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INTRODUCTION

The purpose of this atmospheric emission evaluation performed at 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 at Lakeside Industries’ Port

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

Table 1. Summary of particulate emission concentration test results.

MaAss ST. OF WA.
SAMPLE AM TEST PARTIC. EMISSION PARTIC, AIR
RUN LAB CoNnc. RATE STD FLow
# # gr/dscf 1bs/hr gr/dscf dscf/m
1 95743 0.004 0.96 0.10 31820
2 95744 0.003 0.87 0.10 30973
3 95745 0.001 0.38 0.10 31521
AVERAGE 0.002 0.74 0.10 31438

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

SAMPLING PROCEDURES - QVERVIEW

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 Quality Assurance Handbook for Air Pollution

Measurement Systems, 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 at 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 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
in Figure 1. The stainless steel button hook nozzle used had a diameter of 0.272 v
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 + 250 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 conmsisted 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 at 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
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 at 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.



80 5 - PARTICULATE DMISSION CONCENTRATION RESULTS
P TEST, INC. - RIR QUALITY DEPARTMENT

FILE NAME:  LKSD2_RY LAB #: 95743 FRONTHALF PARTICULATE MASS LORDING
CLIENT: LAKESIDE INDUSTRIES  START TIME: RIEERINIR

LOCATION:  PORT ANGELES, UR 570P TIME: 808 07CLOCK FILTER NOMBER: $125-024
SAMPLE SITE: BAGHOUSE STRCX SRMPLE TIME: 60.0 MINOTES TARE UETGHT OF FILTER IN GRAMS:

SAMPLE DATE: SEFT. 10, 1985 FINAL UEIGHT OF FILTER IN BRAMS:

RUN #: 1-METHOD § NET UETGHT OF PARTIC. MATTER IN GRAMS:
OPERATOR:  JIM GUENTHOER

COKTACT: HAROLD NICKEL BEAKER NUMBER: 185-294

TARE WETGKT BF BERKER IN GRAMS:
FINAL UEIGHT OF BERKER IN GRAMS:

FINRL UT. INIT.UT,  NET WI PII0Y Cp: 0.845 NET WETGHT OF PARTIC, MATTER IN GRAMS:
OF H20 6. OF H20 G OF K20 6. NOZZLE DIA INCHES:  0.2727 UOLUME OF ACETONE IN MILLILITERS:
NOZZLE ARER FT°2: 08.0004 v
7399 5734 166.5 STRCX DIR. INCHES: 51°X3p" TARE UEIGHT OF RCETONE IN GRAMS:
612.6 5785 341 SIACK WA F1°2: 13,458 FINAL WEIGHT OF RCETONE IN GRAMS:
476.0  470.3 5.7 METER TEWP, OEG F= 725 UOLIME OF ACETONE IN MILLILTTERS:
3.4 7536 4.8 v// BARDM. PRES. “"HG: 29,53 NET CONTRIBUTION OF ACETONE IN MoML:
TOTAL H20 GRIN: 2161 STATIC PRES. "H20:  0.50
TOIAL VOLME (SCF) 1017 STACK PRES,  “Hb:  23.57 TOTAL FRONTHALF PARTIC, MATTER IN GRAMS:
PERCENT MOISTURE:  15.11 ORIFICE PRES “H20:  1.p4
Bus: g.151 METER PRES.  "HG:  25.69
IKIT, METER VOLUME 740.707 -
FINAL METER VOLME 798,266 - RVERAGE # C02: 3.4
UYOLUME SAMPLED:  57.566 « RUERAGE % 02: 14.6
57D VOLWME <DSCOY: 57130 RUERAGE ¥ C0: 0.0
ST0 UOLWME OSTM): 2,019 STACK GRS MW, DRY:  23.13
Y FACTOR: 1.018 STRCK GRS M. WET: 27,45

FEETIIEFIEI I NI T U I 31 I I I F I J IR I RN R AT R RN X H

SAMPLE  UELOCITY TEMPERRTURE  SAMPLE  UELOCITY  TEMPERATURE
POINT  * OF H20  DEGREES T, POINT ™ OF H20  DEGREES F,

v : . :
1 0.60 265 1 0.9 249
2 0.70 265 2 0.9 7
3 5.70 264 3 0.95 245
4 0.70 261 4 0.90 43
g 0.75 263 5 1.00 239
b D.60 255 6 1,00 4
i 8.7 250 1 .50 243
2 0.9 258 Z 0.90 10
3 0.90 255 3 0.9 2%
q 0.90 253 4 1,00 248
§ 1.00 250 g 110 246
6 1.80 251 b 119 244
FUE I I I S 36 IS IE IO S 2036 0 I I D 3 I K I I R
PERCENT TSOKINETILS: 100 %
STACK TEMPERRTURE: 250.9 D6, F. 718.9 DEG. R.
RUERAGE YELOCITY HERD: 0.83  OF KO
STACK GAS YELOCITY: 61,12 AFT/SEC 63.25 FT/5EC.
STACK GRS RIR FLOU: 49351.99 ACF/M 31819.6 DSCEM
PARTICULATE CONCENTRATION: 0.004 GR/DSCK

POLLUTANT MASS RATE (CONCENTRRTION METHOD): 0.96 LB/HR

0.8882
0.8993
00111

64.3789
b4, 3811
0.0022
146.0

MY
70,9027 5
100.0 \2,
0,000 7,30 @

LI & 01T |



400 S - PARTICULATE EMISSION CONCENTRATION RESULTS
A TEST, INC. - AIR QUALITY DEPARTHENT

FILE NRME:  LKSDZ Re LAg #: 95794 FRONTHRLF PRRTICULATE MASS LORDING
CLIENT: LAKESIDE INDUSTRIES  STRRT TIME: 1110 B°CLOCK

LOCATION:  PORT ANGELES, WA STO0P TIME: 1230 0°CLOCK FILTER NUMBER: 1125-025
SRIPLE SITE:  BAGHOUSE STRCK SRMPLE TIME: 60,0 MIKUTES TRRE UEIGHT OF FILTER IN GRAMS:

SRMPLE DATE: SEPT. 10, 1985 FINAL WEIGHT OF FILYER IN GRAMS:

RUN &2 Z-METHOD S NETUCIGHT OF PRRTIC, MATTER IN GRAMS:
OPERATOR:  JIM GUENTHOER

CONTACT: HARGLD NICKEL BERKER HUMBER: £85-2%

TARE WEIGHT DF BERKER IN GRAVS:
FINAL UEIGHT OF BEAKER IN GRAMS:

TINAL T, INIT.UT.  MET AL PITON 0.645 NET UETGHT OF PARTIC. MATTER IN GRAMS:
OF HZ0 6. OF K20 6 OF 20 6, NOZZLE DIR INCHES:  0.277 UDLIME OF RCETONE IN MILLILITERS:
HOZZLE SRER F1°2: 0.0004
77144 5968 1706 STACY OIR. INCRES: 51K38" TARE UETGHT OF ACETONE IN GRAMS:
646.3 5655 6.9 STACK ARER  Fi"2: 13.458 FIHAL WEIGHT OF RCETONE IN GREMS:
#3547 5.8 HETER TEMP, DEG P 79.0 UOLUME B ACETONE IN MILLILITERS:
M43 69%8 M5 BRROM, PRES, "HG:  29.57. NET CONTRIBUTION OF RCETONE IN MOAWL:
TOTAL H20 GRIN: 258.7 STRTIC PRES. “H20:  0.50
TOTAL UOLUME (SCF) 1218 STACK PRES.  “MG:  29.61: TOTAL FRONTHALF PARTIC, MATTER TN GRAMS:
PERCENT MOISTURE:  17.79 QRIFICE PRES "H20:  4.65
Bus: 0.1728 METER PRES.  "M6: 29,95
INIT. WETER UBLUME 798,892
FINAL METER UOLUME 857.600 RUERAGE % £02: 3.6
UOLIME SAMPLED:  58.908 AVERAGE % 02: 14.4
STD UOLUME (DSCF3: 58.267 RUERRGE % L0t 0.0
S0 YOLDME <OSCHi: 2,059 STACK GRS M. ORY:  Z9.1%
Y FACTOR: 1.010 STACK 6AS M, UET: 2022

FRAN RN NI HI I I I AN I IR I R IR WIIIEINH NI %

SRMPLE  UCLOCITY TEMPERATURE  SAMPLE  UELOCTTY  TEMPERRTURE
POINT  * OF K20 DEGREES T, POINT " OF 420  DEGREES F

i 0.9 240 1 0.99 245

2 0,30 23 l 030 250

3 1.00 230 3 0.80 254

4 1.18 paa 4 0.89 253

5 1.25 228 5 6.99 253

& 125 ar § 0.98 253

] .88 243 1 0.60 754

Z .90 242 Z 0.65 255

3 0.90 243 : 0,65 251

4 0.95 42 % g.50 255

5 1,85 24? 5 g.60 251

6 1,05 4 b 0.60 252

I DI I AN N I NI T DT SIS AR KNI A XTI N RN H
PERCENT TSGKINETICS: 105 2

STRCK TEMPERRTURE: 244,8 OE6, f. 704.8 DEE. R.
RUERRGE YELOCITY HEAD: 0.86 " OF H20

STRCK GRS VELOCTTY: £0.24 AFT/SEC 62.55 FI/SLE.
STRCK GAS RIR FLOW: 48647, 33 ACFM 30372.5 DSTFM
PARTICULATE CONCENTRATION: 0.003 GR/BSLY

POLLUTANT MASS RRTE (CONCENTRATION METHOD): 0,87 LB/KR

0.8838
0, 8961
0.9123

£5.1574
85,1577
0.0003
140.0

70.9025
70,5021
160.0
0.0020

00123

10



FILE W LsIR
CLIEW:  LAKESTDE INDUSTRIES

LOCRTION:  PORT ANGELES, VR

SEMPLE SITE: BAGHOUSE STACX
SAMPLE DRTC: SEPT. 10, 1985
RUN 8 3-HETHOD &

OPERATOR:  JIM GUENTHOER
CONTACT: HAROLD HICKEL

FINAC T, INTT.UT,  MET UT.

OF #20 6. 0F W20 6 OF HZ0 G.

7587 570.3  188.4
628.2 5797 431
9.6 437 1.9
%30 7155.2 7.8
TOTAL HZO GRIN: 2932
TOTHL YOLBME <SCFY 1192
PERCENT HOISTURE:  17.02
Bus: 0.1702

IHIT, METER VOLUME 858.104
FINRL METER UOLUME 917,937
UDLIME SAMPLED: 59,833
57D UOLWME (DSCF>:  56.0%
STO UOLUME <DsEM>: 2,053
Y FRCTGR: 1,010

100 5 - PARTICULATE EMISSION CONCENTRATION RESULTS
R TEST, INC. - RIR QUALITY DEPARTHENT

LRB §:

START TINE:
5T0P TIME:
SAMPLE TIME:

PITOT Ep:
NBZZLE BIR INCHES:
WOZZLE ARER F1*2:

95745

1447 0" CLOCK
1605 07CLOCK
60.0 MINUTES

0.B45
.27
4. 6004

STACK DIA. INCHES: S1°N3B°

STACK ARCR  Fi°2:
BETER TEMP. DEG f:
BAROY, PRES. “HbB:
STATIC PRES. "H20:
STACK PRES,  “HG:
ORIFICE PRES "W20:
METER PRES.  “HG:

RUERAGE ¥ £02:
AVERAGE % 02:
RUERRGE 7 CO:
STREK 8RS M. DRy:
STRCK BRS M. WE:

13.458
85.9
29,59
8.50
29,63
173

25,75

3.3
14.7
g.0
29.12
27,22

FHERFE IR IR RIS F R INTEH R R TS R E RTINS KRS

SRMPLE  UELOCITY  TEMPERATURE
POINT  * OF H20  DEGREES F

1 0.7 230
? 6.70 34
3 8.50 234
4 0.60 235
5 0.60 236
6 §.65 236
1 6.7 23
2 0.80 236
3 0.80 232
4 0.90 235
5 1.60 233
b 105 283

BRI IR NI JE RN IR ARSI AR RS F SRR K IINR RSN A KSR U

103 %
237.8 Df6. T.
§.87 " OF H20
80.43 RFT/SEC
4864769 ACFM

PERCENT ISOKINETILS:

STRCK TEMPERRTURE:
AUERRGE UELOCITY HERD:
STRCK GRS UELOCTTY:

STRCK GRS AIR FLOM:
PARTICULATE COMCENTRATION:

SMPLE  URLECTIY
POINT " OF K20

.78
8.7
0.7
0.90
1.0
1.10
6.95
£.95
1.10
1,26
1.45
1.45

(3 o B O N s Tl ~ LT X o VS TV R SN

o

POLLUTANT MASS RATE (CONCENTRATION METHUD):

TEMPERATURE
DEGREES ¥,

23
234
37
240
242
L]l
44
1
148
48
245
4

£97.8 DEG. R

62,79 fF1/5EC.

31521.4 DSCFA

{1,601 GR/OSCF
0.38 LB/HR

FRONTHALF PARTICHLATE MASS LORDING

FILTER NUMBER: 25026
TARE WLIGHT OF FILTER IN GRAMS:

FINRL WEIGHT OF FILTER IN GRAMG:

HET  UETGHY OF PARTIC. MATTER TN GRAMS:

BERKER NUMBER: 185-297
TARE UEIGHT OF BERKER IN GRAMG:

FINAL UEIGHT OF BEAKER IN GRAMS:

HET LETGHT OF PARTIC, MATTER IN GRAMS:
UDLUME OF RCETONE IN MILLILITERS:

TRRE WEIGHT OF ACETONE IN GRAMS:
FINAL GEIGHT OF ACETONE IN BRAMS:
UOLUME OF ACETONE IN MILLILITERS:
NET CONTRIBUTION OF RCETONE IN MeAML:

TOTRL FRONTHRLF PARTIC. MATTER IH GRAMS:

0.6857
0.8909
£.0852

£8.4115
68.4119
0.0004
140.0

10,9025
70,9027

100.0
g, 0028

0.0053
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METHOD 1 ~ LOCATION OF TRAVERSE PQINTS

Circular Stacks

TRAVERSE DISTANCE.
POINT % of diameter

4.4
14.7
29.5
70.5
85.3
95.6

DWW H WA =

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 stach diameter from inside wall to traverse point)

—
- : Number of traverse points on a diameter—
iraverse point numper on a diameter T ;

s« 6] 8]0 ]12 1416 18] 2]2)]ez

t
146] 67 44| 32| 28| 21 18!

1. 16 141 134 1)
2. 854 | 250 | 146| 105] 82| 67' 57 49! 44| 38| as| 32
3. et 7501 2861 194 | 146 118, 998 85 75! 67| 60| 55
4 933 | 704 | 323) 226 | 177 146, 126 | 109! 97| 87 79
5. 3421 2501 201 169 . 146! 129 116 108
6. | 658 356 . 269! 220 188! 165 ] 146 | 132
7. 7741 644 3661 283 ' 236 ] 204 | 1801 16.1
8. 854! 750 6341 375 296' 250 218 194
9.

.. 9181 823! 731 625 382 306 262 230
i 9741882 799 717 618! 388 315! 272
933! 854! 780 704 | 612, 393 1327
9791 90.1 | 831, 764 : 694 60.7 ' 398
A 943! 875 812 750 685 602

98.2; 9151 BS.A. 796 738' 677
...... [ 9511 831 835 782 728
98.4 925 B7.1 ° 820 770
| 956 90.3 | 854 i 806
i 98.6’ 933 88.4, 839
i 861! 91.3| €68
| 9871 9401 895
! 1 9651 921
| i 988l 948
| : ! 968
; | ! ! i 98.9
| | : ] : 1
Rectangular Stacks
For a rectangu-
lar cross section. an equivalent diameter S ——
(D.) shall be calculated from the fallowing T _ ‘ T
equation, to determine the upstream and o, o o I o
downstream distances: ! | !
e B e -+ = -
° : o : ° : °
!
_ 21w -— - = =l ==
EUFW ! ‘ '
° 1 =3 ! [+] i ©
‘ i
|
1 1

Figure 1-4. Example showing rectangular stack cross
i section divided into 12 equal areas, with 3 traverse
where L=length and W=width. point at centroid of each area.

™



METHOD 1 - MINIMUM NUMBER OF TRAVERSE POINTS

DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE IDISTANCE A}

0s 10 LK T 20 28
so T I T T ) T T
® 4IGHER NUMBER IS FOR - Ti—-;mswnunc:
- RECTANGULAR STACKS OR DUCTS A
z Y t| Leasumement| 77
3 A= e
-~
> |
<]
.;, [] l
= 30— . —
’3' 26 OR 257 Kc:swm:vct
= 20
2 o .
2 16 STACK DIAMETER D 0.61 e (24 in)
3 12
2
£ w0l T 8 org*
3 » FROM POINT OF ANY TYPE OF
DISTURBANCE {BEND. EXPANSION. CONTRACTION, E€1C.)
STACK DIAMETER = 0.30 TO 0.8 m 112-24 inl
. 1 | L ! ] 1
2 3 . s . 7 s s 10
. . .
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE IDISTANCE B)
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DUCT DIAMETERS DOWNSTREAM FROM FLW DISTURBANCE {DISTANCE B}

Minimum number of traverse points for velocity {nonparticulate] traverses.



METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS

Nomenclature.

A=Cross-sectional area of stack, m?(ft 2.

B.,=Water vapor in the gas stream (from
Method 5 or Reference Method 4), pro-
portion by volume.

Cp=Pitot tube coefficient, dimensionless.

K, =Pitot tube constant,

(g/g-mole) (mm Hg) 172

34.97
34.07 scc (°K){(mm H,0)

for the metric system and

53.49 —
sec

[(lb’lb -mole) (in. Hg) 172
(°R)(in. H,0)

for the English system.

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

M,=Molecular weight of stack gas, wet
basis, g/g-mole (1b/1b-mole).

=My (1—-Bys) +18.0 By

Equation 2-5

P,..=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).
=P+ Py

Equation 2-6

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

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

t,=Stack temperature, °C ("F).

7,=Absolute stack temperature, 'K, (‘R).

=273+t for metric

Equation 2-7
=460+, for English

Equation 2-8
T.s=Standard absolute temperature, 293 ‘K

(528° R)

v, =Average stack gas velocity, m/sec (ft/
sec).

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

3,600=Conversion factor, sec/hr.

18.0 =Molecular weight of water. g/g-mole
(1b/Ib-mole).

5.2 Average stack gas velocity.

Tl(uvx)
P,

Equation 2-9

v, = Kpcp (‘/'—A_p-)l'lk

5.3 Average stack gas dry volumetric flow
rate.

Qu=3.00 (1~ (722 ) (725)

Equation 2-10

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS

Nomenclature.

M. =Dry molecular weight, g/g-mole (lb/1b-
mole).

%, EA = Percent excess air.

o.CO,=Percent CO, by volume (dry basis).

9,0, =Percent O, by volume (dry basis).

7%, CO =Percent CO by volume (dry basis).

%N, =Percent N, by volume (dry basis).

0.264 =Ratio of O, to N, in air, v/v.

0.280 = Molecular weight of N, or CO, divid-
ed by 100.

0.320 = Molecular weight of O, divided by
100.

0.440 = Molecular weight of CO, divided by
100.

6.2 Percent Excess Air. Calcuiate the per-
cent excess air (if applicable), by substitut-
ing the appropriate values of percent O,
CO, and N, (obtained {rom Section 4.1.3 or
4.2.4) into Equation 3-1.

0,—-0.5¢:CO :l
kA= [o 261N, (G 503 C0, | 100
Equation 3-1

NoteE: The equation above assumes that
ambient air is used as the source of O, 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 N, 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 weight of
the stack gas
M:=0.440(7%C0,)+0.320(%0;) +

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



METHOD 4 - STACK

Nomenclature.

B .=Proportion of water vapor, by volume,
in the gas stream.

M .=Molecular weight of water, 18.0 g/g-
mole (18.0 1b/1b-mole).

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

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

R=1Ideal gas constant, 0.06236 (mm Hg)
(m%/(g-mole) (*K) for metric units and
21.85 (in. Hg) (ft®/(ib-mole) (‘R) for
English units.

T .=Absolute temperature at meter,
CR).

T .a=Standard absolute temperature, 293°
K (528°R).

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

AV n=Incremental dry gas volume measured
by dry gas meter at each traverse point,
dcm (def).

V mawy=Dry gas volume measured by the dry
gas meter, corrected to standard condi-
tions, dscm (dscf).

Vuewar=Volume of water vapor condensed

' corrected to standard conditions, scm
(scf).

V vy = Volume of water vapor collected in
silica gel corrected to standard condi-
tions, scm (scf). :

V,=Final volume of condenser water, ml.

V.=1Initial volume, if any, of condenser
water, ml.

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

W.=Initial weight of silica 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.

‘K

Yy Vo T
[)lhb‘[ "
= Kl( V/_ V. )

Veetun =

Fquation $-1

GAS MOISTURE CALCULATIONS

where:

K,=0.001333 m3/ml for metric units
=0.04707 {t*/ml for English units

2.3.3 Volume of water vapor collected in

silica gel.
Vv (ot = ( "'f"'IVi)RTmI
wsgls P"" ;,d- 'J I—_~,‘-
=KW~ W))
Equation 4.2
where:

K 4=0.001335 m/g for metric units
=0.04715 ft¥/g for English units
2.3.4 Sample gas volume.

V= VoY (Em(Toa)

(Pnd)( Tm)
V!IIPWI

=K1Y T...

Equation -3

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
2.2.68) 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.

Vwc (std) + Vvtu (atd)

Vlr: (std) + Vnru {atd) + Vm (atd)
Equation 4-+4

B,,=

Note: In saturated or moisture droplet-
laden gas streams, two calculations of the
moisture content of the stack gas shail be
made, one using a value based upon the
saturated conditions (see Section 1.2). and
another based upon the results of the im-
pinger analysis. The lower of these (%0
values of B .. shall be considered correct.



METHOD 5 - PARTICULATE EMISSION CONCENTRATION CALCULATIONS - (1)

Nomenclature

A.=Cross-sectional area of nozzie, m? (ft%.

B.,=Water vapor in the gas stream, propor-
tion by volume.

C,=Acetone blank residue concentration,
mg/g.

¢, =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 m3/min (0.02 cim) or 4
percent of the average sampling rate,
whichever is less.

L, =Individual leakage rate observed during
the leak check conducted prior to the
“j» component change (i=1, 2, 3...n),
m¥min (cfm).

L,=Leakage rate observed during the post-
test leak check, m?/min (cfm).

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

M.=Molecular weight of water, 18.0 g/g-
mole (18.01b/1b-mole).

me.=Mass of residue of acteone after evapo-
ration, mg.

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

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

P,.=8Standard absolute pressure, 760 mm
Hg (29.92 in. Hg).

R=Idea] gas constant, 0.06236 mm Hg-m?/
*K-g-mole (21.85 in. Hg-ft/°*R-1b-mole).

Twm=ADbsolute average dry gas meter tem-
perature (see Figure 5-2), ‘K ('R).

T.=Absolute average stack gas temperature
(see Figure 5-2), "K ("R).

T..=Standard absolute temperature, 293° K
(528° R).

V.= Volume of acetone blank, ml.

Var=Volume of acetone used in wash, ml.

Vie=Total volume of liquid collected in im-
pingers and silica gel (see Figure 5-3),
ml

Va=Volume of gas sample as measured by
dry gas meter, dcem (dscf).

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

Vrwa.=Volume of water vapor in the gas
sample, corrected to standard condi-
tions, sem (scf).

1r.=Stack gas velocity, calculated by Method
2, Equation 2-9, using data obtained
from Method 5, m/sec (ft/sec).

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

the orifice meter (see Figure 5-2), mm
H,0 (in. H:O).

po=Density of acetone, mg/ml (see label on

bottle).

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

8="Total sampling time, min.

6,=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.

6,=Sampling time interval, from the final
(n'") 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 meter temperature
and average orifice pressure drop. See data
sheet (Figure 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 §-1.

AH
T-nd) anr+m

Vm () = Vm Y(—T—': P;m

_ kg Pt (8HN130)
=K'l T

Eguation 51

where;
K.=0.3858 ‘"K/mm Hg for metric units
=117.64 ‘R/in. Hg for English units

NotEe: 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 follows:

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

Vn~—~{(Lp—La)8)

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

[I'M—(L, -LaVe,

"
—~ SO (L= La)8i— (Lo~ l,.,)e,,]

i=2



METHOD 5 - PARTICULATE EMISSION CONCENTRATION CALCULATIONS - (2)

and substitute only for those leakage rates 6.7 Acetone Wash Blank.
(Ls or Lp) which exceed L.
6.4 Volume of water vapor. Wo=CaVau ps
Equation 5-5
Equation 5-2

- . w RT,. -1
"u(nd)="u (%) —'P__"!)=1\'!vlc

where:
K,=0.001333 m3/ml for metric units
=0.04707 ft*/ml for English units.

6.5 Moisture Content. 6.8 Total Particulate Weight. Determine

the total particulate catch from the sum of
the weights obtained from containers 1 and
Vi e 2 less the acetone blank (see Figure 5-3).

Note: Refer to Section 4.1.5 to assist in
Equation 53 calculation of results involving two or more
- filter assemblies or two or more sampling
trains.

6.9 Particulate Concentration.

B,,=

4 ] A
14 m(sed) T 1% i (atd)

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 (EqQuation 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 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

¢,=(0.001 g/mg) (ma/ Vo)
Equation 5-6

6.10 Conversion Factors:

6.11.2 Calculation From Intermediate
Values.

. T""’Ill‘l) Psnl 100

T Taat 8 AP 6U(1- 1., .

— Tle(nul)
=K, PV, A.8(1-B.,)

Equation 3-8

from Figure 5-2 may be used to make this T P Multioly b
determination, provided that the accuracy From ° . vy
021‘- tpk}e in-stack temperature sensor is =1° C sef m? .. 002832
¢ - /Y e G/ 15.43
i g/h* . I i/tto. 2205107}
6.6 Acetone Blank Concentration. grtte. E @M 3531
ma — - ——
Cd - Va Pa
Equation 5-4
6.11 Isokinetic Varition.
6.11.1 Calculation Prom Raw Data.
VOO TLIE i+ (Vo T ( Py + AH/13.6)]
- 606v, P, A, Equation 3-7
where: where:
K,=0.003454 mm Hg-m?3ml K for metric KX,=4.320 for metric units
units. ) =0.09450 for English units.
=0.002669-in. Hg—ftY/ml- R for English 6,12 Acceptable Results. If 90 percent [
units. <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.

17



SAMPLE CALCULATION SHEET -

Client: e Sy Run #: / Date: ;ﬁa é{

Particulate concentration

Vm = 17.647* S5 + 101 (245> + (/-‘9//13.6))/é2-5"*‘{50> Equation 5-1
Vm=5!.l57/' dscft 4

Wa = ma*vaw/va Substitution of Equation 5-4 into 5-5
Wa= .2 * /D / 100
Wa = .28 mg

mn = (net weight filter catch) + (net weight "B" section) - Wa + (Backhalf)
mn=_J30 mg= _f/ +_22 - .3 + "W

cs = [(0.001g/mg)*(15.43gr/ft)* /3.0 / §2/3 % Equation 5-6
cs = «003S gr/dscf or A gr/dscf@l2s CO2 = cs * 128 / _ M A %

Moisture

Vw(std) = 0.04707* 9.7/ ml or grams of water condensed + Equation 5-2
04215 Y g ofF MHyO v S./ew 7:/

Vw(std) = /0.172¢ scf '

Bus = ( /2 Y/ (01720 + §72.13%) Equation 5-3

Bus = /5 // sH20 = /S5;// %

Molecular weight

Md

0.440(_ 3.4 ) + 0.320( /4. 6 ) + 0.280(_F2 ) Equation 3-2
Md

29,128 g/g-mole
Ms = 29./28+ (1 - ./5//) + 18.0 * ./S//
Ms = 2748 g/g-mole

Stack gas velocity and volumetric flow rate

vs = 85.49* !iii * ﬂ’"* J7/0v7/27,fs"/ 29.57 g Equation 2-9
vs = é?.lg ft/sec (std) or LLM afps = 2.9% .i:l';* ,fyf/*vm (apx.)
Qsd = 3600* 1-./5//)**657/"r 15/'5‘((528 /7009 Y% (2957 / zg.9L) Equation 2-10

139,
osd —\Mdscf/hr / 60 min/hr

1
Qsd = 3[@25 dscf/min or ’/737/ acfm = ‘[.['/ afps* jSl’ljsf* 60 (apx.)
Isokinetic variation
1 . .
I = 0.09450*57'\3*’110‘1/( {0 * 1,457*_6’51{*,000“03;*(1-./5//)) Equation 5-8

I = El,lt% %

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

Sampling nozzle
Sampling probe sheath
Heated sample probe liner

- Cyclone assembly (proposed regulations do not require this cyclone)
. Out of stack filter assembly
- Heated filter compartment maintained 120°C % 14 °C (248°F + 25 °F)

(or temperature specified in 40CFR subpart)

. Impinger case

First impinger filled with H90 (100 ml)

. Greenburg-Smith (or modified Greenburg-Smithi impinger filled with H90 (100 ml)
. Third impinger —dry _—
. Fourth impinger —filled with Hg0 absorption media (200-300 gm)

Impinger exit gas thermometer

. Check valve to prevent back pressure
. Umbilical cord -~ vacuum line
. Pressure gage

Coarse adjustment valve

. Leak free pump
. By-pass valve

Dry gas meter with inlet and outlet dry gas meter thermometer

. Orifice meter with manometer
. Type § pitot tube with manometer
. Stack temperature sensor
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QUALITY CONTROL PROGRAM (CONTINUED)

RECOVERY

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

TANDARD (. URVES

With each analysis, a minimum of three standards are run in conjunction with the
samples to provide a working standard curve. The samples are 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 for 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

Process ﬂqvﬂ ho 14 Soncrete Rats kW S

Asphalt Paving Plant C_ WA

Drum Mix Description

ST 460 ~73X
Identification No. M_@”{Qa Installed A4 5@5"

, Tonshr Firing Rate P Gal \ .

A

Process Rate/

Ty )
». f<"Smoke Point Ay e e !

7

Type of Fuel {0

Injection Location

Asphalt Discharge'Temp. R /O °F Gravel Moisture R ¥o £ A

Fines In Gravel (<200-mesh) _{( % (g,,i@i; 2/3/?—5/

OperationﬁPersonnel ﬁpln""ﬁu-\.,..,,,u
Asphalt Supplier S @/

7 STS tin
Density Lyt ! — #/gal Flash Point D v o s °F
7 &

. Control Equipment
Description or Name éﬁg‘ 855 bou < Al é;;m{ %{ , é"!““‘? |

Water Press PSI Rate Gal/min

Water: Reused, Clean?

Venturi Press AP = : It};:h -G./ "//90 lean
Static = - Inch(®D-~/, ' Hal Dirdy
Air Flow Metlod S +es+t 6,‘%¢/’/%~0

Saturated Stack

Form No. 63-172 1/84
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VISUAL EMISSION RLADINGS

Source: _%MM_W

Hour (O LSOO Date

Min.l 01 1/411/213/4)l Min.| 0 | 1/4)1/2] 3/4

0 30

1 J‘% 3] CALCULATIONS

2 32 o

3 33 No. of Readings

4 34 : 40X + Opacity
5 35 )

6 36 35%

7 i 37 .

8 ][]‘ 38 |’ : 30%

S 39 .

10 " 40 - }254

11 4] 20%

12 42 -

13 43 15%

14 I 44 -

15 ﬁ 45 10%

16 46

17 1 47 - 5%

18 | 48 o

19 | 49 —

20 1 50 : XL - BT

21 51

22 52

23 " 53 I loleo o Z Mlnutes> Opacity
24 54 Olololo

2% [ss 1ol el Color of Plume Q_,\@)Q:-J
26 36 CD Q C:L-—L:L— lume - .
27 57 {101 1O O E-:ppearance v
28 s8 |10l IO 8__ _Dw Vet Dry
29 _ 1ses 1ol 1O

By

Ouvalified Plume Observer
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VISUAL EMISSION RLADINGS

SOurce=MMm;ﬁﬂi' p\w&b&u

Hour /00O Date ‘7//0 /@5
R # 8~ |
vin.l ol 1/411/213/4 Min.| 0 {1/4{1/2] 3/4
0 30
1 3] CALCULATIONS
§ gg g % % g No. of Readings=
4 34 o icoclpolo 40% + Opacity
5 35 OO0
6 36 O ') 35
8 2 lo oo 10 — %
9 39 10 1o 10 10 259
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19 49
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21 51
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24 54
o5 ot Color of Plume L!QQI‘
26 56 Plume -
27 57 Appearance ¥
28 58 Wet Dry
29 59
’ﬁs Ly - 0%

By

Oualified Plume Bbserv‘er



VISUAL EMISSION RTCADINGS
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Source:
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1 31
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4 34
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8 38 |’
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10 40
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12 42
13 43
14 44
15 | c;) O 1TON a5
16 IO1O IO 1o || 46
17 ol I 147 Inolololceo
18 o 1O 160 © 48 |lojo |0 o
19 1ol 100D 49
20 (A 1O 1O I [ so
2] 1o 10O 1o 10O | 51
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24 54
25 55
26 56
27 57
28 58
29 59

By

Date‘ 9 !Eoz EKD

CALCULATIONS

No. of Readings=
40% + Opacity

35%

Minutes;> Opacity

Color of Plume CLéZz/—

Plume -
Appearance

Y
Wet ;bfy
Elee (5(7 For & A 50 and
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Lab#95743

TRAVERSE SAMPLING DATA

Page 1 of /

Date

Run#

Client LAeESWE T 0D ( Ql(j

9-10%&

S le Location
apera;-;ors % %

Sample Box #

e

L

EQUIPMENT CHECKS

Initial/Final

] ”~
Leak Rate Cfm/,00874,c0y”

~
Leak Test Vac 25 / 554

///z Pitots, Pretest
5:/‘Pitots, Postest

Orsat Sampling System

.~ Tedlar Bag

Thermocouple @

SCHEMATIC TRAVERSE LAYOUT
\—T‘. [y

Stack Diamete _‘2{)( 59 ‘/

7

5

Distance Upstream

Distance Downstream

°F
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