table 4-3. Nephelometer Quality Assurance Test, RMC Carolina Materials,  
Fabric Filter Outlet Test #3, May 20, 2004 

 
Nephelometer Test Run  

1 2 3 
Average 

Time 9:02-9:12 9:14-9:26 9:40-9:52 NA 
TEOM PM10, µg/M3 89.5 85.6 89.9 88.3 
Nephelometer PM10, µg/M3 83.1 84.2 85.8 84.4 
Nephelometer PM10, St. Dev. µg/M3 6.2 7.6 11.0 8.3 
Nephelometer Sampling Points 12 12 12 12 

 

The nephelometer data confirmed that the distribution of PM10 across the outlet duct was very 
uniform. 



Ready Mixed Concrete Research Foundation  Emission Factor Testing Program 
  Final Report 

Air Control Techniques, P.C. November 2005 55

5.0 TEST PARTICIPANTS AND OBSERVERS 

The RMC Research Foundation Project Manager for this testing project is Mr. Edward R. 
Herbert, III.  The Air Control Techniques, P.C. project manager is Mr. John Richards, Ph.D., 
P.E.  Mr. Todd Brozell, P.E. supervised the design of the sampling array and the on-site 
testing programs.  Addresses and phone numbers of these individuals are provided below.  
 

Mr. Edward R. Herbert, III  
Director of Environmental Affairs 

National Ready Mixed Concrete Association  
900 Spring Street 

Silver Spring, Maryland 20910  
Tel: (240) 485-1154  
eherbert@nrmca.org 

 
Mr. John Richards, Ph.D., P.E.  

Mr. Todd Brozell, P.E. 
Air Control Techniques, P.C. 

301 E. Durham Road 
Cary, North Carolina, 27513 

Tel: (919 ) 460-7811 Fax: (919) 460-7897 
john.richards@aircontroltechniques.com 
todd.brozell@aircontroltechniques.com 

 
Dr. John Richards was responsible for project management and coordination with NRMCA.  
Mr. Todd Brozell, P.E. assisted Dr. Richards in project management and test program 
coordination.  Mr. Danny Speer, Mr. Steve Helms and Mr. Dennis Holzschuh assisted Mr. 
Brozell on-site. 

Element One, Inc performed the particulate sample analyses.  The project manager for this 
laboratory is listed below. 

 
Mr. Bruce Hawks 

President 
Element One, Inc. 

5022-C Wrightsville Av. 
Wilmington, North Carolina 28403 

Tel: (910) 793-0128 Fax 910-792-6853 
E1lab@hotmail.com 

 
Mr. Mike Aldridge representing the North Carolina Department Environmental Health and 
Natural Resources, and Mr. Larry Spence representing the Ready Mixed Concrete Company 
observed portions of the testing at RMCC. 

mailto:todd.brozell@air
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