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INTRODUCTION 

The purpose of this source emission evaluation performed a t  Woodworth & 

Company, Inc.'s Cedarapids drum mix asphalt plant located in Tacoma, Washington 

was to quantify the particulate matter emission concentration a t  the scrubber 

outlet. This drum mix asphalt plant was manufactured by Cedarapids and is 

equipped with a Cedarapids venturi wet scrubber system for controlling particulate 

matter emissions. According to plant personnel, the plant was producing 

approximately 290 tons per hour of mix on the test day. Three (3) particulate 

matter emission tests were performed on September 6, 1990. These tests were 

performed utilizing Environmental Protection Agency (EPA) procedures specified 

in the July 1, 1989 Title 40 Code of Federal Regulations, Part 60 (40 CFR 60), 

Appendix A, Methods 1, 2, 3A, 4 and 5. Methods 1 and 2 were performed to 

determine the stack gas velocity, temperature and volumetric flow rate. Method 

3A was performed to determine the stack gas molecular weight and composition of 

the stack gas (carbon monoxide, carbon dioxide, and oxygen content). Method 4 

was performed to determine the moisture content of the stack gas. Method 5 was 

performed to determine the particulate matter emission concentration of the stack 

gas. Condensable matter present in the gas stream was quantified by performing 

an extraction of the Method 5 impinger liquid as specified in Regulation I of the 

Puget Sound Air Pollution Control Agency (PSAPCA) regulations. 

Mr. James A. Guenthoer, Sr. Project Engineer with Am Test, Inc.*s Air Quality 

Division based in Redmond, Washington performed the field sampling. Laboratory 

analysis, data reduction and final report preparation was performed by Mr. Kris A. 

Hansen, Ms. Angela F. Blaisdell, and Ms. Jan M. Widmeyer of Am Test. This 



project was coordinated by Mr. John Greco o f  Woodworth & Company, Inc. Mr. R. 

A. Suver was the plant operator for Woodworth & Company on the test day. 



SUMMARY OF RESULTS 

The results of the three (3) Method 1-5 compliance tests for determining particulate 

matter emission concentration, collected at Woodworth & Company, Inc.'s drum mix 

asphalt plant located in Tacoma, Washington on September 6, 1990 are summarized 

in Table 1 below, and on page 4 on a computer printout titled "Methods 1-5 

Summary of Results". 

Table 1. Summary of particulate matter emission concentration results from 
samples collected September 6, 1990 at Woodworth and Company, Inc.'s drum mix 
asphalt plant located in Tacoma, Washington. 

The total particulate emission concentration is presented in units of grains per dry 

standard cubic foot (gr/dscf) and milligrams per dry standard cubic meter 

(mg/dscm). The particulate matter mass emission rate is presented in units of 

pounds per hour (lb/hr). Airflow is also presented in units of dry standard cubic 

feet per minute (dscf/min). A process upset occured during run 1, therefore an 

average concentration for runs 2 and 3 is included in Table 1. Computer printouts 

which detail the complete results of runs 1-3 and may be found following the 

"Calculation of Results" section of this report on pages 19-21. Field data sheets 

and example calculations of results are included in the Appendix of this report. 



WETHOOS 1-5 SU*URY OF RESULTS 
AM TEST, INC. - A I R  WALlTY DIVISION 

FILE N W :  72\Uoa)SW 
CLIENT: YOOO!dORTH L CO., INC. 

LOCAT I ON : TACOMA, IM 
SAMPLE SITE: SCRUBBER EXIT STACK 
OPERATORS: J. GWNTHOER 

LAB f: 

DATE: 
START TIME: 
STOP TIME: 
SAMPLE TIME (minutes): 

RUN I 1  RUN #2 RUN f 
- - - - - -  - - - - - -  - - - - - -  
00399 woo 00401 

9/4/90 9/6/90 9/6/90 
0 6 3 4  0 9 3  12:32 

07:40 10:43 13:37 

60.0 60.0 60.0 

VOLUME SAMPLED (cubic feet): 38.091 39.549 40.218 

V O L W  SAMPLED (dry std. c h i c  feet): 38.093 39.446 39.375 

V O L W  SAWPLEO (dry std. cubic meters): 1.079 1.117 1 .I15 

STACK GAS MOISTURE (percent): 22.50 25.79 22.61 

BAROllETRIC PRESSURE (inches of Hg): 30.00 30.04 30.04 
STATIC PRESSURE (inches o f  HZO): 0.02 0.02 0.02 
STACK PRESSURE (inches of Hg): 30.00 30.04 30.04 
STACK TEMRATURE (degrees F.): 147.4 147.5 147.5 

STAU TEMPERATURE (degree8 R.): 607.4 607.5 607.5 

CARBON DIOXIDE (percent): 6.0 6.0 5.9 

OXYGEN (percent): 12.8 12.8 12.9 

C A R W  WOXIDE (ppn): 209 209 207 

MOLECULAR E I G H T  (dry, g/g-mole): 29.47 29.47 29.46 

MOLECULAR WEIGHT (wet, g/g-mole): 26.89 26.51 26.87 

AVERAGE VELOCITY HEAD (inches of H201: 0.035 0.036 0.036 
PITOT TUBE Cp: 0.838 0.838 0.838 
VELOCITY (feet/second): 11.59 11.95 11.85 
STACK DIAMETER (inches): 120 120 120 

STACK AREA (square feet): 78.540 78.540 78.540 
AIRFLOU (dry std. cubic feet per min.): 36900.4 36467.3 37715.5 

AIRFLOU (actual cubic feet per min.): 54625.2 56305.4 55846.5 

NOZZLE DIAMETER (inches): 
ISOKINETICS (percent): 

FRONT-HALF PARTIC. EMISS. CONC. (gr/dscf): 0.053 0.032 0.034 
BACK-HALF PARTIC. EMISS. CONC. (gr/dscf): 0.065 0.004 0.014 

TOTAL PARTIC. EMISS. CONC. (gr/dscf): 0.118 0.036 0.049 

PARTICULATE EMISSION CONC. (mg/dscm): 270.9 83.3 111.0 

PARTIC. CUSS EMISSION RATE (Lb/hr): 37.4 11.4 15.7 

AVERAGE 
- - - - - - -  



SOURCE OPERATION 

Woodworth & Company, Inc.'s drum mix asphalt plant located in Tacoma, 

Washington was manufactured by Cedarapids. This plant (Model 10044ADM, 

identification #39084), constructed and installed in 1984, is equipped with a 

Cedarapids venturi wet scrubber system (Model 10044ADM) to control particulate 

matter emissions. The scrubber system was operated with a water pressure of 105 

psi and 100% recycled scrubber water. The water inlet temperature was 70° F, and 

the outlet water temperature was 140° F. The pressure drop across the venturi was 

approximately 21 inches of water on the test day. According to plant personnel, 

the plant operated a t  an average production rate of 290 tons/hour with an asphalt 

discharge temperature of 290° F. Process and production conditions were 

considered to be representative during runs 2 and 3, according to Woodworth & 

Company, Inc.*s personnel. A process upset occured during run 1. A process 

information sheet, completed by Mr. R. A. Suver is included in the Appendix of 

this report. 



METHODOLOGY REFERENCES 

Sampling procedures specified in the July 1, 1989 Title 40 Code of Federal 

Regulations, Part 60 (40 CFR 60), Appendix A, Methods 1, 2, 3A, 4 and 5 were 

followed throughout this project. Sampling and analysis procedures specified in 

the Puget Sound Air Pollution Control Agency (PSAPCA) "Particulate Source Test 

Procedures" adopted by the PSAPCA Board of Directors, August 11, 1983, in 

accordance with section 9.09 of Regulation I, PSAPCA, were utilized in 

conjunction with the EPA Method 5 procedures for "backhalf" analysis for 

extracting condensable matter. Methodology suggested in the EPA's Air Pollution 

Training Institute "Course 450 - Source Sampling For Particulate Pollutants" and 

quality assurance procedures outlined in the EPA's reference manual titled Oualitv 

r Pollution Measurement Svsttms. Volume 3, EPA- 

600/4-77-027b, along with current updates, were used with respect to quality 

assurance and testing protocol. 



SAMPLING PROCEDURES 

The 120 inch circular duct has four (4) sampling ports located at 90 degrees. The 

sample ports are located 10 feet upstream and 30 feet downstream from the nearest 

flow disturbance. Two (2) velocity and temperature traverses of twelve (12) points 

were performed during each Method 5 test. Figure 1 located in the Appendix of 

this report is a schematic of the stack and the point locations selected. Each point 

was sampled for 2.5 minutes, for  a total sampling time for each Method 5 run of 60 

minutes. The sample probe was marked with felt pen and heat resistant tape to 

indicate the proper point location. 

Stack condition measurements were performed prior to testing, including 

measurements of pressure, temperature, velocity and a check for cyclonic flow. A 

sample nozzle was chosen and isokinetic operating parameters were established 

utilizing a Hewlett-Packard programmable calculator. The sampling nozzle, probe 

and prefilter connective glassware were all cleaned and rinsed prior to use. The 

sample train was assembled and determined to be leak free following the 

procedures outlined in  Method 5. Before each test, a final check was made to 

assure that the plant was operating at the desired production rate and the desired 

operating parameters. A final check was made of the sample box and probe heat 

temperatures. Ice was added to the condenser section. The sample nozzle was 

positioned in the stack a t  the first sample point. The sample pump was then 

turned on and the gas sampling rate was adjusted for isokinetic sampling. 

Sampling proceeded isokinetically a t  each of the 4 traverse points in each port. 

Upon completion of the test, the sample probe was removed from the stack and a 

post-test leak check was performed according to Method 5 procedures. Care was 

taken to assure that the nozzle tip did not touch the port nipple. 



Samples of the combustion gas were collected during each run to be analyzed in 

Am Test's laboratory. The integrated samples collected in multilayer bags were 

analyzed using an Infrared Industries Model 2200 oxygen (02) analyzer. An 

Infrared Industries non-dispersive infrared (NDIR) analyzer (Model 702D) was 

utilized to measure the percent carbon dioxide (CO2). An Automated Custom 

Systems (ACS) Model 3300 non-dispersive infrared analyzer was used to measure 

the parts per million (ppm) carbon monoxide (CO). Oxygen was also measured in 

the field using an Infrared Industries Model 2200 oxygen (02) analyzer. These 

analyzers meet 40 CFR 60, Appendix B, Performance Specification 3 and 4 criteria. 

Appropriate calibration gases were utilized to check the calibration of the 

automatic analyzers. The measurements during each test period were used to 

calculate the molecular weight of the stack gas. The results of the gas analysis are 

presented on the computer printouts in the "Calculation of Results" section of this 

report. 



SAMPLE TRAIN 

The sample train used for collecting particulate matter samples was an EPA 

Method 5 design with modifications as shown in Figure 2 which is located in the 

Appendix of this report. The stainless steel button hook nozzle used during each 

test was measured on-site with inside calipers. A stainless steel probe with a 

heated stainless steel liner was used for these tests. The probe was equipped with 

"S" type pitot tubes and a thermocouple sensor. A thermocouple indicator was used 

to measure the stack gas temperature a t  each sample point. The Fluke digital 

thermocouple indicator has been re-certified by the manufacturer to be accurate 

within +I degree Fahrenheit. A field check with 32 degree icewater was 

performed. A glass filter assembly containing a 125 millimeter Whatman 934-AH 

glass fiber filter was enclosed in a temperature-controlled heated sample box. The 

average box temperature was maintained a t  248O F + 2 5 O  F. The nozzle, probe 

liner, prefilter connective glassware and filter is often referred to as the 

"fronthalf" of the sample train. Following the filter is a condenser section which, 

by convention, is referred to as the "backhalf". The condenser section consisted of 

a modified Greenburg-Smith bubbler containing 100 milliliters (ml) of deionized 

water, an impinger also containing 100 ml of deionized water, an empty bubbler, 

and a bubbler containing indicating silica gel desiccant. The backhalf was 

maintained a t  a temperature below 68O F by adding ice to the condenser section 

throughout sampling. 

The sample train was connected to a control box by means of an  umbilical cord 

which contains a vacuum hose, pitot lines, thermocouple wires and a 4-wire 

electrical cord. The control box (meter box) was used to monitor stack conditions 

and to facilitate isokinetic sampling. The control box consists of a diaphragm 



pump which is used to pull the stack gas through the sample train, fine and coarse 

metering valves to control the sampling rate, a vacuum gauge which measures the 

pressure drop from the sampling nozzle to the metering valves, and a dry gas 

meter. The dry gas meter was calibrated using a spirometer at  the Washington 

State Department of Ecology laboratory in Redmond, Washington. At the outlet of 

the dry gas meter is a calibrated orifice which is used to isokinetically control the 

flow of gas through the metering system. The pressure drop across the orifice was 

monitored with both low and high range magnehelic gauges. The pitot tubes 

utilized to measure stack gas velocity are connected to the control box via the 

umbilical cord. The control box contains low and high range magnehelic gauges 

which a r t  used for the velocity measurement. 



SAMPLE CLEAN-UP AND ANALYSIS 

Following sample collection, the Method 5 sample box was transferred to a room 

free from air disturbances and airborne particulate matter. The filter was 

transferred to a petri dish labeled with the sample date, client name and run 

number. This filter portion of the particulate catch is referred to as the "A" 

section. Care was taken to assure that any loose particulate matter and filter mat 

were quantitatively transferred to the petri dish. The filters were then placed in 

an oven and baked a t  1 0 3 O  C for 2 hours, then they were transferred to a 

desiccator containing indicating silica gel desiccant for a t  least 24 hours of 

desiccation prior to obtaining weights. The same baking and weighing procedure 

was followed to obtain the tare weights for the filters. The tare and final weights 

were made using a Mettler AE163 electronic balance set to a time integrating mode 

with a readability of 0.1 milligrams. The filters containing particulate matter were 

weighed to a constant weight of 20.5 milligrams. The interval between weighings 

was a t  least 6 hours. These weights were recorded in a bound laboratory notebook. 

The contents of the nozzle, probe liner and prefilter connective glassware were 

quantitatively transferred to the "B" section storage container labeled with sample 

date, client name, and run number following each run. Several rinses of acetone, 

with simultaneous loosening of particulate matter using a clean nylon brush, were 

used for  the fronthalf clean-up. An iodine flask with a female ball joint end was 

attached to the male ball joint end of the probe to assure that no particulate 

matter was lost during the rinsing and brushing of the probe. The contents of the 

iodine flask were quantitatively transferred to the "B" section storage container. 

The contents of this "B" section acetone rinse was transferred to a tared, graduated 

150 milliliter beaker. The volume of acetone was recorded and the beakers were 



placed in an evaporation chamber at  slightly elevated ambient temperature and 

pressure. The acetone was evaporated at a temperature lower than the boiling 

point of acetone. A tared beaker with 100 milliliters of acetone from the same lot 

was handled in an identical fashion to the "B" section samples as a control. The 

tare and final weights of the beakers were obtained following at least 24 hours of 

desiccation. The samples and acetone blanks were weighed to a constant weight of 

k0.5 milligrams a t  6 hour or greater intervals. 

The bubblers and impingers utilized for the condenser section, or "backhalf" of the 

sample train were weighed with a readability of ~ 0 . 1  grams before and after 

sampling on a Mettler electronic top loading balance. The difference between the 

initial and final weights of the condenser section constitute the amount of 

moisture gain during the run. The percent moisture was calculated and did not 

exceed the theoretical psychrometric chart value. The contents of the bubblers and 

impingers were then transferred to a 1000 ml graduated cylinder. The bubblers 

and impingers were rinsed with deionized water into the graduated cylinder and 

the liquid level was recorded. This liquid was then transferred to a separatory 

funnel and the contents were extracted with three (3) 50 ml portions of 

dichloromethane (CHtC12). The organic layer was transferred to a tared 150 ml 

beaker labeled the "Cx" section and this beaker's contents were allowed to 

evaporate a t  laboratory temperature and pressure until dry. The water layer was 

transferred to a tared 150 ml beaker labeled the "C" section and this beaker's 

contents were heated to 103O C until dry. The bubblers and impingers were given 

a final rinse with acetone into another tared, graduated beaker ("DM section) and 

it's contents were allowed to evaporate a t  laboratory temperature and pressure 

until dry. Sample blanks containing deionized water, dichloromethane, and acetone 

were analyzed in an identical fashion as the representative "section". All beakers 



were desiccated for at  least 24 hours and weighed to constant weights of f l .5  

milligrams after their contents had evaporated. The total particulate matter weight 

is the sum of the net weights of the particulate matter found on the filter, plus the 

net weights found in the B, C, Cx and D section beakers, minus the acetone, 

deionized water, and dichloromethane blank concentrations. The particulate 

weights are included on the "Methods 1, 2, 3A, 4 and 5 - Particulate Matter 

Emissions" computer printouts which immediately follow the "Calculation of 

Results" section of this report. 



QUALITY ASSURANCE PLAN 

The purpose of the quality assurance plan is to provide guidelines for achieving 

quality control in air pollution measurements. The detailed procedures which were 

utilized are included in the Environmental Protection Agency's (EPA's) reference 

manual titled W v  A-ce m d b o o k  for Air ~ o l l u t i o n  Measuremenk 

Svstcms. Volume 3, EPA-60014-77-027b. Procedures are followed throughout 

equipment preparation, field sampling, sample recovery, analysis, and data 

reduction. Am Test, Inc.9 Air Quality Division quality assurance procedures are 

discussed below. 

ON P P  

Field equipment utilized for  on-site measurements is calibrated a t  a frequency as 

recommended by the equipment manufacturer or industry practice. Prior to field 

use, each instrument is calibrated and the calibration value is reported in a 

calibration log. If any measuring or test device requiring calibration cannot 

immediately be removed from service, the Project Manager may extend the 

calibration cycle providing a review of the equipment's history warrants the 

issuance of an extension. No equipment will be extended more than twice a 

calibration cycle, nor will the extension exceed one-half the prescribed calibration 

cycle. Test equipment consistently found to be out of calibration will be repaired 

or replaced. 

The sample nozzles used to collect isokinetic samples were calibrated on-site before 

sampling using digital inside calipers readable to 0.001 inch. The dry gas meters 

used to accurately measure sample volumes have been calibrated using a wet test 

meter or a spirometer. The S-type pitot tubes utilized for velocity determination 



have been calibrated using a wind tunnel and standard P-type pitot tube, and are 

inspected regularly for wear. The FlukeR digital thermocouple indicators used for 

temperature measurement have a readability of 1 degree Fahrenheit and have been 

certified by the manufacturer for their accuracy. Each thermocouple probe used 

to monitor temperature is checked quarterly at  three (3) temperature settings. The 

Wallace and Tiernan absolute pressure gauge used to obtain pressure readings has a 

readability of 1 millimeter of mercury. 

Support equipment is defined as all equipment, not previously discussed that is 

required for completing an environmental monitoring or measurement task. This 

equipment may include storage and transportation containers, sample recovery 

glassware, and communications gear. Support equipment is periodically inspected 

to maintain the performance standards necessary for  proper and efficient 

execution of all tasks and responsibilities. 

During the project, a systems audit was performed, consisting of an  on-site 

qualitative inspection and review of the total measurement system. This inspection 

was conducted on a daily basis by the Project Leader. During the systems audit, 

the auditor observed the procedures and techniques of the field team in the 

following general areas: 

- Setting up and leak testing the sampling train 
- Isokinetic sampling check of the sampling train 
- Final leak check of train 
- Sample recovery 

Visual inspections of pitot tubes, glassware, and other equipment were also made. 

The main purpose of a systems audit is to ensure that the measurement system will 

generate valid data, if operated properly. 



S-PLE RECOVERY AND FIEL~ DOCUMENTATION 

Data relative to samples, collected during each test, are immediately inspected for 

completeness and placed under the custody of the Project Leader until custody is 

transferred when the samples are returned to the Air Quality Division laboratory. 

Sample recovery was carried out in a suitable area free from particulate matter 

contamination. 

In the laboratory acetone, deionized water, dichloromethane and filter blanks were 

carried through the gravimetric analysis procedures. The samples were weighed to 

constant weights of k0.5 milligrams following desiccation in a Labconco "Autodry 

Cabinet" desiccator. This desiccator is an electronic dehumidifier which 

automatically maintains the humidity inside the desiccator. The dehumidifier 

automatically recharges the internal desiccant every 5.5 hours. An Airguide 

humidity indicator accurate to +1% is used to check the humidity inside the 

desiccator when obtaining tare and final weights. A small container of indicating 

silica gel is placed in the desiccators to maintain the desired humidity. The 

Mettler AE163 electronic balance used to obtain weights was set to a time 

integrating mode (100,000 readings per minute) with a readability of 0.01 

milligrams. The balance was calibrated prior to every weighing session. The 

calibration of Am Test's Mettler balances is checked by the manufacturer on a 

yearly basis. 

DATA REDUCTION. VALIDATION AND REPORTING 

Raw data is handled according to strict guidelines when they are being transposed 

into computer files or to other logs. The guidelines include document receipt 

control procedures, file review, and sign-off by a checker. Raw data was entered 

into the appropriate software package by a "processor", then the entered figures 



were checked for accuracy by a "checker," different from the "processor". Any 

mistakes were corrected, and figures were rechecked and signed off by the 

"checker". In addition, by-hand calculation checks were made to validate the 

computer output. All data generated by each phase of a laboratory or field 

sampling program were reviewed by the senior reviewer. The data was signed off 

by the senior reviewer prior to releasing the data for report preparation. 



CALCULATION OF RESULTS 

The Method 1-5 test results were calculated in accordance with current EPA 40 

CFR 60 Method 1-5 and Puget Sound Air Pollution Control Agency (PSAPCA) 

Regulation I criteria. Copies of the pertinent equations are included in the 

Appendix of this report. Final result calculations were performed using custom- 

written spreadsheet programs run on Hewlett-Packard Vectra computer systems. A 

sample "by-hand" calculation was completed for run 3 using a Hewlett-Packard 11C 

calculator, and may be found in the Appendix of this report. 



METMOOS 1, 2, 3A, 4 AND 5 - PARTICULATE HATTER EMISSIONS 
AM TEST, INC. - AIR QUALITY DIVISION 

FILE NAME: R \ W M 5 R l  
CLIENT: UOOOWRTH L CO., INC. 
LOCAT ION: TACOMA, YA 
SAHPLE SITE: SCRMUER EXIT STACK 
SAMPLE DATE: SEPTEMBER 6, 1990 
RUN I: 1-METWO 5 
OPERATORS: J. GUENTmWR 

IHPINGER E I G H T S  
FINAL I N I T I A L  WET 
g r a m  gram g r a m  - - - - -  - - * - -  - - - - -  
774.6 587.6 187.0 
625.1 591.2 33.9 
463.6 460.7 2.9 
778.0 767.2 10.8 

TOTAL HZO GAIN: 234.6 
TOTAL VOLU4E (SCF): 1 1 - 0 6  
PERCENT IIOISTURE: 22.50 
Bws : 0.2250 

IN IT .  METER VOLUCIE: 867.651 
FINAL METER VOLUCIE: 885.742 
VOCUl f  SAMPLED: %.W1 
STD V O l W  (DSCF): 38.093 
STD rKKUE (DSCU): 1 . O m  
Y FACTOR: 0.993 

---------------.-------------------- 
SAMPLE VELOCITY TEWEMTURE 
W I N T  OF HZO DEGREES F. 

LAB #: 
START TIME: 
STOP T I M :  
SAMPLE TIME: 

PITOT TUsE Cp: 
NOZZLE DIUIIETER: 
m z z L E  AREA: 
STACK DIAMETER: 
STACK U€A: 
METER TEMPERATURE: 
MROIETRIC M S . :  
STATIC PRESSURE: 
STACK PRESSiRE: 
ORIFlCE PUESSURE: 
METER PRESSURE: 

AVERAGE CONC. COZ: 
AVERAGE COWC. 02: 
AVERAGE m c .  m: 
MOLECULAR UE IGHT: 
eWKECULAR IIEIGHT: 

SAMPLE VELOCITY 
POINT OF H20 

PERCENT ISOKINETICS: W X  
STACK TEMPERATURE: 147.4 d e g r e e s  F 
AVERAGE VELOCITY HEAL) : 0.035 o f  H20 
STACK GAS VELOCITY: 
STACK GAS AIR FLW:  54625.2 w f / m i n  
PARTICULATE EMISSION COWCENTRATION (FRONT-HALF): 
PARTICULATE EMISSION COWCENTRATIOW (BACK-HALF): 
TOTAL PARTICULATE EMISSION CONC. (FRONT L BACK-HALF): 
TOTAL PARTICULATE EMISSION CONCENTRATION: 
PARTICULATE MATTER CUSS EMISSION RATE: 

00399 
06:U o ' c l o c k  
O7:4O o ' c l o c k  
60.0 m i n u t e s  

0.838 
0.501 inches 

0.0014 q. feet 
120 inches 

78.540 sq. feet 
66.5 degrees F 

30.00 inchn Hg 
0.02 inches H20 

30.00 i n c h e s  Hg 
0.636 inches H20 
30.05 inches Hg 

6.0 p e r c e n t  
12.8 p e r c e n t  
=PP 

29.47 g/g-mole-dry  
24.- g / g - m o l t - w c t  

TEMPERATURE 
DEGREES F. 

FRONTHALF PARTICULATE MATTER CUSS LOADING ------------.------------*--------.--------.--------- 
FILTER NUMBER: t 1 2 5 - 1 1 7  
TARE E I G H T  OF FILTER ( g r a m ) :  1 . a 5 3  
FINAL E I G H T  OF FILTER ( g r a m ) :  1 . I 2 1 6  
NET E I G H T  OF PARTlCULATE CUTTER (grams): 0.0663 

BEAKER W E R :  I 1 5 0 - 8 8 0  
TARE UEIGHT OF BEAKER (grms): 68.1249 
FINAL UEIGHT OF BEAKER (gram): 68.1897 
NET E I G H T  OF PARTICULATE MTTER ( g r a m ) :  0.0648 
VOLUtE OF ACETOME (mi 11  i 1 i ttrs): 245 .O 
W./VDL. OF ACETOWE BLANK (mi 11  igrams/ml)  : 0.002 
NET E I G H T  OF PARTIC. DUE TO ACETONE (groins): 0.0005 

TOTAL FRONTHALF PARTICULATE MATTER ( g r a m )  : 0.1306 

MCKHALF PARTICULATE MTTER CUSS LMDING .*-----------------.--.--------------------- 
*CN SECTION - CONDENSER PARTICULATE 
TARE E I G H T  OF BEAKER ( g r a m ) :  
FINAL E I G H T  OF BEAKER (grms): 
WET UEIGHT OF PARTIC. MATTER (gram): 
TOTAL VOLUIE OF UATER (mi 11  i 1 i t e r s )  : 
VOLLLWE OF UATER COrmENKD (mi 11  i 1 i ters) : 
NET VOLLIUE OF UATER FOR BLANK (mi 11  i 1 i t e r s )  : 
W./VOC. OF WATER BLANK ( m i l l i g r m / m l ) :  
NET E I G H T  OF PARTIC. WE TO UATER (grams): 

%xu SECTION - HYDROCARBOW EXTRACTIOW X150-917 
TARE E I G H T  OF BEAKER (gr.ms): 67.1785 
FINAL UEIGHT OF BEAKER (grams): 67.1824 
NET UEIGHT OF PARTIC. MTTER (grmm): 0.0039 
TOTAL VOLW OF CH2CL2 ( m i l l  i 1 i tars): 150.0 
U 1 . m .  OF CH2Cl2 BLANK ( m i l l i g r m ) :  0.000 
NET UEIGHT OF PARTIC. WE TO CH2CL2 ( g r a m ) :  0.0000 

"DM SECTION - ACETONE RINSE OF COWOENSER 1150-883  
TARE UEIGHT OF BEAKER ( g r a m ) :  71 3 1 3  
FINAL UEIGHT OF BEAKER ( g r a m ) :  71.3903 
NET UEIGHT OF PARTIC. MATTER (grams): 0.0090 
TOTAL VOLUm OF ACETONE ( m i l  li 1 i t c r s ) :  60.0 
W./VDL. OF ACETONE BLANK (mi 1 l igrans /m l ) :  0.002 
NET E I G H T  OF PARTIC. WE TO ACETONE (grams): 0.0001 

TOTAL BACKHALF PARTICULATE CUTTER (grams): 0.1617 
TOTAL E I G H T  OF PARTICULATE CUTTER (grams): 0.2923 

607.4 degrees R 



METHODS 1, 2, 3A, 4 AN0 5 - PARTICULATE HATTER EMISSIONS 
All TEST, INC. - AIR WALITY DIVISION 

F ILE  NAME: R\UOOM!iR2 LAB #: 
CLIENT: UWDWRTH & CO., INC. START TIME: 
L-TION: TACOHA, W STOP T I M :  
SAMPLE SITE: SCRUBBER EXIT STACK SAMPLE T I M :  
SAMPLE DATE: SEPTEMBER 6, 1990 
RUN #: 2-METHOD 5 
OPERATORS: J. GUENTHOER 

IMPINGER E I G H T S  
FINAL l N I T f A L  NET 
g r m m  gram grams - - - - -  - - - - -  

493.0 490.6 2.4 
776.2 765.5 10.7 

TOTAL H20 GAIN: 290.7 
TOTAL VOLIME (SCF): 13.71 
PERCENT I)[)ISTURE: 25.79 
B m :  0.2579 

PITOT TUBE Cp: 
NOZZLE DIAMETER: 
NOZZLE AREA: 
STACK DIAMETER: 
STACK AREA: 
METER TEMPERATURE: 
BAROMETRIC PRES.: 
STATIC P R E W E :  
STACK PRESSRE: 
ORIFICE PRESSURE: 
METER P R E W E :  

IN IT .  METER VOLUIE: 886.558 
FINAL MTER VOLUIE: 926.107 AVERAGE CWC. CW: 
VOLUlE SAMPLED: 39.549 AVERAGE aNc. 02: 
STD VOLUIE (DSCF): 39.446 AVERAGE aNc. CO: 
STD VOLWE (DSCW): 1.117 MOLECULAR E l G H T :  
Y FACTOR: 0.993 MOLECULAR WIGHT: 

PERCENT ISOKINETICS: 103  X 
STACK TEMPERATURE: 147.5 degrees F 
AVERAGE VELOCITY HEAD: 0.036 o f  H20 
STACK GAS VELOCITY: 
STACK GAS AIR FLW:  56305.4 a c f / m i n  
PARTICULATE EMISSION CONCENTRATION (FRONT-HALF): 
PARTICULATE EHlSSION CONCENTRATION (BACK-HALF): 
TOTAL PARTICULATE EMISSION CONC. (FRONT & BACK-HALF): 
TOTAL PARTICULATE EMISSION COWCENTRATION: 
PARTICULATE CUTTER HASS EMlSSION RATE: 

00400 
09:s o ' c l o c k  
10:43 o ' c l o c k  
60.0 m i n u t e s  

0.836 
0.501 inches 

0.0014 aq. f e e t  
120 inches 

78.540 aq. f e e t  
6E.7 degrees F 
30.01 inchee ng 

0.02 inches H20 
30.01 inches Hg 
0.709 i n c h e s  H20 
30.00 inches Hg 

6.0 p e r c e n t  
12.8 p e r c e n t  
209- 

29.47 g / g - m l e - d r y  
26.51 g i g - m l e - u e t  

. - - - - - - - - - - - - - - - - - - - -  
TEMPERATURE 
DEGREES F. 

607.5 d e g r e e s  R 

FRONTHALF PARTICULATE HATTER HASS LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FILTER IILMBER: #125-115 
TARE E I G H T  OF FILTER (grams): 1 .ME 
FINAL E I G H T  OF FILTER (grams): 1.0988 
WET WIGHT OF PARTICULATE NATTER ( g r a m ) :  0.0513 

BEAKER IILMBER: 1150-881  
TARE E I G H T  OF BEAKER ( g r a m ) :  68.4059 
FINAL WIGHT OF BEAKER (grams): 68.437s 
NET WIGHT OF PARTICULATE MATTER (grMtS): 0.0316 
VOLUlE OF ACETONE (mi 11  i 1 i t a r s )  : 195.0 
W ./VOL. OF ACETONE BLANK (mi 11 i g r m s / m l ) :  0.002 
NET WIGHT OF PARTIC. WE TO ACETONE (grams): 0 . r n  

TOTAL FRONTHALF PARTICULATE MATTER (grams): 0.01125 

BACKrnLF PARTICULATE HATTER MASS LOADING 
-- . - - - - - - - . - - - - -* - -* - - - - - - - - - - - - - - - - - - - - - - - -  

"C" SECTIOW - W E N S E R  PARTICULATE 
TARE E I G H T  OF BEAKER (grms): 
FINAL E I G H T  OF BEAKER (grams): 
NET WIGHT OF PARTIC. HATTER ( g r a ) :  
TOTAL VOLUK OF WATER (mi 11  i 1 i ten) :  
VOLIME OF WTER COWDENSE0 ( m i l l i l i t e r s ) :  
NET VOLWE OF WTER FOR BLANK ( m i l l i l i t e r s ) :  

OF UATER BLANK ( m i l l i g r m * / m i ) :  
NET WIGHT OF PARTIC. DUE TO WTER (grams): 

"CX* SECTION - HVDROURBOW EXTRACTION 1150-918  
TARE UElGHT OF BEAKER (gram): 69.2757 
FINAL WIGHT OF BEAKER (gram): 69.2818 
NET WIGHT OF PART IC. MATTER (gr.nrr): 0.0061 
TOTAL V O L W  OF CH2Cl2 ( m i l l i l i t e r s ) :  150.0 
W./VOL. OF CHZC12 BLANK ( m i l l i g r a m s ) :  0.000 
NET E I G H T  OF PART IC. DUE TO CH2Cl2 ( g r a m ) :  0.0000 

"D" SECTION - ACETONE RINSE OF MmDENSER 1150-884  
TARE WIGHT OF BEAKER (gram): 67.4143 
FINAL WIGHT OF BEAKER (grams): 67.4178 
NET E I G H T  OF PARTIC. HATTER ( g r a m ) :  0.0035 
TOTAL VOLUlE OF ACETONE (mi 1 1  i 1 i ters) : 60.0 
UT./WL. OF ACETONE BLANK ( m i l l i g r m / m l ) :  0.002 
NET NEIGH1 OF PARTIC. DU€ TO ACETONE ( g r a a ) :  0.0001 

TOTAL BACKHALF PART1 CULATE HATTER ( g r a m ) :  0.0106 
TOTAL E I G H T  OF PARTICULATE NATTER ( g r a m ) :  0.0931 



METHODS 1, 2, 3A, 4 AND 5 - PART1 CULATE MATTER EMISSIONS 
AH TEST, INC. - A IR  W A L I T Y  D IV IS ION 

F l  LE NAUE: ?2\MOOM5R3 LAB #: 
CLIENT: MOOUORTH & CO., INC. START TIME: 
LOCATION: TAW)IA, YA STOP T I M :  
SMPLE SITE: SCRUBBER EXIT  STACK SMPLE T I M :  
SAMPLE DATE: SEPTEMBER 6, 1990 
RUN #: 3-METmX) 5 
OPERATORS: J. GUENTHOER 

lMP1NGER WIGHTS 
FINAL I N I T I A L  NET 
g rams  gram g r m u  - - - - -  ---*a - - - - -  
794.2 593.5 200.7 
650.1 620.7 29.4 
526.8 523.6 3.2 
870.6 859.9 10.7 

TOTAL H20 GAIN: 244.0 
TOTAL VOLUME (SCF): 11 - 5 0  
PERCENT MOISTURE: 22.61 
BYS: 0.2261 

PITOT TUBE Cp: 
NOZZLE DIMETER:  
NOZZLE AREA: 
STACK DIAIIETER: 
STACK AREA: 
METER TEMP€RAWRE: 
BARaKTRIC  PRES.: 
STATIC PRESWRE: 
STACK PRESSURE: 
ORIFICE PRESSURE: 
METER PRESSURE: 

I N I T .  METER VOLUME: 926.803 
FINAL WTER YDLUE: M7.021 AVERAGE COW. a: 
V O L W  SAMPLED: 40.218 AVERAGE CWC. 02: 
ST0 VOLUME (DSCF ): 39.375 AVERAGE COW. CO: 
STDVOLUIE(DSOI ) :  1.115 MOLECULAR UEIMIT: 
V FACTOR: 0.993 MOLECULAR M I G H T :  

------------------.------------------------------------ 
SAMPLE VELOCITY TEWERATURE W L E  VELOCITY 
POINT OF H20 DEGREES F. W l N T  " O F H 2 0  

PERCENT ISOKINE 
STACK TEMPERATU 
AVERAGE VELOCIT 
STACK GAS VELOC 
STACK GAS A I R  F 
PARTICULATE EM1 
PARTICULATE EM1 
TOTAL PARTICULA 
TOTAL PART 1 W L A  
PARTICULATE MAT 

'ICS: 1 0 0  X 
IE : 147.5 degrees F 
' HEAD: 0.036 o f  H20 
'TY: 
.OU: 55846.5 a c f / m i n  
ISION CONCENTRATION (FRONT-HALF): 
iSION COWCENTRATION (BACK-HALF): 
'E EMISSION COWC. (FRONT k BACK-HALF): 
'E EMISSION CMICENTRATION: 
'ER MASS EMISSION RATE: 

00401 
12:32 o ' c l o c k  
13:37 o ' c l o c k  

60.0 m i n u t e s  

0.838 
0.501 inches 

0.0014 q. feet 
120 inches 

n . 5 4 0  sq. feet 
n . 6  degrm F 

50.04 inches Hg 
0.02 inches H20 

30.04 inches Ng 
0.707 inches H20 
30.W inches Hg 

5.9 p e r c e n t  
12.9 p e r c e n t  
207 ppl 

29.46 g / g - m o l e - d r y  
26.87 g/g-mole-wet 

TEWPEMTURE 
DEGREES F. 

145  
14s 
146 
146 
1 4 7  
1 4 7  
147 
146 
1 4 9  
1 5 0  
1 5 0  
1 4 9  --------------.------ 

FRONTHALF PARTICULATE MATTER MASS LOADING --------------------------------------------.-------- 
FILTER NUMBER: X125 -116  
TARE W I G H T  OF FILTER (grams): 1.0472 
FINAL M I G H T  OF FILTER ( g r a m ) :  1.1040 
WET W I G H T  OF PARTICULATE MATTER (grUn6): 0.0566 

BEAKER NUMBER: XISO-882 
TARE W I G H T  OF BEAKER (g rm) :  68.4811 
FINAL M I G H T  OF BEAKER ( g r a m ) :  68.5118 
MET E I G H T  OF PARTICULATE MATTER (gram6): 0.0307 
VOLUME OF ACETONE (mi 1 1 i 1 i t e r s  ) : 170.0 
W ./Wl. OF ACETONE BLANK (mi  1 1  i g rams /m l )  : 0.002 
WET E I G H T  OF PARTIC. WE TO ACETONE (grants): 0.0003 

TOTAL FROllTHALF PARTICULATE HATTER (grams): 0.0872 

M C K M L F  PARTICULATE HATTER M S S  L W I N G  ---------.---------------------.--------------------- 
*C* SECTION - CONDENSER PART1 WLATE 1 1 5 0 - 8 4 0  
TARE M I G H T  OF BEAKER (grams): 79.9742 
FINAL M I G H T  OF BEAKER (gram): 79.9965 
NET E I G H T  OF PARTIC. MATTER ( g r m ) :  0.0223 
TOTAL VOLUME OF WTER (mf 1 1  i 1 i t e r s ) :  410.0 
VOLlME OF UATER COWEWSED (mi 1 1 i 1 i t e r s )  : 233.3 
NET VOLUlE OF UATER FOR BLANK ( m i l l i l i t e r s l :  176.7 
YT. /VOL. OF UATER BLANK (mi  1 1 i g r m s / m l )  : 0.002 
NET YElGHT OF PARTIC. WF: TO UATER (grants): 0.0004 

*Cxu SECTION - HYDROCARBOll EXTRACTION t l 5 O - 9 1 9  
TARE E I G H T  OF BEAKER (gram): 68.2464 
FINAL E I G H T  OF BEAKER (gram): 68.2532 
NET W I G H T  OF PARTIC. MATTER (gram): 0.0068 
TOTAL MLUlE OF CH2Cl2 ( m i l l i  L i t e r s ) :  150.0 
YT./ML. OF CH2CL2 BLANK ( m i l l i g r m ) :  0.000 
MET MEIGHT OF PARTIC. DUE TO C H t C l 2  (grams): 0.0000 

* O w  SECTION - ACETONE RINSE OF CONDENSER #150-68s 
TARE M I G H T  OF BEAKER (gram): 68.0342 
FINAL UEIGHT OF BEAKER (grm5): 68.0422 
NET W I G H T  OF PARTIC. MATTER (grns): 0.0080 
TOTAL VOLlME OF ACETONE (mi  1 1  i i t e r ~ ) :  65.0 
W./VOL. OF ACETONE BLANK (mi  11 igr-/d): 0.002 
NET UEIGHT OF PART IC. DUE TO ACETIME (grants): 0.0001 

TOTAL BACKHALF PART ICULATE MATTER (gram) : 0 . O X 6  
TOTAL E I G H T  OF PARTICULATE MATTER ( g r a m ) :  O . l t 3 8  

607.5 degrees R 



APPENDIX 



SOURCE TEST OBSERVATION CHECKLIST 
ASPHALT PLANTS WITH WET SCRUBBERS 

Client a t e  91~196 
Location T&/d*r"~. . ;..J.~U 

Type of Plant 

Manufacturer r id 5 
Model 1 00 L( fi D/LI Constructed/~nstalled 5 - f-84 
Identification No. 3Y0f 4 Date Last Tested 7-2-87 
Operation Personnel h I,. (' Ju  u?./G?- 

/040 U P  & 
Process Rate 29 0 Tons/ y%i!scharge Temp 290 OF 

c 

~ y p e  of Fuel tt 2 C)IY d Piring Rate 1 .  4c Gal* 

A/C Injection Location >/-3's A h-.. 
Fines In Gravel (-200 mesh) - -% s 70 
Gravel Moisture ~4 . S ~ O  % Asphalt Type R 4000 

cr 
Density #/Gal Flash Point OF 

c 

Manufacturer ~ W - U D I  (Ic nodel - - I m 4 4 A b ~  - -_ 
.Ir 

/ 

Water P ~ ~ S S ~ ~ P S I   at< 7 

- - - A -. 
> Gal/Min 

% Recycled Water Saturated Stack 

Venturi Press O P  = a 1 nHaO Influent Pond Temp 7 0 OF 
Static Pressure = - "H,O Effluent Pond Temp t q 9 OF 

Venturi Damper position # Ponds 

Size of Ponds Type Liner 

~dditional ~nformation Sketch of Pond System 

-/I;& .id& 
Author zedsignature 



- - -. 

Traverse Distance 
Point (inches) lh) 0000  0 0 0 0  0 0 0 0  

1 2.52 
2 8.04 
3 14.16 
4 2 1.24 
5 30.00 
6 42.72 
7 77.28 
8 90.00 
9 98.76 
10 105.84 
I I 1 1  1.96 
12 1 17.48 

1 
A 

STACK DIMENSIONS 

120 inch diameter circular stack 

2 ports at 90 degrees t 
A = 10 feet 

B = 30 feet 

Figure 1. Location of sampling ports and traverse points at  the 
outlet stack. 



METHOD 1 - LOCATION OF TRAVERSE POINTS 

Circular Stack  

C~pure 1.3. Example shwngctcculr r w C  craprcctiwl d~vidcd ento 
12 qua1 war. vrith h a t i o n  of t rawm potnts indicated. 

Rectangular Sta& 

TABLE 1-2. LOCATION OF TAAVERSE P w s  IN CIRCULAR STACKS 
I ~ d * w l r ~ * a n ~ r r * l ( o * ~ w p m ( l  

&r . mctuuu- 
Lu cmu metten, UI sqwWent dlrmeter 
(IS) rh.U be alcul.kd from Ule foUowlru 
sqrutloa, to determlns the uprtreun urd 
domrtreun dkturca: 

~ - p o i n c - o n . b m * r  

F~gure 1 4 Earmpk show~ng r c c t m g ~ l r r  stack crmc 
vcl lon dlv~dcd Into 12 equal r rcn,  mlh J lravtrte 
win: at ccnrro~d of c w h  arcr 

~ d ~ p O i * l O n . d i M I -  - 
2 

6.. ........................... OSJ m.6 05.1 S b  a . 9  21.P 18.8 166 14.6 13.2 
7..- m.5 77.4 04.4 w.8 a . 3  n . 6  m.4 iao 16.1 
8 Wd M.4  7AO 63.4 37.5 zO.6 25.0 21.a 19.4 

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

958 w.3  a . 4  w.8 
18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90.6 93.3 W 4 83.0 

4 

6.7 
25.0 
75.0 
U.3 

6 

4 4  
14.6 
8 
10.4 
e . 4  

1. . 146 
.............................. 2... ...................... ..-..- 

3 .................................................................... 
4 ........................................................................ 
5 ........................................................................................ 

8 

3.2 
10.5 
19.4 
32.3 
07.7 

e . 4  

10 

2.8 
1.2 

1 4 .  
22.6 
w.2  

12 

2.1 
8.7 

11.8 
17.7 
n . o  

14 

1.8 
5.7 
9.9 

14.8 
20.1 

16 

1.6 
4.9 
8.5 

12.5 
iao 

18 

1.4 
4.4 
7 5  

109  
14.6 

20 

1.3 
3.9 
6 7  
9.7 

12.9 

22 

1.1 
3.5 
6.0 
7 

1r.s 

24 

1.1 
3.2 
5 5  
7.9 

10.5 



METHOD 1 - M I N I M U M  N U M B E R  OF TRAVERSE POINTS 

OUCT OIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A1 

RECTANGULAR STACKS OR DUCTS 

r 

L 

STACK DIAMETER > 0 61 m (24 1-1 

1 12 

9 F (KW POINT ff A N I  11- ff 
OtSTURMNCC (#NO. LICANSION. CONTMCIION. LTC.) 

I STACK DIAMETER - 0.30 TO 0.81 m (12-24 id I 

Figure 1-1. Minimum numbor of traverse points for pwticulata trrumet 

DOCT OtAMETERS UPSTREAM FROM F LOW O(LTURBANCE IOISTANCE A)  

' HIGHER N W E R  IS FOR 
RECTANGULAR STACKS OR DUCTS 

2 40 - - 
a 
Y n R 

g m -  - 
i 
t 

8 
= - 

16 STACK DIAMETER > 0 61 m (24 1n.J 

12 

F r o -  
f 

8 OR e* - 
I STACK DIAMETER - 0 30 TO 0.61 m 112.24 tn.1 I 

0 1 I I I 1 I I I 
2 3 4 5 6 7 8 9 10 

DUCT DIAMETERS WWNSTRIAM FROM FLOW DISTURBANCE (DISTANCE 81 

F ~ p u r c  1 2 M l n ~ m u m  number of t r r vc rw  po ln l s  for v e l o c ~ l y  ( n ~ n ~ a r l ~ c u l ~ t c )  1 r a v e r m  



METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS 

6.1 Nomenclature. 

A =Crors-scctlorul u c a  of strck, m8(ft  9. 
&=Water v-r In the grs stream (from 

Method b or  Reference Method 41, p r o  
mrtlon by volume. 

C,=Pltot tube coeffklent. dlmenalonleas. 
Kp=Pltot tube c o ~ t m t ,  

for the metric ryakrn m d  

for m e  m h h  ayltem. 
YI=Molcculv r t l g h t  of &tack gaa. dry bub 

tm 8ccUon S.6) g/g-mole (Ib/lb-mole). 
&=Mokculu weight of rUct y. wet 
U s/g-mok (IbAb-mole). 

-Mi <I-&) +1LO a 
Ep.  2-5 

p-=B.rometrlc ~ r a r u r e  a t  meuurement 
dk. mm fL (In. Hg). 

P m - W  mwaure, mm IIg  tin. 80). 
8 - A w u &  atrct SM p n u u n .  mrn tin. 

HO). 
=P..+P, Ea. 2 4  

m. 2-6 
Pu==Standard abaolute pnraure. 760 mm 

Hg ( 29.92 In. lip). 
&-Dry volumetric stack gnn flow mte cor- 

rected to rtlndard condltlons. dscm/hr 
(dscf/hr). 

L=Bhck temperature, 'C ('P). 
T,=Absolutc atack temperature. 'K. ('R). 
= 273 + L lor metrlc. 

Eq. 2-7 
-4W+ L for Engllsh. 

m. 2-8 
Tu=Standard absolute temperature. 293 'K 

(528' R 1. 
&-Average stack g.s velocity. m/sec (I t /  

sec). 
&=Velocity head of strck gas, mm H.0 (In. 

H.0). 
3.600 =Conversion factor. sec/hr. 
18.0=Molecul.r welght of wakr. g/g.mole 

(Ib/lb-mole). 
5.2 Average Stack Ou Velocity. 

5.3 Average Shck  Gas Dry Volurnetrlc 
Flow Rate. 

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS 

6.1 Nomenclature. 
&=Dry molecular weight. g/g-mole (Ib/lb- 

mole). 
%EA=Percent excess alr. 
%CO.-Percent CO, by volume (dry basb). 
%O.=Percent 0, by volume (dry bmb). 
%CO-Percent CO by volume (dry buls). 
%N.=Pcroent N. by volume (dry brsls). 
0.264=Ratlo of 0. to  N. In air. v/v. 
0.280-Molecular welght of N, or CO. dlvld- 

ed by 100. 
O.3M=Molecular welght of 0, dlvlded by 

loo.  
0.440-Moleculu weight of CO. dlvlded by 

loo. 
8.2 Percent Excfaa Alr. Calculnk the per- 

cent ex- air (If rppllcablr), by subatltut- 
Ing the approprbte values of percent 0.. 
CO, m d  N, (obtained from Sectlon 4.1.9 or 
4.2.4) Into Equatlon 3- 1 

4. 3-1 
NOTI: The equatlon above assumes that 

mblent  air L used as the source of 0. and 
that the fuel does not wnWn appreciable 
mountd of N, (as do coke oven or blast fur- 
nace gases). For those cases when apprecla- 
ble amounts of N, are present (cod. 011. and 
nntural gas do not contain appreciable 
amounts of N.) or when oxygen enrichment 
Is used. alLernrLe methods. subJect to ap- 
proval of the AdmlnluLralor. are regulrcd. 

6 3 Dry Molecular Weight. Use Equntior~ 
3-2 lo calculate the dry molrculnr wrlul~t of 
Illr \ l ~ r k  U K ~  



METHOD 4 - STACK GAS MOISTURE CALCULATIONS 

2.3.1 Nomenclature. 
B , -Proportion of water vapor, by volume. 

In the gu stream. 
M,~Molecul.r weight of water. 18.0 g/r- 

mole ( 18.0 lb/lb-mole). 
P,=Ab.olute p ~ u r e  (for this method. 

u m e  M buwnetrlc pressure) a t  the  dry 
g u  meter, nun Hg (In. HI). 

P m - S t m d u d  abmlutc pressure. 760 mm 
Hg (29.92 in. Hg). 

R-Ideal y coflltant. 0.06236 tmm Hg) 
tma)/(g.mole) <'K) for metric unlts and 
21.85 (in. Ha) (fta)/(lb-mole) ('R) for 
EhgIbh unlt.. 

T,=Abaolute tempemture at  meter. 'K 
t a,. 

T ~ = S t u r d u d  . bo lu te  temperature. 299' 
K (528'R). 

V. =Dry y volume mersund by dry grs 
meter, dan ( M I .  

A V, = lncremenW dry y volume measured 
by dry y meter at each traverse point, 
dcm (dcf). 

V.w~=Dry gu volume maurred  by t h e  dry 
gas meter, corrected lo standard condl- 
tlons. dscm tdscf). 

V ,w, = Volume of water vapor condensed 
corrected to s t u r d u d  condltlons. scm 
tacf). 

V-1-Volume of water vapor collected In 
sillerr gel corrected to standard condi- 
tions. rcm trcf 1. 

VI = FLMI volume of condenser water, ml. 
V,=Inltlrl volume. If my.  of condenser 

Mter. ml. 
W f = F l n r l  w i g h t  of dlcr gel or s I l l a  gel 

PIUS Lmplxuer. I. 
w ~ = I n l t W  wekht  of d l i a  gel or a i l l a  gel 

Plus Lm~Lalu.  I. 
Y =Dry g u  meter a l l b m t b n  f a r .  
P -=Denrlty of wster. 0.0982 g/ml (0.002201 

Ib/ml). 
2.3.2 Volume of Water Vapor Condensed. 

X,  -0.001333 ma/ml for metric unlb  
-0.04707 fta/ml for E n ~ l i r h  units 

2.3.3 Volume of Water Vapor Collected In 
6111ca Oel. 

Where: 
X ,  ~0.001SS5 ma/g for metric units 

=0,04715 ftl/g for Englkh unlts 
2.3.4 sample OM Volume. 

Eq. 4-3 
Where: 
Ka=0.3858 'K/mm Hg for metric unlts 

=17.64 'R/in. Hg for E w l h h  units 

Nort: If t h e  post-test l e a  rate (Section 
2.2.6) e x d  t h e  allowable rate. comct the 
value of V ,  In Equatlon 4-3. u described In 
Sectlon 6.3 of Method 5. 

2.3.5 Moisture Content. 

Eq. 4-4 

Non: In u t u m t e d  or moisture droplet- 
laden gas streams. two c8lculatlons of the 
moisture content of the stack gas shall be 
made. one using a vdue b W  upon the 
a t u m t e d  condltiom (see Section 1.2). and 
mother  brsed upon the results of the Im- 
plnger malysb. The  lower of these two 
values of B ,  shall be considered c o r m ( .  



METHOD 5 - PARTICULATE EMISSION CALCULATIONS - ( 1 )  

6.1 Nomenclature. 
A. - Crmarccl lo~~al  a m  of nozzle, m' (it'). 
6.- - Water vapor In the g~ strenm, propor- 

tlon by volume. 
C, = Acctone blank rcsldue concmtratlon. 

mu/& 
&, concentratlon of partlculatc matter In 

stack am. dry Wb. corncted lo stand. 
ard condltlons, g/d.cm (g/drcf). 

1 - Percent of boklnctic sampllng. 
L - Maxlmum acceptable leakage rate lor 

elther a pretest leak check or lor a leak 
check following a component change; 
equal (o 0.0057 ma/mln (0.02 cfm) or 4 
percent of the averaue sampllng rate. 
whichever k leas. 

L = Indlvtdual leakage rate observed durlng 
the leak check conducted prior Lo the 
"rah" component change ( 5  = 1. 2. 3 .... n). 
ma/mln tcfm). 

~ = L e . k . q e  rate observed during the post- 
test leak check, ma/mln tcfm). 

=Mass of mildue of acetone after evapo- 
ration. me. 

m. = Totrl unount of partlculnte matter col- 
lected, mg. 

M,=Moleculu weight of water. 18.0 g/g- 
mole (l).Olb/lb-mole). 

P,,=Barometrlc p m u r e  a t  the sampling 
site. mm H g  (in. Hg). 

P,=Absolute stack gas pressure. mm Hg (In. 
Hg). 

P.,=Standud absolute pressure. 760 mm 
Hg (29.92 ln. Hg). 

R = Ideal grs constant. 0.06236 mm He-ma/ 
'K-g-mole (21.85 In. Hg-fta/'R-lb-mole). 

T. =Absolute awrrgc dry g.s meter temper- 
ature (see F l a r e  6-2). 'K ('R). 

T. = A m l u t e  average ttrdr gas temperature 
(see Flnve 5-1). 'K ( O R ) .  

~.,=st.n&d absolute temperature. 293' K 
(528' R). - ~~ - 

V. = Volume 0 2  wrt4n.e blmk. ml. 
V.,=Volume of uxtone u6ed in wash, ml. 
Ir,< = Total volume of llauld collected In Im- 

pingers and s l l h  gel tsec Figure 5-31. 
ml. 

i', = Volume of grs sample as memured by 
dry gas meter. dcm tdscf). 

V-t.,d~=Volume of gas sunple measured by 
the dry gas meter. corrected to standard 
condltlons, dsan (dscf). 

if.t.,n~=Volume of water vapor In the gas 
sample. corrected Lo s tandad  condl- 
(Ions. ecm (ocfl. 

 slack gas velocity, calculated by Method 
2. Equatlon 2-8. uslng data obtained 
from Method 5. m/sec (ft/sec). 

W. = Welght of reslduc In acetone wash. me. 
Y=Dry g u  meter allbmtlon factor. 
AH= Average pregure differential across 

the orlflce meter (we  Figure 5-21. mm 
H.0 (In. H.0). 

n - 1)ensity of acelone. mg/mI (see label on 
tmttle). 

p-Denmlty of water. 0.8882 g/ml ( 0  O O Z Z O l  
Ib/ml). 

8-ToLd umpllng t h e .  mln. 
8,-BMlpllng Lime Interval. from lhv beulri 

nlng of a run until the flrst romponrril 
chmge. rnln. 

8,-8.mpllng tlme Interval. between two sur- 
cualve component chmges, beglnnlng 
wlth the Interval between the first and 
second changes. mln. 

8,-Sampling tlme Intarval. from the flnal 
(nth) component change untll t Ire end of 
the m p l l n g  run, mln. 

13.6=Spcdflc gravity of mercury 
60 =Sec/mln. 
100 = Conversion Lo percent 

6.2 Average Dry Gas Mevr Tcrnpt,raturc. 
and Average Orlflce Pressure Drop Src. 
data sheet (Flgure 6-2). 

6.3 Dry Om Volume. Correct the sample 
volume mersurtd by the dry gas meter to 
standard c o n d l t l o ~  (20' C. 760 mm Hg or 
68. F, 29.92 in. Hg) by uslng Equation 5-1 

Equallol~ 5-1 
Where; 
K,=0.3858 'K/mm H g  for metrlc units 

= 17.64 %/In. Hg for Engllsh unlts 
N o n :  Equation 5-1 can be used as written 

unless the leakage rate o b s e ~ e d  durlru any 
of the mandatory leak checks (i.e.. the post- 
test leak check or leak checks conducted 
prlor to component changes) exceeds L. If 
L, or , exceeds L. Equation 5-1 must be 
modlfled as follows: 

(a )  Cue 1. No component changes made 
during cumpllng run. In  this case. replace 
V- In Equation 5-1 with the expression: 

(b)  Case 11. One or more component 
changes made durlng the sampling run. In 
this case. replace V, In Equatlon 5-1 by the 
expression: 

\:--- ( ldI I,. )el 

-x (1 , ; .  L . ) e ;  (I,,, /,.)e,, 
r - ?  I 

and substitulc only for those leakage rates 
( L  or L,) whlcti excred L, 

ti 4 Volume of Water Vnpor. 



METHOD 5 - PARTICULATE EMlSSlON CALCULATIONS - (2) 

Nom: In saturated or water droplet-laden 
gas 8trumcl. two c r l c u l ~ t l ~ ~  of the mob- 
Lure content of the stack glc shall be made. 
one from the lmpiwer ~ ~ h b  (Equrrtlon 5- 
3). and 8 second from the ~ u m p t l o n  of 
saturated conditions. The lower of the two 
d u e s  of & .hJ1 be considered correct. The 
proccdurc lor d t t m n l n i w  the molsture 
content baaed upon u u m p t i o n  of s8turatcd 
condltlons b given ln the Note of Section 1.2 
of Method 4. For the p u r ~ o 4 ~ ~  of this 
method. the average rtrdc gas temperature 
from PIgure 5-2 m y  be used to m8ke this 
determirutton. provMed that the murrcy 
of the h i t a c k  temperature sensor h *I' C 
(2' F). 

KqtvUon t-1 / To 
HTwr , 

I.. ,..,, - I.,, (e) (-P:,, ) - xtvl. 
Kt ml 
gtn* I pr/fls 

gina 1 :;:: Where: gin' 

6.6 Acetone Blank Concentmtion. 

. - 

u m  p . 

o o?032 
1543 
Z 2 0 5 r  10 ' 
35 31 

6.7 Acetone Wash B i d .  

K,-0.001a33 ml/ml for metrlc Unlb 
- - 

-0.04707 fta/ml for English units. 6 11 Isoklnrtlc Variation 
6.6 Mobture Content 6.11.1 Cnlculatlon From Raw Data 

W. I C V.+ Ep. 6-5 

6.8 Total Particulate Weight. Determine 
the toW m a t e  a t c h  from the sum of 
the welghts obtrlned from Containers 1 and 
2 lers the acetone blank (see Figure 5-31. 

N o m  Refer to Section 4.1.5 to W t  ln 
alcuWlon of resulta Lnvolvlng two or more 
filter w m b l b  or two or more umplIng 
t&. 

8.0 Putlculate Concentration. 

Where: 
K.=0.003454 mm Hg-ml/ml-'K for metric 

unlts. 
-0.002869-in. Hg- ftx/ml - 'R for Englbh 
unlts. 

6.1 1.2 Cnlculatlon R o m  Interrnedi8k 
values. 

where: 
K4=4.320 for metdc unlts 

-0.08450 for W l h h  mlta. 
6.12 AaxpUble Rcrultr. If 90 p e m t  < I 

< 110 percult. the nrultr ue roeept.bk. If 
the  putlcul.te remulta ue low Ln oomgut- 
son to the  atandud. urd I b over 110 per- 
a n t  or lsrs t h r n  90 percent, the Adminlsh-  
tor m a y  u m p t  the resultu. 

6.10 Convenilon Frctorr: 



NOMENCLATURE 
METHOD 5 CALCULATIONS 

Vmstd = Volume of gas sample measured by the dry  gas mctcr, corrccted 
to standard conditions, dscm (dscf). 

Y = Dry gas meter calibration factor 

Pb = Barometric pressure a t  the sampling site, mm Hg (in. Hg) 

H = Average pressure differential  across the orifice meter, 
mm H20 (in. H20) 

Tm = Absolute average d r y  gas meter temperature, O K (O R )  

dscm = Dry standard cubic meters 

dscf = Dry standard cubic feet  

Wa = Weight of residue in acetone wash 

Ma = Mass of residue of acetone af ter  evaporation, mg 

Ca = Acetone blank residue concentration, mg/g 

Va = Volume of acetone blank 

v 
aw 

= Volume of acetone used in wash, ml 

Mn = Total amount of particulate matter collected, mg 

CI = Concentration of particulate matter in stack gas, d ry  basis, 
corrected to standard conditions, mg/dscm (gr/dscf) 

gr/dscf = grains per d ry  standard cubic foot 

VWItd = Volume of water vapor in the gas sample, corrected to 
standard conditions, scm (scf) 

Bws 
= Water vapor in the gas stream, proportion by volume 

Md = Molecular weight of stack gas, g/g-mole on dry basis 

MI = Molecular weight of stack gas, g/g-mole on wet basis 

VB = Stack gas velocity, calculated by Method 2, Equation 2-9, 
using data obtained from Method 5, m/sec (ft/scc) 

Cp = Pitot tube coefficient, dimensionless 

A,  = Velocity hcad of stack gas, mm H 2 0  (in. H,O) 

PI = Absolute stack gas pressure, mm Hg (in. Hg) 



NOMENCLATURE (continued) 
METHOD 5 CALCULATIONS 

QItd 
= Dry volumetric stack gas flow rate corrected to standard 

conditions, dscm/hr (dscf/hr)  

dscf/min = dry standard cubic feet per minute (also identified 
as dcfm or scfm) 

acfm = actual cubic feet per minute 

I = Percent of isokinetic sampling 

An = Cross-sectional area of nozzle, m2 (ft2) 



SAMPLE CALCULATION SHEET 
METHODS 1-5 

CLIENT: (A)cmdww* 4 h DATE OF TEST: 7 / b / 9 ~  - 
LOCATION: , U A  RUN #:  3 
Particulate Matter Emission Concentration - auation 5-1, 

= 39, 335 dscf 

dscm = 39.3?5dscf/35.31 fts/ms 

= / . / I 5  dscm 

substitution of Equation 5-4 into 5-5 

w, = .Z m g *  (W m l /  100 1111 

= 3 mg 

M, = (net weight filter catch) + (net weight "BH section) - Wa + Back-half 

= 123.8  mg = 5G.Y mg + 30.2- mg - 0 - 3 ( r  mg + 30.L mg 

%= (0.001 g/mg) * (15.43 grains/gram) * /a?. 8 mg / 39, m d s c f  

= ,047 gr/dscf (Equation 5-6) 

gr/dscf @7% 0, = . gr/dscf * (20.9% - 7%0,)/(20.9% - %02) 

= gr/dscf @ 7% 0, 

gr/dscf @ 12% CO, = gr/dscf * 12% / %CO, 

- - gr/dscf @ 12% CO, 

mg/dscm = D3, K mg/ 1. // 5 dscm 
= / mg/dscm 

Particulate Matter Emission R a k  

pounds/hour = , Q q q  gr/dscf * 3 ~ ~ / < ~ d s c f / m i n  * 60 min/hr * 1 lb/7000 grains 
= lb/hr 

Moisture - Emation 5 - 2 and 5 - 3 
Vwstd = 0.04715 fts/g * 3Yy1) grams of H,O collected in impingers 

= ) ( . f l s c f  



SAMPLE CALCULATION SHEET (continued) 
METHODS 1-5 

Bws = (I I.( scf)/ ( ) /,c scf + 39, 3?5dscf) 

= ().ZL(ll 

Molecular weiaht - Eauation 3-2 

M~ = 39.44 g/g-mole (dry) 

= ,&7. 4 b  g/g-mole * (1 -.2u/) + 18.0 * , 22~11 
% = 2t.8?g/g-rnole (wet) 

Stack aas velocitv and volumetric flow rate - auation 2-9 and 2-10 

vs = 85.49 * * B y  *. /90? * \Ib(]?$ R / g g / g - m o l e  /30.041~~ 

vS = ! / ,%sft/sec (std) 

=33 ?l~.~dscf/min (dry standard cubic feet per minute) 

acfm = I / ,g f ft/sec * 3 P e  ft2* 60 sec/min 
= s f m a c f m  (actual cubic feet per minute) 

Isokinetic variation - Eauation 5-8 

All of the above numbered equations are from the 40 CFR 60 and assume 
English units. 



SAMPLE CALCULATlON SHEET ( 2 )  

Backhalf particulate 

"C" Section 

22.3 mg particulate in "C" Section beaker 

Ylolc) ml of water in condensers, including rinses 

2 3 3 . 3  ml of condensation in 1st. 2nd and 3rd bubblers (final weight - 

initial weight, assumes lg/lml water density) 

la.? nl of deionized, distilled water used in bubblers including rinses 
1002/  mg/ml blank partic. = ( .&  mg H20 blank / 100 ml ~ 2 0 )  

3 mg of blank particulate 

= 2 1.9 ng of "C" partic. = 2 2 . 3  mg of partic. in "C" - . 3  5 mg of blank 

"CX" Section 

b mg of particulate in "Cx" Section beaker 

0.0 mg/ml of blank partic. = ( 0 8  mg CH2C12 blank //@ ml CH2C12) 

0. 3 mg of blank particulate = (/(D ml * 0 d mg/ml) 

= 6.8 mg of "Cx" partic = ,f mg of partic in "Cx" - 0.0 mg of blank 

"Dm Section 

'g,O mg of particulate in "Dm Section beaker 

# 0 0 L  mg/ml of blank particulate (same as "B" Section) 

0 .  (3 mg of blank particulate = ( b c m l  * ,OdLmg/rnl) 

= 7 - f ~  mg of "Dm partic. = fl mg of partic. in "D" - . /3 mg of blank 

Total Backhalf Particulate 

+ . mg of "C" Section particulate 

+ 0 . f  mq of "Cx" Section particulate 

+ 7, 4 mg of "DM Section particulate 

+ d P  mg of Backhalf filter (if applicable) 

= mg of Backhalf particulate 



Figure 2.. Method 5 Sample Train. 

Sampling norrle 

Sampling probe sheath 

Heated sample probe liner 

Out of s tack filter arsembly 

Heated filter compartment marntarned at  248OF f 2s°F 

(or temperature specrfied rn 40 CFR s u b p a r t )  

lrnprnger care - contalnn ~ c e  durrng aarnpl~ng 

F ~ r a t  lrnplngcr contarnrng 100 rnl H 2 0  

Modrfied Greenburg-Srnrth rrnprnger c o n t a ~ n ~ n g  100 rnl 1120 

T h ~ r d  trnprngcr - empty 

Fourth rrnprnger contmnlng ~ n d ~ c a t ~ n g  s111ca gel dee~ccant  

Irnprnger exrt gar temperature sensor 

Urnbrlrcal cord - vacuum l ~ n e  

Vacuum gauge 

Fine and coanc  adjunlrnent valves 

Leak free punlp 

l i y - [ > ~ #  valve 

I)ry R N  rneter w ~ t h  ~ n l a t  and oullel  te1111)ern111rr U C I I I O ~ I I  

Or~fice rrletcr w ~ t l ~  rnsgnahal~c gnllKe8 

S t y p e  p11oL L l l l x  wt t l~  n ~ n g r ~ r t ~ e l ~ c  R R I I K C ~ ~  

k luke I I I I I ~ ~ I - ~ ~ I ~ I I I I C ~  ( j ~ g ~ l n l  L ~ I ~ ~ I I I I ~ C ~ I I I > ~ ~  I ~ I ~ I I ,  H L C ~ I  



DRY GAS METER CALIBRATION 
An TEST, INC. - A I R  QUALITY D I V I S I O N  

METER BOX 1: JAG RED # I  
U L I B R A T I O Y  DATE: FEBRUARY 23, 1989 
LOCAT 1011 : STATE OF WASHINGTON DEPARTMENT OF ECOLOGY 
#THQ,  OF U L I B . :  SPIROMETER 

TOTAL DELTA METER METER TEMP TEMP BARO. M L W E  SPIRO SPlRO SPlRO Y O L W E  Y F A C T m  KHA2 DELTA 
T I M  H vOC V1 VM V2 OUT I N  PRES. METER H I  HZ TEMP SPIRO W 
r i n  "H# cf cf  degF c k g F  "Hg dscf CHI an deg C dscf 

AVERAGE 0.993 0 . 9 8  0 . 9 4 3  



lab++ c c % ~  TRAVERSE SAMPLING DATA 
- 

Client  b ~ & r ~ %  - - T * c C , ~ ~ ~  . 

1 

SCHEMATIC TRAVERSE 1,AYOUT 
Date c -- L - "! C) 
sampie Locat lon;~  - &:A %..- 
Operators O V j 2 ,  , 

BOX / Iltd( 1 # 

R u n t  - 4 ccJ / , e , I !  - I '  IW 1 I 
Stack Diameter ! 

EQUIPMENT CHECKS Dietance Upstream 'L30 ' 
Distance.Downetream I n i t i a l / F i n a l  ind 

Leak Rate Cfm Ow cl09 -- F i l t e r  #/a5- / I w a r e  mgs 

Leak Test V ~ C  A> / 9 Fina l  I n i t i a l  Net 
W t .  W t .  W t .  

/ ~ i t o t s ,  P re tes t  
/- .-., P i t o t s ,  Postest  

1 s a t   ampl ling system 

A . z d l a r  Bag 
, ,' 

, - Thermocouple @ OF 
S i l i c a  

('4Ge. 1 t ~ b - % * * =  

Page 1 of - 
Barometric 

S t a t i c  Pres"H20A. r ? Z  
Produc t ion Rate 

NOMOGRAPH SETUP 1 
X Wois t ure I 
Xeter Temp. I 
Stack Temp. 

A H  , Y ,773 I 
Nozzle Diameter, I I 
y Factor 1 



TRAVERSE SAMPLING DATA 
___I_) 

Client  ~ O Q A  Cr3at-& 
Date 9- b - (70 

EQUIPMENT CHECKS 

Leak Rate ~f .4  I 0 )  1 . 00' 
Leak Test Vac 3-3 / 4 -- 

P i t o t s ,  P r e t e s t  
,>.- 

P i t o t s ,  Pos t e s t  
.k 

Orsat Sampling System 

I 

SCHEMATIC TRAVERSE LAYOUT 

Stack  Diameter 
Distance Upstream 
Distance.Dovnstream 

F i l t e r  # / ~ 5 ~ / / 5  t a r e  mgs 
F i n a l  I n i t i a l  Net 

W t .  Wt,  W t .  

,..J Tedlar Bag 
S i l i c a  

/' Thermocouple @ ' 1  

Page 1 of 

S t a r t  Time 
Stop Time 
Barometric - W.m - - 
Pressure "Hg 7 C3:( 
S t a t i c  PresWH20 + , +  

Production Rate 

WHOGRAPH SETUP 1 
X Moisture 

R I 
:leter Temp. I 
Stack Temp. I 

P i t o t #  Sided - 1 

Nozzle Diameter, 93 f I 
y Factor I 



. 

Stack Diameter 
~ i s t a a c e  upstream 
Distance.Downstream 

Filter # /gS-//t$tare mgs 
Final In i t ia l  Net 

Pitots, Pretest 

TOTAL WATER VOLUME ~94.0 

Page 1 of 

Start Tim 
Stop Time 
Barometric 
Preasure "Hg y3 
Static PresUH2O 0 t 

NOMOGRAPH SETUP 

X Holsture 

:ieter Temp. 

Stack Temp. 

AH@ ,543 Y 4 5 9 3  

Nozzle Diameter - 3) ) 
y Factor 

Reference AP 




