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1.0 

INTRODUCTION 

The purpose of this source emission evaluation was to quantify particulate and 

condensible matter emissions from a hot mix asphalt batch plant located at 

Lakeside Industries' facility in Kent, Washington. The asphalt plant was 

manufactured by Hauck Burner and is equipped with a Standard Havens baghouse 

to control particulate matter emissions prior to exhausting to the atmosphere. 

Lakeside Industries contracted Am Test-Air Quality Inc. based in Preston, 

Washington to conduct these source tests. These tests were performed to 

demonstrate compliance with Puget Sound Air Pollution Control Agency 

(PSAPCA) permit requirements. 

Testing and analysis procedures used for this project are presented in the July 1, 

1993 edition of the Environmental Protection Agency (EPA) document Title 40, 

Code of Federal Regulations, Part 60 (40 CFR 60), Appendix A, Methods 1, 2, 3 4  

4, 5 and the Puget Sound Air Pollution Control Agency (PSAPCA) Regulation I, 

Method 5 back-half extraction procedures. Methods 1 and 2 were performed to 

measure the stack gas temperature and velocity for calculating volumetric flow rate. 

Method 3A was performed to determine the molecular weight of the stack gas based 

on measurements of the oxygen (02) and carbon dioxide (C02) concentration in the 

stack gas. Method 4 was performed to measure the moisture content of the stack 

gas. Method 5 was performed to quantify particulate and condensible matter 

emissions. PSAPCA requires that the condensible particulate matter present in the 

gas stream be quantified by performing an extraction of the back-half portion of the 



Method 5 sample train. Three (3) Method 1, 2,3A, 4 and 5 tests were performed at 

the baghouse stack on June 7-8, 1994. 

Mr. James A. Guenthoer and Mr. E. Ray Lawrence of Am Test-Air Quality, Inc. 

performed the field sampling. Sample recovery and gravimetric laboratory analysis 

of the Method 5 samples was performed by Ms. Wendy A. Linn and Ms. Stacy Akin 

of Am Test-Air Quality, Inc. Data reduction, quality assurance review and final 

report preparation were performed by Mr. Kris A. Hansen, Ms. Angela F. Blaisdell, 

Ms. Cassie B. Heaton, Ms. Amy M. Brotherton, Ms. Jan W. Alden and Ms. Annika 

M. Woehr of Am Test. This testing program was coordinated by Mr. Forest Lane of 

Lakeside Industries Mr. Ken Parsons of Lakeside was the plant operator on the day 

of testing. Mr. Dick Gribbon of PSAPCA observed the testing. 



Table 2.0. Summary of particulate and condensible matter emissions test results 
from samples collected on June 7-8, 1994 at the Hauck Burner baghouse stack at 
Lakeside Industries' facility in Kent, Washington. 

Front-half Back-half Total Total Tot a1 
P.M. P.M. P.M. P.M. P.M. 

Emission Emission Emission Emission Emission 
Sample Conc. Conc. Conc. Conc. Rate 
Run # (gr/dscf) (gr/dscf) (gr/dscf) (mg/dscm) (lb/hr) 

1 0.003 0.006 0.009 20.5 2.84 
2 0.002 0.005 0.007 16.6 2.17 
3 0.003 0.001 0.004 8.37 1.11 

Average 0.003 0.004 0.007 15.2 2.04 

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

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

(mg/dscm) of gas sampled. The particulate matter emission standard for this source 

is 0.02 gr/dscf. The particulate matter emission rate is presented in units of pounds 

per hour (lb/hr). 



2.0 

SUMMARY OF RESULTS 

The following section of this report presents results from the particulate and 

condensible matter emissions testing performed at the hot mix asphalt batch plant 

baghouse stack. Refer to the Table of Contents to locate specific information for 

each type of test. The summary table in this section contains information obtained 

from computer printouts for each individual run which are incIuded in Appendix A 

of this report. Appendix B of this report contains example calculations of results 

and copies of the original field data sheets, including visible emissions. Appendix C 

of this report contains miscellaneous supporting information. 

The results of the three (3) 60-minute Method 5 tests for quantifying particulate and 

condensible matter emissions at the hot mix asphalt plant baghouse exhaust are 

summarized in Table 2.0 below, and on the following computer printout titled 

"Summary of Results - Methods 1,2,3A, 4 and 5". 



A I R  I I U A L I T Y ,  I N C  

SUMMARY OF RESULTS - METHODS 1, 2, 3A. 4 AND 5 
AM TEST - A I R  QUALITY,  INC. 

F I L E  NAME: S701B\LKM5SUM 

CLIENT:  LAKESIDE INDUSTRIES, INC. 

LOCAT I ON : KENT, WASHINGTON 

BAGHOUSE STACK 

LAB #: 

DATE: 

START T IME:  

STOP TIME: 

SAMPLE LENGTH ( m i n u t e s ) :  

VOLUME SAMPLED (cubic f e e t ) :  

VOLUME SAMPLED (dry std. c u b i c  f e e t ) :  

VOLUME SAMPLED ( d r y  std. c u b i c  m e t e r s ) :  

STACK GAS MOISTURE ( p e r c e n t ) :  

BAROMETRIC PRESSURE ( i n c h e s  o f  Hg) :  

S T A T I C  PRESSURE ( i n c h e s  o f  H20) :  

STACK PRESSURE ( i n c h e s  o f  Hg):  

STACK TEMPERATURE ( d e g r e e s  F.): 

STACK TEMPERATURE ( d e g r e e s  R.): 

CARBON D I O X I D E  ( p e r c e n t ) :  

OXYGEN ( p e r c e n t ) :  

MOLECULAR WEIGHT (dry, g / g - m o l e ) :  

MOLECULAR WEIGHT ( w e t ,  g / g - m o l e ) :  

AVERAGE VELOCITY HEAD ( i n c h e s  o f  H20) :  

P l T O T  TUBE Cp: 

STACK GAS VELOCITY ( f e e t  p e r  s e c o n d ) :  

STACK DIAMETER ( i n c h e s ) :  

STACK AREA ( s q u a r e  f e e t ) :  

STACK GAS AIRFLOW (dry std. c u b i c  f e e t  p e r  m i n . ) :  

STACK GAS AIRFLOW ( a c t u a l  c u b i c  f e e t  p e r  m i n . ) :  

NOZZLE DIAMETER ( i n c h e s ) :  

I S O K I N E T I C S  ( p e r c e n t ) :  

FRONT-HALF PARTICULATE EMISSION CONC. ( g r / d s c f ) :  

BACK-HALF PARTICULATE E M I S S I O N  CONC. ( g r / d s c f ) :  

TOTAL PARTICULATE EMISSION CONC. ( g r / d s c f ) :  

TOTAL PARTICULATE EMISSION CONC. ( m g / d s c m ) :  

TOTAL PARTICULATE MATTER EMISSION RATE (Lb/hr): 

- - - - - - - 
RUN # 1  
- - - - - -  

5 8 2 0  

6 / 7 / 9 4  

0 9 : 3 8  

1 0 : 4 7  

6 2 . 5  

RUN # 2  RUN #3  

- - - - - - - -  
AVERAGE 
- - - - - - - 



3.0 
PROJECT OVERVIEW/EXCEPTIONS 

An acceptable leak check of less than 0.02 cfm at the highest vacuum rate (or 

greater) used during the test preceded and followed each run. The average 

percentage isokinetics for each run were within the acceptable limits of 100+ 10%. 

Process and production conditions were considered to be representative, according 

to plant personnel. 

There was not enough production to finish 3 tests in 1 day, so it was necessary to 

come back the next morning to perform the third run. 



4.0 

SOURCE OPERATION 

The Hauck Burner pugmill hot mix asphalt batch plant is located at Lakeside 

Industries' facility in Kent, Washington. Emissions are controlled by a Standard 

Havens reverse pulse baghouse prior to exhausting to the atmosphere. The 

baghouse contains 856, 16.5-foot Nomex bags. The pressure drop across the 

baghouse averaged 3.25 inches of water column ("H20) on the day of testing. 

According to plant personnel, the plant operated at an average asphalt production 

rate of 300 tons per hour (tph), with a gravel moisture content of 3-5%, gravel 

containing 5.5% fines and an asphalt discharge temperature of 2340 F. The plant 

was fired with #2 diesel at a rate of 84% of capacity. Process information sheets, 

completed by Mr. Forest Lane of Lakeside Industries, are included in Appendix C 

of this report. 



5.0 

SAMPLING AND ANALYSIS PROCEDURES 

5.1 EPA Methods 1 and 2 - Velocity, Temperature and Airflow 

EPA Method 1 procedures were used to assure that representative measurements of 

volumetric flow rate were obtained by dividing the cross-section of the stack or duct 

into a number of equal areas, and then locating a traverse point within each of the 

equal areas. Refer to the "Stack Schematic and Location of Sample Points" data 

sheet and/or the figure titled, "Location of Sampling Ports and Traverse Points", 

located in the appendices of this report for a schematic of the stack and the point 

locations selected for testing. Method 2 was performed to measure the stack gas 

velocity using a type S or a standard pitot tube, and the gas temperature using a 

calibrated thermocouple probe connected to a digital thermocouple indicator. The 

type S pitot tubes were connected with tubing to an oil-filled inclined manometer, a 

hook gauge manometer or magnehelic gauges to obtain velocity measurements. 

The pitot tube lines were leak-checked and the pressure measurement device was 

leveled and zeroed prior to use. Calibration information for each pressure and 

temperature measurement device used are included in the appendices of this report. 

5.2 EPA Method 3A - Molecular Weight 

The stack gas composition was determined using EPA Method 3A procedures, 

which allow the use of instrumental analyzers. A paramagnetic analyzer was used to 

measure the percent (%) oxygen (02)  and a non-dispersive infrared (NDIR) 

analyzer was used to measure the percent carbon dioxide (C02) in the gas stream. 

The average measured O2 concentration and the C 0 2  concentration were used to 

calculate the molecular weight of the stack gas. 



5.3 EPA Method 4 - Moisture 

The percent moisture in the gas stream was quantified by weighing the impingers to 

0.1 grams before and after each Method 5 run on a digital top-loading balance. The 

net weight (final minus initial) was used to calculate the amount of moisture 

condensed from the known volume of stack gas collected. 

5.4 EPA Method 5 - Particulate Matter 

The sample train used for particulate matter sampling was an EPA Method 5 design 

as illustrated in the figure titled "Method 5 Sample Train" in the appendices of this 

report. The "Sample Train Information Sheet" (also in the appendices) details the 

type of nozzle, probe, probe liner and filter used along with the contents of the 

sample train impingers. The probe was equipped with S-type pitot tubes for 

measuring gas velocity and a thermocouple sensor for measuring stack gas 

temperature. The thermocouple sensor was connected to a digital thermocouple 

indicator which was used to measure the stack gas temperature at each sample 

point. A glass filter assembly was enclosed in a temperature-controlled heated 

sample box. The average box temperature was maintained at 248" F+ 25" F. The 

nozzle, probe liner, prefilter connective glassware and filter are referred to as the 

"front-half' of the sample train. Following the filter is a condenser section which, by 

convention, is referred to as the "back-half'. The back-half was maintained at a 

temperature below 68" F by adding ice to the condenser section during sampling. 

Note: Some subparts or methods specify alternate temperatures for the probe liner, 

filter holder box and impinger ice bath. The "Sample Train Information Sheet" 

details any exceptions. 



The Method 5 sample train was connected to a control box by means of an umbilical 

cord which contained 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 consisted of a diaphragm 

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

valves to control the sampling rate, a vacuum gauge to measure the pressure drop 

from the sample nozzle to the metering valves, and a calibrated dry gas meter 

readable to 0.001 cubic feet. At the outlet of the dry gas meter was a calibrated 

orifice which was used to isokinetically control the flow of gas through the metering 

system. The pitot tubes utilized to measure stack gas velocity were connected to the 

control box via the umbilical cord. The control box contained a manometer or 

magnehelic gauges which were used for the velocity measurement and for 

monitoring orifice pressure. 

Stack condition measurements were made prior to collecting a sample, including 

measurements of velocity, temperature and a check for cyclonic flow in the stack. 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 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 process was operating at the desired production rate and operating 

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

temperatures. Crushed ice was added to the condenser section. The sample nozzle 

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

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

sampling proceeded at each of the traverse points. 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. 

Following sample collection, the Method 5 sample trains were transferred to an 

area free from air disturbances and airborne particulate matter. The filters were 

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

number. Am Test refers to the front-half filter portion of the particulate catch as 

the "A" section. Care was taken to assure that any loose particulate matter and filter 

mat were quantitatively transferred to the petri dish. In the laboratory, the filters 

were placed in an oven and baked at 105' C for two (2) hours, then transferred to a 

constant humidity desiccator containing silicon dioxide (SO2) for at least 24 hours 

of desiccation prior to obtaining weights. The same weighing procedures were 

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

made using an electronic balance set to a time integrating mode with a readability 

of 0.1 milligrams. The filters were weighed to a constant weight o fk0 .5  milligrams. 

The interval between weighings was at least 6 hours. These weights were recorded 

in a bound laboratory notebook. 

Following each run, 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. Several rinses of acetone, 

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

used for the front-half 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. In the 



laboratory, the "B" section acetone rinse was transferred to a tared, graduated 150 

milliliter (mL) beaker. The volume of acetone was recorded and the beakers were 

placed in an evaporation chamber at a temperature of approximately 75-8V F until 

dry. Note: Some subparts or methods specify alternate "B" section cleanup solvents. 

The "Sample Train Information Sheet" details any exceptions. 

The bubblers and impingers utilized for the condenser section, or "back-half' of the 

sample train were weighed with a readability of 0.1 grams before and after sampling 

using an 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 contents of the bubblers and impingers were 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 

transferred to a separatory funnel and the contents were extracted with three (3) 50 

mL portions of dichloromethane (CH2C12). The organic layer was transferred to a 

tared 150 mL beaker labeled the "C," section and was allowed to evaporate to 

dryness in an evaporation chamber at a temperature of 75-80' F. The water layer 

was transferred to a tared 150 mL beaker with glass boiling beads labeled the "C" 

section, and was heated on a hot plate to boiling until approximately 20 mL 

remained in the beaker. The remaining 20 mL in the beaker was evaporated to 

dryness in an evaporation chamber set at 105' C. The bubblers, impingers and 

graduated cylinder were given a final rinse with acetone into another tared, 

graduated beaker ("D" Section) and was allowed to evaporate to dryness in an 

evaporation chamber at 75-8V F. 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 o f20 .5  milligrams at 6 hour or greater intervals. This 



is the same procedure used to obtain tare weights for each beaker. 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, water, and dichloromethane blank contributions. The 

particulate matter weights are included on the Method 5 computer printouts and in 

copies of the laboratory analysis forms in the appendices of this report. Note: Some 

subparts or methods specify alternate back-half section cleanup solvents. The 

"Sample Train Information Sheet" details any exceptions. 



6.0 

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 are 

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

manual titled Qualitv Assurance Handbook for Air Pollution Measurement Systems, 

Volume 3, EPA-60014-77-027b. These procedures are followed throughout 

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

reduction. Am Test-Air Quality, Inc.'s quality assurance procedures are discussed 

below. 

6.1 Calibration Procedures and Frequency 

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

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

use, each instrument is calibrated and the calibration value is recorded. 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 are calibrated on-site before 

sampling using digital inside calipers readable to 0.001 inch. Three (3) 

measurements were taken at varying points around the inside of the nozzle tip and 



averaged. The dry gas meters used to accurately measure sample volumes are 

calibrated using a standard laboratory dry gas meter. The type S pitot tubes utilized 

for velocity determination are calibrated using Method 2, Section 4.1, and are 

inspected regularly for wear. The magnehelic gauges used for pressure 

measurements are checked against an oil-filled manometer. The digital 

thermocouple indicator used for temperature measurement has a readability of 1 

degree Fahrenheit and is periodically re-certified by the manufacturer. Each 

thermocouple probe used to monitor temperature is checked periodically at three 

(3) temperature settings. Copies of calibration information for each measurement 

device used are included in the appendices of this report. A barometer readable to 

0.01 inches of mercury is used in the field to obtain barometric pressure readings. 

In the laboratory reagent blanks are carried throughout the gravimetric analysis 

procedures. The samples were weighed to constant weights of 30 .5  milligrams 

following desiccation in a 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 +l% 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 is set to a time 

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

milligrams. The balance is calibrated prior to every weighing session and an audit is 

performed with class S weights once a week. The calibration of Am Test's Mettler 

balances is checked by the manufacturer on a yearly basis. 



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 a project, a systems audit is performed, consisting of an on-site qualitative 

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

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

auditor observes the procedures and techniques of the field team in the following 

general areas: 

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

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

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

generate valid data, if operated properly. 

6.2 Sample Recovery and Field Documentation 

Data 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 were returned to the Air Quality laboratory. Sample recovery is carried out 

in a suitable area free from particulate matter contamination. Each sample is 

assigned an identifying lab number to assist the chemists in tracking the sample. 



APPENDIX A 

Computer Printouts of Results 



METHODS 1, 2, 3A,  4 AND 5 
AM T E S T - A I R  QUALITY,  INC.  

F I L E  NAME: S701B\LAKEM5R1 LAB #: 
C L I E N T :  LAKESIDE I N D U S T R I E S  START T IME:  
LOCATION: KENT, WASHINGTON STOP T IME:  
SAMPLE S I T E :  BAGHOUSE STACK SAMPLE LENGTH: 
SAMPLE DATE: JUNE 7, 1 9 9 4  
RUN #: 1 - METHOO 5 
OPERATORS: J. GUENTHOER/R. LAWRENCE 

IMPINGER WEIGHTS 
F I N A L  I N I T I A L  NET 
g r a m s  g r a m s  g r a m s  
- - - -  - - - - - -  - - - - - 
8 8 9 . 4  6 6 3 . 4  2 2 6 . 0  
6 9 2 . 2  6 4 2 . 9  4 9 . 3  
5 1 9 . 4  5 1 3 . 9  5 .5  
870.6 8 5 4 . 2  1 6 . 4  

TOTAL H 2 0  GAIN:  2 9 7 . 2  
TOTAL VOLUME (scf): 1 4 . 0 1  
PERCENT MOISTURE: 2 2 . 9 6  
Bws:  0 . 2 2 9 6  

P I T O T  TUBE Cp:  
NOZZLE DIAMETER: 
NOZZLE AREA: 
STACK DIAMETER : 
STACK AREA: 
METER TEMPERATURE: 
BAROMETRIC PRES.: 
S T A T I C  PRESSURE: 
STACK PRESSURE: 
O R I F I C E  PRESSURE: 
METER PRESSURE: 

5 8 2 0  
09:38 o'clock 
1 0 : 4 7  o ' c l o c k  

6 2 . 5  m i n u t e s  

0 . 8 4  
0 . 2 5 3  i n c h e s  

0 . 0 0 0 3  sq. f e e t  
3 9  x 64 i n c h e s  

1 7 . 2 2  sq. f e e t  
60.7 d e g r e e s  F 

2 9 . 8 0  inches H g  
0.38 inches H 2 0  

2 9 . 8 3  i n c h e s  H g  
1.636 inches H 2 0  
2 9 . 9 2  i n c h e s  H g  

I N I T .  METER VOLUME: 2 1 6 . 6 0 5  
F I N A L  METER VOLUME: 2 6 2 . 2 0 8  AVERAGE CONC. C02 :  4 . 9  percent 
VOLUME SAMPLED: 4 5 . 6 0 3  AVERAGE CONC. 0 2 :  1 4 . 1  percent 
STD VOLUME (dscf): 4 7 . 0 2 9  AVERAGE CONC. CO: 
STD VOLUME (dscm) :  1 . 3 3 2  MOLECULAR WEIGHT: 

NA ppm 
2 9 . 3 5  g / g - m o l e - d r y  

Y FACTOR: 1 . 0 1 7  MOLECULAR WEIGHT: 2 6 . 7 4  g / g - m o l e - w e t  

- - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

SAMPLE VELOCITY TEMPERATURE SAMPLE VELOCITY TEMPERATURE 
P O I N T  " OF H 2 0  O F  P O I N T  'I OF H Z 0  OF 

PERCENT I S O K I N E T I C S :  100 X 
STACK TEMPERATURE: 2 2 4 . 4  d e g r e e s  F 
AVERAGE VELOCITY HEAD: 0 . 8 2 8  o f  H 2 0  
STACK GAS VELOCITY:  
STACK GAS A I R  FLOW: 6 2 5 4 6 . 9  a c f / m i n  
PARTICULATE E M I S S I O N  CONCENTRATION ( f r o n t - h a l f ) :  
PARTICULATE E M I S S I O N  CONCENTRATION ( b a c k - h a l f ) :  
TOTAL PARTICULATE E M I S S I O N  CONC. ( f ron t  8 b a c k - h a l f ) :  
TOTAL PARTICULATE E M I S S I O N  CONCENTRATION: 
TOTAL PARTICULATE MATTER E M I S S I O N  RATE: 

6 8 4 . 4  degrees R 

FRONT-HALF PARTICULATE MATTER MASS LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F I L T E R  NUMBER: # 1 1 0 - 5 1 9  
TARE WEIGHT OF F I L T E R  ( g r a m s ) :  0.8417 
F I N A L  WEIGHT OF F I L T E R  ( g r a m s ) :  0.8439 
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  0 . 0 0 2 2  

BEAKER NUMBER: # 1  5 0 -  1 2 8 0  
TARE WEIGHT OF BEAKER ( g r a m s ) :  6 4 . 8 1 4 1  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 4 . 8 2 2 9  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  0.0088 
VOLUME OF ACETONE ( m i l l i l i t e r s ) :  1 4 0 . 0  
UT./VOL. OF ACETONE BLANK ( m i l l i g r a m s / m l ) :  0 . 0 0 5 0  
NET WEIGHT OF PARTIC .  DUE TO ACETONE ( g r a m s ) :  0.0007 

TOTAL FRONT-HALF PARTICULATE MATTER ( g r a m s ) :  0.0103 

BACK-HALF PARTICULATE MATTER MASS LOADING ---.------------------------------------------------------ 
"C" SECTION - CONDENSER PARTICULATE # 1 5 0 - 1 2 4 6  
TARE WEIGHT OF BEAKER ( g r a m s ) :  6 7 . 0 9 5 0  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 7 . 1 1 0 2  
NET WEIGHT OF PARTIC.  MATTER ( g r a m s ) :  0 . 0 1 5 2  
TOTAL VOLUME OF WATER ( m i l l i l i t e r s ) :  6 8 0 . 0  
VOLUME OF WATER CONDENSED ( m i l l i l i t e r s ) :  2 8 0 . 8  
NET VOLUME OF WATER FOR BLANK ( m i l l i l i t e r s ) :  3 9 9 . 2  
UT./VOL. OF WATER BLANK ( m i l l i g r a m s / m l ) :  0 . 0 0 0 4  
NET WEIGHT OF PARTIC .  DUE TO WATER ( g r a m s ) :  0 . 0 0 0 2  

"Cx" SECTION - HYDROCARBON EXTRACTION # 1 5 0 - 1 2 8 2  
TARE WEIGHT OF BEAKER ( g r a m s ) :  6 6 . 7 6 0 2  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 6 . 7 6 0 2  
NET WEIGHT OF PARTIC .  MATTER ( g r a m s ) :  0 . 0 0 0 0  
TOTAL VOLUME OF C H 2 C l 2  ( m i l l i l i t e r s ) :  150 .0  
WT./VOL. OF C H 2 C l 2  BLANK ( m i t l i g r a m s / m l ) :  0.0000 
NET WEIGHT OF PARTIC .  DUE TO CH2CL2 ( g r a m s ) :  0.0000 

"D" SECTION - ACETONE R I N S E  OF CONDENSER # 1 5 0 -  1 2 8 1  
TARE WEIGHT OF BEAKER ( g r a m s ) :  67.6420 
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 7 . 6 4 4 5  
NET WEIGHT OF PARTIC .  MATTER ( g r a m s ) :  0 .0025  
TOTAL VOLUME OF ACETONE ( m i l l i l i t e r s ) :  1 1 5 . 0  
UT./VOL. OF ACETONE BLANK ( m i l l i g r a m s / m l ) :  0 . 0 0 5 0  
NET WEIGHT OF PARTIC .  DUE TO ACETONE ( g r a m s ) :  0.0006 

TOTAL BACK-HALF PARTICULATE MATTER ( g r a m s ) :  0.0170 
TOTAL WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  0.0273 



METHODS 1, 2, 3A, 4 AND 5 
AM TEST-AIR QUALITY, INC. 

F I L E  NAME: s701B\LAKEM5R2 
CLIENT: LAKESIDE INDUSTRIES 
LOCATION: KENT, WASHINGTON 
SAMPLE SITE:  BAGHOUSE STACK 
SAMPLE DATE: JUNE 7, 1 9 9 4  
RUN #: 2 - METHOD 5 
OPERATORS: J. GUENTHOER/R. LAWRENCE 

LAB #: 
START TIME: 
STOP TIME: 
SAMPLE LENGTH: 

FRONT-HALF PARTICULATE MATTER MASS LOADING ------------.---------------------------------- 
F I L T E R  NUMBER: 
TARE WEIGHT OF F ILTER ( g r a m s ) :  
F I N A L  WEIGHT OF F ILTER (g rams) :  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  

5 8 2 1  
11:21 o r c l o c k  
12 :29  o ' c l o c k  

62.5 m i n u t e s  

BEAKER NUMBER: 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F I N A L  WEIGHT OF BEAKER (g rams) :  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  
VOLUME OF ACETONE ( m i l l i l i t e r s ) :  
WT ./VOL . OF ACETONE BLANK ( m i  1 1  i g r a m s / m l  ): 
NET WEIGHT OF PARTIC. DUE TO ACETONE ( g r a m s ) :  

IMPINGER WEIGHTS 
FINAL I N I T I A L  NET 
g r a m s  g r a m s  g r a m s  - - - - -  - - - - -  - - - - -  
872.2 6 7 4 . 9  197.3 
6 8 4 . 8  6 4 4 . 9  39.9 
601.1  600 .0  1.1 
8 4 4 . 9  8 3 2 . 8  12 .1  

TOTAL H 2 0  GAIN: 2 5 0 . 4  
TOTAL VOLUME (scf): 11.81 
PERCENT MOISTURE: 21 .30  
Bus:  0 . 2 1 3 0  

P lTOT TUBE Cp: 
NOZZLE DIAMETER: 
NOZZLE AREA: 
STACK DIAMETER: 
STACK AREA: 
METER TEMPERATURE: 
BAROMETRIC PRES.: 
STATIC PRESSURE: 
STACK PRESSURE: 
O R I F I C E  PRESSURE: 
METER PRESSURE: 

0 . 8 4  
0 . 2 5 3  i n c h e s  

0 . 0 0 0 3  sq. f e e t  
3 9  x 64 i n c h e s  

17 .22  sq. f e e t  
64.5 d e g r e e s  F 

29 .80  i n c h e s  H g  
0 .39  i n c h e s  H Z 0  

2 9 . 8 3  i n c h e s  H g  
1 . 4 4 1  i n c h e s  H 2 0  
2 9 . 9 1  i n c h e s  H g  

TOTAL FRONT-HALF PARTICULATE MATTER ( g r a m s ) :  

BACK-HALF PARTICULATE MATTER MASS LOADING - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - .  
"C" SECTION - CONDENSER PARTICULATE 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET WEIGHT OF PARTIC. MATTER ( g r a m s ) :  
TOTAL VOLUME OF WATER ( m i l l i l i t e r s ) :  
VOLUME OF WATER CONDENSED ( m i  i l i t e r s ) :  
NET VOLUME OF WATER FOR BLANK ( m i  1 1  i 1 i t e r s ) :  
WT./VOL. OF WATER BLANK ( m i l l i g r a m s / m l ) :  
NET WEIGHT OF PARTIC. DUE TO WATER ( g r a m s ) :  

I N I T .  METER VOLUME: 262 .610  
F INAL METER VOLUME: 305 .245  AVERAGE CONC. C02: 
VOLUME SAMPLED: 42.635 AVERAGE CONC. 0 2 :  
STD VOLUME ( d s c f ) :  4 3 . 6 2 9  AVERAGE CONC. CO: 
STD VOLUME (dscm):  1 .236  MOLECULAR WEIGHT: 
Y FACTOR: 1 . 0 1 7  MOLECULAR WEIGHT: 

4.8 percent 
14.1 p e r c e n t  

NA ppm 
29.33 g / g - m o l e - d r y  
26 .92  g / g - m o l e - w e t  

"Cxn SECTION - HYDROCARBON EXTRACTION 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET WEIGHT OF PARTIC. MATTER ( g r a m s ) :  
TOTAL VOLUME OF CH2CL2 ( m i l l i l i t e r s ) :  
WT ./VOL. OF CH2Cl2  BLANK ( m i  1 1 i g r a m s / m l  ): 
NET WEIGHT OF PARTIC. DUE TO C H 2 C l 2  ( g r a m s ) :  

. - - - - - - - - - - - - - - - - - - - -  
TEMPERATURE 

" F 

- - -------------------------- .--- . ------------------------------- .  
SAMPLE VELOCITY TEMPERATURE SAMPLE VELOC I TY 
POINT " OF HZ0 O F  POINT " OF HZ0 

'9" SECTION - ACETONE RINSE OF CONDENSER 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET WEIGHT OF PARTIC. MATTER ( g r a m s ) :  
TOTAL VOLUME OF ACETONE ( m i l l i l i t e r s ) :  
wT./VOL. OF ACETONE BLANK ( m i l l i g r a m s / m l ) :  
NET WEIGHT OF PARTIC. DUE TO ACETONE ( g r a m s ) :  

TOTAL BACK-HALF PARTICULATE MATTER ( g r a m s ) :  
TOTAL WEIGHT OF PARTICULATE MATTER (g rams) :  

PERCENT ISOKINETICS:  99 % 
STACK TEMPERATURE: 214 .1  d e g r e e s  F 
AVERAGE VELOCITY HEAD: 0.697 la of H20 
STACK GAS VELOCITY: 
STACK GAS A I R  FLOW: 56779.0  a c f / r n i n  
PARTICULATE EMISSION CONCENTRATION ( f r o n t - h a l f ) :  
PARTICULATE EMISSION CONCENTRATION ( b a c k - h a l f ) :  
TOTAL PARTICULATE EMISSION CONC. (front & b a c k - h a l f ) :  
TOTAL PARTICULATE EMISSION CONCENTRATION: 
TOTAL PARTICULATE MATTER EMISSION RATE: 

674 .1  d e g r e e s  R 

54 .9  f t / s e c o n d  
34895.5  d s c f l m i n  

0.002 g r / d s c f  
0.005 g r l d s c f  
0 . 0 0 7  g r l d s c f  

16.6 mg/dscm 
2 .17  L b / h r  



METHODS 1, 2, 3A, 4 AND 5 
AM T E S T - A I R  QUALITY,  I N C .  

F I L E  NAME: S701B\LAKEMSR3 LAB #: 
CL  I ENT : LAKESIDE I N D U S T R I E S  START T IME:  
LOCATION: KENT, WASHINGTON STOP T IME:  
SAMPLE S I T E :  BAGHOUSE STACK SAMPLE LENGTH: 
SAMPLE DATE: JUNE 8, 1 9 9 4  
RUN #: 3 - METHOD 5 
OPERATORS: J. GUENTHOER/R. LAWRENCE 

IMPINGER WEIGHTS 
F I N A L  I N I T I A L  NET 
g r a m s  g r a m s  g r a m s  
- - - - -  - - - - -  - - - - -  
8 6 4 . 7  6 3 2 . 7  2 3 2 . 0  
6 8 0 . 3  6 4 4 . 0  36.3 
5 3 1 . 8  5 2 9 . 6  2 . 2  
8 2 8 . 1  8 1 5 . 2  1 2 . 9  

TOTAL H Z 0  GAIN :  2 8 3 . 4  
TOTAL VOLUME (scf):  13.36 
PERCENT MOISTURE: 2 2 . 7 0  
B u s  : 0 . 2 2 7 0  

P I T O T  TUBE Cp:  
NOZZLE DIAMETER: 
NOZZLE AREA: 
STACK DIAMETER: 
STACK AREA: 
METER TEMPERATURE: 
BAROMETRIC PRES.: 
S T A T I C  PRESSURE: 
STACK PRESSURE: 
O R I F I C E  PRESSURE: 
METER PRESSURE: 

5 8 2 2  
0 6 : 4 6  o ' c l o c k  
0 7 : 5 5  o ' c l o c k  

6 2 . 5  m i n u t e s  

0 . 8 4  
0 , 2 5 3  i n c h e s  

0 . 0 0 0 3  sq. feet  
3 9  x 6 4  inches 

1 7 . 2 2  sq. feet  
5 0 . 2  d e g r e e s  F 

2 9 . 9 5  i n c h e s  H g  
0.36 i n c h e s  H 2 0  

2 9 . 9 8  i n c h e s  H g  
1 . 4 8 2  i n c h e s  H Z 0  
3 0 . 0 6  i n c h e s  H g  

I N I T .  METER VOLUME: 3 0 5 . 6 8 0  
F I N A L  METER VOLUME : 3 4 8 . 7 0 2  AVERAGE CONC. C02 :  5 .1  percent 
VOLUME SAMPLED: 4 3 . 0 2 2  AVERAGE CONC. 02: 14.0 p e r c e n t  
STD VOLUME ( d s c f ) :  4 5 . 4 9 0  AVERAGE CONC. CO: NA P P  
STD VOLUME (dsc rn ) :  1 . 2 8 8  MOLECULAR WEIGHT: 2 9 . 3 8  g / g - m o l e - d r y  
Y FACTOR: 1 . 0 1 7  MOLECULAR WEIGHT: 2 6 . 7 9  g / g - m o l e - w e t  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

SAMPLE VELOCITY TEMPERATURE SAMPLE VELOCITY TEMPERATURE 
POINT " OF H Z 0  OF P O I N T  'I OF H Z 0  " F 

PERCENT I S O K I N E T I C S :  1 0 1  % 
STACK TEMPERATURE: 2 1 0 . 4  d e g r e e s  F 
AVERAGE VELOCITY HEAD: 0 . 7 3 6  " of H Z 0  
STACK GAS VELOCITY:  
STACK GAS A I R  FLOW: 5 8 1 6 3 . 8  a c f / m i n  
PARTICULATE E M I S S I O N  CONCENTRATION ( f r o n t - h a l f ) :  
PARTICULATE E M l S S I O N  CONCENTRATION ( b a c k - h a l f ) :  
TOTAL PARTICULATE E M I S S I O N  CONC. ( f ron t  & b a c k - h a l f ) :  
TOTAL PARTICULATE E M I S S l O N  CONCENTRATION: 
TOTAL PARTICULATE MATTER E M I S S I O N  RATE: 

6 7 0 . 4  degrees R 

FRONT-HALF PARTICULATE MATTER MASS LOADING 

F I L T E R  NUMBER: 
TARE WElGHT OF F I L T E R  ( g r a m s ) :  
F I N A L  WEIGHT OF F I L T E R  ( g r a m s ) :  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  

BEAKER NUMBER: 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F l N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  
VOLUME OF ACETONE ( m i l l i l i t e r s ) :  
WT ./VOL. OF ACETONE BLANK ( m i  ll i g r a m s / m l ) :  
NET WEIGHT OF PARTIC .  DUE TO ACETONE ( g r a m s ) :  

TOTAL FRONT-HALF PARTICULATE MATTER ( g r a m s ) :  

BACK-HALF PARTICULATE MATTER MASS LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I1C" SECTION - CONDENSER PARTICULATE 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET WEIGHT OF PARTIC .  MATTER ( g r a m s ) :  
TOTAL VQLUME OF WATER ( m i l l i l i t e r s ) :  
VOLUME OF WATER CONDENSED ( m i l l i l i t e r s ) :  
NET VOLUME OF WATER FOR BLANK ( m i l l i l i t e r s ) :  
WT./VOL. OF WATER BLANK ( m i L l i g r a m s / m l ) :  
NET WEIGHT OF PARTIC .  DUE TO WATER ( g r a m s ) :  

" C X ' ~  SECTION - HYDROCARBON EXTRACTION 
TARE U E l G H T  OF BEAKER ( g r a m s ) :  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET U E l G H T  OF PARTIC .  MATTER ( g r a m s ) :  
TOTAL VOLUME OF C H 2 C l 2  ( m i l l i l i t e r s ) :  
WT./VOL. OF CH2CL2 BLANK ( m i l l i g r a m s / m l ) :  
NET WEIGHT OF PARTIC .  DUE TO C H 2 C l 2  ( g r a m s ) :  

IUD" SECTION - ACETONE R I N S E  OF CONDENSER 
TARE WEIGHT OF BEAKER ( g r a m s ) :  
F l N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET WEIGHT OF PARTIC .  MATTER ( g r a m s ) :  
TOTAL VOLUME OF ACETONE ( m i l l i l i t e r s ) :  
WT./VOL. OF ACETONE BLANK ( m i l l i g r a m s / m l ) :  
NET WElGHT OF PARTIC .  DUE TO ACETONE ( g r a m s ) :  

TOTAL BACK-HALF PARTICULATE MATTER ( g r a m s ) :  
TOTAL WElGHT OF PART lCULATE MATTER ( g r a m s ) :  



APPENDIX B 

Example Calculations and Field Data Sheets 



EXAMPLE CALCULATION SHEET 
EPA METHODS 1,2,3A, 4 AND 5 

CLIENT i ' : LOCATION: 1 L -  I DATE c, - - { {  

r- - 
RUN #: L LAB#: - - -  ! SITE LOCATION: : - > 

Particulate Matter Emission Concentration - Equation 5-1 

=17.6470R/"Hg* yr ,  .- : 5 f t3* t.ol? -- *(;+ 32 "Hg + ( ,  , , "H20/13.6))/(460 + A ~ O  F) 

- , - - ,  - - dscm 
I . . _  _1 

Substitution of Equation 5-4 into 5-5 

W, = mg/ml blank * ml sample = rng sample due to acetone blank 

Mn = (net weight filter catch) + (net weight "B" section) - Wa + Back-half 

Cs = (0.001 g/mg) * (1 5.43 grains/gram) * 20 5 mg / 4:. L; -  ; dscf 

= re -  -+ gr/dsd (Equation 5-6) 

gr/dscf @ % 0, = gr/dscf * (20.9% - %0,)/(20.9% - %O,) 
% correction % measured 

- - gr/dscf @ % 0, 

gr/dscf @ - %C02 = - grldscf * % / %GO2 
% correction % measured 

- - gr/dscf @ % CO, 

mg/dscm = GQ 5 - mg/ 1 , 2 5 6  dscm 

Particulate Matter Emission Rate 

pounds/hour = Cs * dscf/min * 60 rnin/hr * 1 lb/7000 grains 

poundsjhour = or.  -1 grjdscf * 348555 dscflmin * 60 min/hr * 1 lb/7000 grains 



EXAMPLE CALCULATION SHEET (continued) 
EPA METHODS 1 ,2 ,3A,  4 and 5 

Moisture - Equation 5-2 and 5-3 

Vwstd = 0.04715 f i3 /g * . grams of H20 collected in impingers 

- - ( 1  - scf 

Bws = ( scf)/( scf + L- dscf) 

- - \ ?  ' 

% Moisture = i- % = Bw, * 100 

Molecular weiqht - Eauation 3-2 

Md = 0.440*($, 9 %C02) +0.320*(r7 i %02) +0.280*(100%- b( %C02- -, 
I %02(%C0 + %N2)) 

Md = 3 3  g/g-mole (dry) 

M = + : g/g-mole * (1 - o.; I= ) + 18.0 g/g-mole * 2 -, 5 7 = Md * (1-BWs) + 18.0 * 8,, 

Ms = ;, -72 g/g-mole (wet) 

Stack gas velocity and volumetric flow rate - Eauation 2-9 and 2-10 

85,49* 2 - +  * 'I - 1 t 
* L?"l O OR /(;, z, g/g-mole * ;; -4  2: "Hg) 
w0 F + 4 6 0 ) ~  R 

5r 7 ft/sec (std) 
(3: ' P  PB+'.̂ Is/13 6) 

Qsd = 3600 * (1 - B,,) * Vs ft/sec ' 4 ft2 * (TstdO R/TsO R) * (P;Hg / PStdt1Hg) / 60 min/hr 

= 34 3q5,5 dscf/min (dry standard cubic feet per minute) 

acfm = 5.1 4 fi/sec * , 7 2 2  ft2* 60 sec/min 

= 56+7$ .o acfm (actual cubic feet per minute) 

lsokinetic variation - Eauation 5-8 

I = 0.09450 * Vm,,, dscf * TsO R -:- [PSnHg * V,ft/sec * minutes * ~ " f t *  * ( I  -Bw5)] 

All of the above numbered equations are from the 40 CFR 60 and assume English units. 
[cbh\c:\word\b-plate\MS.dw] 



EXAMPLE CALCULATION SHEET (continued) 
EPA METHODS 1,2,3A, 4 and 5 

BACK-HALF PARTICULATE 

"C" Section (write in final and intlal wts for all appropnate lmplngers for c below) 
a-72,7 L r '  -' 
b $ Y  % 
6 5 1  1 - -. 

a 13 mg particulate in "C" Section Beaker - is>J I - +--A ) i y j ,  ;> - 2 ::- 2 - 
> 

b * ml of water in condensers, including rinses 

c - - ml condensation in 1 St, 2" and dd bubblers (final wt - initial wt, assumes l g / l  ml water density) 

d Z r I 7 ml Dl water used in bubblers including rinses = b - c 
e 5 - J mgiml blank particulate = : ,  1 mg blank 1 2 5 17 ml blank 
f 2 I mg blank particulate = e * d 

I ?  0 mgof"C"par t icu la te=a- f= 1 3 7  m g -  o., mg 

"Cx" Section 
a dl I I mg particulate in "Cx" Section Beaker 

b JI ic  - ml CH2CI2 used for sample 

c J mgiml blank particulate = 2 - , mg blank1 60 ml blank 
d i, L mg blank particulate = b c 

J I mg  of "Cx" particulate = a - d = 2 i mg - o mg 

"D" Section 
.-. - 

a mg particulate in "DM Section Beaker 
b ml Acetone used for sample 
C :, - 1  ; mglml blank particulate (Same as "6" Section) 
d 0 5 mg blank particulate = b * c 

c 1 1 ,  mgof "DWpar t i cu la te=a-d= 2.0 m g -  0 5  mg 

TOTAL BACK-HALF PARTICULATE 

+ )?, b mg "C" Section Particulate 

+ , , I mg "Cx" Section Particulate - 
+ , 3 mg "D" Section Particulate 
+ - mg Back-half Filter Particulate (If applicable) 

= 15,Z mg Back-half Particulate 
[cbh\c:\wrd\b-plateM5 doc] 



STACK SCHEMATIC AND LOCATION OF SAMPLE POINTS 

C l i e n t  A ‘ # K g  S - / d / Z  

~ o c a t i o n  /L-X5 
sampl ing L o c a t i o n  &&[ /)$- L, c~L?/L~+ 

I n s i d e  of far wall t o  o u t s i d e  
of p o r t  ( d i e t a n c e ,  X) - 

I n s i d e  of n e a r  w a l l  t o  o u t s i d e  
of  p o r t  ( d i s t a n c e ,  Y )  3: LC 

S t a c k  I . D .  ( d i s t a n c e  X - d i s t a n c e  Y )  / 
38  .b 

Schematic of Sampling 
Location 

- 
CROSS SECTION 

t 

DISTURBANCE 

Distance A = downstream 

Distance B = -- upstream 
-- -- - --- - - - - . - - 

STACK, CONTROL DEVICE AND PROCESS 

PLOW DIAGRAM 



3 
TRAVERSE SAMPLING DATA SHEET pasre - of - 



METHOD 5 
LABORATORY ANALYSIS 

Client Run Number 1 

Sample Location a 
Date L-3- -7q 

I1At1 Section (Filter) 

Filter # /lo-s/Cf Tare Weight 8. pVi7 grams 

Final Weight 0, (1 '137 grams 
Net Weight 0. QaS grams 

I1Bw Section [Probe Wash1 

Beaker # /20- /Z%@ Tare Weight / / grams 

Volume Acetone ) '10 mls Final ~eightl~q, ,'Z '1 grams 

Net Weight 3.00 6 b grams 

tlC1t Section [Condenser Particulate - Inorqanic Catch) 

Beaker # /5-0 - / ZC{ 6 Tare Weight /,7, C 4'; ('grams ( A k C  

Volume Water 6 mls Final Weight 6 7 ,  1 102 grams brad 
Net Weight OIC)I?$ gram 671102 

?@d&d W P I ~  
!q' / ,k2l?<d-- 

"Cx" Section (Condenser Particulate - Orqanic Catch) 

Beaker # / 5 < ) - / 2  ?fZ Tare Weight 6 6 , 7 6 a Zgrams 
Volume CH2C12 r 190 mls Final Weight bh, 75-q~  grams 

Net Weight - ). J 1 1 3 -  grams 
: I :  

I /  , 

" D n  Section (Final Acetone Rinse of Im~insers) 

Beaker # /56 - / 2  57 / Tare Weight $7, 6 C/2 Ograms 

Volume Acetone / /  7 mls Final Weight S T  64-4 zgrams 

Net Weight 9. 3 1 .  grams 



TRAVERSE SAMPLING DATA SHEET 2 l 
Page - of - 

I Stack Diameter 3&&3c 6 4" 

I EQUIPMENT CHECKS 

Leak Rate cfm 
Leak Test Vacuum! / 

ots, Pre Leak Ck 
Post Leak Ck 

System 

M5 -Inte@ Rinse t e/~~0/0ther Bag 

QA FORMS COMPLETED 
Stack Schematic 
Sample Train - 
Pitot Tube 1nsp.- 
Magnehelic Cal. - 
Temp. Probe Ca1.- 
Gas Meter Ca1ib.- 

Filter # Box # b - 2  

Start Time 
Stop Time 
Barometric 
Pressure "Hg z. 
Static Pres I1H2O $-. 34 
Production Rate 

w q *  
SAMPLING PARAMETERS 

Final Initial Net I % Moisture 
Wt. Wt. Wt. Meter Temp. 
gram gram gram Stack Temp. 

#I Imp. V72,Z - b7f-9 = 1 AH@ / . L O  31 (.01? 
#2 Imp. 6W4,V - 4 y . y  = 
- 

Pitot # Side # 
#3  Imp. G O / . /  - 6m.o = .zT-"--- 
# 4  Imp. - - - -- - ] Nozzle Diameter - LJ-3 inch 

- 

#5 Imp. - - - D2 D3- 
#6 S . G . % C ( . ? - ~  = ; 

Total H20 Volume 2'573.9 gl K Factor 

Y 82 
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METHOD 5 
LABORATORY ANALYSIS 

Run Number 

Sample L o c a t i o n  b0-L- 

Date 6 -  7 - 9 v  

"Att S e c t i o n  ( F i l t e r )  

F i l t e r  # / lo-Zc?~ T a r e  Weight 0. '$26 y' grams 

F i n a l  Weight 8. % 2 39 grams 

N e t  Weight - 9 ,  do 2 4 grams 
L, <, p -i [p- -#., 5 t / ' \!- 

ItB" S e c t i o n  ( P r o b e  Wash) 

Beaker # /SO /2Y3 T a r e  Weight , / 6 grams 

Volume Acetone / % o  m l s  F i n a l  w e i g h t  79, k ~ 5 - j  grams 

N e t  Weight _ I  ? - ? grams 

"C" S e c t i o n  (Condenser  P a r t i c u l a t e  - I n o r s a n i c  Ca tch)  

Beaker # /SO- / Z y 7  T a r e  W e i g h t l ~  6 5  I ,  '<grams 

Volume Water 570 m l s  F i n a l  Weight 6 v 8  67qO grams 

N e t  Weight (j , O  / 3 7 grams 

"Cxn S e c t i o n  (Condenser  P a r t i c u l a t e  - Orqan ic  Ca tch)  

Beaker # 156-/2 97 Tare  Weight 6~~ T766 grams 

Volume CH2C12 /56 m l s  F i n a l  Weight k y ,  Pq07 grams 

N e t  Weight j 3 321 grams 

'ID" S e c t i o n  ( F i n a l  Acetone Rinse  of ~ m p i n q e r s )  

Beaker  # / 5  6-12 r c /  Tare  Weight 6 7. C) Y2 0 grams 

Volume Acetone  / 0 b m l s  F i n a l  Weight k 7 0 ~ c ( O  grams 

N e t  Weight , ;I Q grams 



TRAVERSE SAMPLING DATA SHEET 

Client LA?-% a 
Location w. u A- 
Sample Site m 

$ 1  % k t  sh-4 
Stack Diameter 38,h%b&' 
Date b - 8 - ' t C  
Operators ~w 
Run I.D. ~ % - - - c  

EQUIPMENT CHECKS 

Initial/Final 
Leak Rate cfm L. by/. U O ( ~  
Leak Test Vacuum I\' / 

fltots, Pre Leak Ck 
2'- Post Leak Ck 

~=:kpling System 
Integrated Bag 

M5 Rinse ~cetone/H~O/Other 

QA FORMS COMPLETED 
Stack Schematic - 
Sample Train - 
Pitot Tube 1nsp.- 
Magnehelic Cal. - 
Temp. Probe Ca1.- 
Gas Meter Calib.- 

Filter # Box # bc 3 
Final Initial Net 
Wt. Wt. Wt. 
gram gram gram 

#1 Imp. ~ 4 . 7  - 632.?= 
#2 1mp.680,3 - ~ v L / . o  = 

#3  Imp. 531. V- 5-2 9.6 = 

#4 Imp. - - - - - 
#5 Imp. - - - 
#6 S .G.%,?% ( - F A  = 
Total H20 Volume x"~3, 

\ / 

Start Time 
Stop Time 
Barometric 
pressure "Hg 31, 
Static Pres 11H20 A.  3 
Production Rate 

p&b @*WL'- 
SAMPLING PARAMETERS 

% Moisture 
Meter Temp. 
Stack Temp. 
h H@ 1.L- , 
pitot # mi9 
cp= ' - s:E+ 

. I B L  
Nozzle ~iameter. &- inch 

Dl D2 D3 

K Factor 
I 



METHOD 5 
LABORATORY ANALYSIS 

Client Run Number 3 
Sample Location ‘5+~& 

U 

Date ( 4 -  %-'lq 

I1At1 Section (Filter) 

Filter # 116-Sc/7 Tare Weight da g y  7/ grams 
Final Weight 0. -dvFq grams 
Net Weight , grams 

"Btl Section (Probe Wash) 

Beaker # / 5 ( \ -  129 Tare Weight /oS, / q6 7 grams 
Volume Acetone / Yo mls Final weight65-, < 3  6 grams 

Net Weight 3 ' grams 

"Ctl Section (Condenser Particulate - Inorqanic Catch) 

Beaker # /I('- /z'q z Tare Weight 6 b ~ ~ 6 1  ,? grams 

Volume Water L Z G  mls Final Weight 66, 2G26 grams 
Net Weight 0, 0 00 8 grams 

I1Cxl1 Section (Condenser Particulate - Orsanic Catch) 

Beaker # /5i1- / 3 0 3  Tare Weight 66,  20 G qgrams 
Volume CH2C12 /5  ? mls Final weight (A. ,'G' 0 grams 

Net Weight - 1 2 grams 
JJL c J ,  - 

"D1' Section (Final Acetone Rinse of Impinqers) 

Beaker # / ?-:_) - / 2 '? $ Tare Weight /,i, Y 0 7 / grams 
Volume Acetone - <- J mls Final Weight (by, q '6- i  grams 

Net Weight 9 grams 



SAMPLE TRAIN INFORMATION 

Fill out one sheet per site and per test type. 

35 

A I R  Q U A L I T Y ,  I N C .  

CLIENT: 

LOCATION: f / l /Gi--  
SITE: &- s,b-J~ 
TEST TEAM: DATE(S): b/+ -- 6 ,) 6 h+ 

I 

RUN #'S: 3 , TYPE: 

4 4 8 + * 5  F ProbelFilter Temperature: 320 F Other 

lmpinger Temperature: A 8  F Other 

no NOZZLE TYPE: m u a r t z  THIMBLE: yes &eel none 

PROBE LINER: quartz glass &eel teflon 

water-cooled PROBE TYPE: d regular 

FRONT-HALF FILTER: a e s  - no SIZE (mrn): -90 4 1 0  -125 o t h e r  
FRONT-HALF FILTER MEDIA: I, quartz fiber glass fiber teflon 

SUPPORT: steel .-' glass frit teflon GASKET: silicon /teflon 

BACK-HALF FILTER: v e s  .--no 
tared - BACK-HALF FILTER MEDIA: -quartz fiber g l a s s  fiber t e l f o n  - untared 

NOTE: Show the back-half filter location with an arrow on the table below. 

IF THIS INFORMATION IS NOT ACCURATE FOR ALL RUNS, NOTE ALL EXCEPTIONS. 
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APPENDIX C 

Supporting Information 



SOURCE TEST OBSERVATION CHECKLIST 
ASPHALT PLANTS WITH BAGHOUSE 

CLIENT: L . ~ L Q s ~ ~  JO~I(YJ& J 

LOCATION: iGxf (9j.r) 

SAMPLE SITE: /?J~M PkX 

- 

A I R  Q U A L I T Y ,  I N C  

TEST DATE: 7 .Bug  q( /  

TYPE OF PLANT: # M / r  &dJt 
EQUIPMENT MANUFACTURER: &A &- , Sf4 h 6 - k  
MODEL: Jh.+ ld$nL 6r- rnqlm) CONSTRUCTED~INSTALL&: & g~ 

IDENTIFICATION NO.: / 4 l 0 3  DATE LAST TESTED: h e 9 2  

PROCESS RATE: 300 Tf/f DISCHARGE TEMP O F :  23q ' 

FUEL FIRING RATE: S4 2 TYPE OF FUEL: A? 2 hid 
AfC INJECTION LOCATION: ?% hd A *,Ad fLYv 
FINES IN GRAVEL (-200 mesh): S.S% 

GRAVEL MOISTURE: 3-C % ASPHALT TYPE: 4000 

DENSITY N 4  Ib/gal FLASHPOINT O F  )I* 

EQUIPMENT MANUFACTURER: c. MODEL: 

IDENTIFICATION NO.: l4lO3 

BAG MATERIAL: /1/ 6.t M ~ M X  NO. OF BAGS: 84-6 

BAG SIZE: 4LJ ' DATE BAGS LAST CHANGED: 4 rf 
TYPE OF BAG CLEANING: f i v r t . .  d ~1 

CLEANING CYCLE DURATION: 

DISPOSITION OF COLLECTED DUST: f i f - f l  76 mt; 

ADDITIONAL INFORMATION: 

SKETCH OF SYSTE 



mq 
A I R  O U A I  I T Y  I N C  

SOURCE AND PROCESS INFORMATION 

CLIENT: - &side L & = . t r , ~ s  

LOCATION: KC& ('i? 36) 

SAMPLE SITE: Asphdf f,!&,d - 

TEST DATE: 7 a b 6  ?f 

CLIENT CONTACT: &sf h q c  

OPERATION PERSONNEL: k,, Pwms 

AGENCY REPRESENTATIVE: &>A GrAd, 

AM TEST-AIR QUALITY PERSONNEL: JJ;*. G&nfiw 

TYPE OF PROCESS: W'Y asp&&“&' , 

l g ' z  
IYCun* 

EQUIPMENT MANUFACTURER: s f i w  S ~~~ - 

MODEL: 4/ (l4.s) CONSTRUCTEDIINSTALLED: 82 

IDENTIFICATION NO.: /9/03 DATE LAST TESTED: %r 82 

PROCESS RATE: 3 d 0  p d  

FUEL FIRING RATE: 84 TYPE OF FUEL: is 2 8 k - d  

TYPE OF EMISSION CONTROL DEVICE: & q h m c k  

EQUIPMENT MANUFACTURER: 57hL4 k 5 

PURPOSE OF TESTING: b&= i*rfb#d & 9 4  

EMISSION STANDARD (in units): .b2 4)1 d~cd 
/ 

PROCESS DESCRIPTION: 

PROCESS SHUTDOWNSIPROBLEMS: 



SOURCE TEST OBSERVATION CHECKLIST 
ASPHALT PLANTS WITH BAGHOUSE 

CLIENT: ialusthe ZLL~~PLJ 
LOCATION: ,ti,+/- ( m r )  

NVTTS 
A I R  Q U A L I T Y  I N C  

SAMPLE SITE: PkX 
TEST DATE: 7 , D u g  w 
TYPE OF PLANT: I@- NIX. #dJf 
EQUIPMENT MANUFACTURER: && &- , /&-+ 6- k 
MODEL: ,&yW /LL 6r- 101r 3 ~ )  CONSTRUCTED/INSTALL&: r$r 82 
IDENTIFICATION NO.: 0 3  DATE LAST TESTED: 

PROCESS RATE: 300 T d  DISCHARGE TEMP OF: 23'1 ' 

FUEL FIRING RATE: S4 2 TYPE OF FUEL: 4 2 hJ*P 
AM: INJECTION LOCATION: ?% k& A. hdd f i  
FINES IN GRAVEL (-200 mesh): 5.s 2 
GRAVEL MOISTURE: 3-C % ASPHALT TYPE: 8fl 

DENSITY NIQ IbJgal FLASHPOINT OF /.'* 

EQUIPMENT MANUFACTURER: s 7 ' i  d~ MODEL: 4/ 

IDENTIFICATION NO.: /+lo 3 

BAG MATERIAL: iq b t  N~MICX NO. OF BAGS: 84-6 

BAG SIZE: 4LJ ' DATE BAGS LAST CHANGED: &h 

TYPE OF BAG CLEANING: ~CVWS &..! LC 
I 

CLEANING CYCLE DURATION: 

ADDITIONAL INFORMATION: 

SKETCH OF SYSTE 
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Figure 1. Location of sampling ports and traverse points. 

A 

STACK DIMENSIONS r 38.75 inch x 64 inch rectangular vent 

5 ports located along the 64 inch side 

A = 1 diameter downstream 

B = 5 diameters upstream B 

0 0 0 0 0  
5 PORTS 

INLET 



METHOD 5 - PARTICULATE EMISSION CALCULATIONS - ( 1 )  

6.1 Nomenclature. 
A.  = Cross-sectlo~~al area of nozzle, m y  ( ft'). 
B~ = Water vapor In the  gas stream, propor- 

tlon by volume. 
C, =Acetone blank resldue concentration. 

mg/g. 
.-Concentratlon of particulate matter in 

stack gas. dry basis, corrected to stand- 
ard condltlons. g/dscm (g/dscf ). 

1 ;  percent of lsoklnetlc sampllng. 
L, =Maximum acceptable leakage rate lor  

either a pretest leak check or for a leak 
check following a component change; 
equal to 0.0057 mYm1n (0.02 cfm) or 4 
percent of the  average sampllng rate. 
whichever is less. 

=Individual leakage rate observed during 
the leak check conducted prlor to the  
,. t .,,,.. component change ( i =  I. 2. 3 .... n), 
rn3/mln (cfm). 

,I+ = Leakage rate observed during the post- 
test leak check, ml/mln tcfm). 

=Mulass of resldue of acetone after evapo- 
ration. mg. 

%=Total amount of partlculate matter col- 
lected. mg. 

M,=Molecular weight of water. 18.0 g/g- 
mole (18.0lb/lb-mole). 

p,,=Barometrlc pressure a t  the sampling 
site. mm Hg (in. Hg). 

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

P,, = Standard absolute pressure. 760 mm 
Hg (29.92 in. Hg). 

R=Ideal gas constant, 0.06236 mm Hg-ma/ 
'K-g-mole (21.85 In. Hg-ftl/'R-lb-mole). 

T,  =Absolute average dry gas meter temper- 
ature tsee Figure 5-2). 'K ('R). 

T,=Absolute average stack gas temperature 
tsee Figure 5-2). 'K ('R). 

T., =Standard absolute temperature. 293' K 
(528" R). 

Vo =Volume of acetone blank, ml. 
V., = Volume of acetone used in wash. ml. 
V,,=Total volume of liquld collected In Im- 

pingers and sllica gel (see Figure 5-3). 
ml. 

Vm = Volume of gas sample as measured by 
dry gas meter. dcm (dscf). 

Vmb,d)=Volurne of gas sample measured by 
the  dry gas meter. corrected to standard 
conditions, dscm (dscf). 

V-eld)=Volume of water vapor in the  gas 
sample. corrected to standard condi- 
tions. scm (scf 1. 

&=Stack gas velocity, calculated by Method 
2. Equation 2-9. uslng data obtained 
from Method 5, m/sec (ft/sec). 

w=Welght of residue in acetone wash. mg. 
Y=Dry gas meter calibration factor. 
AH=Average pressure dlfferentlal across 

the  oriflce meter tsee Figure 5-2). rnm 
H,O (in. H.0). 

~ = D e n s l t y  of acetone, mg/ml tsee label on 
bottle). 

f i=Dcnsity of water. 0.8982 g/ml (0.002201 
lb/ml). 

0-Total sampling tlme. mln. 
e,=Sampllng tlme Interval. from the  begln- 

nlng of a run until t h e  flrst component 
change, mln. 

8,-Sampllng tlme Interval, between two suc- 
cesslve component changes, beglnnlng 
wlth the  Interval between the  flrst and 
second changes, rnln. 

O,=Sarnpllng tlme Interval, from the  flnal 
(n'") component change until the  end of 
the  sampllng run, mln. 

13.6=Speclfic gravlty of mercury. 
60 =Sec/mln. 
100 =Conversion to percent. 

6.2 Average Dry Gas Meter Temperature 
and Average Orlflce Pressure Drop. See 
data sheet (Flgure 6-2). 

6.3 Dry Gas  Volume. Correct t he  sample 
volume measured by t h e  dry gas meter to 
standard condltlons (20' C. 760 mm Hg or 
68' F. 29.92 In. Hg) by uslng Equation 5-1. 

Equstlorl 5-1 

Where; 
K,=0.3858 'K/mm Hg for metrlc units 

= 17.64 'R/in. Hg for English units 
NOTE: mua t ion  5-1 can be used as written 

unless the  leakage rate observed during any 
of the  mandatory leak checks (1.e.. the  post- 
test leak check or leak checks conducted 
prior to component changes) exceeds L. If 
L, or , exceeds L, Quation 5-1 must be 
modlfied as follows: 

( a )  Case I. No component changes made 
durlng sampllng run. I n  this case. replace 
V, in Equation 5-1 with t h e  expression: 

(b)  Case 11. One or  more component 
changes made durlng t h e  sampling run. In  
thls csse, replace V, In Equation 5-1 by the  
exvression: 

\,--- ( Ll - 1,.)8, 

1 

and substltute only for those leakage rates 
(L or &) which exceed L. 

6.4 Volume of Water Vapor. 



METHOD 4 - STACK GAS MOISTURE CALCULATIONS 

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

in the gas stream. 
M,=Molecular weight of water. 18.0 g/g- 

mole (18.0 lb/lb-mole). 
P, =Absolute pressure (for this method, 

same as barometric pressure) a t  the dry 
gas meter, mm Hg (In. Hg). 

P ~ , ~ = S t a n d a r d  absolute pressure. 760 mm 
Hg (29.92 in. Hg). 

R=Ideal gas constant. 0.06236 tmm Hg) 
tms)/(g-mole) ('K) for metric units and 
21.85 (In. Hg) (ftl)/(lb-mole) ('R) for 
Engllsh units. 

T,=Absolute temperature a t  meter. 'K 
(.R). 

T,,d=Standard absolute temperature. 293' 
K (528.R). 

V, =Dry gas volume measured by dry gas 
meter, dcm (dcf ). 

A V, = Incremental dry gas volume measured 
by dry gas meter a t  each traverse point, 
dcm (dcf 1. 

Vl~,d,=Dry gas volume measured by the dry 
gas meter. corrected to standard condi- 
tions. dscm tdscf 1. 

V ,c,,~I = Volume of water vapor condensed 
corrected to standard conditions, scm 
t scf ). 

v,,~)=Volume of water vapor collected in 
silica gel corrected to standard condi- 
tions, scm (xi). 

V~=Final volume of condenser water. ml. 
v,=Initial volume. if any, of condenser 

water. ml. 
W,=Flnal weight of sllica gel or silica gel 

plus implnger, g. 
Wt=Inltial weight of sillca gel or sillca gel 

plus lmplnger. g. 
Y =Dry gas meter calibration factor. 
P-=Density of water. 0.9982 g/ml (0.002201 

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

K, -0.001333 ma/ml for metric Units 
-0.04707 ft8/ml for Engllsh units 

2.3.3 Volume of Water Vapor Collected In 
Sillca Gel. 

Where: 
K,=0.001335 ms/g for metric units 

=0.04715 fts/g for Engllsh units 
2.3.4 Sample Gas Volume. 

Eq. 4-2 

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

= 17.64 'R/in. Hg for Engllsh units 

NOTE: If the post-test leak rate (Section 
2.2.6) exceeds the allowable rate. correct the 
value of V, In Equatlon 4-3. as described in 
Section 6.3 of Method 5. 

2.3.5 Moisture Content. 

Eq. 4-4 

Non: In saturated or moisture droplet- 
laden gas streams. two calculations of the 
molsture content of the stack gas shall be 
made, one using a value based upon the 
saturated conditions (see Section 1.2). and 
another based upon the results of the Im- 
plnger analysis. The lower of these two 
values of B ,  shall be considered correct. 



METHOD 2 - STACK G A S  VELOCITY AND VOLUMETRIC FLOW CALCULATIONS 

5.1 Nomenclature. 

A = Cross-sectional u e a  of slack. m' ( I t  9. 
B,=Water vrpor In the gas stream (fmm 

Method 5 or Refertnce Method 0, pro- 
portion by volume 

C, =Pitot tube coefficient, dimensionless. 
K, =Pitot tube conslant. 

for the  metric system and 

(Ih/lh-molc)(in Iig) 95.49 & [ ] 
sec ( O l ( ) ( i n .  H t O )  

for the English system. 
MI =Molecular welght of strclr gas, dry basis 

(see lkctlon 9.6) g/g-mole (Ib/lb-mole). 
Af.-Moleculu welght of sUck gas. wet 

brals. g/g-mole (Ib/lb-mole ). 
= & ( I - & )  +18.0 S, 

E9. 2-5 

P, = Buometric pressure at  measurement 
dte. mm Hg tin. HI). 

P,=Strck stat(c pressure, mm Hg (In. HE). 
P,=Absolute stack grs pressure. rnm H g  (Ln. 

Hg). 
=P..,+P, Eq. 2 4  

a. 2-6 
P, = Standard absolute pressure. 760 mm 

Hg (29.92 in. Hg). 
Q,=Dry volumetric stack gas flow rate cor- 

rected to standard conditions. dscm/hr 
tdscf/hr). 

L =Stack temperature. 'C ('F). 
T. =Absolute stack temperature. 'K. ('R ). 
=273 + L for metrlc. 

m. 2-7 
= 460 + t, for Engllsh. 

Es. 2-8 
T,=Standard absolute temperature. 293 'K 

(528' R).  
%=Average stack gas veloclty, m/sec (I t /  

sec). 
&=Veloclty head of stack gas, mm H.0 (In. 

H.0). 
3.600-Convenlon factor. sec/hr. 
18.0=Molecular weight of water. g/g-mole 

(lb/lb-mole). 
5.2 Average Stack Gas Velocity. 

Equation 2-9 

5.3 Average Stack Gas Dry Volumetric 
Flow Rate. 

Eq. 2-10 

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS 

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

mole). 
%EA= Percent excess afr. 
%CO.=Percent CO, by volume (dry basis). 
%O,=Percent 0. by volume (dry basis). 
%CO=Percent CO by volume (dry basis). 
%N,=Percent N. by volume (dry basis). 
0.284=Ratio of 0, to N, In air. v/v. 
0.280=Molecular welght of N, or CO. dlvtd- 

ed by 100. 
0.320-Molecular welght of 0, dlvlded by 

100. 
0.440-Molecular weight of CO, dlvlded by 

100. 
6.2 Percent Excess Air. Calculate the per- 

cent excess alr (if applicable), by substltut- 
Ing the appropriate values of percent O1. 
CO, and Nn (obtained from Sectlon 4.1.3 or 
4.2.4) Into Equation 3-1. 

Eq. 3-1 

NOTE The equatlon above assumes that 
ambient air Is used as the source of 0, and 
that the fuel does not contaln appreciable 
amounts of N, (as do coke oven or blast fur- 
nace gases). For those cases when apprecia- 
ble amounts of N, are present (coal, oil. and 
natural gas do not contain appredable 
amounts of N.) or when oxygen enrichment 
is used. alternate methods. subJect to ap- 
proval of the AdmInIstrator. are required. 

6.3 Dry Molecular Weight. Use E~uat lon  
3-2 to calculate the dry molecular weight of 
the stack gas 



Figure 2. Method 5 Sample Train. 

Sampling norsle 

Sampling probe sheath 
Heated sample probe liner 

Out of stack filter assembly 
Heated filter compartment maintained at 248OF & 25OF 

(or temperature specified in 40 CFR subpart) 
Impinge. case - contains ice during sampling 

First impinger containing 100 ml Hz0 

Modified Greenburg-Smith impinger containing 100 ml H20 

Third impinger - e m ~ t v  - -. 
10. Fourth impinger containing indicating silica gel desiccant 
11. Impinger exit gas temperature sensor 
12. Umbilical cord - vacuum line -...- 

13. Vacuum gauge 

14. Fine and coarse adjustment valves 
16. Leak free pump 

16. By-pass valve 
17. DV gw m t e r  with inlet and outlet temperature m s o n  
18. Orifice meter with magnehelic gauges 
1 9  S-type pitot tube with magnehelic gauges 
20. Fluke multi-channel digital thermocouple indicator 



METHOD 5 - PARTICULATE EMISSION CALCULATIONS - (2) 

Where: 
K.=0.001333 ml/rnl for metrlc unlts 

=0.04707 ftl/rnl for Engllsh unlts. 
6.5 Mohture Content 

Eq. 5-3 

NOTE: In saturated or water droplet-laden 
gas streams, two calculations of the mols- 
ture content of the stack gas shall be made. 
one from the impinger analysis (Equation 5-  
3). and a second from the assumptlon of 
saturated condltlons. The lower of the two 
values of 8, shall be considered correct. The 
procedure for determlnlng the moisture 
content based upon assumptlon of saturated 
condltlons is given In the Note of Section 1.2 
of Method 4. For the purposes of this 
method. the average stack gas temperature 
from Flgure 5-2 may be used to make this 
determination. provided thet the accuracy 
of the In-stack temperature sensor is * 1' C 
(2'  F). 

6.6 Acetone Blank Concentration. 

6.7 Acetone Wash Blank. 

6.8 Total Particulate Welght. Determine 
the total partlculate catch from the sum of 
the weights obtained from Containers 1 and 
2 less the acetone blank (see Flgure 6-31. 

Nom. Refer to Gectlon 4.1.5 to aslrlst Ln 
calculation of results involving two or more 
fUter aasemblles or two or more sampllng 
trains. 

6.9 Particulate Concentration. 

6 11 Isoklnetlc Varlatlon. 
6.11.1 Calculation From Raw D ~ t a  

Eq. 5-7 
Where: 
K, =0.003454 mm H g -  m3/ml -'K for metric 

unlts. 
=0.002669-In. Hg - ft'/ml- 'R lor English 
unlts. 

6.1 1.2 Calculation From Intermediate 
Values. 

where: 
K,= 4.320 for metric unlts 

=0.09450 for Engllsh unlts. 
6.12 Acceptable Results. If 90 percent < I 

< 110 percent. the results are acceptable. If 
the particulate results are low ln comparl- 
son to the standard, and I is over 110 per- 
cent or less than 90 percent. the Admlnlstra- 
tor may accept the results. 

Eq. 6-8 
6.10 Convemlon Foctom: 



NOMENCLATURE 
METHOD 5 C A L C U L A T I O N S  

mstd 
= Volume of gas sample measured by the  d r y  gas mctcr ,  cor rcc ted  

to s t anda rd  conditions, dscm (dscf).  

Y = Dry gas meter calibration factor  

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

H = Average pressure d i f fe ren t ia l  across the  o r i f i c e  meter ,  
mm E120 ( in.  H 2 0 )  

Tm = Absolute  average d r y  gas meter t empera ture ,  O K ( O  R )  

dscm = Dry  s t anda rd  cubic  mcters 

dscf  = Dry  s t anda rd  cubic  feet  

Wa = Weight of residue in acetone wash 

Ma = Mass of residue of acetone a f te r  evapora t ion ,  mg 

C a  = Acetone blank residue concentration, mg/g 

V a  = Volume of acetone blank 

v 
aw 

= Volume of acetone used in wash, ml 

Mn = Tota l  amoun t  of par t iculate  matter collected, mg  

C = Concent ra t ion  of part iculate  matter  in s t ack  gas, d r y  basis,  
cor rec ted  to s tandard  conditions, mg/dscm (gr /dscf )  

gr /dscf  = gra in s  per d r y  s tandard  cubic foot  

VWstd 
= Volume of water  vapor  in the gas sample, cor rec ted  t o  

s t a n d a r d  conditions, scm (scf) 

*ws 
= Water vapor  in the gas stream, proport ion by volume 

Md = Molecular  weight of stack gas, g/g-mole o n  d r y  basis 

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

V = Stack gas velocity, calculated by Method 2, Equa t ion  2-9, 
using d a t a  obtained f rom Method 5 ,  m/sec ( f t / sec)  

Cp = Pitot  t ube  coeff icient ,  dimensionless 

ap = Veloci ty head of s tack gas, mm H 2 0  (in. H 2 0 )  

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



N O M E N C L A T U R E  ( c o n t i n u e d )  
M E T I I O D  5 C A L C U L A T I O N S  

Qstd  
= I l ry volumctr ic  stack gas  f l o w  ratc  corrcctcd t o  s t a n d a r d  

contl i t  ions, dscm/hr  (d sc f ih r )  

d sc f /min  = d r y  s t anda rd  cubic fcct pcr minutc (also i dcn t i f i cd  
a s  d c r m  or scfrn) 

a c f m  = ac tua l  cubic  feet  pcr minutc 

I = I'crccnt of isokinetic sampling 

An = Cross-sectional area of nozzlc, mZ ( f t 2 )  



STANDARD DRY GAS METER C A L I B R A T I O N  DATA SUMMARY 
AMTEST A I R  Q U A L I T Y ,  I N C .  

PERFROMED BY HOMER R .  D U L l N  CO. 

C a t .  DGM 
Ind, SCFH 

P r i m a r y  
S t a n d a r d  

SCFH 

AVG. Yds = 



HOMER R. DULIN CO. 
729 EAST WILLOW STREET 

LONG BEACH, CALIFORNIA 90806 
(310) 424-8533 (213) 636-4096 FAX (310) 426-7707 

C E R T .  NO.  4 - 3 0 4 - 4  

CALIBRATION CERTIFICATION 
SUBMITTED BY: - KR l S .A .  HANSEN CO . _ _ _ _ _ _ _ _ - -  

FLOWMETER SERIAL No. -m3-- 
M A N U F A C T U R E R - ~ ~ E  R MFG. SERIAL NO. . 2 7 6 8 8 

TUBE No. FLOAT No. ___ 

MODEL N O . :  T - 1 1 0  

REMARKS: A A L  I BRATED I N  CFH A I R  @ 1 4 . 7  P S  l A  & 7 0  DEG F .  

ACCURACY: SEE DATA 

Flowmeter Certified with HOMER R. DULIN CO. 

Equipment No. 1 2 4 O O ~ c c u r a c y  0 . 2 %  Calib.Due 5 - 2 8 - 9 4  
Procedure No. 1 0 1 G  

NlST Cert. No. ~ 8 2 1 1 L L E E E - X -  

Our standards are certlfled by or are traceable lo the Nal~onal Insl~tute 01 Standards and Technology and comply w~th MIL-STD-45662A 

P.O. ~ 0 . 0 6 3 3 0  S h i ~ ~ e r  No. 

CALIBRATION DATE RECALIBRATION DATE CALIBRATION TECHNICIAN 
6 . R I C H A R D S O N  



DRY GAS METER C A L I B R A T I O N  
AM T E S T  - A I R  Q U A L I T Y ,  1NC. 

F I L E  NAME: R E D 1  1 - 9 3  
METER BOX #: RED MANOMETER 
C A L I B R A T I O N  D A T E :  1 1 - 2 9 - 9 3  
METHOD OF C A L I B . :  STANDARD DRY GAS METER ( M e t h o d  5 S e c t i o n  7 . 1 )  

T O T A L  D E L T A  METER METER TEMP TEMP BARO. STD STD S I . D G M  ST.DGM ST.DGM 
T l M E  H VOL V 1  VOL V 2  I N  W T  P R E S .  DGM DGM TEMP I N  TEMP OUT Y d s  

m i n  " H Z 0  c f c f  deg F d e g  F " H g  V 1 V 2  d e g  F d e g  F FACTOR 

AVERAGE 

Y FACTOR D E L T A  H@ 



T E M P E R A T U R E  SENSOR CALIBRATION D A T A  FORM 

DateL-ZI-f , 3 Thermocouple Indicator # 
s /' 

Ambient ~ e m ~ e r a t u r e  6 5 OF Barometric J?ressure~?-q in Hcj 

(ref tcrno. O F  + 460) - (test therm. tcmD. O F  + 4601 1 0 0 5  1.5% 
(ref temp, O F  + 460) 



T Y P E  S PITOT T U B E  INSPECTION D A T A  F O R M  

C l i e n t  

~ o c a t i o n  )a WR -- 
, 

s i t e ( s )  I b y L m - m  S G  - -- 

Test 
b- - 4 4  D a t e  (s) 

P i t o t  t u b e  assembly l e v e l ?  y e s  -- n o  

P i t o t  t u b e  o p e n i n g s  damaged? yes  ( e x p l a i n  b e l o w )  , / n o  

/-- r--- 

a , =  /.$- O ( < I O O ) ,  a , =  0 . 5  " ( < l o 0 ) ,  B ~ =  /- o (<so,. 

(4") 62 = -3-5- 

r =  Y . 0  O, e =  0.0 O ,  A =  1 -  fl ( )  c m  (in.) 

z = ~ s i n ~  = 0 t . ~ 1 ~ 5 7  c m  (in.); €0.32 c m  (<1/8  in.), 

w = A s i n ~  = 0 . 0 0 0  c m  (in.); 1.08 c m  ( < 1 / 3 2  in.)  

jo (3 
/- ,-- 

P~ c m  (in.) Pb , -5 0 5 c m  ( in . )  

D , =  O.17< c r n ( i n . )  

C o m m e n t s  : 

C a l i b r a t i o n  r e q u i r e d ?  
* 

Y e s  - 

* 
I f  y e s ,  t a g  and t a k e  o u t  of service u n t i l  r e p a i r e d .  



STACK T E M P E R A T U R E  SENSOR CALIBRATION D A T A  F O R M  

pp 

D a t e  \I- 29-79 T h e r m o c o u p l e  I n d i c a t o r  X . .  - 

Ambient T e m p e r a t u r e  7 \ O F  Barometric P r e s s u r e  ~ 4 , f i ~ ~ i n  1119 

(ref tcmD. OF + 460) - (test thcrm. tcrnD. O F  + 460) 1 0 0 5  1.5% 
(rcf tcmp. O F  + 460) 

THJ~RMOCOUPLLE 
TEMPERATURE 

F 

3 3  

z , 5- 
'5ez 

THERMOC0UPz;E 
g! OR 

R E F E R E N C E  

. /Crc 

-- 

TEMPERATURE 
DIFFERENCE 

R E F E R E N C E  
T H E ~ Q ~ T E R  
T E I - f P E M m  

O F  

7 3 

- -2 \ \  

3 Bo 

F 

0.0 

Y 

2, 

% 

b.oo& 

0-(90 % 
o .W%,  




