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INTRODUCTION

The purpose of this atmospheric emission evaluation performed at Hi-Line Asphalt
Paving Company, Inc’s Stansteel asphalt paving plant located in Seattle,
Washington was to determine the particulate emission concentration of the
baghouse exhaust gas. On August 9, 1985, three (3) Method 5 compliance runs were
performed utilizing the Environmental Protection Agency’s (EPA) Method 5
procedures. Mr. James A. Guenthoer of Am Test, Inc., Seattle, Washington
performed the field sampling. Mr. Kris A. Hansen and Ms, Angela F. Blaisdell of
Am Test performed the laboratory analysis and data reduction. Mr. Martin
Romano of Hi-Line Asphalt coordinated this project. Mr. Ray Monette, the plant
foreman, coordinated plant operations. Mr. Fred Austin of the Puget Sound Air

Pollution Control Authority (PSAPCA) observed the field testing.



SUMMARY OF RESULTS

The results of Hi-Line Asphalt’s three (3) Method 5 compliance tests for

determining particulate emission concentration are summarized in Table 1 below:

Table 1. Summary of particulate emission concentration test results.

PARTIC. PARTIC. PARTIC.
SAMPLE AM TEST CoNc. CoNc. CoNC. AIR
RUN LAB FRONTHALF BACKHALF ToTAL FLow
# # gr/dscf gr/dscf gr/dscf dscf/m
1 92839 0.022 0.022 0.045 31392
92840 0.024 0.014 0.037 33578
3 92841 0.015 0.009 0.024 36500
AVERAGE 0.020 0.015 0.035 33823

The average particulate mass emission rate of 0.035 grains per dry standard cubic
foot (gr/dscf) was within the PSAPCA standard of 0.05 gr/dscf for this asphalt
paving plant. Computer printouts which detail the complete results immediately
follow the "Calculation of Results" section of this report. No difficulties were
encountered during sampling and an acceptable leak check followed each run. The

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



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 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 36.5 inch by 42.5 inch rectangular stack had four (4) sampling ports located at
equal distances along the 42.5 inch side. The sampling ports were located 0.75
diameters upstream and approximately 3 diameters 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 run 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 condensor
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 1isokinetic
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

then 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 4 foot stainless steel probe with
a heated stainless steel liner was used for these tests. The probe was equipped with
S-type pitot tubes and a thermocouple sensor. The pitot tubés 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 ficld check with 32 degree icewater was performed.
A glass filter assembly with a 125 millimeter Reeve Angel 934AH filter was

enclosed in a temperature controlled heated box. The average box temperaturc was



maintained at 248° F 4+ 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° E. 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
guantitatively transferréd 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. The 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 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 condensor 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 contents and deionized, distilled water rinses of
the 1st, 2nd and 3rd impingers were transferred to a 1000 ml graduated cylinder
and the liquid level was recorded. This liquid was then transferred to a 1000
milliliter separatory funnel and the contents were extracted with three (3) 25
milliliter portions of dichloromethane (CH,Cl,). The organic layer was transferred
to a tared 150 ml beaker, labeled the "Cx" section. The water layer was transferred
to a tared 150 ml beaker labeled the "C" section. The "C" section beaker and
contents were heated at a moderate boil until close to dryness, then were placed in
a desiccator for 24 hours prior to weighing. The "Cx" section beaker contents were
allowed to evaporate at room temperature until dry and were then placed in a
desiccator for 24 hours prior to weighing. The bubblers and impinger were rinsed
again with acetone into a tared 150 ml beaker, labeled the "D" section. The "D"
section beaker contents were allowed to evaporate at room temperature and were
then placed in a desiccator for 24 hours prior to weighing. Sample blanks
containing deionized, distilled water, dichloromethane, and acetone were analyzed
in an identical fashion as the respective "section". The beakers were weighed to
constant weights of + 0.5 milligrams at 6 hour or greater intervals. 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. The total particulate weight is the sum of the net weight of

the particulate found on the filter plus the net weight of particulate found in the



B, C, Cx, and D section beakers, minus the acetone, water and dichloromethane

blank concentrations.

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, deionized,
distilled water, filter, and reagent 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 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 fronthalf and backhalf were performed on a
Hewlett Packard 41CX calculator, and may be found in the Appendix of this

report.



HETHED © - PRRTICULRTE EMISSION CONCENTRRTIEN PESULTS
A TEST INC, - RIR QURLITY DEPRRTRENI
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METHOD § - PRRTICULATE EMISSION CONCENTRATION RESULTS

Bt TEST, INC. - RIP QUALITY DEPRRIMENT I
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MOTHGGD © - PAFTICULATE ENTSSION CONCENTRATION RESULTS -~
B TEST, INC. - AR QUALTTY OCPARTHENT
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FRREREERERTARERS R HRI RS EERRERE CRAEEFEE R ER R E SRR R RS RERRH TOTAL UBLUME OF WATER IN MiS.: 400.C
SMPLE  YELOCTIY  TEMPERRTURE SAMPLE  UELOCITY  TEMPERRTURE UOLUME OF URTER CONDENSED IN MLS.: 137.5
POINT " OF W20 DEGREES F. POTNT  * OF W20 DEGREES . NCT UOLWME OF WRTER FOR BLANK IN MLS.: 262.5
WT./U0L. OF WATER BLANK (NOT SHOUN} GHS/ML: 0.002
1 3.50 226 1 .20 17% NCT UEIGHT OF PARTIC, DUL 70 UBTER IN B15.: 0. 0565
2 5.04 220 Z 1.00 198
3 5.50 m E 6.70 194 *Cy" SECTION - HYDROCARBON EXTRRCTION
4 5.50 m 4 §.50 186 TARE WEIGHT OF BLAKER IN GMS.: 68,4845
5 5.50 23 § £.60 197 FINAL UETGHT OF BEAKER IN GMS.: £8.4880
b 5.50 Al 6 1.60 206 NET WEIGHT OF PARTIC. MATTER IN GHS.: 0.90%
1 .25 196 1 0,30 175 TOTAL YOLUME BF CH2C1Z IK MLS.: 7.0
2 2.60 m 2 0.20 202 UT. V0L, OF CHZC12 BLANK (NOT SHOUN) GMSL:  0.001
3 236 206 3 0.08 205 NET UEIGHT OF PARTIC. DUE TO CHC12 IN 6MS.:  0.00D1
4 2.05 n7 4 g.08 210
5 2,50 199 5 6.15 Al *D* SECTION - ACETONE RINSE OF CONDENSER
& 2.9 190 & 0.35 200 TARE WEIGHT OF BEAKER IN BS.: 65. 3403
EEEEE O OHB RO K RERRRIERRFAK FINAL WEIGHT OF BERKER N 6MS.: 65, 3434
PERCENT ISOKINETICS: 9 i NET UEIGHT OF PARTIC. MATTER IN GHS.: 0. 0031
STACK TEMPERRTURE: 203.7 DEG £, £63.7 DES, P TOTAL YDLUME OF ACETONE IN MLS.: 0.8
AUERAGE UELOCITY HEAD: 1,65 ¢ OF H20 4T, AU0L, OF ACCTONE BLANK CNOT SHOUR) GMS/ML: §.002
STACK GAS YELOCTTY: £0.98 RFPS 83.16 FT/SEC, NET UCIGHT OF PARTIC. DUE 7O ACETONE IN GM5.: . 0000
STACK GRS AIR FLOM: 52240, 95 ACFN 36499, 9 0SCF/M
PARTICULATE COMCENTRATION: §.015 GR/BSCK TOTAL BACKHALF PARTIC. MATTER IN GM5.: ri\_g;gggB,Q
POLLUTANT MRSS RATE (CONCENTRATION METHOD: 4,62 LB/HE TOTAL WEIGHT OF PARTICULATE TN GMS.: 0.0541 D e
PARTICULATE CONCENTRATION (BACKHALF): 0.009 GRAOSCF e

PARTICULATE CONCENTRATION (FRONT & BACKHALT): 0.024 GRASCFY”
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METHOD 1 - LOCATION OF TRAVERSE POINTS

Circular Stacks

TRAVERSE DISTANCE,
POINT % of diameter
—_—lN —_—tameter

4.4
14.7
29.5
70.5
85.3
95.6

NN B WN -

Figure 1-3. Example showing circular stack cross section divided into
of traverse points indicated.

12 equal areas, with location

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

[Percent of stach diameter from inside wall ot

seme— oLl —_—
- |
‘raverse point nu™Mbder on a diameter -

50| 296

CoNDU A WN

Rectanqular

P24 l6 |8
1

18.4
323

67.7
80.6 |

89S
96.8

averse point]

‘ 5.7! 44| s.z! 261 21
12501 1461 105! 82 g7

—
Number of traverse ponts on a diameter—

o e T T —————
RCIRT “ 116 18 {20 | 22 | 2
‘ |

181 1.6[ 1.4! 13 1.1‘ 1.1

57 49, 44 39 35| 32

| 146 118! 59 g5 751 67] 60| 55
| 226 17.7 146 . 12501091 97| 87, 79
342 250 201 169 . 146 129 1 116 | 105
658 356 ' 2691 220 188 | 165 | 146 ] 13.2
1774644 366! 283 236 | 2041 1801 161
© 854, 7501 834 375 206 259 218 194
< 91818231 731! 625 382 205 25! 230
97.41 882 799" 717 g13: 388 3150 272
933 854! 780 704 612, 393 32-

]
| 979

80.1 1 831 . 764 &54 . 607 39e
943 875 812 750 68.5 602
915. 854 79 738 677
' 89.1 . 8as 782 728
925 871 820 77 0
956! 903 854 : 806
98.6

Stacks

For 2 rectangu-
lar cross section. an equivalent diameter
(D.) shall be calculated from the following
equation, to determine the upstream and
downstream distances:

2!,”"
YA ' 15)

where L=length and W=width.

] ¥ |
) }
S
!
| | o ]
/R A T "
o : o : e} [ o
1 .
S el Py [P
1 ! |
o | o | o [ ©
|
! 1 1

Figure 1.4, Example showing rectangular stack cr.osi
section divided into 12 equal areas, with a traverse
point at centroid of each area.



MINIMUM NUMBER OF TRAVERSE POINTS

MINIMUM NUMBER OF TRAVERSE POINTS

METHOD 1 - MINIMUM NUMBER OF TRAVERSE POINTS

DUCT DIAMETERS UPSTREAM FROM FLOW DiSTURBANCE (DISTANCE A)

0s 10 18 20 s
50 T T T T | T T
® MIGHER NUMBER I3 FOR T DISTURBANCE
RECTANGULAR STACKS OR DUCTS A
40— \ REASUREMENT| ]
-] L =~ sTE
5 on 25" _L
2% OR 25 kDISTURlANCE
20
b ot —
16 STACK DIAMETER > 0.61m (24 in)
12
1Y et ] B oR9®
* FROM POINT OF ANY TYPE OF
DISTURBANCE (BEND, EXPANSION. CONTRACTION, €7C.)
STACK CIAMETER = 030 TO 0.61 m (12:24 inl
o i | | } | ] }
2 3 . $ 6 ? s . 10
. .
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)
Minimum number of traverse points for particulats traverses.
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBA~CE {DISTANCE A)
0§ 1.0 15 20 X3
g T T T T T T I
]
HIGHER NUMBER 1S FOR S ISTURBANCE
RECTANGULAR STACKS OR OUCTS I
40— gasumement| |
—{ F—-  SiTE
] s l -1
‘l_konsmauwcz
x ] -
16 STACK DIAMETER > 0.61 m (24 m)
i 12
w0 l gorns® ]
STACK DIAMETER = 0.30 TO 0.61 m (1224 in)
e 1 i | i | | |
2 3 [ [ 3 [ ? [ ] 10

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)

Minimum number of 1raverse points for velocity {nonparticulate) traverses.



METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS

Nomenclature.

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

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

C, =Pitot tube coefficient, dimensionless.

K,=Pitot tube constant,

34.97

m [(g.g-moleji mm Hg)]‘f‘?
sec (°K ) (mm H,0)

for the metric system and

8549 —

ft (IbIb-mole)(in. Hg) i
~cc (°R) (in. Hgo‘f“]

for the English system.

Mas=Molecular weight of stack gas. dry basis
(see Section 3.6) g/g-mole (lb/1b-mole).

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

=Ms (1 ~By,) +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).
=Phn+Pv
Equation 2-6

METHOD 3 - MOLECULAR WEIGHT AND

Nomenclature.

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

% EA =Percent excess air.

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

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

0. CO = Percent CO by volume (dry basis).

9, 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. Calculate the per-
cent excess air (if applicable), by substitut-
ing the appropriate values of percent O,
CO. and N, (obtained from Section 4.1.3 or
4.2.4) into Equation 3-1.

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

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

t,=Stack temperature, "C ("F).

T,=Absolute stack temperature, 'K, ("R).

=273+ ¢ for metric

Equation 2-7
=460+ for English
Equation 2-8

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

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

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

3.600=Conversion factor, sec/hr.

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

5.2 Average stack gas velocity.

!
’T:(sz_)

vlzKpC,,(\'lA—p)uvx‘\/ P 1[

Equation 2-9

5.3 Average stack gas dry volumetric flow
rate.

—_ _ _z-ld P‘ )
Q‘d—3,600 (l Bw')v.A(Tltllb)(Pud

Equation 2-10

EXCESS AIR CALCULATIONS

S, 0.—0.5CO

‘ . N ~ [ [

kA —[0.264 CeN2(G0:.—-0.5 5. CO ] too
Equation 3-1

Note: 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(5C0,)+0.320(%0,) +

0.280(%N,+~%CO0)
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 Ib/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. Heg).

R-Ideal gas constant, 0.06236 (mm Hg)
(m¥/(g-mole) ("K) for metric units and
21.85 (in. Hg) (ft®/(lb-mole) ('R) for
English units.

T .=Absolute temperature at meter, ‘K
CR).

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

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

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

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

Veewss=Volume of water vapor condensed
corrected to standard conditions, scm
(scf).

V esewar = Volume of water vapor collected in

silica gel corrected to standard condi-

tions, scm (sef).

V,=Final volume of condenser water, ml.

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

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

W, =1Initial weight of silica gel or silica gel
plus impinger, g.

Y = Dry gas meter calibration factor.

p.=Density of water, 0.9982 g/m! (0.002201
lb/mD).

2.3.2 Volume of water vapor condensed.

(Vi= Vo T

Ve aun = — PoaM.

=K(V/= V)
Equation -1

GAS

MOISTURE CALCULATIONS

where:

K,=0.001333 m?* ml for metric units
=0.04707 ft/ml for English units

2.3.3 Volume of water vapor collected in

silica gel.
v W) BT
ws g(sed) Pud.‘lw
=K.(H =)
Equation 4 2
where:

K ,=0.001335 m?3/g for metric units
=0.04715 ft*/g for English units
2.3.4 Sample gas volume.

;v (Pm)(Tan)
Vm at =‘my 5 7T
e (Paa) (Tw)
- v VmPm
=HK,Y 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
2.2.6) 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.

Vu-c (atd) + "’vu (atd)
Vu‘: {std) + v wey (atd) + Vm (std)
Equation 4-+4

Br=

Nore: In saturated or moisture droplet-
laden gas streams, two calculations of the
moisture content of the stack gas shall be
made. one using a value based upon the
saturated conditions (see Section 1.2). a'nd
another based upon the resuits 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

An=Cross-sectional area of nozzle, m? (ft .

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

Co=Acetone blank residue concentration,
mg/g.

¢&=Concentration of particulate matter in
stack gas, dry basis, corrected to stand-
ard conditions, g/dscm (g/dsci).

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 cfm) or 4
percent of the average sampling rate,
whichever is less.

L, =1Individual leakage rate observed during
the leak check conducted prior to the
“1'*" component change (i=1, 2. 3...n)
m?/min (cfm).

L, =Leakage rate observed during the post-
test leak check. m3/min (cfm).

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

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

m.=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.
Heg).

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-ft*/°R-lb-mole).

T»=Absolute 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).

Vo =Volume of acetone blank, ml.

Voue =Volume of acetone used in wash, ml.

Vie=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 (dsef).

Vmuay=Volume of gas sample measured by
the dry gas meter, corrected to standard
conditions, dsem (dsef).

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

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

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

pr-=Density of water, 0.9982 g/ml (0.002201
1b/ml).

6=Total sampling time. min.

6;=Sampling time interval, from the begin-
ning of a run until the first component
change, min.

6;=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 drv 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 Heg or
68° F. 29.92 in. Hg) by using Equation 5-1.

AH
Pblr+_

r LA ¥4 Tll ]3.6
‘v " (l'd)=‘ ﬂl} (—_ﬁ) P:u!

— k1 3 Pt (8H/13.6)
=K1,y S T (8H/13.6;

Equation -1

where;
K,=0.3858 "K/mm Hg for metric units
=17.64 "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
Vm in Equation 5-1 with the €expression:

Ven—(Ly,—L4)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;

[Ym-— (Ly -L,)8

- (L.—L.,w‘—(/.ﬁ/.n)s,.]

=2



METHOD 5 - PARTICULATE EMISSION

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

Eanation 5-2

- . . RT,. —
1',;(-:.1)=11c ({’T ‘P’*ll>:[\211c

where:
K,=0.001333 m¥/m| for metric units

=0.04707 ft>/m] for English units.
6.5 Moisture Content.

Vo ani
(31}
B, =~ e——

o1
" m(sed) T v grd)

Equation 3-3

NoTte: 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, 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
from Figure 5-2 may be used to make this
determination. provided that the accuracy
of the in-stack temperature sensor is =1’ C
(2° F).

6.6 Acetone Blank Concentration.

CONCENTRATION CALCULATIONS - (2)

6.7 Acetone Wash Blank.

IVE = Ca Vuuv Pa

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.

€,=(0.001 gimg) (m,)V,, (sed) )
- Equation 3-6

6.10 Conversion Factors:

;-‘1n Equation 5-7

! (Pou, +8H/13.6))

where:
K.=4.320 for metric units
=0.09450 for English units.

6.12 Acceptable Results. If 90 percent [/
<110« bercent, the results are acceptable.

Co= e
Vao,
Equation 5 4
6.11 Isokinetic Varition,
6.11.1 Calculation From Raw Data.
=T+, T,
- ti0gr, P
where:
K,=0.003454 mm Hg-m¥m! K for metric
units.
=0.002669-in. Hg — ft*/mj] - R for English
units.
6.11.2 Calculation From Intermediate
Values.

I= TV mien P10
Toar.8 A, P,s0c1-4, .

_K . Tul”m(uul) .
= ‘P,L»’,.»i,.o(l«B,,,)

Equation 3-3
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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 Ho0 (100 ml) .

Greenburg-Smith (or modified Greenburg-Smith) impinger filled with Hg0 (100 ml)

. Third impinger —dry oo
. 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 S pitot tube with manometer

. Stack temperature sensor



SAMPLE CALCULATION SHEET

N

/ oty
%E}Client: AH-liir vt Run #: ﬁ.‘:vﬁr'jA,' Date: .
/ Particulate concentration
Vm = 17.647*;“/“Lf*(.ﬁwo (> o+ (QéiﬁVlB.G))/""%;m” Equation 5-1
Vm = 20.779 dscf
Wa = ma*vaw/va Substitution of Equation 5-4 into 5-5
Wa = _ 02 * 1on / 104
Wa = nv mg
mn = (net weight filter catch) + (net weight "B section) - wa + (Backhalf)
mn = 997/ mg = YL o+ QoY - DL + 44 9
cs = [(0.00Ig/mg)*(lS.43gr/ft)* P21 ) oy T Equation 5-6¢
cs = gr/dscf or i gr/dscf@12% CO2 = csg * 12% / %
Moisture
Vw(std) = 0.04707* [/2.6ml or grams of water condensed Equation 5-2
Vw(std) = 5 30 scf
Bws = (220 )/ 520 4+ 20.279) Equation 5-3
Bws = /Y09 $H20 = /Y69 4
Molecular weight
Md = 0.440( /. /) + 0.320¢( [, 3 ) + 0.280( 2 ) Equation 3-2
Md = Q% 99 g/g-mole
Ms = 2992 % (1 - _14e9) + 18.0 * s
Ms = 7 32 g/g9-mole
Stack gas velocity and volumetric flow rate
VS = 85.49*% ,FLUS* | O3 \/ Co@qp}/;m&Z/_M Equation 2-9
vs = 0.9  ft/sec (std) or L2 [ afps = 2.9*/x333*4BQG5*\[225g27 (apx. )
Qsd = 3600*(1-_ 1) * 0P *10.772 (528 /LY D*(30.3 /327 Equation 2-10
Qsd = 1323725 dscf/hr / 60 min/hr
Qsd = 31392 dscf/min or qqégzgacfm = 09,/ afps*lgggjsf*betﬁﬁﬁo (apx.)

Isokinetic variation

I

I =

0.09450%30, 1% g/ 9/ (36,30 *70,8 * 40 *. 000/8277% (15!40:%)) Equation 5-8

o =

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



"C" Section

Y Z mg

SAMPLE CALCULATION SHEET (2) 2

Backhalf particulate

particulate in "C" Section beaker

3045 ml of water in condensers, including rinses

11 2. (o ml of

252,4 ml of
.002- mg/ml
. S mg of
= 226" mg of

"Cx" Section

2 - mg of
.00 mg/ml
075  mg of

= _2.222 mg of

"D" Section

2.9 mg of

.00Z mg/ml
s
= 335 mg of

mg of

condensation in 1lst, 2nd and 3rd bubblers (%inal weight -
initial weight, assumes 1g/1lml water density)

deionized, distilled water used in bubblers including rinses
blank partic. = (_. 2 mg H20 blank / 100 ml H20)

blank particulate

"C" partic. = (39,2 mg of partic. in "C" - _.&£| mg of blank

particulate in "Cx" Section beaker

of blank partic. = (. / mg CH2Cl1l2 blank / /00 ml CH2Cl2)

I

(75 ml * _o0 /[ mg/ml)
<90 mg of partic in "Cx" -

blank particulate =

"Cx" partic = 275 mg of blank

particulate in "D" Section beaker
of blank particulate (same as "B" Section)

(.75 ml * .o22mg/ml)
"D" partic. = __ 3.5 mg of partic. in "D" - __ ;5 mg of blank

blank particulate =

Total Backhalf Particulate

+ 3% 7 mg
+ _ 9.3 mg
+_24 mg

I
=3
=~
g

Xe]

"C" Section particulate
"Cx" Section particulate
"D" Section particulate
Backhalf filter (if applicable)

Backhalf particulate



PROCESS DATA
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_0[75630\ . TRAVERSE SAMPLING DATA page 1 of
Client of } - Ling £ SCHEMATIC TRAVERSE LAYOUT Start Time O©4%
Date 0. By I 1. SR Stop Time __ D F8 S
Sample Location P L% Barometric
Pressure "Hg %2,2 8
Operators Static Pres'Hp 25
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