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INTRODUCTION 

The purpose of this atmospheric emission evaluation performed a t  Lakeside 

Industries' Madson asphalt paving plant located in Lacey, Washington was to 

determine the particulate emission concentration of the baghouse exhaust gas. 

Three (3) particulate emission concentration compliance tests were performed on 

July 18, 1985 utilizing the Environmental Protection Agency's (EPA) Method 5 

procedures. Mr. James A. Guenthoer of Am Test, Inc., Seattle, Washington 

performed the field sampling and laboratory analysis. Mr. Kris A. Hansen of Am 

Test performed data reduction. Mr. Harold Nickel of Lakeside Industries 

coordinated this project. Mr. Bob Smith, Lakeside Industries' Lacey plant foreman, 

coordinated plant operations. Mr. Jim Wilson of the Olympic Air Pollution Control 

Authority (OAPCA) observed the field testing. 

SUMMARY OF RESULTS 

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

emission concentration, collected July 18, 1985 a t  Lakeside Industries' Lacey, 

Washington facility, are summarized in Table 1 below: 

Table 1. Summary of particulate emission concentration test results. 

M A S S  
EMISSION 

RATE 
lbs/hr -------- -------- 

AIR 
FLOW 

dscf /m 
------- ------- 



The average particulate mass emission rate of 0.056 grains per dry standard cubic 

foot (grldscf) was within the Olympic Air Pollution Control Authority (OAPCA) 

standard of 0.10 gr/dscf for this particular asphalt paving plant. Computer 

printouts which detail the complete results immediately follow the "Calculation of 

Results" section of this report. An acceptable leak check followed each run. The 

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

Run 1 was nearly completed when Lakeside personnel signaled that the holding silo 

was full  and they were stopping the process. The test was stopped at 59.3 minutes 

into the run. During run 3 the probe-to-filter connecting glassware was broken 

when switching from port 3 to port 4 after 45 minutes of sampling time. The plant 

was near the end of its' production day when this breakage occurred, therefore, 

Mr. Guenthoer of Am Test and Mr. Wilson of OAPCA decided that i t  would be 

appropriate to discontinue sampling. The filter and condenser section of the 

Method 5 train were leak-checked and found to be within the acceptable EPA 

criteria. 



DISCUSSION 

SAMPLING PROCEDURES - OVERVIEW 

Sampling procedures specified in the July 1, 1984 Title 40 Code of Federal 

Regulations, Part 60 (40 CFR 60), Appendix A, Methods 1-5, were followed 

throughout this project. Methodology suggested in the Environmental Protection 

Agency's (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 Assurance Handbook for  Air Pollution 

Measurement Svstem~, Volume 3, EPA-600/4-77-0276, along with current updates, 

were used for supplemental information with respect to quality assurance and 

testing protocol. 

SAMPLING PROCEDURES - SPECIFIC 

The 31 inch by 37 inch rectangular stack had four (4) sampling ports located at 

equal distances along the 37 inch side. The sampling ports were located 3 feet 

upstream and IS feet downstream from the nearest flow disturbance. Four (4) 

traverses of six (6) points each were selected according to Method 1 criteria (40 

CFR 60, July 1, 1984). Each point was sampled for 2.5 minutes, for a total 

sampling time for  each Method 5 run of 60 minutes. Both the sample probe and 

the support plank were marked with felt pen to indicate the proper point location. 

Stack condition measurements were performed prior to testing. A sample nozzle 

was chosen and isokinetic operating parameters were established utilizing a 

Hewlett-Packard 41CX programmable calculator. The sampling nozzle, probe and 

prefilter connective glassware were acetone cleaned 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 a t  the desired production rate and the desired operating parameters. A 

final check was made of the box and probe heat. 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 sampling rate adjusted for isokinetic 

sampling. Sampling proceeded isokinetically a t  each of the 6 traverse points. The 

pump was then turned off and the sample train was moved to the second port. 

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

nozzle was then positioned at the first point of the second traverse, the pump was 

again turned on and isokinetic sampling was performed a t  the 6 traverse points. 

Upon completion of the second traverse the probe was removed from the stack and 

the third and fourth sampling ports were traversed. A post-test leak check was 

performed according to Method 5 procedures. 

SAMPLE TRAIN 

The sample train used was an  EPA Method 5 design with modifications as shown 

in Figure 1. The stainless steel button hook nozzle used had a diameter of 0.183 

inches as measured on-site with inside calipers. A three (3) foot stainless steel 

probe with a heated liner was used for these tests. The probe was equipped with S- 

type pitot tubes and a thermocouple sensor. The pitot tubes have been recently 

calibrated a t  the State of Washington Department of Ecology (DOE) wind tunnel. 

A thermocouple probe was used to measure the stack gas temperature. The Fluke 

thermocouple indicator has been certified by the manufacturer to be accurate 

within 1 degree Fahrenheit. A field check with 32 degree icewater was performed. 

A glass filter assembly with a 125 millimeter glassfiber filter was enclosed in a 

temperature controlled heated box. The average box temperature was maintained 

a t  248' F + 25' F. The nozzle, probe liner, prefilter connective glassware and 



glassfiber 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 Smith-Greenburg 

bubbler containing 100 milliliters (ml) of deionized, distilled water, an impinger 

also containing 100 ml of deionized, distilled water, an empty bubbler, and a 

bubbler containing indicating silica gel desiccant. The backhalf was maintained at 

a temperature below 70' F. 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 used to pull the stack gas through the sample 

train, fine and course 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 has been recently calibrated on a 

spirometer a t  the State of Washington Department of Ecology. At the outlet of the 

dry gas meter is a critical 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 are 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. The glassfiber filter was 

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

number. This 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 at 103' C for 2 hours, then they were transferred to a desiccator 

containing indicating silica gel for 24 hours of desiccation prior to obtaining final 

weights. The tare and final weights were made using a Mettler AE163 electronic 

balance set to a time integrating mode with a readibility of 0.1 milligrams. The 

filters containing particulate matter were weighed to a constant weight of + 0.5 

milligrams. The interval between weighings was at 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. 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 cleaning of the probe. This contents of this "B" section acetone rinse 

were transferred to tared 150 milliliter beakers. The volume of acetone in the 

beaker was recorded and the beakers were placed on a hot plate with the 

temperature set on low. The acetone was evaporated under close supervision at a 

temperature lower than the boiling point of acetone. A tared beaker with 100 

milliliters of acetone 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 2 

hours of heating to 103' C and 24 hours of desiccation, as with the filters 

described above. The samples and acetone blanks were weighed to a constant 

weight of + 0.5 milligrams at 6 hour or greater intervals. 



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

sample train were weighed with an accuracy of + 0.1 grams before and after 

sampling on a triple beam 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 particulate weights are included on the "Method 5-  

Particulate Emission Concentration Results" computer printouts which immediately 

follow the "Calculation of Results" section of this report. 

QUALITY ASSURANCE 

A strict quality assurance program was followed throughout preparation, sampling, 

analysis, and report preparation. This program includes recent equipment 

calibrations, careful chain-of-custody procedures, and use of ACS quality or better 

reagents. 

The sample nozzle was calibrated on-site before sampling using inside calipers 

accurate to + 0.001 inch. The dry gas meter was recently calibrated on a 

spirometer a t  the Washington State Department of Ecology (DOE). The "S" type 

pitot tubes have been recently calibrated at  the DOE laboratory utilizing a wind 

tunnel and a standard "P" type pitot tube. The Fluke thermocouple indicator has 

an  accuracy of + 1 degree Fahrenheit. 

In addition to quantitative clean-up and analysis procedures, acetone and filter 

blanks were carried throughout the laboratory procedures. The Method 5 filters 

and beakers were weighed to a constant weight of + 0.5 milligrams. Additional 



information with respect to the Am Test, Inc. laboratory quality assurance and 

quality control protocol is included in the Appendix of this report. 

CALCULATION OF RESULTS 

The results of these tests were calculated using the equations found in the 40 CFR 

60 Methods 1-5. These equations are included in the Appendix. Final result 

calculations were performed using Hewlett-Packard 110 and 150 computer systems. 

A by-hand sample calculation for the Method 5 runs was performed on a Hewlett- 

Packard 41CX calculator, and may be found in the Appendix of this report. 



APPENDIX 
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HETHLi. . PRRIICULRTE MISSION CONCENlRATIOH RESULTS 
W1 TEST, INC. - AIR PURLITY OCPRRTMENi 

FILE NME: 
CLIENT: 
LOCRTIOti: 
SWlPtE SITE: 
SRnPLE DATE: 
RUB D: 
OPERATORS: 
CONTRCT: 
CONTAf 1: 

L K S l R l  Lfl8 !I: 921 51 
LAKESIDE INDUSTRIES STAPT TIME: 0749 O'CLOCK 
LRCEY, URSHINGTON STOF TIHE: 0856 O'CLOCK 
BRGHOUSE OUTLE T SHnP!f TIME: 59.3 MINUTES 
JULY 18, 1985 PROOUCTION RATE: 250 TONSlHR 
1-tlETH00 5 HIHER REFUSE 
JIM GUENTHOEP 
BOB SnITH 
HAROLD NICKEL 

fINRL UT. INIT.UT. NET U l ,  
Of H20 F. Of HZ0 G Of H20 6. 

679.1 517.4 101.7 
59?,4 513.3 19.1 
466.6 964.7 1 .B  
838.0 829.0 9.0 

TOTAL Hi0 GRIN: 131 ,? 
TOTAL UOLME (SCr) 6.20 
PERCENT HOISIURE: 12.6s 
&Is: 0.1269 

INIT. MiTER UOLWE 250.611 

PITOT Cp: 0.845 
NOZZLE OIA INCHES: 0.183 
NOZZLE ARC8 fT'2: 0.0002 
STRU OIR. INCHES: 31"83?" 
STACK AREA fTA:: 7.965 
HElER IMP.  DEG f: 72.0 
BRRIXI. PRES. "HG: 29.96 
STATIC PRES, "H20: 3.00 
STRCK PRES. "Hii: 30.18 
ORlrICE PRES "H20: 0.98 
nErER PRES. "HE: 311,?5 

FROHTHRLF PRRTICULRTl MASS LOADING 

FILTER NUYBER: 11 25-008 
TflRf UEIGHT 0 i  FILTER I N  GKRIS: 
FINRL UEIGHT OF f ILIER I N  GRPSIS: 
NET UEIGHT Of PARTIC. HATTER I H  GRAnS: 

BERKER NMBER: 185-354 
TARE UEIGHT OF BEAKER I N  GRMS: 
FINRL UEIGHT Of BEAKER I N  6RRF1.5: 
HE1 UfI6HT Of PARTIC, hAT1tR I N  GRfAIS: 
UOLUNE Of RCfTONE I N  IILLILITERS: 

IRRE UEIGHT Of RCETONE I N  GRMS: 
FIHflL UEIGHT Of ACETONE I N  GRRnS: 
UOLUni Of tlCElOHE I N  HILLILITERS: 
NET CONTRIBUTION Of ACfTONf I N  HGAL: 

fINAL flETER UOLME 293.005 4ERRC.E X CD2: 0.2 I- 
, . ;: - _ _ _  - / r cp (b-  .-.) 

UOLME SMPLEO: 42.392 RUERRGE I: 02: 10.3 
STD UOLME tOSCf): 42.652 AUERRGE X LO: .O 7 ' 0 )  

STD UOLWlE (D5Ul): 1.507 SIRCt GAS M. DRY: 29.72 
Y FACTOR: 1.010 STRCK GAS IZU. UET: 28.23 

*IWC*t*I(**X*f*CltNHIHtC*W*1Ht*tItX~X**HYW*ZIWW*I*I*X***ItH*it**f** 

SAnPLE VELOfITY TDPERRTURE SSnFLE UlLOCITY IMPEPRTURI 
POINT " OF H20 DEGREES f. POINT " Of H20 OEEREfS f ,  

1 0.75 155 1 1.00 156 
2 7 1.35 155 I. 1.30 159 
3 L O 0  156 3 1.7b 159 
4 2.80 156 4 2 . 0  159 
5 3.00 155 5 3.0il 159 
6 3.00 156 6 3.50 159 
1 0.95 156 1 1.20 159 
2 1.70 156 2 1,50 160 
3 2,OC 158 3 1.90 l h l  
4 2.80 156 4 2.40 158 
5 3.50 158 5 3 . M  159 
6 3.50 156 6 3.00 159 
* W * * * * * * ~ ( X I * ~ X * * * H * * * + X * * * I ( ( W * * ~ * W * X * * * C W * Z I ~ ) I ! ~ ~ I I W X ~ X ~ ~ * C + * X * + H  

PERCENT ISOKINETICS: 97 1 
STACK TEtlPEPflTURt: 157,6 DE6, f ,  617.6 DE6. R. 
RUERRGE UELOCIiY HERD: 2.12 " Of H20 
STACK GRS UILOCITY: 88.63 flfT/SEC 89,5? fT/SEC. 
STRCK GRS RIP TLOU: 92359.2? flCF/tl 32209.3 O S C ~  m 
P f l a W L  -@CUM= ---. --.-- 0.056 GR/OStf 0 , 0 8 2 7 t -/Q 8 c  @ /a C" -..-, 
POLLUTRHT HRSS RRTC (COHCENTRRTION HEIHOOi: 15.49 -___fi 1WHR j. 

2. 



t tc lm, 5 - PARTICULRTE ENISSION CONCENTRRTION RESULTS 
flH TESI, INC. - RIP QUALITY DEPflRTflENT 

FILE N M i :  LKSD-R2 
CLIEHI: LAKESIOE INDUSTRIES 
LOCATION: LflCEY, URSHINGTON 
SAnPLt SITC: BRGHOUSE OUTLE I 
SMPLE DATE: JULY 18, 1985 
RUN 1: 2-tiETHOO 5 
OPERATORS: J IN  GUENTHOER 
COHIRCI: BOB St l I iH 
CONTACT: HRROLO NICKEL 

FINAL UI. INIT.UT, HE1 UT, 
OF H20 6, OF H20 G Of H20 6. 

71 3.4 600.5 
609.1 591.1 
9 7 7 . 7  475.3 
849,l 836,1 

TOTRL HZ0 GRIN: 
TOTAL UOLMS (SCf! 
PERCEYT tlOISTURE: 
ks: 

INIT. HEIER UOLME 293.5?b 
FINAL flf1ER UDLME 340.420 
UOLME SRIIPLED: 46.844 
$10 UOLUnl iDSCfj: 46.363 
510 UOLWlE (OSM): 1.638 
Y FACTOR: 1.010 

LRt t :  92152 
START TINE: 1055 O'CLOCK 
STOP TME: 1204 O'LLOCK 
SMPLE TIRE: 60.0 UIHUTES 
PRODUCTION RRTE: 250 1ONS:HR 
NfKEO REiUSE 

PITOT CP: 0.845 
NUZLE OIA INCHES: 0.183 
NOZZLE RRER i I h 2 :  0.0002 
SIRCK OIR. INCHES: 31 "X37" 
STRCK RRER FTAZ: 7.965 
HETfR IMP. 0E6 f: 81.0 
BAROII. PRES. "HE: 29.96 
STRTIC PRES. "H20: 3.00 
STHC# PBES. *HG: 3U,18 
ORIrICE PCES "H2O: 1.11 
KETER PRES. "H6: 30.26 

AUERRGE x COZ: 2 ,J  
AUERRGE X 02: I ? , ?  
RUERASE X CO: 0.0 
STACK 6RS M. OW: 29.09 
STACK GRS M. UfJ: 27.66 

FRONTHRLf PRRTICULRTE RASS LOADING 

FILTER HUnBEP: 111 25-004 
TAR[ UEIGHT Of fILTEK I N  GRMS: 
FINRL UEIGHT OF f I l l E R  I N  GRRHS: 
NET UEIGHT OF PRRIIC, HRTTER I H  GRRnS: 

BEAKER HMBER: 885-35s 
TARE UEIGHT 01  BERKCR I N  GRRHS: 
FINAL UEIGHT OF BEAKER I H  GRMS: 
NET UEIGHI D i  PRRTIC, RRTTER I N  GRfltlS: 
UOLWlf Of ACETONE I N  MILLILITERS: 

IRRE UEIGHT Of RCCIONC I N  GRINS: 
iIHAL UEIGHI OF RCETONi I N  GRfmS: 
UOlW.IE Of RCEIONE I N  tlILLIL!TERS: 
NEI CONTRIBUTION OF RCETOHE I N  tl6ML: 

TDTRL FRONlHRlf PARTIC. MRTTER !ti GRAMS: 

**Ht****HH(*********************XXH************Ui*X********P*** 

SRnPLE UELOCITY TfXPERRTURE SRRPLE UELUCIlY TMfERATUWE 
POINT " Of HZ0 DEGREES F. POIHI " Of HZ0 DEGREES f. 

I 1.5D 142 1 1.20 153 
2 2.00 143 2 2.00 155 
3 2.10 145 3 2.90 156 
4 2.50 141 4 3.20 157 
5 3.00 148 5 3.50 151 
6 3.00 150 6 3.50 157 
1 1.30 150 1 1.10 156 
2 1,60 152 i 1.60 157 
3 2.00 153 3 2.80 159 
4 2.20 153 9 3,30 159 
5 3.00 154 5 3.50 159 
b 3.00 154 6 !,SO 159 
***Xf*W*******YfUX*****t****X***********XT************X*+***~*****U 

PERCENT ISOKINETICS: 91 X 
SiACk TMPERRTURE: 153 , l  Orb. r. 613.1 DEG, R,  
RUERAGE UELOCITY HERO: 2.45 " OF HZ0 
STRCK 6flS UELOCITY: 94.02 AFT/SEC 95.94 FT/SEC. 
SltlCK GRS RIY FLW: 44934.23 ACF/R 34699.5 DSCf f l  
PRRTICULRTE COHCENTRBTIM(: -- 0.458 fiR/OSCF 
PGLLUT RHT ~ R S S  RRIE (COHCENTRRTION ~ ~ E T H O D ~ :  17.35 LB/HR 



M E T b  5 - PRRTICULRTE MISSION CONCENTRfiTION RESULTS 
f# TEST, INC. - RIR QUALITY OEPRRrflENT 

f I L E  NME: LKS0-R3 LRR 8: 921 53 
CLIENT: LRKESIOE INDUSTRIES START TIHE: 1338 O'CLOCK 
LOCATION: LRCEY, URShINGTON STOP !In[: 1430 O'CLOCK 
SRtlPLr SITE: BRGHOUSt OUTLET SMPLE TINi: 45.0 HINUTES 
SMPLE ORIE: JULY 18, 1985 PRUOUCTION PRTE: 250 IONS/HR 
RUN 11: 3-HETHOD 5 Rllcrn REFUSE 
OPERATORS: JIR GUEHIHOER 
CONTRCT: BOB SMITH 
LONTRCI: HRROLU NICKfL 

FINRL U?. 1NIT.UT. 
Of H20 G .  OF H20 6 

669.3 575.0 
592.2 577.6 
482.3 480.9 
754.4 745.6 

TOTAL HZ0 GRIN: 
TOTAL UULME ;SCF) 
PERCENT BOISTURE: 
Bus: 

NET UT. 
Of HZ0 6. 

PIT01 Cp: 0.845 
NOZZLE OIR INCHES: 0.183 
NOZZLE RRM TTAZ: 0.0002 
STRCK DIR, INCHES: 31 "X37' 
SlRCk RRES FTA2: 7,965 
HElER TMP. DEG F: 89.1 
BRRM. PRfS. "HG: 29.92 
STRIIC PPfS. 120: 3.00 
STACK PRES. "HG: 30.14 
ORIFICE PEES "H?O: 1 . I 4  
RETEKPRES. "HG: 30.22 

INIT.  HETER UOLWlt 340.688 
FINRL RETER UOLUnE 376.571 AUERRGE I C02: 2.3 
UOLUnE SMPLEO: 35.883 RUERRGE X 02: 17.9 
STD UOLME (OSCf ): 34.946 RUERRGI % CO: 0.0 
STG UOLME (DSQ!): 1.235 STRCK GRS HU, DRY: 29-09 
Y fRCTOR: 1.010 STRCK GRS M. WET: 27.55 

**X*HH**H***H**1H(****H*~**+*****H*U****~WZ**HW***HW,+*** 

SMPLE UELOCITY TERPCRflTURE SAnPLC UELOCITY TERPERRTURE 
POINT " O f  H2O OEGRiES f. POINT ' OF H2O DEGREES F. 

1 1.30 146 1 1.20 163 
2 1.90 150 2 1.50 162 
3 2.99 152 3 1.90 164 
4 3.20 154 4 2.20 166 
5 3.50 156 5 3.00 164 
6 3.50 157 6 3.0C 165 
1 1.20 161 1 
2 1.80 162 2 
3 2.90 163 3 
4 3.00 163 4 
5 3 -70  163 5 
6 3.70 162 6 
(H;**HH(*W)*MHI*****Yt~H***+***~*~**1H(*~*H***U*~~**W*~W****X 

PERCENT ISOKIHETICS: 98 2 
STRCK TEHPERRTURE: 159.6 OEG. f. 619.6 OE6, R. 
RLRRGE UELOCITY HERD: 2.44 " Of H20 
SlRCK 6RS VELOCITY: 95.28 RTI/SEC 97.47 TTiSEC. 
STRCI: GAS AIR f L W :  45537.04 RCf /If 34459.3 DSCf M 
PARTICULRTl CONCENTPATION: 0.056 GR/OSCF 
POLLUTRNI BASS RATf (CONCENTRRTIOH RETHOD): 16.94 LDHR 

fROHTHRLf PRRTICULRTE RRSS LORDINF 

FILTER NMBER: I 1  25-01 0 
TRRE UEIGHT Of fILTER I N  6RfttlS: 
fINRL UEI6HT Or FILTER I N  GRRRS: 
NET UEIGHT of PRRTIC. nRrrER IN GRNIS: 

BEAKER NWIBER: 185-356 
IRRE UEIGHT Of RERKER I N  6RRtlS: 
i INRL UEI6HT Of BERKER I N  GRAS: 
NfT UEIGHT Of PRRTIC, MRiTER I N  GRAHS: 
UOLME Of RCETONE I N  flILLILITERS: 

TRRE UEIGHT Of RCETOHE I N  GRMS: 
FINRL UEIGHT Of RCETONE I N  GRWS: 
UOLUnf Of RCETONE I N  MILLILITERS: 
NET CONTRIBUTION Of RCETONE I N  BGML: 

TOTAL FRONTHRLf PARTIC. HATTER I N  GRRnS: 
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TRAVERSE 
POINT 

1 
2 
3 
4 
5 

' 6  

METHOD 1 - LOCATION OF TRAVERSE POINTS 

Circular Stacks 

DISTANCE. 
% o f  dtameter 

4 . 4  
14 .7  
29.5 
70.5 
85.3 
95.6 

Figure 1-3. Example showing circular stack cross section divided into 
12 equal areas, with location of traverse points indicated. 

TABLE 1-2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 

[Percent of stack d~arneler from lns~de wall to traverse point] 
. - - .- - - 

Number of traverse polnts on a diameter- 
'raverse peinl nunihsr on a dlameler t 

- - 1 2  / 4 / 6 1 8  j 1 0 ) 1 2  1 4 : 1 6 , 1 8 / 2 0 / 2 2  24 

. .................................................. I 

....................................... 

35.6 ........................................................... 
7 .................................................................. .......... . . . . .  
8 ..... ................................................................ 
9 ............................................................... 1. ............... 
10 ............................................................. ........... :.. ......... 

............ 

....................................................... 
14.. ....................................................... i .......... ........... 
15 .............................................................. ! ........... ............ ............ i 95.1 89.1 83.5 i8.2 i Z 8  ............ 

............ 
............ 17 

............ ............ 
......... 

.............................................................. 
........ ............ 21 ................................................................ ...... 

22 ............ ......................................................... 
23 ................................................................ .... ....... ............ i. ..... .................................... ........... ............ ............ 

........... ........... .................................... 24 ................................................................ i ................. ' 1 98.9 
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Rectangular Stacks 

For a rectangu- 
lar cross section. an equivalent diameter 
(D,l shall be calculated from the following 
equation, to determine the upstream and 
downstream distances: 

where L=length and Ur=width. 
Figure 1-4.  Example showhng rectangular slack crol' 
section divided Into I2 ~ u a l  areas. w ~ t h  3 traver:c 
polnt at cenr ro~d o f  each arm. 



METHOD 1 - MINIMUM NUMBER OF TRAVERSE POINTS 

DVCT D I N E T C R S  UPSTREAM FROM F L a V  DISTURIANCE tDlSTAluCL A) 

WtCHER NUM8ER IS FOR 
I E C T A N C U U R  STACKS OR 0- 

16 STACK DIAMETER > 0 67 ma I24 td.1 

I 2  

lot * F . 0 1 * M C W A W 7 ? P E O r  
DISTCRBI\NCE IIUIYO. ELPAMION. CONTIACI IOW.  L1C.J 

STACK DIAMETEP - 030 T O  081 n 112-24 id 

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

OUCT DIAMETERS W W N S T R t A H  F R W  TCOW DUTURMMCE IDIST*l*CE 6) 

Minimum number of travcrv points lor prnieulrta Vavcrrrr 

OUCl OIAUETERS UPSTREAM FROM FLOW DISTUR-E I D L L T M E  A8 

STACK DIAMETER 00.30 T 0 0 . S l  w m (12 24 kJ 

DUCT DlAMETERS DOWNSTREAM FROl l  FLOIv DISTURBANCE IDISTAWCE 6) 

Minimum n u m b  of lr- points f a  v d a i t y  (nonpantculatc) l r n a r s s  



METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS 

Nomenclature. 

A=Cross-sectional area of stack. m 2  (ft2).  
B,.,=Water vapor in the pas stream (from 

Method 5 or Reference Method 4). pro- 
portion by volume. 

C,=Pitot tube coefficient, dimensionless. 
Kp=Pitot tube constant. 

for the metric system and 

(Il~!lb-mole) (in. H a )  nl [ I (in.  H,O j---I 

for the English system 

Md=Molecular weight of stack gas, dry basis 
(see Section 3.6) g/g-mole (Ib/lb-mole). 

M,=Molecular weight of stack gas, wet 
basis. g/g-mole (Ib/lb-mole). 

=Md (1-Bur) +18.0 Bus 
Equation 2-5 

Pb.,=Barometric pressure at  measurement 
site, mm Hg (in. Hg). 

P,=Stack static pressure. mm Hg (in. Hg). 

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

= Pbsr + PP 
Equation 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). 

t=Stack temperature. 'C ('F). 
T,=Absolute stack temperature. 'K, ('R). 
=273+ t for metric 

Equation 2-7 
=460 + t for English 

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

(528' R )  
%=Average stack gas velocity, m/sec (f t /  

sec). 
J,=Velocity head of stack gas, mm H,O (in. 

H10). 
3,60O=Conversion factor, sec/h:. 
18.0=Molecular reight  of water, g/g-mole 

(Ib/lb-mole). 
5.2 Average stack gas velocity. 

Equation 2-9 

5.3 Average stack gas dry volumetric flow 
rate. 

Equation 2-10 

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS 

Nomenclature. 

M,,=Dry molecular weight, g/g-mole (lb/lb- 
mole). 

q,EA = Percent excess air. 
TCO,=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). 
0.264 =Ratio of 0, to N, in air. v/v. 
0.280; Moleculnr weight of N, or CO. divid- 

ed by 100. 
0.3?0-.~Molecular weight of 0, divided by 

100. 
0.440 =Molecular weight of C0 ,  divided by 

100. 

6.2 Percent Escess Air. Calculate the prr- 
cent excess air ( i f  applicable). by s u b s t ~ t ~ l ~ -  
ing the appropriate values of percent 0 , .  
CO. and N, (obtained from Section 4.1.3 or 
4.2.4) into Equation 3-1. 

NOTE: The equation above assumes that  
ambient air is used as the source of Or and 
that the fuel does not contain appreciable 
amounts of N, (as do coke oven or blast fur- 
nace gases). For those cases when apprecia- 
ble amounts of Nr are present (coal. oil. and 
natural gas do not contain appreciable 
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 Equation 
3-2 to calculate the dry molecular welght of 
the stack gas 
~%1~=0.440(pCCO~)-O.320(%0~) c 

0.280(%Ns- CbCO) 
Equation 3-2 



METHOD 4 - STACK GAS MOISTURE CALCULATIONS 

Nomenclature. 

Bn=Proportton of water vapor, by volume, 
in the gas stream. 

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

P,=Absolute pressure (for this method. 
same as barometric pressure) a t  the dry 
gas meter. mm Hg (in. Hg). 

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

R=Ideal gas constant. 0.06236 tmm Hg) 
tm9/(g-rnole) ('K) for metric units and 
21.85 tin. Hg) (ftl)/(lb-mole) ('R) for 
English units. 

T. =Absolute temperature at meter. 'K 
(*R). 

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

Vu=Dry gas volume measured by dry gas 
meter. d m  (dcf). 

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

V.b,d)=Dry gas volume measured by the dry 
gas meter. corrected to standard condi- 
tions, dscm tdscf). 

V ~ u , ~ ~ = V ~ I ~ m e  of water vapor condensed 
corrected to standard conditions, scm 
tscf). 

V,,,,~~d~-Volurne of water vapor collected i n  
sillca gel corrected to standard condl- 
tlons. scm tscf ). 

V,=Flnal volume of condenser water, ml. 
V ,  = Initlal volume. If any, of condenser 

water, ml. 
W :=Final weight of silica gel or silica gel 

p lw lmpinger. g. 
W,=InltlaI weight of silica gel or sllica gel 

plus impinger. g. 
Y =Dry gzs meter calibration factor. 
p. =Density of water. 0.9982 g/ml (0.002201 

Ib/ml). 
2.3.2 Volume of water vapor condensed. 

where: 
K,- 0.001333 m3/ml for metric units - 0.04707 fta/ml for English units 
2.3.3 Volume of water vapor collected in 

silica gel. 

where: K,=0.001335 ma/g for metric units 

=0.04715 fts/g for Engllsh units 
2.3.4 Sample gas volume. 

where: 
KI=0.3858 'K/mrn Hg for metric units 

= 17.64 'R/in. Hg for English units 

NOTE: If the post-test lead rate (Section 
2.2.6) exceeds the aIlowable rate. correct the 
vllue of V. in Equation 4-3. as described in 
section 6.3 of Method 5. 

2.3.5 Molsture Content. 

NOTE. In saturated or  moisture droplet- 
laden gas streams, two calcula~ions of the 
moisLure content of the  stack gas shall be 
made. one using a value based upon [he 
saturated contiitions (see Section 1.2). and 
another based upon the  results of the Im. 
pinger analysis. The lower of these two 
values of B ., shall be considered correct. 



METHOD 5 - PARTICULATE EMISSION CONCENTRATION CALCULATIONS - (1) 

Nomenclature 

A. = Cross-sectional area of nozzle. mz  (ft2). 
B,,=Water vapor in the gas stream. propor- 

tion by volume. 
C. = Acetone blank residue concentration, 

mg/g. 
c, = Concentration of particulate matter in 

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

I=Percent of isokinetic sampling. 
L = Maximum acceptable leakage rate for 

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

L =Individual leakage rate observed during 
the leak check conducted prior to the 
.' ',h.. r component change ( i = l .  2, 3 .... n). 
ma/min tcfm). 

&=Leakage rate obsenfed during the post- 
test leak check, m3/min tcfm). 

m = T o t a l  amount of particulate matter col- 
lected. mg. 

M.=Molecular weight of water, 18.0 g/g- 
mole (18.Olb/lb-mole). 

m = M a s s  of residue of acteone after evapo- 
ration. mg. 

P,,=Barometric pressure a t  the sampling 
site. mrn Hg tin. Hg). 

P, = Absolute stack gas pressure, rnrn Hg (in. 
Hg). 

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

R=Ideai gas constant. 0.06236 mrn Hem3/  
'K-g-mole (21.85 in. Hg-fta/'R-lb-mole). 

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

T,=Absolute average stack gas temperature 
tsee Figure 5-21. 'K ('R). 

T.,=Standard absolute temperature. 293' K 
(528' R1. 

V.=Volume of acetone blank. ml. 
Vmr=Volume of acetone used in wash, ml. 
&=Total volume of liquid collected in im- 

pingers and silica gel tsee Figure 5-31. 
ml . 

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

TTncl,d)=Volume of gas sample measured by 
the dry gas meter. corrected to  standard 
conditions. dscm tdscf). 

Vuu,r.=Volume of water vapor in the  gas 
sample. corrected to  standard condi- 
tions. scm tscf). 

r.=Stack gas velocity, calculated br Method 
2. Equation 2-9. using data obtained 
from Method 5. m/sec (ft/sec). 

Uo = Weight of residue in acetone wash, mg. 
Y=Dry gas meter calibration factor. 
AH= Ayerage pressure differential across 

the orifice meter (see Figure 5-2). mm 
H,O (in. H,O). 

p,=Density of acetone. mg/ml (see label on 
bottle). 

p,=Density of water. 0.9982 g/ml (0.002201 
lb/ml). 

@=Total sampling time. min. 
@,=Sampling time interval, from the begin- 

ning of a run until the first component 
change, rnin. 

@,=Sampling time interval, between two 
successive component changes. begin- 
ning with the interval between the first 
and second changes. rnin. 

O,=Sampling time interval. from the  final 
(nlh) component change until the end of 
the sampling run, min. 

13.6=Specific gravity of mercury. 
60 - Sec/min. 
100 -Conversion to percent. 

6.2 Average dry pas meter temperature 
knd average orifice pressure drop. See data 
sheet (Figure 5-2). 

6.3 Dry Gas Volume. Correct the sample 
1,olume measured by the dry gas meter to 
standard conditions (20' C. 760 mm Hg or 
68' F. 29.92 in. Hg) by using Equation 5-1. 

Equation bl 

where; 
K,=0.3858 'K/rnm Hg for metric units 

= 17.64 'R/in. Hg for English units 

NOTE: Equation 5-1 can be used as written 
unless the  leakage rate observed during any 
of the mandatory leak checks (i.e.. the post- 
test leak check or leak checks conducted 
prior to component changes) exceeds L. If 
L, or , exceeds L. Equation 5-1 must be 
modified as follou~s: 

(a)  Case I. No component changes made 
during sampling run. In  this case. replace 
V, in Equation 5-1 with the expression: 

V ~ - ( ~ - L .  )el 

(b) Case 11. One or more component 
changes made during the  sampling run. In 
this case. replace Vm in Equation 5-1 by the 
expression: 



METHOD 5 - PARTICULATE EMISSION CONCENTRATION CALCULATIONS - ( 2 )  

and substitute only for those leakage rates 
(b or &) which exceed L,. 
6.4 Volume of water vapor. 

where: 
K,=0.001333 ml/ml for metric units 

=0.04707 fta/ml for English units. 
6.5 Moisture Content. 

NOTE: In saturated or water droplet-laden 
gas streams. two calculations of the mois- 
ture content of the stack gas shall be made. 
one from the  impinger analysis (Equation 5- 
3). and a second from the assumption of 
saturated conditions. T h e  lower of the two 
values of B, shall be considered correct. The 
procedure for determining the moisture 
content based upon assumption of saturated 
conditions is given in the Note of Section 1.2 
of Method 4. For the purposes of this 
method. the average stack gas temperature 
from Figure 5-2 may be used to make this 
determination, provided that the  accuracy 
of the in-stack temperature sensor is -1-1" 
(2' F). 

6.6 Acetone Blank Concentration. 

6.7 Acetone Wash Blank. 

IV. = C. va, p a  
Equation 5-5 

6.8 Total Particulate Weight. Determine 
the  total particulate catch from the sum of 
the weights obtained from containers 1 and 
2 less the acetone blank (see Figure 5-3). 

NOTE: Refer to Section 4.1.5 to  assist in 
calculation of results involving two or more 
filter assemblies or two or more sampling 
trains. 
6.9 Particulate Concentration. 

c.= (0.001 dms) ( ~ / ~ m ; , c . t ~ ,  ) 

Equation 5-6 

6.10 Conversion Factors: 
--- 

From T I Mult!~iy by ---- To 
' 

i I 

scf . ..................... ............................. ... ! 0 02832 
..... . . . . . . . . . . . . . .  g / n l  I gr/ n3................... : 15.43 

. ........................ ................... g,t(' ! Ibln3 2.205 10.' 
........................... . . . . . . . . . . . . . . . .  g / R 1  I g / m l  35 31 

6.11 Isokinetic Varition. 
6.11.1 Calculation From Raw Data. 

Equation 5-i  

where: where: 
K,=0.003554 mm Hg-ml/rnl K for metric K.=4.320 for metric units 

units. =0.09450 for English units. 
=0.002669-in. Hg-ft3/ml - R for English 6.12 Acceptable Results. If 90 percent I 
units. <110< percent, the results are acceptable. 

6.11.2 Calculation From Intermediate If the results are low in comparison to the 
Values. standard and I is beyond the acceptable 

range. or, if I is less than 90 percent, the .Ad- 
\',,,,,, P ,,,, 100 ministrator may opt to accept the results. 

[ = --I--. - -. 
T , ,d~ , eAnP ,6u (  l-.Ii4, 



SAMPLE CALCULATION SHEET 
I 18 

Run #:  .+ Date: 7- !S -5 .  

Particulate concentration 

Vm = 17.647* YZ32 * /.o/O * ( i r f . r t / ,  + ( 0,qf /13.6) ) /  532- Equation 5-1 

vm = 421652, dscf 

Substitution of Equation 5-4 into 5-5 

mn = (net weight filter catch) + (net weight "Bn section) - Wa + (Backhalf) 

mn = 155- 1 mg = '11-4 + 7 3 - 9  - - 2 2 .  + rdr4 

cs = [ (0.001g/mg)*(15.43gr/ft)* 155-1 / 4 z e h 5 2  Equation 5-6 

Cs = 456 gr/dscf or I,)A gr/dscf@12% C02 = cs * 12% / ,cJ~' % 

Moisture 

Vw(std) = 0.04707* 131.7 ml or grams of water condensed Equation 5-2 

Vw(std) = b.2 scf 

BWS = ( b 1 2  I/( 6.7- + 42.b52-I 

BWS = ,126q %HZ0 = 12.b9 % 

Molecular weight 

Stack gas velocity and volumetric flow rate 

Equation 5-3 

Equation 3-2 

Equation 2-9 

Equation 2-1( 

Qsd = 32.2&?09 dscf/min or 42357 acfm = 9B1b3 afps* 7Flb5sf* -60 (apx. 
- 

Isokinetic variation 

I = 0.09450*42,&5? b17, (~/ (  %11$?*m?*<%3* .ooc@Z?* (l->lg) ) Equation 5-8 

I = 4 7  % 

* All of the above equations are from the 40CFR60 and assume ~nglish units. 



AT] am LESL in.. 
4900 9TH AVENUE N.W ., SEATTLE, WASHING1 ON 98107-3697 8 206/783-4700 

Figure -f. EPA Method 5 particulate sampling train 

1. Sampling nozzle 
4. Sampling probe sheath 
3. Heated sample probe liner 
4. Cyclone assembly (proposed regulations do not require this cyclone) 
5. Out of stack filter assembly 
6. Heated filter companment maintained 120°C * 14OC (248OF a2S°F) 

(or temperature specified in 4OCFR subpart) 
7. Imp~nger case 
8. Fint impinger filled with Hz0 (100 ml) 
9. Cmnburg.Smith (or modified ~ r c c n b u r ~ . ~ m i t h j  impinger filled with H20 (100 ml) 

10. Third impinger - dry 
11. Fourth impinger - filled with HpO absorption media (200.300 gm) 
12. Impinger exit gar thermometer 
IS. Check valve to prevent back prcuure 
14. Umbilical cord -vacuum line 
15. Pressure gage 
16. Coarse adjustment valve 
17. Leak free pump 
18. By-pass valve 
19. Dry gas meter with inlet and outlet dry gas meter thermometer 
PO. Orifice meter with manometer 
41. Type S pitot tube with manometer 
22. Stack temperature *Nor 
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r n ~ n x r ~ ~ q ~  SA) 

SCHEMATIC @VERSE LAY OUT 

Operators 
Sample BOX i/ I 
Run# # 

EQUIPMENT CHECKS NOMOGRAPH SETUP 

i '  Barometric - pressure " ~ g  q!f 
I Static Pres1'H20 3" 

1nitialIFinal 
I . a A A - -  ,,7*-- 

Filter I/ /35n3y tare mg - Y O  
Leak Rate Cfm L' dplL. 0(/ 

Final Initial Net I Stack T ~ ~ ~ .  
Leak Test Vac lb-/ k Wt. Wt. Wt. A) .. .- /,a 

pitots 

Pitots 

Orsat 

Pretest 

~ostest 

Sampling 

B u b b l e w  

lmp i n g m v -  

4P Bubble - 
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4900 9TH AVENUE N.W., SEATTLE, WASHlNGTON 98107-3697 208/783-4700 I 
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EQUIPMENT CHECKS NOMOGRAPH SETUP 

Initial/Final 

pitot# 3' Sideil 

iC3 Bubble 
Nozzle Diameter ,I8 3 

- leif; 26 



Source Test Observation Checklist 
Asphalt Batch Plants 

Process 

Asphalt Paving Plant /16/<od G & s ~ ( ~ (  ( ~ 3 ~ )  fl 

r / l h a ) ~ u  bJM-642- 
5056-8 -;/* 

Identification N o . - / t / A  L47- Installed -1 9$'( - - 

Process Rate 0 + Tons/hr Firing Rate 275 '  Cal/hr 
- I Type of Fuel G' l c \ c  t Smoke Point 5, J ,  L % . J , A  

& - 
Injection Location fc2r 1 0 f $.?,,r,~- F / Z  

Asphalt Discharge Temp. 3 2 . 5 -  OF Gravel Moisture + X 

Fines In Gravel ( L 2 0 0  mesh) &%a 
Operation Personnel &~-,a,d - & *  'e - Lo-Jer i~,? 

Asphalt Supplier M I & ,  0; \ 
1 '  I #/gal Flash Point - Density / , + , C c - r -  / 1 - ',>..d& , OF 

t 

Control Equipment 

Description or Name 

Water Press (c3/)1 PSI Rate b/vt lmin 

Water: Reused, Clean? 

Venturi Press AP = U / W  Inch 
Static = a//4 Inch 

Air Flow Mtfio d - f - ~ ~ f  

Saturated Stack 

Fonn No. 63-172 



Summary & D e s c r i p t i o n  Pages 
State of 

t m SOURCE TEST 

SUMMARY OF E M I S S I O N S  TO ATMOSPHERE Report No. 87-10 

Report  Da tg-21-87 

Test Date 7-7-87 

Name o f  p l a n t  Lakes ide  Industr ies  
Loca t i on  o f  p l a n t  ~ a c e y  

Person con tac ted  Morris  Johnston 

Type o f  ope ra t  i o n  Asphalt  P l an t  

Source t es  t e d  Drver  S t a c k  

Reques i ng Agency Olympic  Air Pol lut ion Con t ro l  Author i ty  

Purpose Measure  P a r t i c u l a t e  Emissions 

Appl i cab 1 e Standard O A P C A  Regula t ion  1 

SUMMARY OF MEASUREMENTS 

TEST ENGINEER 
J o h n  D r a b e k  b d .  

FIELD PERSONNEL / 

LAB ANALYSIS 

J o h n  D r a b e k  - 

Met hods 

F , q o l o p , y '  
Ec" M e t h o d  5 

Torn Ha r r i s 

Emission/Process 
Fac to r  Pol  1 u t a n t  

P a r t i c u l a t e  

Test Witnessed by: 
G r e g o r y  C o n n e r  (OAPCA) 

Measured 
Emission 

.009 gr /DSCF 

ECY 020-1-62 
Rev. 1/79 

A1 lowable 
Emission 

.04 qr /DSCF 



Source Test Report 87-10 
LAKESIDE INDUSTRIES, Lacey 
Test Date: July 7 ,  1987 
Report Date: August 21, 1987 

Page 2 

I. Purwose 

The purpose of the test was to measure particulate 
emissions from the dryer stack at the Lakeside 
Industries asphalt plant in Lacey. Results will be 
used by the Olympic Air Pollution Control Authority in 
determining compliance. 

11. Descr&tion of, Unit Tested 

This plant is located off Hagum Bay Road and is visible 
from the 1-5 freeway in Lacey. The hot mix asphalt 
paving batch plant consisted of a rotary dryer, 
screening and classifying systems, weigh boxes for 
asphalt cement and aggregate, a pug mill mixer, and the 
necessary conveying equipment of bucket elevators and 
belt conveyors. The dryer was fired by diesel oik from 
U.S. Oil, Tacoma, and heated the aggregate to 325 F. 
The dried aggregate is conveyed by a bucket elevator to 
the screening equipment where it is classified and 
dumped into elevated storage bins. Selected amounts of 
the proper size aggregate are dropped from the storage 
bins to the weigh hopper. The weighed aggregate is 
then dropped into the mixer along with hot asphalt 
cement, forming a final class B mix of 5.0 percent 
asphalt and 5/8 inch minus aggregate. The batch is 
then dumped into waiting trucks for transportation to 
the paving site. Production was 260 tons per hour. 

Drier emissions are controlled by a multiclone and a 
baghouse containing 1120 bags. Dust collection from 
secondary sources, that is, the elevator, vibrating 
screens, hot aggregate bins, weigh hopper and mixer are 
controlled by connection through branch ducting to the 
main exhaust system. The pressure drop across the 
pulse jet baghouse was 4 inches water gauge as measured 
by Ecolggy at the wall surface and baghouse temperature 
was 230 F. The pulse jet air pressure was 110 psi. 
Collected solids are recycled. Gases pass through a 
250 amp, 900 rpm fan and then to the atmosphere through 
a rectangular stack. 



Source Test Report 87-10 
LAKESIDE INDUSTRIES, Lacey 
Test Date: July 7, 1987 
Report Date: August 21, 1987 

Page 3  

111. Test Procedure 

Two Ecology Method 5 particulate samples were collected 
using a heated probe and filter as shown in Figure 1. 
A third sample could not be collected due to lack of 
plant operating time. A 64 minute 16 point traverse was 
made for each sample to representative points in the 
stack. An integrated bag sample was taken concurrently 
with particulate sampling and was subsequently analyzed 
for carbon dioxide and oxygen using an orsat analyzer 
according to Ecology Method 3. Moisture condensed in 
the impingers was used to determine the water vapor 
content. 

IV. Results 

Results are shown on Page 4. The average measured 
particulate concentrations was .009 grains per dry 
standard cubic foot. 

V. Comments 

Problems in the particulate control equipment were 
observed during an Ecology inspection in September, 
1984. The problems and current status are listed 
below. 

1. 1984: An oil water removal system was bypassed 

1987: A new commercial compressor system has been 
installed with an integral oil-water 
removal arrangement. 

2. 1984: Moisture may have been condensing on the bags. 

1987: Theobaghouse temperature is monitored and was 
230 F during testing. 

3 .  1984: Fugitive emissions were observed from the solids 
discharge pit hopper and elevator. 

1987: All solids discharged are recycled while the 
dryer is operating. Visible emissions were not 
observed from the secondary sources. 



TAPLE 1 
METHDD 5 R E S C L T S  ' Z Y H G P t  

P l a n t  NaneLf lKESI  P E  :.?IGSTEIES, LACEY N E O S  
A d d r e s s  C i t y  ~ , ; c E "  
C o u n t y  ~ f f k ' f i ~ ~ c i  S t 6.. t e 2,:: H Z i p  c c f e  

. . - 
I n d u s t r y  T y p e  - > ? H A L T  P L R N T  
F'rc icess T e s t e d  ~ s y ~ f i  z l ' f i ~ ~  - s %, r c 
U n i t  C ~ p a c i t y  F u e l  T y p e  ,,, 
T y p ~  c f  C n ~ , t r o !  EL, : - e n t  P ! U L I / B A G S  T ~ s t e d  s t  I r . ! ~ t  O d t l e t  X 

F:eason T e s t e d :  SF::. z t u d v  . ---- C o m p l i a n c e  ki /  Fed.  - st.!g 1 Gther - 
? k ' 4  P ; ? A g E t ; ,  Topi  ! { A f i R l C  F e r s o n n e !  P r e s e n t  ., 

Po] l u i a n t  M p a s ~ t r ~ :  ;STiCC!ATE Method r 

S t a r k  H e i g I ! t .  it 35 .  00 A r e a ,  sq f t  :'. 4 4  
D i i f i e t e r s  ! )3wnct rsr  - E ,  ij ! / ~ ~ _ t r e a i ~ :  3 + 
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STATE OF WASHINGTON DEPARTMENT OF ECOLOGY May 1, 1977 

SOURCE TEST CALCULATIONS 
I 

APPEUD. IX-B CALCULATIONS 

SAMPLE C 4 d . c U L 4 T I o  r\! PUN I 
Volume Sampled 

The volume sampled i s  normally expressed i n  standard dry cubic  f e e t  
(sometimes i n  s tandard dry l i t e r s ) ,  and is determined by co r r ec t ion  of 
the aeter volume t o  standard conditions. 

- 
73 

P a r t i c u l a t e  Concentration 

The concentration of pa r t i cu l a t e  is determined by dividing the weight 
o£  pa r t i cu l a t e  co l lec ted  by the volume sample and expressed -Ln grains 
per  standard cubic foot. 

22.6 h-9 

- (.01513 grlng) $ 
c~ - - t i 7 , ( )  1 .m379V3  f t  

Gas Pol lu tan t  

To determine the v o l u n e t ~ i c  concentration of gaseous i l o l l u t u t s ,  f i n d  
the number of boles  of po l lu tan ts  per lo6 moles of gas. The . r e su l t  is 
expressed i n  p a r t s  per mill ion,  ppm. 

Excess Air 

The excess air is  d e t e d e d  by the concentration of O2 i n  t3e gas 
stream a t  the  sample point ,  divided by the concentration of  O2 used for 
cosbus tion, with ad jus tzents fo r  carbon monoxide. 

0 Correction 2 

To ad jus t  the pol lu tan t  concentration t o  a 7% O2 standard, =he concentration 
is  mult ipl ied by the 0: i n  the a i r ,  minus 7% 02, and d i v i d e 2  by the O 2  
i n  the air minus the O2 i n  the  gas stream. 



Moisture Nole Frac t ion  

Condensation Method - 
The moisture mole f r ac t i on  i s  de temined  by dividing the  volume of the 
water vapor co l l ec t ed  by the t o t a l  volume of the sample, including 
v a  ter vapor. 

\, 3 
Fm = 0 . 0 4 6 5 2  - 0.0465 yGr + % - , I ? %  

2 Y\,? 97,1t) 
Satura t ion  Method - 
By t h e  s a t u r a t i o n  assumption method, the  moisture mole f r ac t i on  is 
d iv id ing  the  vapor pressure of water a t  t he  s tack  temperature by the 
abso lu te  pressure  of the stack gas. 

Molecular Weight 

The molecular weight of the stack gas is determined by summing the  mole 
f r a c t i o n  and the molecular weight of each const i tuent .  

Dry G a s  Basis - . 0 U  . I C S  
i' 

MWd = 44 .O ( $ 0 2 ~ )  + 32.0 + 28.0 (FCO) + 

Wet B; 

Average Stack Gas Velocity 

The average s t a c k  gas veloci ty  expressed in ac tua l  f e e t  per second is 
determined by : 

-Vave = 85.48 h 4 =. .  ( 0 1  

3 t14 \ 
Stack Gas Flow Ra t e ,  Actual 

The average s t a c k  gas flow r a t e  is expressed i n  a c t u a l  cubic f e e t  per 
minute and found by multiplying the average s tack gas ve loc i ty  by the 
s t a c k  a r ea  and 60.0. 

16 \ 



Stack Gas Flow Rate, Standard 

( The s t ack  gas flow r a t e  Jnder standard condit ions is expressed a s  
standard dry cubic f e e t  per minute, and obtained by adjus t ing  the  s tack  
.as flow r a t e  t o  standard temperature and pressure  and sub t rac t ing  the  
0 

volume of the  water vapor. 

QS * 460 + 
- 

Emission Rate  266 

Enission r a t e  is calculated from the  product of the  concentration and 
the flow r a t e ,  and normally expressed i n  pounds per  hour. 

(Qs td) (mp)  (60 Min. 
Rgas 'gas (Nve) (Hr • 

Isokinetic Rate 

The i sok ine t i c  r a t e  r a t i o  of the veloc i ty  of gas through the  nozzle 
t o  the veloc i ty  of gas passed the nozzle and normally expressed a s  percent.  

. r3s 
0 .a V s  (460 + Ts) 

I A ~ P S  (1  - Fm) Vave 
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3-AUG-8 7 EPA Region X Lab Management System 

?A= 
1 

* * *  Lab Analysis Report * * *  

Transaction # :  08031148 Seq # :  01 (15) Solids - Spec fied 
(WE) DOE, Manchester Was 

Prj: LAKESIDE ASPHALT (DOE-582A) 212 JWD 
Par: Solids Total mg (Par# 500 S) 

Instrument: GRAV Gravimetric Measurement 
Method: EPl-160.3 Residue, Total, Gravimetric, Dried at 103-105 Deg-C 
Chemist: (DKS) Solberg, Keith DOE Hours Worked: 
Lab Prep:( ) Unspecifed Date ~reprd: Date Anlyzd: 870714 

Matrix: (10) Water-Total Units: (52) mg 

Line Sample # Result Sample Location/Description #Days to An1 
- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - UO_LL~-G z ~ _ I _ I  - - - - - - - - - - - - 

1 87 287044 11.6 RUN 1 , LACEY 53s 870707 ( 7) 
2 87 287045 17.9 RUN 2, LACEY Ye 2 870707 ( 7 !  
3 87 287046 58.6 RUN 1, ABERDEEN 550 870708 ( 6) 
4 87 287047 47.6 RUN 2, ABERDEEN c-. ,OG 870708 ( 6) 
5 87 287048 31.6 RUN 3, ABERDEEN 3 CSC? 870708 ( 6) 

Record Type: TRNIN2 Date Verified: T/+/B? By: & 7 $  
Transaction Status: New Transaction ... First Printlng ... Unverified. / 
Processed: 3-AUG-87 11:53:21 Status: N Batch: (In CUR DB) 
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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 Lacey, Washington. The asphalt plant was 

manufactured by Madson and is equipped with a WAG 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 a regulatory order from the Olympic Air Pollution Control Authority 

(OAPCA). 

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, 3A, 

4, 5 and the OAPCA back-half method. 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),  carbon dioxide (C02) and carbon monoxide 

(CO) 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. OAPCA 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 August 24, 1994. 



Mr. E. Ray Lawrence and Mr. Aaron Porter of Am Test-Air Quality, Inc. performed 

the field sampling. Sample recovery and gravimetric laboratory analysis of the 

Method 5 samples were performed by Ms. Stacy Akin and Ms. Annika M. Woehr 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 and 

Ms. Amy M. Brotherton of Am Test. This testing program was coordinated by Mr. 

Forest Lane of Lakeside Industries. Mr. Robert Moody of OAPCA observed the 

testing. 



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 of results for each individual run which are included in 

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

of results and copies of the original field data sheets. Appendix C of this report 

contains miscellaneous supporting information. 

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

condensible matter emissions at the hot mix asphalt batch 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". 

Table 2.0. Summary of particulate and condensible matter emissions test results 
from samples collected on August 24, 1994 at the hot mix asphalt batch plant stack 
at Lakeside Industries' facility in Lacey, Washington. 

11 Average 0.044 0.005 0.049 113.1 11.1 1) 



The front-half, back-half and total 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/dscrn) of gas sampled. The particulate matter 

emission standard for this source is 0.04 gr/dscf. The particulate matter emission 

rate is presented in units of pounds per hour (lb/hr). 



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

SUMMARY O F  RESULTS - METHODS 1, 2, 3A, 4 AND 5 

AM TEST - A I R  QUALITY, INC. 

FILE NAME: R311\LKLCSUM 

CLIENT : LAKESIDE INDUSTRIES, INC 

LOCAT ION : LACEY, WASHINGTON 

LAB #: 

DATE: 

START TIME: 

STOP TIME: 

SAMPLE LENGTH (minutes): 

HOT M I X  ASPHALT BATCH PLANT STACK 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUN #1 RUN #2 RUN #3 AVERAGE 
- - - - - - - - - - - -  - - - - - -  - - - - - - -  

6506 6507 65 08 

8/24/94 8/24/94 8/24/94 

10:15 12:33 1 4 ~ 4 3  

11:35 13:45 15 : 54 

60.0 60.0 60.0 

VOLUME SAMPLED (cubic feet ) :  58.496 58.678 ' 60.990 59.388 

VOLUME SAMPLED (d ry  s td .  cubic fee t ) :  58.576 57.668 59.478 58.574 

VOLUME SAMPLED (d ry  s td .  cubic meters): 1.659 1.633 1.684 1.659 

STACK GAS MOISTURE (percent):  26.40 27.37 28.80 27.52 

BAROMETRIC PRESSURE (inches o f  Hg): 29.95 29.95 29.95 29.95 

STATIC PRESSURE (inches o f  H20): 0.26 0.26 0.26 0.260 

STACK PRESSURE ( inches o f  Hg): 29.97 29.97 29.97 29.97 

STACK TEMPERATURE (degrees F.): 228.5 231 .O 233.7 231.1 

STACK TEMPERATURE (degrees R . ) :  688.5 691 .O 693.7 691.1 

CARBON OIOXIDE (percent):  

OXYGEN (percent): 

MOLECULAR W E I G H T  (dry,  lb / lb-mole) :  

MOLECULAR W E I G H T  (wet, lb / lb -mole) :  

AVERAGE VELOCITY HEAD ( inches o f  H20): 2.08 2.15 2.16 2.13 

PITOT TUBE Cp: 0.84 0.84 0.84 

STACK GAS VELOCITY ( f e e t  per second): 96.7 98.7 99.3 98.2 

STACK DIAMETER (inches): 37.375~31 37.375~31 37.375~31 

STACK AREA (square feet ) :  8.05 8.05 8.05 

STACK GAS AIRFLOW (d ry  std. cubic fee t  per min.): 26402.8 26479.4 26025.4 26302.5 

STACK GAS AIRFLOW (actua l  cubic fee t  per min.): 46703.7 47637.5 47944.0 47428.4 

NOZZLE DIAMETER ( inches):  

ISOKINETICS (percent):  

FRONT-HALF PARTICULATE EMISSION CONC. (g r /dsc f ) :  0.045 0.046 0.042 0.044 

BACK-HALF PARTICULATE EMISSION CONC. (g r /dsc f ) :  0.003 0.004 0.007 0.005 

TOTAL PARTICULATE EMISSION CONC. (gr /dscf ) :  0.049 0.050 0.049 0.049 

TOTAL PARTICULATE EMISSION CONC. (mg/dscm): 111.4 114.7 113.2 113.1 

TOTAL PARTICULATE MATTER EMISSION R A T E  ( l b / h r ) :  11.0 11.4 11 - 0  11.1 



3.0 
PROJECT OVERVIEW/EXCEPTIONS 

An acceptable leak check of less than 0.02 cfrn 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 3 10%. 

Process and production conditions were considered to be representative, according 

to plant personnel. 



4.0 

SOURCE OPERATION 

Lakeside Industries operates a Madsen hot mix asphalt batch plant in Lacey, 

Washington. Emissions are controlled by a WAG Model 8 reverse pulse baghouse 

prior to exhausting to the atmosphere. The baghouse contains 1180 14-ounce 

Nomex bags. The pressure drop across the baghouse averaged 5.5 inches of water 

column ("H20) on the day of testing. According to plant personnel, the plant 

operated at an average asphalt production rate of 270 tons per hour (tph), with a 

gravel moisture content of 4-6% and gravel containing 5-7% fines. The plant was 

fired with diesel at a rate of 590 gallons per hour (gph). 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 perfornied 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 evaluated during each Method 5 test by collecting 

integrated samples of the stack gas in multilayer bags. The integrated bag samples 

were analyzed using a paramagnetic analyzer to measure the percent (%) 02, a non- 

dispersive infrared (NDIR) analyzer to measure the % carbon dioxide (C02), and 

an NDIR or a gas filter correlation NDIR analyzer to measure the parts per million 

(ppm) carbon monoxide (CO) in the gas stream. The manufacturer and model 



number of each of the analyzers used is included in the appendices of this report on 

the "Continuous Analyzer Checklist" and/or the "Gas Bag Sample Data Sheet". The 

average measured O2 concentration and C02  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 75-80" 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 rnL 

graduated cylinder. The bubblers and impingers were rinsed with deionized water 

into the graduated cylinder and the liquid level was recorded. A 20 milliliter aliquot 

of each impinger catch was archived for potential future analysis. The remaining 

impinger catch was extracted and the C and Cx section net weights were factored to 

represent the total impinger catch. This liquid was transferred to a separatory 

funnel and the contents were extracted with three (3) 50 rnL 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 drum 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 

75-80" 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 of ~ 0 . 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 Quality Assurance Handbook for Air Pollution Measurement Systems, 

Volume 3, EPA-600/4-77-027b. 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 manufacture; 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 20.5 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 2 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 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 samplin check 
- Final leak check o the sample train 
- Sample recovery 

B 

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. 



6.3 Data Reduction, Validation and Reporting 

Raw data are handled according to strict guidelines when being transposed into 

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

procedures, file review, and sign-off by a project assistant. Raw data are entered 

into the appropriate computer spreadsheet by a "processor", then the entered figures 

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

mistakes are corrected, and figures are rechecked and signed off by the "checker". 

In addition, a by-hand calculation check of each spreadsheet is made using a hand- 

held calculator to validate the computer output. All data generated by each phase 

of a laboratory or field sampling program are reviewed by the senior reviewer. The 

data package is signed off by the senior reviewer prior to releasing the data for 

report preparation. 

The test results are calculated in accordance with current EPA 40 CFR 60 criteria. 

Copies of the pertinent equations used to derive the results for this test are included 

in the appendices of this report. Standard conditions are 29.92 inches of mercury 

and 68" F. 



7.0 

METHODOLOGY REFERENCES 

EPA. Title 40 Code of Federal Regulations, Part 60 (40 CFR 60), Appendix A, 
Reference Methods 1,2,3A, 4 and 5. July 1, 1993. 

EPA. EPA 450/2-79-006, APT1 Course, "Course 450 - Source Sampling For 
Particulate Pollutants", December 1979. 

EPA. Ouali tv Assurance Handbook for Air Pollution Measurement Svstems, 
Volume 3, EPA-60/4-77-027b. 

Attachment 1, Olympic Air Pollution Control Authority Particulate Test Procedure 
(OAPCA method). 



APPENDIX A 

Computer Printouts of Results 



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

6 5 0 6  
10:15 o ' c l o c k  
11:35 o ' c l o c k  
60.0 m i n u t e s  

F I L E  NAME: R311 \LKLACE51  
CL IENT:  LAKESIDE I N D U S T R I E S  
LOCATION: LACEY, WASHINGTON 
SAMPLE S I T E :  HOT M I X  ASPHALT 

BATCH PLANT STACK 
SAMPLE DATE: AUGUST 24,  1 9 9 4  
RUN #: 1 - METHOD 5 
OPERATORS: R. LAURENCE 

L A B  #: 
START T IME:  
STOP T IME:  
SAMPLE LENGTH: 

FRONT-HALF PARTICULATE MATTER MASS LOADING -------------------.------------------------ 
F I L T E R  NUMBER: 
TARE UEIGHT 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 I N A L  WEIGHT OF BEAKER ( g r a m s ) :  
NET UEIGHT OF PARTICULATE MATTER ( g r a m s ) :  
VOLUME OF ACETONE ( m i l l i l i t e r s ) :  
UT./VOL. OF ACETONE BLANK ( m i l l i g r a m s l m l ) :  
NET WEIGHT OF PARTIC .  DUE TO ACETONE ( g r a m s ) :  

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  - - - - -  - - - - -  - - - - -  
971.1 6 6 1 . 4  309.7 
7 4 4 . 6  643 .5  1 0 1 . 1  
5 7 1 . 3  5 5 8 . 7  1 2 . 6  
8 7 0 . 4  8 4 8 . 2  2 2 . 2  

TOTAL H Z 0  GAIN :  4 4 5 . 6  
TOTAL VOLUME ( s c f ) :  2 1  .01 
PERCENT MOISTURE: 2 6 . 4 0  
Bws:  0 . 2 6 4 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: 

0.84 
0 . 2 3 8  i n c h e s  

0 . 0 0 0 3  sq. f e e t  
3 7 . 3 7 5 ~ 3 1  i n c h e s  

8 .05  sq. f e e t  
70 .9  d e g r e e s  F 

2 9 . 9 5  i n c h e s  H g  
0 . 2 6  i n c h e s  H 2 0  

2 9 . 9 7  inches H g  
1 . 5 6 8  i n c h e s  H Z 0  
30.07 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" SECT ION - CONDENSER PART I CULATE 
TARE UEIGHT 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  l l i 1 i ters):  
NET VOLUME OF UATER FOR BLANK ( m i l L i l i t e r s ) :  
WT ./VOL. OF UATER BLANK ( m i  1 l i g r a m s l m l  ) : 
NET WEIGHT OF PARTIC .  DUE TO WATER ( g r a m s ) :  

I N I T .  METER VOLUME: 1 3 9 . 2 6 2  AVERAGE CONC. C 0 2 :  5.5 percent 
F I N A L  METER VOLUME: 1 9 7 . 7 5 8  AVERAGE CONC. 0 2 :  1 3 . 0  p e r c e n t  
VOLUME SAMPLED: 5 8 . 4 9 6  AVERAGE CONC. CO: NA PP 
STD VOLUME ( d s c f ) :  5 8 . 5 7 6  MOLECULAR WEIGHT: 2 9 . 4 0  g / g - m o l e - d r y  
STD VOLUME ( d s c m ) :  1 . 6 5 9  MOLECULAR WEIGHT: 2 6 . 3 9  g / g - m o l e - w e t  
Y FACTOR: 1 . 0 0 2  F o  FACTOR: 1 . 4 3 6  

"Cx" 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 CHZCLZ ( m i l l i l i t e r s ) :  
UT./VOL. OF C H 2 C l 2  BLANK ( m i l l i g r a m s / m l ) :  
NET UEIGHT OF PARTIC .  DUE TO CH2CL2  ( g r a m s ) :  

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

"Dl1 SECTION - ACETONE R I N S E  OF CONDENSER 
TARE UEIGHT 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 ) :  
UT./VOL. OF ACETONE BLANK ( m i l t i g r a m s l 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 r a m s ) :  

PERCENT I S O K I N E T I C S :  96 X 
STACK TEMPERATURE: 228 .5  d e g r e e s  F 
AVERAGE VELOCITY HEAD: 2 . 0 8  o f  H Z 0  
STACK GAS VELOCITY:  
STACK GAS A I R  FLOW: 4 6 7 0 3 . 7  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 r o n t  & 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 8 . 5  d e g r e e s  R 



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

F I L E  NAME: R 3 1 1 \ L K L A C E 5 2  L A B  #: 6 5 0 7  
CL IENT:  L A K E S I D E  I N D U S T R I E S  START T IME:  1 2 : 3 3  o ' c l o c k  
LOCATION: LACEY, WASHINGTON STOP T I M E :  13 :45  o ' c l o c k  
SAMPLE S I T E :  HOT M I X  ASPHALT SAMPLE LENGTH: 60.0 m i n u t e s  

BATCH PLANT STACK 
SAMPLE DATE: AUGUST 24 ,  1 9 9 4  
RUN #: 2 - METHOD 5 
OPERATORS: R. LAURENCE 

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  - - - - -  - - - - -  - - - - - 
9 5 0 . 8  6 4 5 . 8  3 0 5 . 0  
7 5 9 . 1  6 3 8 . 0  1 2 1 . 1  
5 4 6 . 1  5 3 4 . 5  1 1 . 6  
8 7 2 . 2  8 4 8 . 9  23 .3  

TOTAL H Z 0  GAIN :  4 6 1  .O 
TOTAL VOLUME (scf): 2 1 . 7 4  
PERCENT MOISTURE: 2 7 . 3 7  
B u s :  0 . 2 7 3 7  

P I T O T  TUBE Cp: 
NOZZLE DIAMETER: 
NOZZLE AREA: 
STACK DIAMETER: 3 7 .  
STACK AREA: 
METER TEMPERATURE: 
BAROMETRIC PRES.: 
S T A T I C  PRESSURE: 
STACK PRESSURE: 
OR I F I  CE PRESSURE : 
METER PRESSURE: 

0.84 
0 . 2 3 8  i n c h e s  

0 . 0 0 0 3  sq. feet  
, 3 7 5 ~ 3 1  i n c h e s  

8 . 0 5  sq. feet  
81.0 degrees F 

2 9 . 9 5  inches H g  
0 . 2 6  i n c h e s  H Z 0  

2 9 . 9 7  inches H g  
1 .615  inches H 2 0  
30.07 i n c h e s  H g  

I N I T .  METER VOLUME: 1 9 8 . 1 6 2  AVERAGE CONC. CO2: 5 . 8  p e r c e n t  
F I N A L  METER VOLUME: 2 5 6 . 8 4 0  AVERAGE CONC. 02: 1 2 . 8  p e r c e n t  
VOLUME SAMPLED : 5 8 . 6 7 8  AVERAGE CONC. CO: NA PP" 
STD VOLUME (dscf): 5 7 . 6 6 8  MOLECULAR WEIGHT: 2 9 . 4 4  g / g - m o l e - d r y  
STD VOLUME ( d s c m ) :  1 . 6 3 3  MOLECULAR WEIGHT: 2 6 . 3 1  g / g - m o l e - w e t  
Y FACTOR: 1 . 0 0 2  F o  FACTOR: 1 . 3 9 7  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
SAMPLE VELOCITY TEMPERATURE SAMPLE VELOCITY TEMPERATURE 
POINT " OF H 2 0  " F P O I N T  " OF H 2 0  " F 

PERCENT I S O K I N E T I C S :  9 5  % 
STACK TEMPERATURE: 2 3 1 . 0  d e g r e e s  F 
AVERAGE VELOCITY HEAD: 2 . 1 5  o f  H 2 0  
STACK GAS VELOCITY:  
STACK GAS A I R  FLOW: 4 7 6 3 7 . 5  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 r o n t  & 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: 

691.0 degrees R 

FRONT-HALF PARTICULATE MATTER MASS LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F I L T E R  NUMBER: # 1 1 0 - 5 8 9  
TARE WEIGHT OF F I L T E R  ( g r a m s ) :  0.8177 
F I N A L  WEIGHT OF F I L T E R  ( g r a m s ) :  0 . 9 3 4 5  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  0 . 1 1 6 8 /  

BEAKER NUMBER: # 1 5 0 - 1 6 1 1  
TARE WEIGHT OF BEAKER ( g r a m s ) :  66.7606 
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 6 . 8 1 5 9  
NET WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  0 . 0 5 5 3  4 
VOLUME OF ACETONE ( m i l l i l i t e r s ) :  1 7 0 . 0  
WT./VOL. OF ACETONE BLANK ( m i t l i g r a m s / m l ) :  0 . 0 0 2 9  
NET WEIGHT OF PARTIC .  DUE TO ACETONE ( g r a m s ) :  0 . 0 0 0 5  

TOTAL FRONT-HALF PARTICULATE MATTER ( g r a m s ) :  0 .1716>  

BACK-HALF PARTICULATE MATTER MASS LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
"C" SECTION - CONDENSER PARTICULATE # 1 5 0 - 1 6 2 4  
TARE WEIGHT OF BEAKER ( g r a m s ) :  6 5 . 1 5 1 4  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 5 . 1 6 8 0  
NET WEIGHT OF PARTIC .  MATTER ( g r a m s ) :  0 . 0 1 6 6  -- 
TOTAL VOLUME OF UATER ( m i l l i l i t e r s ) :  7 4 0 . 0  
VOLUME OF UATER CONDENSED ( m i l l i l i t e r s ) :  4 3 7 . 7  
NET VOLUME OF UATER FOR BLANK ( m i l l i l i t e r s ) :  3 0 2 . 3  c--' 
WT./VOL. OF UATER BLANK ( m i l l i g r a m s / m l ) :  0 . 0 0 2 4  
NET WEIGHT OF PARTIC .  DUE TO UATER ( g r a m s ) :  0 . 0 0 0 7  . 
"CX" SECTION - HYDROCARBON EXTRACTION # 1 5 0 - 1 6 1 3  
TARE WEIGHT OF BEAKER ( g r a m s ) :  6 6 . 9 9 4 8  
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 6 . 9 9 4 8  
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 ) :  1 5 0 . 0  
WT./VOL. OF CH2CL2 BLANK ( m i l l i g r a m s / m l ) :  0 . 0 0 0 L  
NET WEIGHT OF PARTIC .  DUE TO CH2CL2 ( g r a m s ) :  0 . 0 0 0 0  . 
"D" SECTION - ACETONE R I N S E  OF CONDENSER # 1 5 0 - 1 6 1 2  
TARE WEIGHT OF BEAKER ( g r a m s ) :  67.30 '12 
F I N A L  WEIGHT OF BEAKER ( g r a m s ) :  6 7 . 3 0 1 2  
NET WEIGHT OF PARTIC .  MATTER ( g r a m s ) :  0 . 0 0 0 0  
TOTAL VOLUME OF ACETONE ( m i l l i l i t e r s ) :  7 5 . 0  
WT./VOL. OF ACETONE BLANK ( m i l l i g r a m s / m l ) :  0 . 0 0 2 9  
NET WEIGHT OF P A R T I C .  DUE TO ACETONE ( g r a m s ) :  0-0002 ..:@- 

TOTAL BACK-HALF PARTICULATE MATTER ( g r a m s ) :  0 . 0 l 5 7 c k  
TOTAL WEIGHT OF PARTICULATE MATTER ( g r a m s ) :  0 . 1 8 7 3  w 



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

FILE NAME: R31 l\LKLACE53 
CLIENT: LAKESIDE INDUSTRIES 
LOCATION: LACEY,UASHlNGTON 
SAMPLE SITE: HOT M I X  ASPHALT 

BATCH PLANT STACK 
SAMPLE DATE: AUGUST 24, 1994 
RUN #: 3 - METHOD 5 
OPERATORS: R .  LAURENCE 

IMPINGER WEIGHTS 
FINAL INITIAL NET 
grams grams grams 
- - - - -  - - - - -  - - - - - 
785.7 593.8 191.9 
888.6 640.3 248.3 
589.5 541.7 47.8 
791.4 769.2 22.2 

TOTAL HZ0 GAIN: 510.2 
TOTAL VOLUME (sc f ) :  24.06 
PERCENT MOISTURE: 28.80 
Bws: 0.2880 

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

PITOT TUBE Cp: 
NOZZLE DIAMETER: 
NOZZLE AREA: 
STACK DIAMETER: 
STACK AREA: 
METER TEMPERATURE: 
BAROMETRIC PRES.: 
STATIC PRESSURE: 
STACK PRESSURE: 
ORIFICE PRESSURE: 
METER PRESSURE: 

6508 
14:43 o 'c lock  
15:54 o'c lock 
60.0 minutes 

0.84 
0.238 inches 

0.0003 sq. feet  
37.375~31 inches 

8.05 sq. f ee t  
85.2 degrees F 

29.95 inches Hg 
0.26 inches HZ0 

29.97 inches Hg 
1.618 inches H2O 
30.07 inches Hg 

INIT. METER VOLUME: 257.697 AVERAGE CONC. C02: 5.8 percent 
FINAL METER VOLUME: 318.687 AVERAGE CONC. 02: 12.5 percent 
VOLUME SAMPLED: 60.990 AVERAGE CONC. CO: NA P P  
STD VOLUME (dscf ) :  59.478 MOLECULAR WEIGHT: 29.43 g/g-mole-dry 
STD VOLUME (dscrn): 1 .684 MOLECULAR WEIGHT: 26.14 g/g-mole-wet 
Y FACTOR: 1.002 Fo FACTOR: 1.448 

__-__-____-________---------.---------------------------------.---------------------- 
SAMPLE VELOCITY TEMPERATURE SAMPLE VELOCITY TEMPERATURE 
POINT OF H20 OF POINT la OF HZ0 "F 

PERCENT ISOKINETICS: 99 % 
STACK TEMPERATURE: 233.7 degrees F 
AVERAGE VELOCITY HEAD: 2.16 o f  HZ0 
STACK GAS VELOCITY: 
STACK GAS AIR FLOW: 47944.0 acf/min 
PARTICULATE EMISSION CONCENTRATION ( f r o n t - h a l f ) :  
PARTICULATE EMISSION CONCENTRATION (back-ha l f ) :  
TOTAL PARTICULATE EMISSION CONC. ( f r o n t  & back-ha l f ) :  
TOTAL PARTICULATE EMISSION CONCENTRATION: 
TOTAL PARTICULATE MATTER EMISSION RATE: 

693.7 degrees R 

99.3 f t /second 
26025.4 dscf /min 

0.042 gr/dscf 
0.007 gr /dsc f  
0.049 gr/dscf 
113.2 mg/dscrn 

11.0 l b /h r  

FRONT-HALF PARTICULATE MATTER MASS LOADING 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - -  

FILTER NUMBER: #110-583 
TARE UEIGHT OF FILTER (grams): 0.8202 
FINAL WEIGHT OF FILTER (grams): 0.9156 
NET WEIGHT OF PARTICULATE MATTER (grams): 0.0954 '-cc' 

BEAKER NUMBER: #150- 1614 
TARE WEIGHT OF BEAKER (grams): 66.9630 
FINAL WEIGHT OF BEAKER (grams): 67.0306 
NET WEIGHT OF PARTICULATE MATTER (grams): 0.0676 o 
VOLUME OF ACETONE ( m i l l i l i t e r s ) :  230.0 
WT./VOL. OF ACETONE BLANK (mi l l igrams/mi):  0.0029 
NET WEIGHT OF PARTIC. DUE TO ACETONE (grams): 0.0007 - 
TOTAL FRONT-HALF PARTICULATE MATTER (grams): 0.1623 LC, 

BACK-HALF PARTICULATE MATTER MASS LOADING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
"C" SECTION - CONDENSER PARTICULATE #150-1625 
TARE WEIGHT OF BEAKER (grams): 65.1549 
FINAL WEIGHT OF BEAKER (grams): 65.1843 
NET UEIGHT OF PARTIC. MATTER (grams): 0.0294 
TOTAL VOLUME OF UATER ( m i l l i l i t e r s ) :  840.0 
VOLUME OF UATER CONDENSED ( m i l l i l i t e r s ) :  488.0 
NET VOLUME OF WATER FOR BLANK ( m i l l i l i t e r s ) :  352.0 
WT . /VOL . OF WATER BLANK (mi 1 l i grams/mk ) : 0.0024 
NET UEIGHT OF PARTIC. DUE TO WATER (grams): 0.0008 

"Cx" SECTION - HYDROCARBON EXTRACTION #150-1616 
TARE WEIGHT OF BEAKER (grams): 65.7992 
FINAL UEIGHT OF BEAKER (grams): 65.7992 
NET WEIGHT OF PARTIC. MATTER (grams): 0.0000 
TOTAL VOLUME OF CH2Cl2 ( m i l l i l i t e r s ) :  150.0 
WT./VOL. OF CH2Cl2 BLANK (mi l l ig rams/ml f :  0.000 
NET WEIGHT OF PARTIC. DUE TO CH2CL2 (grams): 0.0000 

"Dl1 SECTION - ACETONE RINSE OF CONDENSER #150-1615 
TARE WEIGHT OF BEAKER (grams): 65.8874 
FINAL WEIGHT OF BEAKER (grams): 65.8874 
NET WEIGHT OF PARTIC. MATTER (grams): 0.0000 
TOTAL VOLUME OF ACETONE ( m i l l i l i t e r s ) :  95.0 
WT./VOL. OF ACETONE BLANK (mi l l igrams/ml):  0.0029 
NET WEIGHT OF PARTIC. DUE TO ACETONE (grams): 0.0003 

TOTAL BACK-HALF PARTICULATE MATTER (grams): 0.0283 & 
TOTAL WEIGHT OF PARTICULATE MATTER (grams): 0.1906 1 





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

CLIENT LOKPC,I~E Z;;d VILS 5: - LOCATIONL@~$ ~im~]/i/~fil, - DATE &y,/&' 
1 -  - L 

RUN # 3 
Particulate Matter Emis-sion Concentration - Equation 5-1 

VmStd = 1 7.647°R/"Hg~c,,,,a,,t,*volume sampled*Yfactor*(P~ i AH/13.6)/(460 + T,) 

= 1 7.647°R/"Hg*@, 440 ft3* /,m *(29,9,5-"Hg t ( ] ,&g "H20/1 3.6))/(460 + f5#~2 F) 

= 59 438 dscf 

dscm = 59,~/;2& dscfl35.31 ft3/m3 

= /,b@f dscm 
.- 

Substitution of Equation 5-4 into 5-5 

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

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

= d,oq9 gr/dscf (Equation 5-6) 

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

= -w grldscf @ % 0, 

gr/dscf @ - %GO - gr/dscf * YO / %CO, 2 - -- 
% correct~on % measured 

= M/,h grldscf @ % CO, 

mg/dscm = .- mg/,~'J,gq dscm 

Particulate Matter Emission Rate 

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

pounds/hour = O,fiq? gr/dscf * as!Jdscf/min * 60 min/hr * 1 lb/7000 grains 

= /j,o lb/hr 



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

Moisture - Equation 5-2 and 5-3 

VwStd = 0 0471 5 ft3/g * ,5/0,2 grams of H,O collected In rmplngers 

= Jq ,  / scf 

BWS = ( 2$ j scf)/( a g , /  scf + 59,43$dscf) 

= o asto 
% Moisture = 3 g(3 % = BWs * 100 

Molecular weiqht - Equation 3-2 
2 ,  - 

Md = 0 . 4 4 0 * ( 5 8  %C02) + 0 . 3 2 0 * ( E % O 2 )  +0.280*(100%- 5,$ % C 0 2 -  )J,\T %02(%C0 + %N2)) - 

= 2q 43 gig-mole (dry) 

M, = Md * (1 -B,,) + 18.0 * B,, = 29.q g/g-mole * (1 - 0 m) + 18.0 g/g-mole * ~ , J ~ ~ o  
= Jfn,/4 gig-mole (wet) 

F, = Hlj8 = (20.9- ]J,-T )%02/ 58 %C02 

Stack qas velocitv and volumetric flow rate - Equation 2-9 and 2-10 

V, = 85.49 * 0, $4 *q 2, /b * 
o R /( 2b,Jf/ g/g-mole * 2 9 , q ~ ' ~ ~ ) '  (a0 F + 460)' R (29,f5pB + &Ps/13.6) 

V, = w3 ft/sec (std) 

Qsd = 3600 * (1 - B,,) V, * A, * (Tstd/r,) * (P, / P,,,) / 60 rnin/hr 

Q,d = 3600 * (1 - 0 . 3 )  * 99,3 R/sec * g,05f t2 * (5280 R/h55'3-0 R) * (3 ,_7"Hg / 2992"Hg) / 60 
3 ? , 3 3 s g 3 ~  //$'Y 

= &0~5;ljdscf/rnin (dry standard cubic feet per minute) 

acfm = 99,.3 ft/sec * 8,0,? ft2* 60 sec/min 

= _L)jqyLj.@cfm (actual cubic feet per minute) 

lsokinetic variation - Equation 5-8 

I = 0.09450 * VrnStd * T, 5 [P, * V, * sample time * A, *(1 -B,,)] 

I = 0.09450 * 59,qSg dscf * #3,7 R/[29,q?"Hg * qq,3 ft/sec * ,@ min * 0,0@3 f t 2  *(l -0,y;)J 
( ~ ~ ~ , ~ / ~ 2 / 2 ) ~ . ~ ,  

I =  9q " 
All of the above numbered equations are from the 40 CFR 60 and assume English units 
[cbh\c-\word\b-platc\MS.doc) 



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

BACKHALF PARTICULATE 

F ~ n a i ' Y f h & ~ J V / t  hd k't - 
"C" Section X57-5-73 B 7 ? F  
a 29,y mg particulate in "C" Section Beaker 

&t.6  - $i-rG83 z 248.3 
5 r q 5 - f Y I . 3  = y7.g 

b g40 ml of water in condensers, including rinses - 
4 88,O 

c i-/$z ml condensation in IS', 2"d and 3'd bubblers (final wt - initial wt, assumes lg/lrnl water density) 

d 3J ml Dl water used in bubblers including rinses = b - c 
0, ~ J L . /  mg/rnl blank particulate = 0, mg blank / 250 ml blank 

f fi , 8  mg blank particulate = e * d 

J$,k; mg of "C" particulate = a - f = 29,Y mg - el$ mg 

"Cx" Section 

a 0, lr) mg particulate in "Cx" Section Beaker 

b ml CH2CI2 used for sample 

c 1211 mg/ml blank particulate = 0,fi mg blank / /5(3 mI blank 
d 0,b mg blank particulate = b * c 

0 , o  mg of "Cx" particulate = a - d = 0, # mg - 0,f l  mg 

"D" Section 

a , mg particulate in "D" Section Beaker 

b qcy ml Acetone used for sample 

0.m mg/ml blank particulate (Same as "B" Section) 

d 0 3  mg blank particulate = b * c 

-0,3 mg of "D" particulate = a - d = S,O mg - ir),3 mg 

TOTAL BACK-HALF PARTICULATE 

+ 3 . b  mg "C" Section Particulate 

+ 0, 0 mg "Cx" Section Particulate 

+ -0,3 mg "DM Section Particulate 

+ ~,/)l, mg Back-half Filter Particulate (If applicable) 

= 28,3 mg Back-half Particulate 
[cbh\c:\word\b-plate\MS.docl 



STACK SCHEMATIC AND LOCATION OF SAMPLE POINTS 
, - Client  , - , 1 -  

Location , , I *  ' 

Sampling Location ,' 4 ~ , , t  1 .J - /- ' :, , r - r -  

Ins ide  o f  f a r  wal l  t o  o u t s i d e  I 

of  port (d i s tance ,  X )  , ( , I .  . I 

Ins ide  o f  near wal l  t o  o u t s i d e ,  .. 
o f  port  (d i s tance ,  Y )  . - Schematic of Sampling 

Location 
Stack I.D. (d i s tance  X - di s tance  Y )  

CROSS SECTION STACK, cON~ROL DEVICE AND PROCESS 
F W W  DIAGRAM 

FLOW 

4 ul 
/" 

Distance A = 
I / 

downstream 
Dis tance B = ?, i upstream 



2 I, 
c 

TRAVERSE SAMPLING DATA SHEET Page - 

Pltot Tube Insp. 

Production Rate 

':SAMPLTNG PARAMETERS 

EQUIPMENT CHECKS 
Final Inltlal 

Gas Sampllng System 

I 
0 2  
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METHOD 5 
vLABORATORY ANALYSIS 

Client 

Sample Location 

Date 8-2'f-4+ 

"A" Section (Filter) 

Filter # 110 - .F%Z Tare Weight 0.9136 grams 

Final Weight 0.Wqy grams / 
Net Weight OtIf5 

IcBn Section (Probe Wash) 

Beaker # / 5 0  - 160% - Tare weight bg* 7%-7 grams 
Volume Acetone /Yo mls Final Weight 65-. 5 J fl grams 

Net Weight G.og>(^Z grams 

"C1I section (Condenser Particulate - Inoruanic Catch) 
t, 

Tare /keigh 

mls Final Weig 

Net weight 
'i 

nCxw section (Condenser Particulate - 0rqanic Catch) 
<ma' - 

Beaker # 150 - 1616 Tare Weight b ~ ,  6 ~ 2 7  grams 0,  ,856 
Volume CH2C12 / 5-6 mls Final weight LY 6 .i 2'i rams 

Net Weight g r a m s  7 

"D" Section (Final Acetone Rinse of Impinqers) 

Beaker # /?G - lib@ Tare Weight L4,  y~ ~7 grams 
Volume Acetone '70 mls Final Weight bc- rams 

Net Weight grams 





METHOD 5 
LABORATORY ANALYSIS 

Client ~ L l r ~ s i d e  [ c J u ~ f ~ ~ ~ -  ~c~~~ Run Number 
1 

Sample Location M ( e  I- 
Date b-23-44 

nA1l Section (Filter) 

Filter # 110- S%y Tare Weight 0 6./ 7 7 gram, 

Final Weight 6.4 3 ~ (  grams 

Net Weight 0% 116 grams 

"B" Section (Probe Wash) 

Beaker # 6 -  /&/ I  Tare Weight 7666 grams 

Volume Acetone 170 mls Final Weight d6, t l 7 7  grams 

Net Weight 0 , K 5 3  

go 6 0 * 0 0 h q ' ~  - 0, a 
11 r 11 section (CsnBenser 5 Particulate - Inor ani 

Beaker # 150 - /@/ Tare Weight G s , / ~ / ' /  grams 

P 1; , *,k Volume Water 720/770 mls Final Weight 65 //nFuq grams 

#b;;;"iO. , , , a-YjDoO 
340/?2o7 /,02g 

Net Weight , 1 grarns*],0aE 

'id' * vr- o . ~ e S ;  g4?'; l ; .  
IIC-II section (Condenser Particulate - Orqanic Catch) 

Beaker # - / 6 / 3  Tare Weight 66. 9qr/ 8 grams 
Vclume CH2C12 150 mls Final Weight 0 4 ~  9 gyans 

Net Weight 5' grams ))L )S" F 

"D1' Section (Final Acetone Rinse of Im~inqersl 

Beaker # /s?3- l i w  
Volume Acetone 75- 

-1- 

mls 

Tare Weight L 7 b/ 2 grams 

Final Weight 17: grams 

Net Weight --+k?L-grams 



b TRAVERSE SAMPLING DATA SHEET Page of 32- 
Client L, &('& 5 
Location - 
Sample 

@ ~ / - t f - \ k  - 
Stack Diameter 3 3/ 
Date 3 - ~ 7 -  4 y , 

Operators 
Run I.D. 

EQUIPMENT CHECKS 

QA FORMS COMPLETED 
Stack Schematic 
Sample Train 

Pitot Tube 1nsp.- 
Magnehelic Cal. 
Temp. Probe Ca1.- 
Gas Meter Calib.__ 

~ilter Box # 0 -cG 

Start Time I Y t f y  5 1 
Stop Time 
Barometric -1 
Pressure ll~g Z?, f( 
Static ~ r e s  "H20 +; 2 5 
Production Rate 

SAMPLING PARAMETERS 



METHOD 5 
LABORATORY ANALYSIS 

Client Lake; \ '& (Q & s - ( ~ , ' ~  - ~ r c q  Run Number 3 
J - 

Sample Location %-LA- U+lp)r - 
Date x-~cf - 7 4  

"A" Section (FilterL 

Filter # //0-=3 Tare Weight 0. tm 2 grams 

Final Weight 0.9/5-6 grmS 

"B' Section (Probe Wash) 

Net Weight 0 . 0 4 5 7  'grams 

Beaker # /50 / 6 / ( /  Tare Weight 66- 9636 grams 

Volume Acetone 2 3 0  mls Final Weight 6 ; ( 0 ~ 0 6  grams 
' grams . 

Beaker # /SO - / 6 2 S  Tare Weight 5 ,  grams 
-- 

Volume Water g 2 0 / 8 ~ 6  mls Final Weight 6-1. : .  I grams 
, ' 

4 Net Weight I- ), L. &?; grams X / , G J q  
.;8 6 o.owL7' \/ 

"cx" Section (Condenser Particulate - Orqanic catch1 
. ogw 

A@ -c 'ooo~ 

Beaker # 
d& - .  0003 

/SO - /6 /6  Tare Weight Q5<FCz grams ow 
Volume CH2C12 /\-0 mls Final Weight b5 7G.?O grarr.s 

I 

Net Weight ,$ - gramsr i-,j 

"D' section (Final Acetone Rinse of Im~inqers) - 
Beaker # /56 - 1619 Tare Weight LT. gK7y grams 
Volume Acetone 95 mls Final Weight 67, 7.Zgrqms 

Net Weight - ~ , O O  0 L! grams - 

&SOY 



METHOD 5 
LABORATORY ANALYSIS 

Acetone Blank 

Beaker # Tare Weight 1$6, y5 grams 

Volume Acetone /UCl 

Distilled, Deionized Water Blank u - ' 'y / /Wpd = ( 

Beaker # /26 - /b2 6 Tare Weight 6 ,  7 grams 

Volume Water 2 50 mls Final weight fi iq77- grams 
Net Weight fl, oflob grams 

O,br.$ = D PW P4,1;3 

Methylene chloride ( ~ ~ 2 ~ 1 2 )  Blank .. 0 

Beaker # 15'6 - 161 X Tare Weight 66. ?3q/  grams 

Volume CH2C12 1.5-6 mls Final Weight G6.9331 grams 

Net Weight -- -0,  &I (G grams 

0.0 



SAMPLE TRAIN INFORMATION 
Fill out one sheet per site and per test type. 

ms 35 
A I R  Q U A L I T Y ,  INC.  

CLIENT: LA ,(tar I DK I~47cu m M 5 1 

LOCATION. h~>/ . r J& 
7 

SITE. A r +  , , +  a I 

! ,  

TEST TEAM. / - .'+ ' - A  DATE(S). 

, - 
I ,  

. . 
RUN #'S: ,',* . - TYPE: ,',LC; k..' - ,  ' , : 

ProbelFilter Temperature. 1 248+25 F 320 F Other 

lmpinger Temperature: L <68 F Other 

THIMBLE: yes L- no NOZZLE TYPE quartz i steel none 

PROBE LINER: quartz - glass L ."'steel teflon 

PROBE TYPE: ~',';egular water-cooled 

FRONT-HALF FILTER: - / y e s  n o  SIZE (mm): 9 0  j l l O  1 2 5  o t h e r  
FRONT-HALF FILTER MEDIA: v quartz fiber glass fiber teflon 

, ' 
SUPPORT: steel glass frit !,,- ' teflon GASKET. 11 Glicon teflon 

'no BACK-HALF FILTER: d e s  - 
tared - BACK-HALF FILTER MEDIA: q u a r t z  fiber q l a s s  fiber t e l f o n  - untared 

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

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



M-s 
A I R  Q U A L I T Y .  I N C  

Page I of L 

GAS BAG SAMPLE DATA SHEET 

CLIENT: l, </DE 
LOCATION: LI;I CCC/ 1 

SAMPLESITE. E&&BuK C J q - / e +  

DATE: r- 

N U M B E W P E  OF TESTS: , , 3 NUMBER OF BAGS: 3 
SAMPLED BY: k%kc 

SUBMITTED BY: 6L 
ANALYZED BY: 66 DATE: ~/LJ 

co, ANALYZER: SFW M CALIBRATION GAS: 5, frk- n ./ 
O2 ANALYZER: 5 W c - r - c h  CALIBRATION GAS: /Jl 2 - LQ o< 

CO ANALYZER: CALIBRATION GAS: 

NOTES F, 

J*Uy 

ImYa 
r.44 

CO 
ppm 

0 
- 02 

/ T O  

I@' 
/2c 

BAG NUMBEWlDENTlFlCATlON 

. R- / 
-L 

I - 

co2 
Oh 

5 
5.00 
SS 





LOCATION: Lac4' '1 

SAMPLE SITE: a 

TFST DATE: 

- 



SOURCE TEST OBSERVATION CHECKLIST 
3Y 

ASPHALT PLANTS WITH BAGHOUSE AlvmSr 
L L P P S - , L &  ry lh4CL(5fr : l lp1J 

 in Q U A [  I T Y  I N C  
CLIENT: 

LOCATION: L a c e y  

SAMPLE SITE: C ,  -4 jd",j2 
TEST DATE: I+ &u$ 4$ 

TYPE OF PLANT: - +  & f r L  P / ; L R ~  
EQUIPMENT MANUFACTURER: fl4~!5r* 

MODEL: CONSTRUCTEDIINSTALLED: /977 7 
IDENTIFICATION NO.: DATE LAST TESTED: 

PROCESS RATE: 270 ~ f ' h i  DISCHARGE TEMP OF: 

FUELFIRINGRATE: ~~O/AA, , -  TVPE OF FUEL: dtedey 
U / 

A/C INJECTION LOCATION: B)(-J4 mi( 

FINES IN GRAVEL (-200 mesh): 5-7 % 
GRAVEL MOISTURE: - % ASPHALT TYPE: A/? 4 ~ ~ 7  
DENSITY Iblgal FLASHPOINT OF 4'43 a 

TYPE OF EMISSION CONTROL DEVICE: &4 b b q ~ e  

EQUIPMENT MANUFACTURER: Ld. 4.6. MODEL: &m$,?f 

IDENTIFICATION NO.: 

BAG MATERIAL: uofipdx 14- Ot* NO. OF BAGS: I /@ 

BAG SIZE: g f DATE BAGS LAST CHANGED:  YO 
TYPE OF BAG CLEANING: hl!9L 
BAGHOUSE PRESSURE A P  = g. " Hz0 (OR PRESSURE DROP ACROSS BAGHOUSE) 

CLEANING CYCLE DURATION: 

DlSPOSlTlON OF COLLECTED DUST: h,t~q f j  Mi /~d / /cc f@d b)h 

ADDITIONAL INFORMATION: 



CROSS SECTIONAL AREA 

Traverse Distance 
Point Iinches) 

1 7.12 
2 13.36 
2 19.60 

Port - 
A 
B 
C 
D 

Distance 

STACK DIMENSIONS 

37.375 inch x 31 inch rectangular vent 

4 ports located along the 31 inch side 

A = 23.5 inches downstream 

B = 281 inches upstream 

Figure 1. Location of sampling ports and traverse points. 



Figure 2 . Method 5 Sample Train. 

Sampling noeele 

Sampling probe sheath 

Heated sample probe liner 

Out of stack filter aasembly 

Heated filter compartment maintained at  248OF f 25OF 

(or temperature specified in 40 CFR subpart)  

Impinger cane - contains ice during sampling 

First impinger containing 100 ml H 2 0  

Modified Greenburg-Smith impinger containing 100 rnl I120  

Third impinger - empty 

Fourth impinger containing indicating silica gel desiccant 

Impinger exit gas temperature sensor 

Umbilical cord - vacuum line 

Vacuum gauge 

Fine and coarse adjustment valves 

Leak free pump 

By-pass valve 

Dry gan meter with inlet and outlet temperature sensors 

Orifice meter with magnehelic gauges 

S-type pitot tube with magnehelic gauges 

Fluke multi-channel digital thermocouple indicator 



METHOD 1 - LOCATION OF TRAVERSE POINTS 

C i r c u l a r  S t a c k s  

TRAVERSt 
POINT 

1 
2 
3 
4 
5 
6 

F~gure 1 3. E x a m p l e  showing c ~ r c u l a r  stack c r o s r v c t ~ o n  divided I n t o  
1 2  e q u a l  areas. wirh l o c a t i o n  o f  t raverse p o i n t s  Ind ica ted .  

TABLE 1-2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 

[Percent of alack dlarnetw lrom low% wall l o  Vawrse pan11 

Traverse polnl number on a dtsmeter 

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

1 
2 
3 
4 
5 
6 
7 
0 
9 
1 
1 
12 
13 
14 
15 
16 
17 
18 

Rectangula r  S t a c k s  

For a rectangu- 
lar cross section. an equivalent d l a m e t e r  
(D, )  ahall be c a l c u l a t e d  from t h e  f o l l o w i n g  
equation. to d e t e d n e  t h e  u p s t r e a m  and 
d o w n s t r e a m  dlstancea: 

w h e r e  L - l e n g t h  and W - w l d t h .  
F ~ q u r e  1 4 Example s h o w ~ n g  rectangular stack cross 
secclon d ~ v ~ d e d  I n t o  12 equal areas. w11h a traverse 
p o ~ n t  at centrotd of each area 



METHOD 1 - MINIMUM NUMBER OF TRAVERSE POINTS 

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE IDISTANCE 0 )  

Figure 1-1. Minimum numbrr of traverw points for particulate traverse% 

* 
W C T  OIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A )  

0 5 1 0  1.5 2 0 2 5 

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE IDISTANCE A )  

!a 

2 40 
I 
2 
W u 0 

530- 
2 
c 

b .  

( I I I I 1 I I 

'H IGHER NUMBER I S  FOR 
RECTANGULAR STACKS OR DUCTS - 

24 OR 25' OISTURBANCE 

I STACK DIAMETER - 0 30 TO 0.61 m (12.24 in.) I 

0 5 1 0  1.5 2 0 2 5 

DUCT VIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B) 

a W 

5 20- 
3 z 16 STACK DIAMETER > o 61 m (24 in.) 

50 

u 
t 40 z 
I! 
W 'n 
E Y 

2 30 
a C 

8 
E W 

s m -  
3 
z 
I 
3 
2 
Z 10- 
z' 

Figure 1.2. Minimum number of traverse oointr for velociry (nonpantculare) traversa. 

I 

I 10- 
z 

0 

1 I I I I I I I 

'HIGHER NUMBER IS FOR 
RECTANGULAR STACKS OR DUCTS 

-- - 

.- A 

- 
STACK DIAMETER> 0.61 m (24 I-.) 

12 

8 OR 9' - 
1 

I 12 

I 8 OR 9. - 
FROM POINT OF ANY TYPE OF 
DISTURBANCE (BEND. EXPANSION. CONTRACTION. ETC.) 

STACK DIAMETER - 0.30 T O  0.61 m (12-24 id 
I I 1 1 I 1 I 

2 3 4 5 6 7 8 9 10 



METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS 

5.1 Nomenclature 

A =Cross-sectional uea of stmk. m' ( i t  '1. 
B ,  =Water vapor In the giu stream (from 

Method 5 or Reference Nethod 4). pro- 
portion by volume. 

C,=Pitot tube coefficient, dimensionless. 
K,=Pltot tube constant. 

for the rnetrlc system m d  

(Ib/lh-mole) ( in. I~I_)]"' 
85.49 - cc [ ( ~ I t ) ( i n .  H;O) 

for the Englbh system. 

M,=Molecular weight 01 strclr gas, dry basis 
(we Bectlon 3.6) g/g-mole (lb/lb-mole). 

X=Molecu lu  weight of stack gas. wet 
b d n ,  g/g-mole (lb/lb-mole). 

-=&(I-&) +18.0 B, 

&. 2-5 

P,=Buometric pressure a t  messurement 
slte, mm Hg tln. He). 

P, =Stack stat& pressure, mm Hg t In. Hg). 
PI-Absolute atack gas pressure. mm H g  tin. 

Hg). 
= Pb, + P, Eq. 2-6 

Eq. 2-6 

P,=Standard absolute preasule. 760 mm 
Hg (29.92 In. Hg). 

Q,=Dry volumetric stack gas flow rate cor- 
rected to standard conditions, dwm/hr 
tdscf/hr). 

t =Stack temperature. 'C  ('F). 
T,=Absolute stack temperature. 'K. ('R). 
=273+ f, for metric. 

Eq. 2-7 

=460+ f, for English. 
Eq. 2-8 

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

&=Average stack gas velocity, m/sec (f t /  
sec). 

A,=Veloclty head of stack gas, mm H.0 (in. 
H.0). 

3.600 =Conversion 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-IC 

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS 

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

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

ed by 100. 
0.320=Molecular welght of 0* divided by 

100. 
0 440 ?~:.)It~~ular welght of CO, divided b} 

100. 
6.2 Percent Excess Air. Calculate the per- 

cent excess alr (if applicable), by substitut- 
Ing the approprlate values of percent 0,. 
CO. and N. tobtalned from Section 4.1.3 or 
4.2.4) Into Equation 3-1. 

Eq. 3-1 

No=: The epuatlon above assumes that 
ambient air Is used as the source of 0, and 
that the fuel does not wntaln appreciable 
amounts of N, (as do coke oven or blast fur- 
nace gases). For thafe cases when apprecia- 
ble amount? of N, R r r  p r ~ s ~ n t  rrnr.1 rill 114 
natural gas do not contalrl apyrtYlaoir 
amounts of N,) or when oxygen enrichment 
is used. alternate methods, subject to ap- 
proval of the Adrnlnistrator. are required. 
6.3 Dry Molecular Weight. Use Equation 

3-2 to calculate the dry molecular welght of 
the stack gas 

M~=0.440(%CO~)+O.320(~0~~)+ 
0.280(%N.+ %CO) 

Eq 3-2 



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

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

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

R=Ideal gas constant. 0.06236 tmm Hg) 
tma)/(g-mole) ('K) for metrlc unlts and 
21.85 ( I n  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. 

V,~,dl=Dry gas volume measured by the dry 
gas meter, corrected to standard condi- 
tions. dscm tdscf ). 

V ,I,W = Volume of water vapor condensed 
corrected to standard condltlons. scm 
tscf ). 

V,,+,r~=Vol~me of water vapor collected in 
silica gel corrected to standard coadi- 
Lions. scm tscf 1. 

V I  = Final volume of condenser water. ml. 
ir4 =Initial volume. If any, of condenser 

water. ml. 
w ~ = F l n a l  weight of silica gel or silica gel 

plus Implnger. g. 
W,=Initlal weight of silica gel or sillca gel 

plus lmpinger, g. 
Y =Dry gas meter callbration factor. 
pr=Density of water, 0.9982 g/ml (0.002201 

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

K,-0.001333 ma/ml for metrlc units 
=0.04707 ft'/ml for English units 

2.3.3 Volume of Water Vapor Collected In 
Slllca Gel. 

= K,( w,- WO 

Eq. 4-2 

Where. 
K,=0.001335 ma/g for metrlc unlts 

=0.04715 ft3/g for Engllsh unlts 
2.3.4 Sample Gas Volume. 

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

= 17.64 'R/in. Hg for English units 

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

2.3.5 Molsture Content. 

Eq. 4-4 
NOTE: In saturated or moisture droplet- 

laden gas streams, two calculations of the 
moisture content of the stack gas shall be 
made, one uslng a value based upon the 
saturated conditions (see Section 1.2). and 
another based upon the results of the im- 
plnger analysls. The lower of these two 
values of B ,  shall be conaldered correct. 



METHOD 5 - PARTICULATE EMISSION CALCULATIONS - (1) 

6.1 Nomenclature. 
A. =Cross-sectional area of nozzle. ma (itr).  
B,, = Water vapor in the gas stream, propor- 

tion by volume. 
c,, =Acetone blank resldue concentration. 

mg/g. 
c, = Concentration of partlculate matter in 

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

1. percent of bokinetic sampling. 
L-Maximum acceptable leakage rate for 

either a pretest leak check or lor a leak 
check following a component change; 
equal to 0.0057 mJ/min (0.02 cfm) or 4 
percent of the average sampling rate. 
whichever is less. 

=Individual leakage rate observed during 
the leak check conducted prior to the 
,. ,,,*' 

1 component change ( i =  1, 2. 3 .... n), 
ma/min tcfm). 

,!+=Leakage rate observed during the post- 
test leak check. mx/rnin tcfm). 

%=Mass  of residue of acetone after evapo- 
ration. mg. 

rn =Total amount of particulate matter col- 
lected, mg. 

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

P,,=Barometric pressure at  the sampling 
site, mm Hg (in. Kg). 

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-m'/ 
'K-g-mole (21.85 in. Hg-ft3/'R-lb-mole). 

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

T,--Absolute average stack gas temperature 
(see Figure 5-21, 'K ('R). 

~ . , = ~ t a n d a r d  absolute temperature. 293' K 
(528" R). . - . - - . . 

Vo =Volume of acetone blank. ml. 
c',,=Volume of acetone used in wash. ml. 
If,, =Total volume of liquid collected in im- 

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

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

V,,,,, = Volume of gas sample measured by 
the dry gas meter. corrected to standard 
conditions. dscm (dscf). 

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

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

W.=Weight of residue in acetone wash, mg. 
Y=Dry gas meter calibration factor. 
AH==Average pressure differential across 

the orlfice meter tsee Figure 5-21. mm 
H,O (in. H.0). 

P= =Density of acetone. mg/ml (see label on 
bottle). 

p,=Density of water. 0.9982 g/ml (0.002201 
lb/ml). 

8-Total sampling time. mln. 
@,=Sampling time interval, from the begin- 

ning of a run until the first component 
change. mln. 

8, =Sampling tlme Interval, between two suc- 
cessive component changes. beginning 
with the Interval between the flrst and 
second changes, min. 

@,=Sampling time Interval. from the final 
tn'") component change untll the end of 
the sanipling run. min. 

13.6=Specific gravity of mercury. 
60 = Sec/mln. 
100 =Conversion to percent. 

6.2 Average Dry Gas Meter Temperature 
and Average Orllice Pressure Drop. See 
data sheet (Rgure 5-2). 

6.3 Dry Gas Volume. Correct the sample 
volume measured by the dry gas meter to 
standard conditions (20' C. 760 mm Hg or 
68' F. 29.92 in. Hg) by using Equation 5-1. 

Equatiari 5-1 

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

= 17.64 'R/in. Hg for English units 
NOTE: Equation 5-1 can be used as written 

unless the leakage rate observed during any 
of the mandatory leak checks (i.e.. the post- 
test leak check or leak checks conducted 
prior to component changes) exceeds L. I f  
L, or I exceeds L. Equation 5-1 must be 
modified as follows: 
(a) Case I. No component changes made 

during sampling run. In this case. replace 
V ,  in Equation 5-1 with the expression: 

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

1.- (L,-- L . ) 8 ,  

I ,  -x ( i ~ , ~ - ~ ~ . , ) e , - ( / ~ ~  1 , ~ ) 8 , ,  
_ 1 . - - I 

and substitute only lor those leakage rates 
(L or L,) which exceed L. 

6.4 Volume of Water Vapor. 



METHOD 5 - PARTICULATE EMISSION CALCULATIONS - (2) 

LqwaUon 5-1 From To 

w/ 
gin' 
ginz 2 2 0 5 f 1 0  ' 

Where: 35 31 

K,=0.001333 ma/ml for metric unlts - -- -- --- 

~0.04707 ft'/ml for Engllsh units. 6 11 Isoklnetlc Variation. 
6.5 Molsture Content 6 11.1 Calculation From Raw D ~ t a  

Eq. 5-3 

Nom: In saturated or water droplet-laden 
gas streams. two calculations of the mols- 
ture content of the stack gss shall be made. 
one from the lmplnger analysis (Equation 5- 
3), and a second from the assumption of 
saturated conditions. The lower of the two 
values of B, shall be considered correct. The 
procedure for determining the moisture 
content btsed upon assumption of saturated 
condltlons is glven 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 that the accuracy 
of the in-stack temperature sensor is t 1 '  C 
(2' F). 

6.6 Acetone Blank Concentration. 

Eq. 5-4 

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

unlts. 
=0.002669-In. Hg-ft3/ml-'R for Engllsh 
units. 

6.11.2 Calculation From Interrnedlate 
Values. 

where: 
K.=4.320 for metric units 

= 0.09450 kor Englhh units. 
6.12 A d p t a b l e  Results. If 90 percent c I 

c 110 percrent. 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 Administra- 
tor may eccept the results. 

6.7 Acetone Wash Blank. 

6.8 Total Particulate Weight. Determine 
the total particulate catch from the sum of 
the weights obtained from Containers 1 and 
2 less the acetone blank (see Mgure 5-3). 

N o m  Refer to Sectlon 4.1.5 to assist In 
calculation of results hvolvlng two or more 
fllter assemblies or two or more sampltng 
trains. 

6.9 Particulate Concentration. 

Eq. 5-6 

8.10 Conversion Fsctors: 



N O h I E N C L , A ? ' I J K E  
M E T H O D  5 C A L C U L A T I O N S  

- Volurnc of gas s a ~ n p l c  rncasured by thc d r y  gas mctc l ,  corrcctctl  
to 5tnndnrd cond~ t ionu ,  dscm (dscf) .  

= i l r y  gas mctcr cal ibrat ion factor  

= 13arornctric pressure at the sampling sitc,  rnm Hg ( i n .  l l g )  

= Avcragc pressure d i f fe ren t ia l  across the o r i f i c c  mctcr .  
mm H z O  ( in.  H z O )  

= Absolute  average  d ry  gas meter t empera ture ,  " K (O R )  
-rrn 

dscm = Dry s t anda rd  cubic  meters 

dscf  =: Dry s t anda rd  cubic  feet  

== Wcight of residue in acetone wash 

-- Mass of residue of acetone a f t e r  evaporation, mg 

== Acetone blank residue concentrat ion,  mg/g 

== Volume of acetone blank 

== Volume of acetone used in wash, ml 

-= ' rota1 amoun t  of par t iculate  matter  collccted, mg  

:= Concent ra t ion  of par t iculate  matter  in s tack gas, d r y  basis,  
cor rec ted  to s tandard  conditions, mg/dscm (g r /d sc f )  

= gra ins  per d r y  s tandard  cubic foot 

-= Volume of water  vapor  in the gas sample, cor rec ted  to  
s t a n d a r d  condit ions,  scm (scf )  

= Watcr vapor  in the gas stream, proport ion by volumc 

= Molecular  weight of stack gas, g/g-molc on d r y  basis 

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

= Stack gas velocity, calculated by Method 2,  Equat ion  2-9, 
using da t a  obtained from Method 5 ,  m/sec ( f t / s cc )  

= Pitot tube  coef f ic ien t ,  dimensionless 

= Vclocity head of  stack gas, mm H 2 0  (in. H 2 0 )  

= Absolute  stack gas pressure, mm l-Ig ( in .  I-Ig) 



NOhlENCLATU R E  (continued) 
hlETHOD 5 C A L C U L A T I O N S  

Q s l d  
= D r y  volumetr ic  stack gas [low ratc  corrected t o  s t a n d a r d  

condit ions,  dscm/hr (d sc f /h r )  

d sc f /min  = d r y  s t anda rd  cubic feet per minute  (also i dcn t i f i cd  
as dcfrn or  scfm) 

acfrn = ac tua l  cubic  feet per minute 

I = Pcrccnt  of isokinetic sampling 

A n  = Cross-sectional area of nozzle, rn2 ( f t 2 )  



DRY GAS METER CALIBRATION 
AM TEST - A I R  QUALITY,  INC. 

F I L E  NAME: RDMAG894.UKl 
METER BOX #: RED MAG (JAG) 
C A L l B R A T l O N  DATE: 8 - 2 2 - 9 4  
METHOD OF CALIB. :  STANDARD DRY GAS METER ( M e t h o d  5 S e c t i o n  7 . 1 )  

TOTAL DELTA METER METER TEMP TEMP BARO. STD STD ST.DGM ST.DGM ST.DGM 
T IME H VOL V 1  VOL V2 I N  MJT PRES. DGM DGM TEMP I N  TEMP OUT Yds 
min "H20  c f c f  deg F deg F "Hg . V 1  V 2  d e g  F d e g  F FACTOR 

Y FACTOR DELTA H@ 

AVERAGE 



PRESSURE SENSOR CALIBRATION DATA F O R M  

Date - Cc -7-\-Cf3 Control Box # E c ~  wa5 ( 1 ~ 6 -  pa\ 
/ 

Ambient Temperature 6 FF ~arometric pressure k-a in ~g 

0 3  I - ~ ~ C - L  

3. \3 

f r c f  DrCS. " H20 - t e s t  DrCS. " HmU 100s 5 %  
(ref p r c s .  "HzO) 

7-19 c ~ . o I  -3% 



P R E S S U R E  S E N S O R  CALIBRATION DATA F O R M  

Date  q - Z \  -4  3 
, c o n t r o l  BOX II R ~ I  M-c, ( ~ R L  ~6) 

Ambient  T e m p e r a t u r e  O F  B a r o m e t r i c  P r e s s u r e J z q g  in H ~ J  

[ref vrcs. ' Hz0 - tcst Drcs. " H m U  * 100s 5% 
(ref prcs. "HzO) 



PRESSURE S E N S O R  CALIBRATION DATA FORM 

D a t e  4 - 2 \ - '13 control BOX # li e r ) f'4 a, 

Ambient T e m p e r a t u r e  6 OF Barometric P r e s s u r e  2 9 . 8  i n  H~ 

(ref Drcs. " H20 - test Dres. " Hz011 r 100s 5% 
(ref prcs. "HzO) 





HOMER R. DULIN GO. 
59 

729 EAST WILLOW STREET 
LONG BEACH, CALIFORNIA 90806 

(310) 424-8533 (213) 636-4096 FAX (310) 426-7707 

CALIBRATION CERTIFICATION 
SUBMlTTEDBY: K R I S  A .  HANSEN CO. 

FLOWMETER SERIAL N o .  -C 30 2 -- -.---.-.--A. 

MANUFACTURER EQU l METER -- MFG. SERIAL NO. - 2 7 6  8  8  

TUBE No. FLOAT No. 
MODEL N O . :  T - 1 1 0  

REMARKS: C A L  l BRATED I N  CFH A I R  @ 1 4 . 7  PS  l A  & 7 0  DEG F .  
________---____ 

Flowmeter Certified with HOMER R. DULIN CO. 

ACCURACY: SEE DATA 

Equipment No.- 1 2400  A c c u r a c y p  0 . 2 %  -- Calib.Due-- 5 - 2 8 - 9 4  
P r o c e d u r e  N o .  101G 

NIST Cert. NO 82 lL249Z6--32--- -~~ 

C 

INDICATED 
- - 

____ 
CFH 

- 
1 1 3 . 3  
1 0 8 . 6  - 

9 9 . 9  - -- _ - 

Our standards are cefllfted by or are lraceable lo the Nal~onal lnst~tule of Standards and Technology and comply w~lh MIL-STD-45662A 

ACTUAL 
---____ 

CFH 
- 

1 1 3 . 5  
1 0 8 . 9  
1 0 0 . 1  

P.O. No. 0 6 3 30 Shipper No. 

4 -  1 8 - 9 4  .- --.Up 4 - 1 8 - 9 5  - 

CALIBRATION DATE RECALIBRATION DATE 

- 

8 8  - 8 8 8 . 5  

CALIBRATION TECHNICIAN 
B - R I C H A R D S O N  

4 6 . 5  - 4 6 . 2  
3 5 . 9  -- 3 5 . 7  
2 5 . 7  - 2 5 . 8  
1 3 . 5  1 3 . 8  - 

8 5 . 5  - 

6 6 . 8  
5 5 . 9  

8 4 . 8  - 
6 6 . 6  
5 5 . 9  



TYPE S PITOT TUBE INSPECTION DATA F O R M  

2 % - 4 7  Date 1% ' P i t o t  Tube 1 ? TCT 
c l i e n t  ./-~)$sj& Aj.~ic~ries 

I ' 

i n c a t i o n  hr] v I ~ J ~ / C ~ I ( I ? ~ P  /: 
b ,- 

si te(s)&& MA ? 1 4 f l @ d 1 ~  SQ~X 
T e s t  
Date  ( s )  

P i t o t  t u b e  as sembly  l e v e l ?  no 

P i t o t  t u b e  o p e n i n g s  damaged? y e s  ( e x p l a i n  below) , L o  

- a-\ / Y =  0.) O. Q =  - O ,  A = . 1 1 3 crn (in.) 

z = A s i n Y  = c#ckz,qr\\ cm (in.); <0.32 crn (<1 /8  in.) ,  

w = A s i n  Q - Qm 9 q  \ crn (in.); <.08 cm (<1/32 in . )  

"A 0.5 c m  ( in . )  ~b 0 . \-ST6 cm (in.) 

Dt = 0. ?7 < crn (in.) 

Comments : 

C a l i b r a t i o n  r e q u i r e d ?  y e s  * \ / n o  

* 
I f  y e s ,  tag and  take out o f  s e r v i c e  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  FORM 

Date  12- Z S ? ~  Thermocoup le  Indicator 8 

Ambient T e m p e r a t u r e  7 \ OF Barometric Pressure -~q,&in H g  
- 

[ref temp. O F  + 460) - (test therm. temp. OF + 4601 100 j 1.5% 
(ref tcmp, O F  + 460) 

TKERMOCOUPLE 
# O R  

REFErnNCE 

EIEFEFIENCE 
THERMOMETER 
TEMPERATURE 

O F  

3 3  
-2-\\ 

364 

THERMOCOUPLE 
TEMPERA- 

O F  

3 3 
z\ Lf' 

3 d y  

TEMPERATURE 
D I  FFERENCE 

O F  

C3 

0 

% 

0.00 Cclo 
0 .Y<% 

0.00 % 




