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INTRODUCTION 

The purpose of this atmospheric emission evaluation performed a t  Lakeside 

Industries' CMI Model ST400 asphaltic concrete batch plant located in Port 

Angeles, Washington was to determine the particulate emission concentration from 

the Astec baghouse exhaust. Three (3) particulate emission concentration 

compliance tests were performed on September 10, 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, Bellevue, Washington coordinated this 

project. Mr. Bob Dutrow, Lakeside Industries' Port Angeles plant foreman, 

coordinated plant operations. Mr. James P. Werner 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 September 10, 1985 a t  Lakeside Industries' Port 

Angeles, Washington facility, are summarized in Table 1 below: 

Table 1. Summary of particulate emission concentration test results. 

AIR 
FLOW 

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

The average particulate mass emission rate of 0.002 grains per dry standard cubic 

foot (gr/dscf) 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. 



DISCUSSION 

Q 

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 QQ 

Measurement Svstems, 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 51 inch by 38 inch rectangular stack had four (4) sampling ports located at 

equal distances along the 51 inch side. The sampling ports were located 4 feet 

upstream and 8 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 cleaned and acetone rinsed prior to use. The 

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



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

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

operating parameters. A final check was made of the box and probe heat. 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 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 t ip 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 at 

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 

J 
in Figure 1. The stainless steel button hook nozzle used had a diameter of 0.272 

inches as measured on-site with inside calipers. A three and one-half (3.5) 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 at 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 at 248' F 2 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 a t  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 

was transferred to a tared 150 milliliter beaker. 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 "So type 

pitot tubes have been recently calibrated a t  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. 



00 5 - PRRTICIHRTE MISSION CONCENTRRTION RESULTS 
Rn TEST, INC, - AIR UUALITY DEPARTRENT 

FILE NME: LKS02-R1 
CLIENT: LAKESIOE IADUSiRIES 
LOCRTION: PORT RNGELES, UR 
SAnPLE SITE: BAGHOUSE STACK 
SMPLE DATE: %PI. 10, 1985 
RUN t: 1 -HFTHO!J 5 
OPERRTOR: JIM GUENTHOER 
CONTRCT: HRROLO NICKEL 

139.9 513.4 
612.6 578,s 
476.0 470.3 
163.4 753.6 

TOlRL HZ6 GRIN: 
TOIAL UOLME (SCf) 
PERCENT MOISTURE: 
&Is: 

LAB t :  95743 
STRRT TIRE: .#::::::: 
STOP TIHE: 
SMPLE TIRE: 60. 0 HIHUTES 

PITOT Cp: 0.845 *' 

NOZZLE OIA INCHES: 0.272 
NOZZLE RRER fT*2: 0.0004 t 

STACK OIR. INCHES: 5lUX38" 
STACK HER iTA2:  13,458 / 
KTER TWP. OE6 f: 72.5 
BAROH. PRES. "HG: 29,5J J' 
STATIC PRES. "H20: 0.50 
STRCK PRES. "HG: 29.57 
ORIf ICt  PRES "H20: 1.64 
RElER PRES. "HG: 29.69 

fRONTHflLF PARTICULATE !ASS LORDING 

FILTER NMBER: 11 25-024 
TARE NIGHT Of FILTER I N  GRMS: 
fINRL UEIGHT Of FILTER I N  6RMS: 
NIT WEIGHT Of PRRTIC. MATTER I N  GRRHS: 

BEAKER NMEER: 185-294 
TRRE UEIGHT Of BERKER I N  GRRHS: 
FINAL UEIGHT OF BERKER I N  GRRHS: 
NET UEIGHT Of PRRIIC. RATTER I N  6RAnS: 
UOLLIIC Of ACETONE I N  RILLILITERS: 

TRRE UUGHI Of RCElONE I N  GRlUlS: 
fINRL UEIGHT OF ACETONE I N  GRMS: 
UOLLIIE Of ACETONE I N  flILLILITERS: 
NET CONTRIBUTION OF ACETONE I N  HGJIL: 

TOTRL fRONTHRLF PRRTIC. RHTTER I N  6BRnS: 

I H I I .  METER UOLME 790.702 
fINHL RETEP UOLME 798.266 -' RUtRRGE Y C02: 3.4 
UOLME SMPLEO: 57.566 v RUERR6E X 02: 14.6 
STD UULIIHE (OSCf ): 57.1 31 AUERAGE Y CO: 0.0 
ST0 UOLME !OSM): 2.019 STRCK GAS rill. OW: 29.1 3 
Y fACTOR: 1.010 STflCk GRS HU. UET: 27.95 

SRnPLf 
POINT 

UELOCITY 
' Of H20 

I/' 

0.60 
0.70 
0.70 
0.70 
0,75 
0.60 
0,70 
0.9C 
0.90 
0.90 
1.00 

TMPERRTURE 
OCGREES F. 

SMPLE 
POINT 

UELOCITY 
' Of H20 

IEHPERRTURE 
DEGREES f. 

PERCENl ISOKINETICS: 100 X 
STRCK TMPERRTURE: 250.9 OE6. F. 710.9 OE6. R .  
ANRAGE UELOCIIY HERO: 0.88 " Of'  HZ0 
STRCK GAS UELOCITY: 61.12 flFT/SEC 63.25 fTtSEC. 
STACK 6RS RIR FLMI: 49351 -99 ACf il 31 81 9.6 DSCfRl 
PARTICULATE CONCENTRRTIOH: 0.004 GRtOSCf 
POLLUTANT HRSS RATE (CONCENTRRTION HETHOOi: 0.96 LE/HR 



dOO 5 - PRRTICULRTE DlISSION CONCENTRflTION RESULTS 
R'I TEST, INC. - AIR QURLITY OEPRRTXNT 

FILE NRnf: LKSDZ-R2 
CLIENT: LRKESIDE INDUSTRIES 
LOCHIION: PDRT RNGELES, UP 
SWPLf S I I I :  BflGHOUSi STRCK 
SNPLE DATE: SEP1. 10, 1985 
RUN R: 2-~ETHOC 5 
OPERATOR: Jm GUENTHOER 
CONIRCT : HRROLD NICKEL 

f I N L  UT. INIT.UT. NET UT. 
OF HZ0 6. Of HZ0 G Of HZ0 6. 

774,4 596.8 
646.3 585.5 
403.5 477.7 
714.3 699.8 

10TRL H20 GRIN: 
IOIHL UOLME (SCf) 
PERRHT HOISTURE: 
&5: 

LA8 I: 95144 
SlRRT TIRE: 1110 O'CLOCK 
STOP TIM: 1230 O'CLOCK 
Sf8Pl.E TIHE: 60.0 VIHUIES 

PIT01 Cp: 0.845 
HOZZLE DIR INCHES: 0.272 
NOZZLf RRER f l A 2 :  0.0004 
STRCK OIR. INCHCS: 51 "X38" 
STRCK RRffl fTA2: 13.458 
f l fTfR TMP. OEG f: 79.0 
RARM, PRES. "HG: 29.57 
STATIC PRIS. "H20: 0.50 
STRCk PRES. 'HE: 29.61 ! 

ORIFICE PRES 'H20: 9.65 
NETER PRES, "HG: 29.95 

FRORTHRLF PRRTICULRTE IIRSS LOltDING 

FILlER NUIBER: t125-025 
TRRE UEIGHT Or FILTER I N  GRMS: 
FINAL UEIGHT Of f IL lER I N  6RMS: 
NfT UEIGHT Df PRRIIC. MRTTER I N  GRMS: 

BEAKER HMBER: R85-296 
TRRE NIGHT OF BERKER I N  GRfWS: 
f I l L  UEIGHT OF 8ERKfR I N  ERMS: 
HE1 UfIEHT Of PRRTIC. NRTTW I N  GRWS: 
UOLMC Of ACETONE I N  NlLLILITERS: 

TARE UKIGHT OF ACETONE I N  GRW1S: 
FINAL UEIGHl Of RCETONE I N  GRfillS: 
UOLUTE Of flCETONE I N  HILLILIIERS: 
HET CONTRIBUTION OF RCElONE I N  VGAIL: 

IHIT, HETER UOLIIHE 798.692 
fINRL HElER UOLUnE 857.600 RUERRGt I C02: 3.6 
UOLUlE SWPLEO: 58.900 RUERRGE 2 02: 14.4 
ST0 UOLUnf (OSCf i :  58.267 RUERRGE X CO: 0.0 
STD UOLUlE iOSC!i: 2.059 SlRCK GRS WI. ORY: 29.15 
Y THCIOP,: 1.010 STACK GRS NU. UET: 27.22 

I)*WHtlZIHH)*HI*H.HtIIXIHtIt~*PW~*C**t*(HtYO*ItXWHZ(H(MWX(NH(* 

SAnPLE UELOCITY IMPERHIURE SAnPLE UELOCITY TMPERfliURE 
PO!MI ' OF H?O OEGPEE r .  POINT " Of H20 DEGREES f. 

1 0.90 240 1 0,90 245 
7 0,90 235 2 0,90 250 
3 1.OD 230 3 0.80 254 
4 1-10  228 4 0.80 253 
5 1.25 2 2  5 0.90 253 
6 1.25 227 6 0.90 253 
1 0.80 243 1 0.60 254 
2 0.9U 242 2 0.65 255 
3 0.90 243 3 0.65 251 
4 0.95 242 4 0.50 255 
5 1 ,OS 247 5 0,60 251 
6 1,05 294 6 0.60 252 
) I * * ~ * ~ . H t X I M X ~ l * . * * X X C Y * * 1 ) * W 1 ( t C I t l i Z X H W * f * I X X * * X 1 ( X H t * X H H X ~ W 1 M X H * t I * * *  

PERCENT ISOKINETICS: 105 X. 
STRCK TEHPERRTURE: 244.8 BEG. f. 704.8 DEE. R. 
RUERAGE UCLOtITY HERD: 0.86 " Of HZ0 
STACK 6flS UELOCITY: 60.24 RfTlSEC 62.55 fT:SEC. 
STRCK GRS RIR FLN: 48647.33 RCf Al 30972.5 DSCfM 
PRRTICULRTE CONCEHTRATION: 0.003 GR/OSCF 
POLLUTRNT nRss RRTE ~CONCENIRRTION HEIHOO): 0.87 LB/HR 

lOlRL FRONTHALF PRRTIC, HRilER I N  GRMS: 



100 5 - PARTICULATE MISSIOH CONCENTRATION RESULTS 
A$I TEST, INC. - AIR QURLITY OEPflRTtlENT 

FILE NRIE: LKSO@; LRB II: 95745 
CLIENT: LRKESIO~ INOUS~RIES START TIME: 1447 O'CLOCK 
LOCRIIOH: PORT RNGELES, UH STOP r IME: 160s olctock 
SRnPLE SITE: BR6HOUSI STRCK SAnPLf TIHE: 60.0 UINUTIS 
SWPLE ORTE: SEPT. 10, 1985 
RUN U: 3-tlf THO0 5 
OPERATOR: JM GUENTHOER 
CONIRCT: HRROlO NICKEL 

fINAL UT. 1NIT.UT. 
Of H20 6. Of H20 6 

158.7 570.3 
628.2 579.1 
471.6 463.7 
763.0 755.2 

TOTRL HZ0 GRIH: 
TOIN. UOLWlE (SCF) 
PERCEHT MISTURE: 
Bus: 

NET UT. 
Of HZ0 6. 

PITOT Cp: 0.845 
NOZZLE UIR INCHES: 0.272 
NOZZLf ARER fTAZ: 0.0004 
SlflCK 018. INCHES: 5I0X38" 
STACK RRER fTA2: 13.458 
HETER I M P .  OEG F: 85.5 
BflROn. PRES. "HG: 29.59 
STflIIC PRES. "H20: 0.50 
STRCK PPES. "HE: 29,63 
ORIfICE PRES "H20: 1.73 
HETER PRES. "HG: 25.15 

INIT,  METER UDLUUC 858.1[14 
FINRL VETER UOLUnE 917.937 RUERRGE Z CO?: 3.3 
UOLUlE SMPLCD: 59,833 RUERRGE X 02: 14.7 
ST0 OOLUnE (DSCF): 56.096 RUERAGE i: CO: 0.0 
ST0 UOLlJnf (OSCtlj: 2.053 STRCK GAS W. DRY: 29.12 
Y fRC1OR: 1.010 STRCK GAS r#i. UE! : 27.22 

****wI**w*XIw*(t*M**X**H***f*YI***i*wZ****W***1H(*XI****(t* 

S W L E  UELOCITY I EIPERATURE SIMPLE UELDCIiY TEIPERATUPE 
POINT " Of HZ0 OEGRIES f. POINT " OF H20 DEGREES f, 

1 0.70 230 1 0,70 234 
0.70 234 2 0.70 234 

3 0.50 234 3 0.75 237 
4 0.60 235 4 0.90 240 
5 0.60 236 5 1.05 242 
6 0.65 236 6 1.10 241 
1 0.75 235 1 0.95 244 
2 0.80 236 2 0.95 241 
3 0.80 233 3 1.10 248 
9 0.90 235 4 1.10 248 
5 1.00 233 5 1.45 245 
6 1,05 233 6 1.45 244 
*W*I(WX*X**X&*C*WX***HI*CH**ItM**YI*iX#.l iXI~IIW*~IXIt*~*fW**HI 

PtRCEN1 ISOKIHETICS: lG3 X 
SlRCK TMPERRTURE: 237.8 Df6. f .  697.8 DEG. 8, 
RUERRGE UELOCITY HERD: 0.81 " Of HZ0 
STRCK 6RS UELOCITY: 60.49 CT/SEC 62.79 fT/SEC. 
STACK 6RS RIP FLMI: 48847.69 ACfm 31 521 .4 DSCf m 
PRRTICULRTE CONCENTRRTIOH: 0.001 GR/OSCf 
POLLUTANT MASS RATE !CONEEHTRRTION VETHOO): 0.38 LB/HR 

FRONTHALF PARTICULATE UASS LORDIHG 

FILTER NM0ER: 11 25-026 
TARE UIIGHI Of f I tTER I N  6PflHS: 
fINRL UEIGHT 0 1  fILTER I N  GRMS: 
NET UCIGHT Of PRRTIC. HATTER I N  GPIRlS: 

BEAKER NMBER: t85-291 
TRRi UEIGHT Of BEAKER I N  6RfiHS: 
FINAL UEIGHT Of BERKER I N  GRMS: 
HE1 UEIGHI OF PRRTIC, HRTTER I N  GRRHS: 
UDLME Of RCETOHE I N  HILLILITERS: 

TARE UEIGHT Of RCETONC I N  GRfHS: 
f'I1IAL UEIGHI Of RCETOHE I N  GRMS: 
UOLVlE OF RCEIONE I H  MILLILITERS: 
NET CONTRIBUTION Or ACETONE I N  H6ML: 

TOTAL FRONTHRLf PRRTIC, VRlIER Iti GRMS: 



APPENDIX 



METHOD 1 - LOCATION OF TRAVERSE POINTS 

TRAVERSE 
POINT 

1 
2 
3 
4 
5 

' 6  

Circular Stacks - 

DISTANCE. 
X of diameter 

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 C~RCULAR STACKS 
[Percent of stach d~ameler lrom lns~de wall to traverse po~nll 

- 

Number ot traverse polnts on a d~arneter- 
-ravels€ ~ ~ 1 7 :  nJmDer on a d~ameler ; 

-- - - 1 2  / 4 1 6  / 8 [ 1 0 / 1 2  1 4 T 1 6 1 1 8 ( 2 0 / 2 2 1 2 4  
1 I I I I I I I I t I 

Rectangular Stacks 

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

2 LJI' D , = :- , L + If') 

ahere L=length and W=n.idth. 
Figure 1-4. Example showing rectangular stack CrOtr 
section divided into 12 equal areas, wlth 3 trJvcrsC 

polnt at centroid of each area. 



METHOD 1 - MINIMUM NUMBER OF TRAVERSE POINTS 

OVCT DIAMETERS UPSTREAM FCOU f L O I I  DtSTURIANCE IDtSTAluCE A) 

1 0  1.1 . 2 0 2 s 0 1 
50 I I I I I I I 

1 1 .o 1 s  2 0 2 0.1 
5 0 -  

.I) * 40 r 
? 

J: Y 2 C > 3 0 -  

t = = 
f s -  
1 
s 
3 
2 
t 
I 

1 

I I I I I I I 

HIGHER h L k E R  IS FOR 
RECTAMGUUR n A c x s  on oucra - p,- d 

0 ISTURIINCE 

d 

16 STACK DIAMETER > 0.61 rr (24 

12 

30- I 8 0 ~ 3  ' J 

STACU DIAMETER - 0 30 TO O.8l  r (12 24 ia) 

I I 1 
0 

n 
40 

i 
2 
w 

- I I I I 
s 6 I 8 9 10 

' W~CHEII NUMBER IS FOR . 

RECTANGULAR STACKS OR D U O S  - 

2 3 4 

DUCT DIAMETERS DOWNSTREAM F R O U  FLOW D l S l U R I A W E  4DtSlALKt  m) 

Minimum mrmbrr of rrrvcnc points tor velocity ~non~anwulatel t r r e r l s  

m Y 2 C > 3 0 -  rl- - 

c 24 OR 25' , DISTURBANCE 

C Y 

l m- - 
3 16 DIAMETER > 0 5 1  n (24 in) 

3 
B 
Z 10-  
0 

1 12 

I 8 0 ~ 3 '  
F ~ O Y ~ I N I C I F  AMTVPE OP . 

DISTURII\NCL INNO. EVANSION. CONTRACIIOW. LTC.) 
STACK 0 1 m E T E R  - 0- 10 a11 n 112-24 krl 

1 I a d  I I I I I 
a 4 1 6 1 8 9 10 2 

DUCT DIAMETERS W W M T R Z A H  FROU FLOW O U N R M N C L  IDIST*NCE BI 

Minimum number of traverse pointr for p.r(Pu1.u trnerur 

OUCl DIAMETERS U P S T R W  iROU FLOW D I S N R W E  IDUTITIICE *) 



METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS 

Nomenclature. 

A=Cross-sectional area of stack, ma (ft  '1. 
B ,=Water  vapor in the gas stream (from 

Method 5 or Reference Method 41, pro- 
portion by volume. 

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

for the metric system and 

'Ib-mole) ( in. H g )  I 
for the English system. 

Md=Molecular weight of stack gas. dry basis 
(see Section 3.61 g/g-mole (lb/lb-mole). 

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

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

P,,=Barometric pressure a t  measurement 
site. mm Hg (in. Hg). 

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

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

=Pb..+Pg 
Equation 2-6 

PSu=Standard absolute pressure, 760 mrn 
Hg (29.92 in. Hg). 

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

&=Stack temperature. 'C  (7'). 
?',=Absolute stack temperature. 'K, ('R). 
=273+& for metric 

Equation 2-7 

=460+ & for English 
Equation 2-8 

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

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

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

3.600=Conversion factor, ~ e c / h r .  
l8.0=Molecular xeiyht 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. 

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

qEA = Percent excess air. 
%CO,=Percent CO, by volume (dry basis). 
%O,=Percent 0, by volume (dry basis). 
%CO=Percent CO by volume (dry basis). 
%N,=Percent N, by volume (dry basis). 
0.264 =Ratio of 0. to N, in air, v/v.  
0.280- Molecular weight of N, or CO. divid- 

ed by 100. 
0.320:Molecular weight of 0, divided by 

100. 
0.440=Molecular weight of CO, divided by 

100. 

6.2 Percent Excess Air. Calculate the per- 
cent excess air (if applicable). by substitut- 
ing the appropriate values of percent 0,. 
CO. and N,  (obtained from Section 4.1.3 or 
4.2.4) ~ n t o  Equation 3-1. 

NOTE: The  equation above assumes that  
ambient air is used as the source of 0, and 
that  the  fuel does not contain appreciable 
amounts of N, (as do coke oven or b l s t  fur- 
nace gases). For those cases when apprecia- 
ble amounts of NI are present (coal, oil. and 
natural gas do not contain appreciable 
amounts of Nr) 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 iveight of 
the stack gas 
L~fd=0.440(%C01)~0.320(%0,~ + 

0.280(%N,, %CO) 
Equation 3-2 



METHOD 4 - STACK GAS MOISTURE CALCULATIONS 

Nomenclature. 

Bn=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) at 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) 
(m3)/(g-mole) ('K) for metric units and 
21.85 tin. Hg) (fts)/(lb-mole) ('R) for 
English units. 

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

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

Vu=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 ). 

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

V,,,,d,=Volume of water vapor condensed 
corrected to standard conditions. scrn 
tscf). 

Vw,,u,d,=Volume of water vapor collected i n  
silica gel corrected to standard condi- 
tions. scm (scf ). 

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

water. ml. 
W I=Final weight of silica gel or silica gel 

plus impinger. g. 
W,=Initial weight of stlica gel or silica gel 

plus impinger, g. 
Y =Dry gas 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 lor metric units 

=0.04707 ft3/ml for English units 
2.3.3 Volume of water vapor collected in 

silica gel. 

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

=0.04715 ft3/g for English units 
2.3.4 Sample gas volume. 

where: 
K,=0.3858 'K/mm 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 allowable rate, correct the 
value of V, in Equation 4-3, as described in 
Section 6.3 of Method 5. 

2.3.5 Moisture Content. 

NOTE: In saturated or moisture droplet- 
laden gas strrams, two calculations of t he  
moisture content of the stack gas sha!l br 
made. one llsing a value based upon the 
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. ma (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. = Maxjmum acceptable leakage rate for 

either a pretest leak check or for a leak 
check following a component change; 
equal to 0.0057 m3/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 ., ",,.. i component change ( i = l .  2, 3 .... n). 
ma/min tcfm). 

&=Leakage rate observed during the post- 
test leak check. ma/min tcfm). 

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

M.  mo molecular weight of water. 18.0 g/g- 
mole (18.0lb/lb-mole). 

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

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

P,=Absolute stack gas pressure, mm Hg tin. 
Hg). 

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

R=Ideal gas constant, 0.06236 rnm Hg-ma/ 
'K-g-mole (21.85 in. Hg-ftJ/'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 5-2). 'K ('R). 

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

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

pingers and silica gel tsee Figure 5-3), 
ml . 

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

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

Irr,,,d.=Volume of water vapor in the gas 
sample. corrected to standard condi- 
tlons. scm tscf). 

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

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

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

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

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

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

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

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

8,=Sampling time inLen*al. from the final 
(nth) 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 gas meler temperature 
and average orifice pressure drop. See data 
sheet (Figure 5-21, 

6.3 Dry Gas Volume. Correct the sample 
\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. 

( A H I 1 3 . G )  =jy 1. ,- E!Y.L.- -- I r T,,, 
Equation bl 

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

=17.64 %/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, 0: , exceeds L. E ~ u a t i o n  5-1 must be 
mod~fied as follows: 

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

Vm-(~-&)81 

(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 
(L or 4)  which exceed L. 
6.4 Volume of water vapor. 

where: 
K.=0.001333 m3/ml for metric units 

=0.04707 ftJ/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 rl' C 
(2' F). 

6.6 Acetone Blank Concentration. 

6.7 Acetone Wash Blank. 

IV. = c. V , ,  p .  
Equation 5-5 

6.1 1 Isokinetic Varition. 
6.11.1 Calculation From Raw Data. 

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. 

Equation 5-6 

6.10 Conversion Factors: 

From I To Multt~ly by 
r , 

where: 
K,=0.003454 mm Hg-mJ/ml K for metric 

units. 
=0.002669-in. Hg-ft3/ml - R for Endlisl~ 
units. 

6.11.2 Calculation From Intermediate 
Values. 

Equntion 5- i  

where: 
K.=4.320 for metric units 
=0.09450 for English units. 
6.12 Acceptable Results. If 90 percent I 

< 110< percent. the results are acceptable. 
If the results are low in comparison to the 
standard and I is beyond the acceptable 
range. or, if I is less than 90 percent. the Ad- 
ministrator may opt to accept the results. 



SAMPLE CALCULATION SHEET 

Client: Lktkcrrd t 

Run I:  / ~ate:* 

Particulate concentration 

Vm = 17.647. flasg * 1.0 1 * (  $,,$> + ( 1 - 6 ~ 1 3 . 6 )  - ) / f i 5 ~ ~ 4 6 6 0 )  Equation 5-1 

v m = 5 7 , 1 , 3 L  dscf 

Wa = ma*vaw/va Substitution of Equation 5-4 into 5-5 

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

cs = [ (0.OOlg/mg)*(15.43gr/it)* j3.D / 5 '213% Equation 5-6 

Moisture 

Vw(std) = 0.04707* 9,7) ml or grams of water condensed + Equation 5 - 2  
eOJ7 I S  U y  

d OF KO IU s a e / , &  c y e 1  
Vw(std) = /De J 7 z C  scf 

Bws = ( I @ * / X (  ) / ( / 0 . 1 7 ~  L + $7 , /3z  ) Equation 5-3 

Bws = / / /  %H20 = I s / /  3 

Molecular weiqht 

Md = 0.440( 3,4 ) + 0,320(/3/.6 + 0.280( 8 2  1 Equation 3-2 

Stack gas velocity and volumetric flow rate 

vs = 85-49. , ~g$*  *93F* 7/009/2~W'/ 29,57 Equation 2-9 

- 2.9*,44f,g///*q~e (apx.) vs = $3.~<ft/sec (std) or C I I H  afps - 
ri JSIf * 6%f. rJ * (  Sr8 /7/~7 * (Z%57/z%pr) Equation 2-16 

dscf/hr / 60 min/hr 

Qsd = 11 %z< dscf/min or ~ 1 3 ~ '  acfm = &&afps* 15, d5* sf* 60 (apx.) 

Isokinetic variation 

Equation 5-8 

* All of the above equations are from the 40CFR60 and assume English units. 
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Figure 1. EPA Method 5 panicuhte sampling train 

1. Sampling nozzle 
2. 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 compartment maintained 140°C* 14OC (248OF*25OF) 

(or temperature specified in 40CFR subpart) 
7. Imp~nger case 
8. Fint impinger filled with H20 (100 ml) 
9. Greenburg-Smith (or modified G m n b u r g - ~ m i t h j  impinger filled with H20 (100 ml) 
10. Third im pinger - dry 
11. Fourth impinger -filled with H p O  absorption media (200-300 am) 
12. lmpinger exit gas thermometer 
13. Check valve to prevent back pressure 
14. Umbilical cord- vacuum line 
15. Pressure gagr 
16. Coarse adjustment valw 
17. Leak free pump 
18. By-pas valve 
19. Dry gas meter with inlet and outlet dry gas meter thermometer 
20. Orifice meter with manometer 
41. Type S pitot tube with manometer 
42. Stack temperature sensor 
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JAMES A. GUENTHOER 
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- B.S., Geology, Juniata College, Huntington, Pennsylvania, 1972 - Currently completing M.S.E. program, Environmental Engineering 
Division, Department of Civil Engineering, University of 
Washington, Seattle, Washington - Professional training courses and specialty conferences 
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- Air Pollution Control Association (national and local) - Technical Association of the Pulp and Paper Industry - American Institution of Chemical Engineers 

PROFESSIONAL EXPERIENCE 

Mr. Guenthoer has been a Project Engineer for Am Test, Inc. fo r  the past year and 
a half. Mr. Guenthoer specializes in particle sizing and other air  pollution 
engineering studies. He is also the Operating Manager for  Pollution Control 
Systems, Inc. of Seattle, Washington. Mr. Guenthoer has been with Pollution 
Control Systems for 3 years and handles the design, technical services and sales of 
in-stack source test Cascade impactors. He assists in the instruction of EPA 450 
and EPA 468 Source Sampling Short Courses for particulate and gaseous pollutants 
which are offered each year by the EPA in cooperation with the University of 
Washington. He also assists in instructing workshops to demonstrate the use of in- 
stack source test Cascade impactors. Mr. Guenthoer has had 10 years of 
professional experience, and is an Engineer in Training (EIT) and working towards 
a Professional Engineer Certification (P.E.). 

Mr. Guenthoer was formerly associated with Air Pollution Systems of Kent, 
Washington conducting research and development studies on novel particulate 
control technology. Prior to his association with Air Pollution Systems, Mr. 
Guenthoer was the Testing Manager for Rossnagel and Associates of Medford, New 
Jersey and was in charge of all water quality, industrial hygiene, and source 
testing for 3 branch offices. During his 5 years with this environmental testing 
firm, Mr. Guenthoer conducted compliance source tests for local, state and federal 
government in over 20 states and served as a professional expert witness in 
environmental legal cases. Other professional experience with the State of 
Washington's Department of Ecology involved surface water quality studies. Mr. 
Guenthoer was also involved in statewide limnological investigations and 
bathymetric mapping over a period of 2 years with the United States Geological 
Survey in Tacoma, Washington. 



QUALITY CONTROL PROGRAM (CONTINUED) 

"Spiked" samples or NBS certified matrix standards are  run  with the sample 
analyses to determine recovery data and matrix effects. 

With each analysis, a minimum of three standards are  run in conjunction with the 
samples to provide a working standard curve. The samples a r t  quantitated using 
values obtained from their concurrently developed standard curve. The standard 
curve also functions as a check on the proper operation of the analytical 
instrument, the viability of the procedure fo r  that  parameter, and as a method for  
determining the linear range of the analysis. Samples are  diluted or concentrated 
when necessary to fall within the limits of the standard curve. 
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Source Test Observation Checklist 
Asphalt Batch Plants 

r o e  A 5 , ~  14 6 nr roCp j%4= P LO A*. 

Asphalt Paving Plant C mT 
Drum Mix Description 

Identification No. s S & + o b  - 
P - s l  A Tnns,. -. 

Process Rat4 - 

Type of Fue 

Injection Location 

Asphalt Discharge Temp. X I f 3  O F  Gravel Moisture 3 6  Z 

Fines In Gravel (L200-,mesh) 6 (-&&a q / z k !  

Asphalt Supplier /A. 5 .  
I ( : I 

qa7 mt4 
Density r,, 4 p - #/gal Flash Point 2, - .,., crl I O F  

I 

Control Equipment 

Description or Name e 

Water Press PSI Rate /mi* 

Water: Reused, Clean? 
3, 

Venturi Press AP = . , Inch - 6.1 c l e a n  

Static = 1 n c h O  - /, at'. , 0: -L3 

Air Flow MC%O b +G$+ oqq"A20 
Saturated Stack 

Form No. 63-172 



Source: 

Hour (*, 

h 

CALCULATIONS 

No. of Readings= 

40% + Opacity 

7 Minutes > Opacity 

color of Plume CbJRy 
9 l u m e  . . . 

Wet 
r/ 

Dry 
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\'lSUAL MISSION READINGS , ' .  

Source: A& 



Source: 

H O U T { T ) ( ?  D a t e # 9 6 * / ~ ~  

CALCULATIONS 

No. of Readings= 

40% + Opacity 

Minutes > Opacity 

Color of Plume d&r 
Plume . 
Appearance 

Wet 
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EQUIPMENT CHECKS NOMOGRAPH SETUP 

Initial/Final 

Leak Rare ~frn&&%?~,c~l/ 

Leak Test ~ac&' / 

Pitotf 4& Side# 

Nozzle biameter * s 3  6 

I 

ll 



4900 9TH AVENUE N.W., SEATTLE, WASHINGTON 88107-3697 206/783-4700 

TRA 

Client 
Date Z-LOC~ i:iF, 

zWx4 s+zzc-- 
Oper tors 
Sample BOX # 

EQUIPMENT CHECKS 

InitialfFinal 

Leak Rate cfld.#\//~, -- 0 1  
Leak Test Vac a4/ / 3.0 
/ Pitots, Pretest 

7 Pitots, Postest 
Orsat Sampling System 

- Thermocouple @ OF 

ERSE SAMPLING DATA Page 1 of 
I 

Stack Diameter 
Distance Upstream / NOMOGRAPH SETUP 

SCHEMATIC TRAVERSE LAYOUT Start Time 1 0  
Stop Time I>% 
Barometric ' 
Pressure " ~ g  M. s* , 

Static PresUH2O f .  h e  
Production Rate 

Distance Downstream X Moisture 

Filter # m x t a r e  mgs 
Final Initial Net 
Wt. Wt. Wt. 

 TOTAL WATER VOLUHE 258.7 I Reference AP 

:Ieter Temp. 

Stack Temp. 

#3 ~ubbled83. s'-*?% 7 a 3 

#4zt:ica7443 - 6 T z  f!/4,5; ' 

CP ,BY< 
Nozzle Diameter &- m: 

c Factor 
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Ldb-757CCS TRAVERSE SAMPLING DATA Page 1 of 

/ Pitots, Pretest 

' J Pitots, mstest 
Orsat Sampling System 

e a r  Bag 

Thermocouple @ O F  

P 

Client 
Date 
Sample Location 

Operators 
Sample BOX # 
Run# 7 

EQUIPMENT CHECKS 

Initial/Final 

Leak Rate cfmL,0/ / L - W ) ~  -- 
Test Vac 3 4  /H .' 

SCHEMATIC TRAVERSE LAYOUT 

Stack Diameter 
Distance Upstream 
Distance Downstream 

Filter f- tare mgs 
Final Initial Net 
Wt. Wt. Wt. 

#l ~ubble$58,? -230.3 - - 
# 2 1 m p i n g e r ~ 2 . d ~ b ~ ~ . ~  = - 

#3 Bubbler $7/,b- 463rpa 

TOTAL WATER VOLUME 951,3- 1 Reference AP 

Start Time /mT 
Stop Time /AT> ci- 
Barometric 
Pressure " ~ g  
Static PresWH20 
Production Rate 

NOMOGRAPH SETUP 

Z Moisture 

:Ie t er Temp. 

Stack Temp. 

AH@ Y 

Pitot# Side# 

CP &YS 

- 
Nozzle Diameter , z ~ Z  
C Factor 




