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INTRODUCTION

The purpose of this source cmission evaluation performed at Hytek Finishes
Company in Kent, Washington was to quantify the hexavalent chromium (Crt®)
levels in five (5) different ventilating air streams, Testing was performed on May
18, 1989 at the outlet of a chromic acid anodizing tank. Two (2) one-hour tests
were performed while parts were in the bath, and one (}) two-hour tecst was
performed while no parts were in the bath being anodized. Two (2) 2-hour tests
were performed at both the inlet and outlet of the scrubber which controls
emissions from the #1 and #2 hard chfome plating tanks on March 18, 1989. Two
(2) 2-hour tests were performed at both the inlet and outlet of the scrubber which

controls emissions from the #3 and #4 hard chrome plating tanks on March 19,

1989,

The sample method used is similar to EPA Method 3, which is detailed in the Title
40 Code of Federal Regulations, Part 60 (40 CFR 60), Appendix A. The sample
train was modified to exclude the fromt-half filter and wutilized 0.1 N sodium
hydroxide (NaOH) solution in the impingers. A final back-half Teflon® filter was
connected in series to collect any Cr*® which might break through the absorbing
liquid. EPA Methods 1-4 were also performed at each site. Methods | and 2 were
performed to determine the stack gas velocity and volumetric flow rate, Mecthod 3
was performed to determine the molecular weight of the stack gas, and Method 4

was performed to determine the moisture content of the stack gas.

Mr. James A. Guenthoer and Ms. Jan M. Widmeyer of Am Test, Inc’s Air Quality
Division based in Redmond, Washington performed the field sampling and in-licld

clean-up. Am Test, Inc’s Trace Metals Division performed the hexavalent



chromium analysis using & diphenylcarbazide colorimetric method, Data reduction,

and final report preparation was performed by Mr, Kris A. Hansen, Ms. Angela F.

Blaisdell, and Ms. Jan M. Widmeyer of Am Test. Mr. CIlif Johnson of Hytek

Finishes Company c¢oordinated this project amd provided process operation

information during each test.
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SUMMARY OF RESULTS

During this testing program, hexavalent chromium (Cr+9) levels were quantified at

five (5) ventilating air streams at Hytek Finishes Company in Kent, Washington.

The results of tests conducted at ecach site are discussed in the { ollowing sections.

CHROME ANODIZING TANK

Testing was performed on May 18, 1989 at the outlet of the chromic acid anodizing

tank, which is an uncontrolled emission source. Two (2) one-hour tests were

performed while parts were in the bath (runs ) and 3), and onc (1) two-hour test
was performed while no parts were in the bath being anodized (run 2). The

emission concentration, emission rate and emission factor are presented on page 4

in a printout titled "Methods 1-4/Hexavalent Chromium - Summary of Results”, and

in Table 1 below:

Table 1. Summary of Crt® emissions tests performed May 18, 1989 at the outlet of

the chromic acid anodizing tank at Hytek.

Chromic Acid Anodiziag Tank
SAMPLE REMOVAL
RUN INLET QOUTLET _ EFFICIENCY
#» mg/amp-hr mg/amp-hr %
NA 16.59 NA
NA : NA NA
3 NA 7.40 NA
AVG, NA 12.00 NA

Computer printouts which detail the complete results from these runs may be

found on pages 20-22.




METHODS 1-4/HEXAVALENT CHROMIUM - SUMMARY OF RESULTS
AM TEST, INC. - AIR QUALITY DIVISION

FILE NAME: HTKCRSUM

CLIENT: HYTEK

LOCATION: KENT, WASHINGTON
SAMPLE SITE: CHROME ANODIZING TANK
OPERATORS ¢ GUENTHOER/WIDMEYER
CONTACT: C. JOHNSON

RUN #1 RUN #2 RUN #3 AVERAGE*
LAB #: 907735 907736 907737
DATE: 5/18 5/18 5/18
16:43 17:55 20:38

START TIME:

STOP TIME: 17:43 19:55 21:38

SAMPLE TIME (Minutes) : 60.0 120.0 60.0

VOLUME SAMPLED (Cubic Feet): 39.423 79.959 39.930 39.677
VOLUME SAMPLED (Dry Std. Cubic Feet): 38.580 77.428 39.255 38.918
STACK GAS MOISTURE (Percent) : 1.15 1.04 1.24 1.20
BAROMETRIC PRESURE (Inches of Hg): 30.16 30.16 30.12 30.14
STATIC PRESSURE (Inches of H20): -6.80 -6.80 -6.80 -6.80
STACK PRESSURE (Inches of Hg): 29.66 29,66 29.62 29.64
STACK TEMPERATURE (Degrees F.): - 72.1 71.0 68.4 70.3
STACK TEMPERATURE ({Degrees R.): 532.1 531.0 528.4 530.3
CARBON DIOXIDE (pPercent) : 0.0 0.0 0.0 0.0
OXYGEN (Percent): 20.9 20.9 20.9 20.9
CARBON MONOXIDE (pp®n) ¢ 0 0 o] 0.0
MOLECULAR WEIGHT (Pry, Lb/Lb-Mole): 28.84 28.84 28.84 28.84
MOLECULAR WEIGHT (Wet, Lb/Lb~Mole): 28.71 28.72 28.70 28.71
AVERAGE VELOCITY HEAD (Inches of H20): 0.850 0.855 0.865 0.858
pITOT TUBE Cp: 0.80 0.80 0.80
VELOCITY (Feet/Second): 49.83 49.91 50.14 49.99
STACK DIAMETER (Inches): 36.0 . 36.0 36.0

STACK AREA (Square Feet): 7.069 7.069 7.069

AIRFLOW (Dry Std. cubic Feet per Min.): 20552.1 20649.8 20774.7 20663.4
AIRFLOW (Actual cubic Feet per Min.): 21135.0 21168.6 21266.4 21200.7
NOZZ1E DIAMETER (Inches): 0.206 0.206 0.206
ISOKINETICS (Percent): 96 95 96 96
HEX. CHROMIUM CONCENTRATION (MG/DSCH) : 0.169 0.006 0.075 0.122
HEX. CHROMIUM IN SAMPLE (PPM): 0.078 0.003 0.035 0.057
HEX. CHROMIUM EMISSION RATE (mg/hr): 5906.5 197.8 2634.0 4270.3
AMPHERE HOURS PER HOUR (amp-hr/hr): 356 0 356 356
HEX. CHROMIUM EMISS. FACTOR (mg/amp-hr): 16.59 NA 7.40 12.00

» Average reflects runs 1 and 3 when parts were being anodized.
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HARD CHROME TANK #] AND #2 SCRUBBER INLET AND OUTLET

Testing was performed on May 18, 1989 at the inlet and outlet of the scrubber
which controls emissions from hard chrome tanks #1 and #2. Two (2) 2-hour tests
were performed at both the inlet and outlet of the scrubber which controls
emissions from the tanks. The emission concentration, emission rate and emission
factor are presented on pages 6 and 7 in printouts titled "Methods 1-4/Hexavalent

Chromium - Summary of Results”, and in Table 2 below:

Table 2. Summary of Cr*® emissions tests performed May 18, 1989 at the inlet and
outlet of the scrubber for chrome tanks #) and #2 at Hytek.

#1 and #2 Hard Chrome Tanks

SAMPLE SCRUBBER SCRUBBER REMOVAL
RUN INLET OUTLET EFFICIENCY
#* mg/amp-hr mg/amp-hr %
21.84 0.15 99.3
2 5.30 0.45 915
AVG. 13.57 0.30 95.4

Computer printouts which detail the complete results from these runs may be

found on pages 23-26.

—
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l METHODS 1-4/HEXAVALENT CHROMIUM - SUMMARY OF RESULTS
AM TEST, INC. - AIR QUALITY DIVISION
FILE NAME: HTCRSUM1
l CLIENT: HYTEK
LOCATION: KENT, WASHINGTON
SAMPLE SITE: SCRUBBER 1&2 INLET
OPERATORS ¢ GUENTHOER/WIDMEYER
l CONTACT: : C. JOHNSON
: RUN #1 RUN #2 AVERAGE
l LAB #: 907731 907732
DATE: 5/18 5/18
START TIME: 09:57 12:45
STOP TIME: 11:57 14:45
SAMPLE TIME (Minutes): 120.0 120.0
VOLUME SAMPLED (Cubic Feet): 104.036 106.915 105.476
l VOLUME SAMPLED (Dry Std. cubic Feet): 106.175 106.899 106.537
STACK GAS MOISTURE (Percent): 1.44 1.45 1.45
BAROMETRIC PRESURE (Inches of Hg): 30.20 30.20 30.20
l STATIC PRESSURE (Inches of H20): -2.90 -2.90 -2.90
STACK PRESSURE (Inches of Hg): 29.99 29.99 29.99
STACK TEMPERATURE (Degrees F.): " 87.0 71.8 69.4
I STACK TEMPERATURE (Degrees R.): 527.0 531.8 529.4
CARBON DIOXIDE (Percent): 0.0 0.0 0.0
OXYGEN (Percent): 20.9 20.9 20,9
l - CARBON MONOXIDE (ppm): ] (] (]
MOLECULAR WEIGHT (Dry, Lb/Lb-Mole): 28.84 28.84 28.84
MOLECULAR WEIGHT (Wet, Lb/Lb-Mole): 28.68 28.68 28.68
I AVERAGE VELOCITY HEAD (Inches of H20): 0.126 0.127 0.127
PITOT TUBE Cp: 0.80 0.80
VELOCITY (Feet/Second): 19.04 19.13 19.09
STACK DIAMETER (Inches): 36.0 36.0
l STACK AREA (Square Feet): 7.069 7.069
AIRFLOW (Dry Std. Cubic Feet per Min.):  7991.2 7959.1 7975.2
AIRFLOW (Actual Cubic Feet per Min.): 8074.5 8115.2 8094.9
l NOZZLE DIAMETER (Inches): 0.375 0.375
ISOKINETICS (Percent): 102 103 103
l : HEX. CHROMIUM CONCENTRATION (MG/DSCM): 8.527 1.133 4.830
HEX. CHROMIUM IN SAMPLE (PPM): 3.945 0.524 2,235
HEX. CHROMIUM EMISSION RATE (mg/hr) : 115757.0 15321.4 65539.2
AMPHERE HOURS PER HOUR (amp-hr/hr): 5300 2889 4095
l HEX. CHROMIUM EMISS. FACTOR (mg/amp-hr): 21.84 5.30 : 13.57



METHODS 1~4/HEXAVALENT CHROMIUM - SUMMARY OF RESULTS
AM TEST, INC. - AIR QUALITY DIVISION

FILE NAME: HTCRSUM2

CLIENT: HYTEK

LOCATION: KENT, WASHINGTON
SAMPLE SITE: SCRUBBER 1&2 QUTLET
OPERATORS: GUENTHOER/WIDMEYER
CONTACT: C. JOHNSON

RUN #1 RUN #2 AVERAGE
LAB #: 907733 907734
DATE: 5/18 5/18
START TIME: 09:59 12:47
STOP TIME: 11:59  14:47
SAMPLE TIME (Minutes): 120.0 120.0

VOLUME SAMPLED (Cubic Feet): 73.221 83.642 78.432
VOLUME SAMPLED (Dry Std. Cubic Feet): 71.826 80.704 76.265
STACK GAS MOISTURE (Percent): 1.54 1.45 1.50

BAROMETRIC PRESURE (Inches of Hg): 30.20 30.20 30.20
STATIC PRESSURE (Inches of H20): -4,50 -4.50 -4.50
STACK PRESSURE (Inches of Hg): 29.87 29.87 29.87
STACK TEMPERATURE (Degrees F.): 64.2 67.8 66.0
STACK TEMPERATURE (Degrees R.): 524.2 527.8 526.0

OXYGEN (Percent): 20.9 20.9 20.9
CARBON MONOXIDE (ppm): 0 0 0
MOLECULAR WEIGHT (Dry, Lb/Lb-Mole): 28.84 28.84 28.84
MOLECULAR WEIGHT (Wet, Lb/Lb-Mole): 28.67 28.68 28.68

AVERAGE VELOCITY HEAD (Inches of H20): 0.949 0.850 0.%00
PITOT TUBE Cp: 0.82 0.82
VELOCITY (Feet/Second): 53.44 50.72 52.08
STACK DIAMETER (Inches): 28.0 28.0
STACK AREA (Square Feet): 4.276 4.276
AIRFLOW (Dry Std. Cubic Feet per Min.): 13574.1 12806.7 13190.4
AIRFLOW (Actual Cubic Feet per Min.): 13710.2 13013.1 13361.7

NOZZLF, DIAMETER (Inches): 0.188 0.206
ISOKINETICS (Percent): 98 97 98

HEX. CHROMIUM CONCENTRATION (MG/DSCM): 0.034 0.060 0.047
HEX. CHROMIUM IN SAMPLE (PPM): 0.016 0.028 0.022
HEX. CHROMIUM EMISSION RATE (mg/hr): 787.6 1297.0 1042.3
AMPHERE HOURS PER HOUR (amp-hr/hr): 5300 2889 4095
HEX. CHROMIUM EMISS. FACTOR (mg/amp-hr): 0.15 0.45 0.30

l CARBON DIOXIDE (Percent): 0.0 0.0 0.0



I'

mmﬂmmmﬂ.mwm

Testing was performed on May 19, 1989 at the inlet and outlet of the scrubber
which controls emissions from hard chrome tanks #3 and #4, Two (2) 2-hour tests
were performed at both the inlet and outlet of the scrubber which controls
emissions from the tanks. The emission concentration, emission rate and emission

factor are presented on pages 9 and 10 in printouts titled "Methods 1-4/Hexavalent

Chromium - Summary of Results”, and in Table 3 below:

Table 3. Summary of Cr*® emissions tests performed May 19, 1989 at the inlc_t and

outlet of the scrubber for chrome tanks #3 and #4 at Hytek.

#3 and #4 Hard Chrome Tanks
SAMPLE SCRUBBER SCRUBBER REMOVAL
RUN INLET OUTLET EFPICIENCY
# mg/amp-hr mg/amp-hr %
1 : 2.10 0.97 53.8
2 1.60 1.36 15.0
AvG, 1.85 1.17 344

Computer printouts which detail the complete results from these runs may be

found on pages 27-30.
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METHODS 1-4/HEXAVALENT CHROMIUM - SUMMARY OF RESULTS
l AM TEST, INC. - AIR QUALITY DIVISION
I FILE NAME; HTCRSUM3
CLIENT: HYTEK
LOCATION: KENT, WASHINGTON
I SAMPLE SITE: SCRUBBER 3&4 INLET
OPERATORS : GUENTHOER/WIDMEYER
CONTACT: C. JOHNSON
I RUN #1 RUN #2 AVERAGE
: LAB #: 907844 907845
l DATE: 5/19 5/19
' START TIME: 07:07 09:39
STOP TIME: 09:07 11:39
SAMPLE TIME (Minutes): 120.0 120.0
l VOLUME SAMPLED (Cubic Feet) : 110.241 2108.346 109.294
VOLUME SAMPLED (Dry Std. cubic Feet): 113,253 109.564 111.409
l STACK GAS MOISTURE (Percent) : 1.12 1.17 1.15
BAROMETRIC PRESURE (Inches of Hg) : 30.43  30.47 30.45
STATIC PRESSURE (Inches of H20) : =-3.20 =3.20 =-3.20
STACK PRESSURE (Inches of Hg) : 30.19  30.23 30.21
l STACK TEMPERATURE (Degrees F.): 64.0 67.1 65.6
STACK TEMPERATURE (Degrees R.): 524.0 527,1 525.6
I CARBON DIOXIDE (Percent): 0.0 0.0 0.0
OXYGEN (Percent) : 20.9 20.9 20.9
CARBON MONOXIDE (ppm): 0 0 0
MOLECULAR WEIGHT (Dry, Lb/Lb~Mole) : 28.84 23,84 28.84
l MOLECULAR WEIGHT (Wet, Lb/Lb-Mole): 28.71 28.71 28.71
AVERAGE VELOCITY HEAD (Inches of H20): 0.244 0.137 0.141
PITOT TUBE Cp: : 0.80 0.80
l VELOCITY (Feet/Second): 20.17 19.74 19.96
STACK DIAMETER (Inches): 30.0 30.0
STACK AREA (Square Feet): 4,909 4,909
AIRFLOW (Dry Std. Cubic Feet per Min.): 5974.2 5817.7 : 5896.0
AIRFLOW (Actual cubic Feet per Min.): 5941.8 5815.31 5878.5
NOZZLE DIAMETER (Inches): 0.37% 0.375
. ISOKINETICS (Percent): 101 101 101
HEX. CHROMIUM CONCENTRATION (MG/DSCM) : 0.362 0.267 0.315
HEX. CHROMIUM IN SAMPLE (PPM) : 0.168 0.124 0.146
l HEX. CHROMIUM EMISSION RATE (mg/hr): 3678.9 2641,2 3160.1
AMPHERE HOURS PER HOUR (amp-hr/hr) : 1750 1653 1702
HEX. CHROMIUM EMISS. FACTOR (mg/amp-hr): 2.10 1.60 1.85
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METHODS 1-4/HEXAVALENT CHROMIUM - SUMMARY QF RESULTS
AM TEST, INC. - AIR QUALITY DIVISION

FILE NAME: HTCRSUM4

CLIENT: HYTEK

LOCATION: KENT, WASHINGTON
SAMPLE SITE: SCRUBBER 3&4 OUTLET
OPERATORS: GUENTHOER/WIDMEYER
CONTACT: C. JOHNSON

RUN #1 RUN #2 AVERAGE
LAB #: 907846 907847
DATE: 5/19 5/19
START TIME: 07:09 09:40
STOP TIME: ) 09:09 11:40
SAMPLE TIME (Minutes): 120.0 120.0

VOLUME SAMPLED (Cubic Feet): €9.046 67.208 68.127
VOLUME SAMPLED (Dry Std. Cubic Feet): 68.612 65.526 67.069
STACK GAS MOISTURE (Percent): 1.28 1.26 1.27

BAROMETRIC PRESURE (Inches of Hg): 30.43 30.47 30.45
STATIC PRESSURE (Inches of H20): -4.90 -4.90 -4,980
STACK PRESSURE (Inches of Hg): 30.07 30.11 30.09
STACK TEMPERATURE (Degrees F.): 58.1 60.8 59.5

' STACK TEMPERATURE (Degrees R.): 518.1 520.8 519.5

CARBON DIOXIDE (Percent): 0.0 0.0 0.0
OXYGEN (Percent): 20.9 20.9 20.9
CARBON MONOXIDE (ppm): 0 0 0
MOLECULAR WEIGHT (Dry, Lb/Lb-=Mole): 28.84 28.84 28.84
MOLECULAR WEIGHT (Wet, Lb/ILb-Mole): 28.70 28.70 28.70

AVERAGE VELOCITY HEAD (Inches of H20): 0.569 0.560 0.565
PITOT TUBE Cp: 0.82 0.82
VELOCITY (Feet/Second): 40.97 40.72 40.85
STACK DIAMETER (Inches): ‘ 28.0 28.0
STACK AREA (Square Feet): 4.276 4.276
AIRFLOW (Dry Std. Cubic Feet per Min.): 10628.3 10525.5 10576.9
AIRFLOW (Actual Cubic Feet per Min.): 10511.4 10447.7 10479.6

NOZZLE DIAMETER (Inches): 0.206 0.206
ISOKINETICS (Percent): 99 96 o8

HEX. CHROMIUM CONCENTRATION (MG/DSCM): 0.094 0.126 0.110
HEX. CHROMIUM IN SAMPLE (PPM): 0.044 0.058 0.051
HEX. CHROMIUM EMISSION RATE (mg/hr): 1702.2 2251.8 1977.0
AMPHERE HOURS PER HOUR (amp-hr/hr): 1750 1653 1702
HEX. CHROMIUM EMISS. FACTOR (mg/amp-hr): 0.97 1.36 1.17



DISCUSSION

METHODOLOGY REFERENCES
Sampling procedures specified in the July 1, 1988 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 EPA "Course 468 - Source Sampling and Analysis of
Gascous Pollutants®, and quality assurance procedures outlined in the EPA's
reference manual titled Wmm_m_wm
Measurement Systems, Volume 3, EPA-600/4-77-027b, along with current updates,
were used for supplemental information with respect to quality assurance and
tes-ting protocol. Hexavalent chromium testing and analysis methods detailed in a
paper titled "Mcthod Development and Testing for Measurement of Source Levels
of Hexavalent and Total Chromium® by Daniel G. Bivens and W.G. DeWees were

utilized for this project.

11



SAMPLING PROCEDURES

The chrome anodizing tank outlet has a 36 inch diameter circular duct with one (1)
sample port. One (1) velocity and temperature traverse of twelve (12) points was
performed during each run. Each point was sampled for 5 minutes during runs 1
and 3 for a total sampling time of 60 minutes. During run 2 (baseline test) each

point was sampled for 10 minutes for a total sampling time of 120 minutes.

The scrubber iniet duct from tanks #1 and #2 is a circular duct 36 inches in
diameter, with one (1) sample port available for sampling. One (1) velocity and
temperature traverse of twelve (12) points was performed during each run. Each
point was sampled for 10 minutes for a total sampling time during each run of 120

minutes,

The scrubber inlet duct from tanks #1 and #2 is a circular duct 36 inches in
diameter, with one (1) sample port available for sampling. One (1) velocity and
temperature traverse of twelve (12) points was performed during each run, Each
point was sampled for 10 minutes for a total sampling time during cach run of 120

minutes.

At each site, duct condition measurements were made prior to collecting a sample.
The appropriate sample nozzle was selected and isokinetic operating parameters
were established utilizing a Hewlett-Packard 41CX programmable calculator, The
sampling nozzle, probe and condcnscr section glassware were all cleaned and rinsed
with decionized water and dilute nitric acid prior to assembling the sample train.
The samp)e train was assembled and determined to be lecak free following the
procedures outlined in Method 5. Before cach test, a final check was made to

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

12



operating parameters (c.g. whether parts were in the bath). Ice was added to the

condenser section to cool the impingers. The sample nozzle was positioned in the
duct at the first sample point. The sample pump was then turned on and the gas
sampling rate was adjusted for isokinetic sampling. Sampling proceeded
isokinetically at each of the traverse point_s. Upon completion of cach run, the
sample probe was removed from the stack and a post-test leak check was
performed according to Method 5 procedures. An acceptable leak check of less

than 0.02 cfm at the highest vacuum rate (or greater) used during the test preceded

and followed each run.

13
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SAMPLE TRAIN

The sample train used for collecting hexavalent chromium (Cr+€) samples was an

EPA Method 5§ design with modifications. A typical Method 3 sample train
schematic is included as Figure ] in the Appendix of this report. The Crt® sample
train did not include 3 heated front-half filter. A quartz probe with an attached
nozzle was inserted into the duct to draw a sample into the impingers. The probe
was equipped with "S" type pitot tubes and a thermocouple seasor. A thermocouple
indicator was used to measure the stack gas temperature at each sample point. The
Fluke digital thermocouple indicator has been re-certif icd by the manufacturer to
be accurate within £l degree Eahrenheit. A field check with 32 degree icewater
was performed. The condenser section which, by convention, is referred to as the
*back-half®, consisted of a modified Creenburg-Smith bubbler containing 100
milliliters (ml) of 0.1 N sodium hydroxide (NaOH) absorbing solution, a second
impinger containing 100 ml of absorbing solution, an empty bubbler, a filter holder
containing a TeflonR filter, and a final bubbler containing indicating silica gel
desiccant. The back-half was maintained at a temperature below 68° F by adding

ice to the condenser section throughout sampling.

The sample train was connected to 2 control box by means of an umbilical cord
which contains a vacuum hose, pitot lines, thermocouple wires and a 4-wire
clectrical 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 which is used to pull the stack gas through the sample train, fine and coarse
metering valves to control the sampling rate, a vacuum gauge which measures the
pressure drop from the sampling nozzle to the metering valves, ;md a dry gas
meter. The dry gas meters used have been recently calibrated using 3 spirometer at

the Washington State Department of Ecology. At the outlet of the dry gas meter is
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a calibrated 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 magnchelic gavges. The pitot tubes utilized to measure stack
gas velacity 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,

15



SAMPLE CLEAN-UP AND ANALYSIS

Following sample collection, the samples were transferred to a temporary
laboratory for clean up. The back-half filters were transferred to glass petri
dishes labeled with the sample date, client name and run number, These filters,
along with an unused filter to be analyzed as a blank, were submitted to the Am

Test laboratory for washing and analysis.

The contents of the nozzle, probe liner and connective glassware were
quantitatively transferred to a glass storage container using 0.1 N NaOH. An
iodine flask with a female ball joint end was attached to the male ball joint end of
the probe to assure that no material collected inside the glasswarc was lost during
the rinsing and brushing of the probe. The contents of the iodine flask were
quantitatively transferred to the storage container labeled with sample date, client
name, and run number. A portion of the reagent was placed in a plass storage
container and submitted with the samples to the Am Test laboratory for analysis

for hexavalent chromium.

The bubblers and impingers utilized for the condenser section, or "back-half® of
the sample train were weighed with a readability of £0.1 grams before and after
sampling on a Mettler PE3000 electronic top loading balance. The difference
between the initial and final weights of the condenser section constitute the
amount of moistur¢ gain during the run. The percent moisture was calculated and
did not exceed the theorctical psychrometric chart value. The contents of the
bubblers and impingers containing absorbing solution were then transferred to the
corresponding sample container (or each run which alrcady contained the probe
and nozzle rinse. The bubblers and impingers were rinsed with reagent into the

sample container., The samples were then transferred to the Am Test, Inc.

16



laboratory for hexavalent ¢hromium (Cr+%) analysis using the diphenylcarbazide
colorimetric method. Prior to analysis, the volume of liguid in each sample was

measured.

17
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QUALITY ASSURANCE

A strict quality assurance program was followed throughout preparation, sampling,
analysis, data reduction, and report preparation. This program includes recent
cquipment calibrations, careful chain-of-custody procedures, the use of  ACS
quality or better reagents, analysis of control samples, and “by-hand” calculation

checks of computerized results.

The sample nozzle used for these tests was calibrated on-site before sampling using
inside calipers readable to 0.001 inches. The dry gas meters used were calibrated
on February 6, 1989 against a spirometer at the Washington State Department of
Ecology (DOE) laboratory in Redmond, Washington. The "S” type pitot tubes used
for velocity measurement were also calibrated on February 6, 1989 utilizing a wind
tunnel and a standard "P* type pitot tube. The digital Fluke thermocouple
indicator used to obtain temperature measurements was recently recertified by the

manufacturer to have an accuracy of +1 degree Fahrenheit.

In addition to quantitative clean-up and analysis procedures, filter and reagent
blanks, as well as standard solutions were ecarried throughout the analysis
procedures. Additional information with respect to the Am Test, Inc. laboratory

quality assurance and quality control protocol is included in the Appendix of this

report.

18



CALCULATION OF RESULTS

The Mcthod 1-4 and hexavalent chromium test results were calculated using the
equations found in the 40 CFR 60, Appendix A. Copies of the pertinent equations
are included in the Appcndix' of this report. Final result calculations were
obtained using Hewlett-Packard Vectra computer systems and Lotus 1-2-3 computer
programs. A samp-lc *by-hand® calculation was completed for one run using a
Hewlett-Packard 11C hand calculator, and may be found in the Appendix of this

report,

19
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CLIENT: Hytek

AMT=ST

YSIS ORT

REPORT TO: Kris Hansen
Air Quality pDivision

Am Test, Inc.

DATE RECEIVED: 5/19/89

DATE REPORTED: 5/22/89

Laboratory Client Hexavalent
Sanple Nos. Tdentification Chromium
Selutions (ud)

907730 Blank 0.1 NaOH <2.5
907731 Scrubber 1/2 Inlet Rl 25,648.
907732 Scrubber 1/2 Inlet R2 3,431,
907733 Serubber 1/2 Outlet Rl 69.5
907734 Scrubber 1/2 Outlet R2 135.1
907735 Chrom Anodizing Tank Rl 184.9
907736 chrom Anodizing Tank R2 12.37
907737 chrom Anodizing Tank R3 83.
Filters (ug/filter)

907738 gcrubber 1/2 Inlet R1 <0,60
907739 scrubber 1/2 Inlet R2 0.65
907740 Scrubber 1/2 outlet Rl <0.60
ap7741 Scrubber 1/2 Outlet R2 1.2
907742 Chrom Anodizing Tank Rl <0.60
907743 Chrom Anodizing Tank R2 <0.60
907744 chrom Anodizing Tank R3 <0,60
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METHOD 1 - MINIMUM NUMBER OF TRAVERSE POINTS

.
REAM FROM FLOW OISTURBANCE (DISTANCE A

OUCT DVAMETEARS OOWNSTREAM FROM FLQW DISTURBANCE IISTANCE L]

Figure 1-2. Minimum number of traverse ponts foe welocily monpmw.ulutl aVErses.

' OUCT OIAMETERS LPsST
L [ X1 1.0 16 2.0 1%
s T T T | | | T
® MIGHER NUMBER I3 FOR ¥ DISTURBANCE
} - AECTANGULAR STACKS OR DUCTS A
- V] lurasumemens -
§ -2 - ST
:.' | \
S [ ]
2 »i- -
]
; 24 OR 25 _l. \Dnsvuuma
= 0
; 2 —
2 16 STACK DIAMETER > 061 m (24in)
} 12
z vl I sone® =
a « FAOM POINT OF ANY TYPE QF
DISTUABANCE (BEND, EXPANSION. CONTRACTION. ETC.)
STACK DIAMETER = 0.30 TO astmitz24inl
° L I | | | ]
2 3 4 » s ? [] [} 1)
»
' DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANGE IDISTANCE B)
' Figure 1-1. Minimum aumber of (raverse points for particulate tIVENe
I DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE {DISTANCE A)
(1] 1.0 15 26 2%
l » T ] T T T ) !
8 1GHER NUMBER 15 FOR ¥ 015 TURBANCE
- AECTANGULAR STACKS OA DUCTS .
z Y easuRemEnT [ 7]
i 1< L =- STE
-
z l
- [ ] -
3 |
' - OISTURBANCE
‘ 5 s
-
g o =
- 16 STACK DIAMETER > 061 m (24 iad
z L -
z ° l aons®
STACK DIAMETER =0.30 TOO.6V m (1224 in)
l ° | ) | | | | 1
H 3 [ [} ¢ ? [] ] w




ON OF TRAVERSE POINTS

METHOD 1 - LOCATI

TRAVERSE OISVANCE .

.l'.llﬂ‘
23333
P T T

foguee V-3 Exarmpla showang cHouldr $1ack CTOts JacHion divided o

12 equet sreas, with location ol travense points indicated.

TAME 1-2. LOCATION OF TRAVERSE POINTS IN CiRCULAR STACKS

IHMduﬂkwmuﬁlﬂu'ﬂ-p‘ﬂl

depﬂhmow-

Por & rectangu-
Mqum“mmtmm T j
e > anall be calculated from the followins o' o | ®
nmwmmmeuummd ' |
downatream distances: ______'___ |

T )
| |
Q ) ] ' Q
nw |
D, - R
lL+W) } ]
e 1 © 'l ]
]

sl

where L=length and Wewldth,

Fiqure ) 4. € xample showing recianguier vach crost

wetion dwided into 17 aquat aresd, walh 3 trivense

point A centiond of each ¥
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METHOD 2 - STACK

portion by volume.
Gy »Pitot tube coefiicient, dimensionless.

X, =Pitot tube constant,

, w [ (g/g-mole) (mm H) |
34.97 = | ~(°K) (mm 1:0) ]

for the metric system and

[i9 (1b/lb-mule) Lin. ne) v
.49 5% [Creycm H:0) ]

M, =Molecular welght of stack Eaa, wet
mu.-nohuunmle.
-l.(l-.l-)-vl.u!l-

Barometric At measurement
du.mﬂs(tn.m).
P,=Btask static prassure, mm Hg (in. Bg).
P= lute stack gas pressure, mm He l

Hs)
aPu+ P E4. 3-8

METHOD 3 - MOLECULAR WEIGHT A

a.1 Nomenclature.
M,=Dry moleculaf welght. g/g:mele (\/1b-

mole).

S,EA =Percent excess alr.
= Percent CO, by volume (dry basis),

#,0y=Percent O, bY volume (dry basis).

£,C0 =Pereent CO by volume (dry basls).
Percent N, by volume (ary basis).

6.284 = Ratlo of Oy to N, in alr, v/v.

0.200 wMolecular welght of N, or CO, divid-

«d by 100,
0.330 = Molecular weight ol O, divided by

100.
o.«ll);omleculu weight of CO, divided by
6.2 Percent Excesa Alr. Calculate the per-

cent excess alr Uf spplicable). by substitut-
valuea of percent O,

the appropriale
CO. and N, (obtained from Section 4.1.3 or
4.3.4) Into Eguation 3-1.

GAS VELOCITY AN

39

D VOLUMETRIC FLOW CALCU LATIONS
Eq. 2-8

P..-summ'd absolute pressure 760 mm
Hg (29.921n Hg)

Qu=Dry volumetric atack §as fiow Tate cor:
rected to siad conditions, dscm/hr
(dael/hr).

¢, =Btack temperature, 'C (& 4}

.= Absolute atack tempersture. K. ("R).

w313+ 4 for metric.

Eaq. 2-7
w480+ 4 fOT English.
Eg. 3-8

T..-sunaud absolute temperature, 293 'K

(378" R).
vy, = AVerage stack gas velocity. m/see Y/

see),

A, = Veloclty head ©
H.O)

3,600 =Converaion factor. sec/hr.

18.0 =Molecular welght of watef, g/x-mole

{ stack gas, mm H,O (in.

(tb/1o-mole)-
8.2 AvemeskaUVﬂodW.
X.C\WE ﬁ
| 'G(ﬁ) .——-P A
Equation 2-8
5.3 Average Stack Oas Dry Volumetric
Plow Rate.
Qu=3.800(1 - BesthA [ T \(Ee
e T, st J\ Pos

Eq. 2-10

ND EXCESS AIR CALCULATIONS
% EA=

%0,-0.5% CO
—_— u 100
0.204% NA%O,-0.5% CO

Eq. 3}

Notx The equation Bbove asumes that
umblenldrhmdnmmol’().md
that the fuel does not contain appreciable
amounta of Ni (as do coke oven or blast fur-
nace gasts). For those cases whed
ble amounts of N, are present (eoal, oll, and
natural gas do nol contaln
amounts of Np or when oxy
used, alternate methods, aubject to ap-

proval of the Administrator, sre requ!

8.3 Dry Molecular Wweight. Use Equation
1.2 to calculate the dry molecular welght of
the stack gns

Mo+ 0.44(%CON +0.3200 %00 +
0.2B0( %N, + %CO)

Eg. -2



METHOD 4 - STACK GAS MOISTURE CALCULATIONS

2.3.1 Nomenclature,

B ~w=Proportion of water vapor, by volume,
In the gas stream.

M .=Molecular weight of water. 18,0 g/u-
mole (18.0 1b/1b-mole).

PuwAbsolute pressure (for thls method,

same as barometric pressure) at the dry’

sas meter, min Hg (n, Hy).

P.e=Standard absolute pressure, 780 mm
He (29.92 tn. Hp).

R=Ideal gan constant, 0.06216 (mm Hg)
(m*/(g-mole) CK) for metric units and
21.88 (In. Hg) (ft9/(1b-mole) (*R) for
English units.

Tw=Absolute temperature at meter. 'K

Av.-lneunenu.l dry gaa volume measured
by dry gas meter at esch traverse point,
demn (def),

V auuy=Dry gas volume measured by the dry
sas meter, corrected to standard condl-
tons, dsem (dsef).

Vewn=Volume of water vapor condensed
?or‘r)ectcd to standard conditions, scrn
zcf),

Vrwwa=Volume of water vapor collected in
silica gel corrected to standard condi-
tions, acm (sct),

V,=Final volume of eondenser water, ml.

V.-lnlual volume, if any, of condenser
water, ml

W, = Pinal wel;ht. of sllica gel or stlica gel
plus lmpinger, g.

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

Y =Dry gas meter enlbnt.lon factol

p-=Density of water, 0.0082 g/m) (o 002201
1b/ml).

2.3.2 Volume of Water Vapor Condensed,

(V= V)pwA To
Vm W —
Py e
- XAVi~V))

Eq. 4-1

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

2.3.3 Volume of Water Vapor Collected in
Siliea Qel.

(W - IM)R Tou
Vigloatt & ——==~
FPruay
- m KAW - W)
Eq. 4-2
Where:
KX ,=0,001333 m¥g for metric units
=0.04715 ft¥/g for English units
234 Sample Gas Volume,
(Pal{Tow)
Vawdh & Vo ————
(Pra)(T)
V.P.
= KY
Eq. 4-3

Where:
K ,=0.3058 ‘X/run Hg for metric units
= 17.64 “R/in. Hg for English units

Notr If the post-test leak rate (Section
2.2.8) exceeds the allowable rate, correct the
value of V. In Equation 4-3, as descridbed in
Section 6.3 of Method 5.

2,35 Moisture Content.

Vere) + Veagurer

B = -
Vieewsrr + Vipay + Vi s

Eq. 44
Norz, In satucated or moisture droplet-
Isden 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), and
another based upon the resulls of the im-
pinger analyais. The lower of these two
values of B ., shall be conaldered correct.
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METHOD 5 - PARTICULATE EMISSION CALCULATIONS - (1)

6.1 Nomentlature,
An= Croas-seciionai ared of nozzle, m' (LY.
= Wtar vapor In the gas stream. propor
tion by volume.

C. = Acelone biank residue concentration.
me/¢-

&+ Concentration of particulate matter in
stack gas, dry basis, corrected Lo sland-
ard conditions, §/dacm (g/dsel).

1= Percent of sokinetic sampling.

La = Maximum acceplable leskage tale for
either & pretest jeak check or for & Jeak
check following & component change:
equsl 1o 0.0057 m¥min 10.02 cfm) or 4

reent of the avernge sampling rate,
whichever s less,

L = Individual Jeaksge rate observed during
the leak check conducted prior to the
wps component change (=1, 2, 3..0),

mY/min (efm).

Ly nLeakage rate observed during the post-
test lesk check, mY/min (efm).

m-mdmolmumm

ration, mg.

e = TOta) aMmount of particulate matler col-
lected, mg.

M= Molecular weight of water, 18.0 /e
mole (18,01b/1b-mole).

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

P,=;\lbaoluue stack gas pressure, mm He (in.

g)

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

R=1deal gas constant, 0.08236 mm Hg-m¥
*K.g-mole (21.85 (n. Hg-ft¥/*R-1b-mole).

T. = Absolute average dry gas meter temper-
ature (see Figure 8-2), 'K CR)

T, = Absolute average stack gas tempersture
see Pigure b-2), 'K CR),

TamStandard absolute temperature, 283° K
(528" R).

V. =Volume of acetone blank, ml.

V= Volume of acetone used in wash, mi.

V. =Total volume of liquid collected In Im-
pl:ilel"l and siiica gel (sce Figure $-3),
ml.

V. =Volume of gas sample as messured by
dry gas meter, dem (dael).

Vayur = Volurae of gas sample measured by
the dry gas meter, corrected (o standard
conaditions, dacm (dscf).

Vewn=Volume ol water vapor in the gas
sample, corrected (o standard condl
tions, scm (sef).

v, = Stack gas velocity, caleulated by Method
2, Eguation 2-9, using data obtained
from Method 5, m/see (fL/zeC).

W, = Weight of residue In acetone wash, mg.

YuDry gas meter calibration factor,

aH=Average pressure differential across
the orifiee meter (see Pigure 5-2), mm
HO (In. HO).

- po=Density of acetone, mg/rl (ace label on
bottle).

pwDenalty of water, 0.9982 g/m} (0.002201
o/l

0= Total sampling time, min.

¢,=8ampling time Interval, from the begin
ning of & run untll the first component
change, min.

9 = Bampling Ume interval, between Lwo Suc.
cessive component changes beginning
with the interval between the first and
second changes, min.

»,=Sampling time tnterval, from the tinal
(n™) component change untl) the end of
the sampling run, min.

13.8 = Specific gravily ol mereury.

80 ~ Sec/min.

100 = Conversion Lo percent.

6.2 Average Dry Gas Meter Temperature
and Average Orifice Pressure Drop. Sec
dala sheet (Figure 5-2).

43 Dry Gas Volume, Correct the sample
volume measured by the dry gAs meter o
standard conditions (20° C, 780 mm Hg or
a8 F, 20.92 in. Hp) by using Equation 5-1.

AR
Y Pt iss
- tart) - T- P.M
Ry Dt QHIBE)

Fquallon *1
Where:
K, =0.3858 "K/mm Hg for metric units
=17.64 "R/in. Hg for English units

Norr Equation 5-1 can be used ss written
unless the leakage rate obaerved during any
of the mandatory leak checks (Le., the post-
test Jeak check or leak checks conducted
prior W component changes) exceeds La {4
1, or , exceeds L. Egqustion 5-1 must be
modified as [0llOWE

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

(Ve Ly=1)8)

th) Case II. One or more component
changes made during the sampling run. In
this case, replace Va In Equation 5-1 by the

["'n" { Ll < Lo}t

1 ]
-2; (L.~ L)t~ (L I..u,]

and substitute only for those leakage rates
(L or Ly) which exceed L.,
6.4 Volume of Water Vapor.
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METHOD 5 - PARTICULATE EMISSION CALCULATIONS - (2)

Equation -1
Vewn=Vae (g2 ) (F2) = 201

Where:
K, =0.001333 m*/ml lor metric units
= 0,04707 (t*/ml for English units.

8.5 Molsture Content.

vr )
Bp = ————
Va et + Ve gant

£q. 5-3

Norte In saturated or water dropict-laden
gas streams, two cakulations of the mols
mmutmemmmum.

. one from the wmmd-wqumms-

3), and a second from the assumption of
saturated conditionz. The lower of the two
vﬂuesoia.lhnlheeonnderedcorrul.'rhe
procedure for determining the molsture
content based upon assutaption of saturated
conditions s given in the Note of Section 1.2
of Method 4. For the purposes of this
method. the average stack gas tetaperature
(ron?lmre:—!mbeundtomakethu
determination, provided that the accuracy
of the instack temperature sensor is 1" C
(2" F).

6.8 Acetone Blank Concentration.

Mo
Q= Eq. 54
Vapu
0.7 Acetone Wash Blank.
Wew [ v-h u. 6B

4.8 Total Particulate Weight, Determine
the total te catch from the sum of
the weights obtatned from Containers 1 and
2 Jess the acetone blank (see Figure §-3).

Nore: Refer to Bection 4.1.5 to smist In
caleulation of results (nvolving two or more
filter assembiies of two or more sampling
trains,

6.9 Particulate Concentration.

& =(0.001 g/mg) (Ma/ Va we)
Eq. 3-8

8.10 Converaion Factors

F'-om To Mutiply by
.. m* 0 02032
ont pn 1543
o/nt n/h* 2205010
wnt g/mt 2% 3t

6.11 Isokinetic Variation.
6.11.1 Caleulation From Raw Dats.

s
____mp_r._(_x._v,_f !P'./_'_J_'.)_(_P.g +aH/713.87)
G600y, F, A

Eq. 5-7

Where:
X,=0.003454 mm Hg-m*/ml—*K for metric

units.
 w0,002680-in. Hg-(t/mi-"R for English
units.
6.11.2 Caleulation From Intermediate
Values.

1= TV Pudt00
= P aved AP 60(1- ML)
TVawea
=Ki py aeti B
Equstion 3-8

where:
X.=4.320 for metric units
=0,00450 for Enzlish units.
8.12 Acceptable Results. If #0 percenlle < }
1 {

< 110 percent, the results are

the particulate resuits are low In compari-
son to the standard, and [ s over 110 per-
cent or Jexs than 90 percent, the Administra-
tor may accept the results.

4]
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NOMENCLATURE
METHOD 5 CALCULATIONS

« Volume of gas sample measured by the dry gas mcter, corrected
to standard conditions, dscm (dscf). _

= Dry gas meter calibration factor
= Barometric pressure at the sampling site, nim Hg (in. Hg)

= Average pressure dif ferential across the orifice meter,
mm H,O (in. H,0)

= Absolute average dry gas meter temperature, °K (°R)
= Dry standard cubic meters

= Dry standard cubic feet

= Weight of residuc in acetone wash

= Mass of residue of acetone after evaporation, mg

= Acetonc blank residue concentration, mg/g

= Volume of acetoné blank

= Volume of acetone used in wash, ml

= Total amount of particulate matter collected, mg

« Concentration of particulate matter in stack gas, dry basis,
corrected to standard conditions, mg/dscm (gr/dsef)

= grains per dry standard cubic foot

= Volume of water vapor in the gas sample, corrected to
standard conditions, sem (scf)

= Water vapor in the gas stream, proportion by volume
= Molecular weight of stack gas, g/g-mole on dry basis

Molecular weight of stack gas. g/g-mole on wet basis

Stack gas velocity, calculated by Method 2, Equation 2.9,
using data obtained from Method 5, m/sec (ft/sec)

< Pitot tube coefficient, dimensionless

Velocity head of stack gas, mm H._,O (in. H,0)

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




thd
dscf/min

acim
I

A

NOMENCLATURE (continued)
METHOD § CALCULATIONS

Dry volumetric stack gas [low ratc corrected to standard
conditions, dsem/hr (dscf/hr)

dry standar'd cubic feet per minute (also identified
as defm or scfm)

actual cubic feet per minute
Percent of isokinetic sampling

Cross-sectional area of nozzle, m? (f¢?)
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I SAMPLE CALCULATION SHEET
_ METHODS 1-5
' . -

CLIENT: Hy ek Fronives Co, DATE OF TEST: 5-/1& & 7i
' LOCATION: ( hremig A ncdlzm.”j Tyl RUN #: /
'_ Vo = 17.647%37.423ee%+, A8 *(20.16 "Hy + (1.47¢-"H,0/13.6))/ (460 + T74.9° F)

= 53D asct

' ascm = 33,580 ascf/35.3 £t¥/m’
' = 1.0 ‘I3 dscm

Substitution of Equation 5-4 into 5-5
I W, = ng * nl / nl

= ng
l M, = (net weight filter catch) + (net weight "B" section) - Wa + Back-half
= _ =~ mgs= ng + ng - mg + mg

' 5= (0.001 g/mg) * (15.43 grains/gram) * ng / dscf
' = gr/dscf (Equation 5=-6)

gr/dscf @7% 0, = gr/dscf * (20.9% - 7%0,)/(20.9% - %0,)
' = gr/dscf @ 7% O,

| gr/dscf @ 12% CO, = gr/dscf * 12% / $co,

._ = gr/dscf @ 12% CO,

ng/dscm = ng/ dscm
' = ____  mg/dscm

particulate Matt Emissi Ra
' ' pounds/hour = gr/dscf » ____ dscf/min * 60 min/hr * 1 1b/7000 grains
. = 1b/hr

Moisture - ti - -
l Vwgy = (0.04707 * 3. 5 grams of H,0 condensed) +

(0.04715 * _(.2- grams of H,0 in silica gel)

' : = 0,45 sct
i
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SAMPLE CALCULATION SHEET (continued)
METHODS 1-5

B = (0.45 scf)/( 0.45 scf + 3%-320asct)

WS

L
$Moisture = 2.01/S * 100
= _[-19 %
o ar weight = atio -

Mg = 0.440 * ( ( _%C0,) + 0.320 * (=5 9 %0,) + 0.280 * (79. /] % co + %N,)

29,89 g/g-mole (ary)
M = Mqlg-mole b (1-.015) +18.0% 0I5
M = _23.7] g/g-mole (wet)

d’-‘
1

stac as velocit volu i oW e - E tio -Band-of

V, = 85.49 * RO 0.”;2.. 7/ * 532.° R /28.7] g/g-mole /?Qéé"ﬂg7
¢|9.%3 ¢t sec (std) ,
Qq = 3600 * (1 - pus) * 93.83ft/sec * 1.067gx? » (528 ° R/S32-b R) *
(25.6E" 89/ 29-92"H9)
= (23308 dscf/hr / 60 min/hr
= 20562.1 aset/min (dry standarxd cubic feet per minute)

\8

1
actm = 2. 73 ft/sec * .20 £t3* 60 sec/min
=21 ﬁ«oécfm (actual cubic feet per minute)
okinetic v ti - ati -
I = 0.09450 * 58.5%asce » 532.1° R/ (29.06"Hg * 49.03tt/sec * 6O _min *
q  _COOpIEEE? *(1 -015))

1= 0 s oim

All of the above numbered equations are from t
English units.

he 40 CFR 60 and assume
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17 5

Figure I . EPA Method 5 particulate sampling train.

Sampling nozsle

Sampling probe sheath

Hasted sampls probe liner

Out of stack filter sssembly

Heated filter compartment maintained st 248°F + 25°F

(or temparaturs specified in 40 CFR subpart)

Impinger case

First impinger containing 100 ml Hzo

Modified Greenburg-Smith impinger containing 100 ml HzO
Third impinger - dry

. Fourth irapinger containing indicating silica gel desiccant
. Impinger exit gus temperature sensor

. Umbilical cord - vacuum line

. Pressure gaute

. Coarse adjustment valve

. Leak free pump

. By-pass valve

. Dry gus mater with inlet and outlet temperature sensors
 Orifice meter with magnehelic gnuges

. *S" type pitot tubes with magnehelic gauges

. Thermocouple sensor
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TRAVERSE SAMPLING DATA

¢3
page 1 of __ |

Leak Rate Cfm L.0\/
Lgak Test Vac |8 /

{{i

EQUIPMENT CHECKS

Inicial/Final

pPitots, Pretest
Pitots, Postest

Orsat Sampling System
Tedlar Bag

Thermocouple @ *F

101135

Client H‘( lb%-— SCHEMATIC TRAVERSE LAYOUT Sctart Time \04—5
Date 1R - ] Scop Time ‘ ?Z;
Sample Loca:ion parometric 30./ 6"

e N Pressure "Hg A
Operators_\ scatic Pres"Hp 0=~
gacple’ Box | Pr;duction Race
Runt Y _3%amp-hallha |

26" D

Stack Diameter
Distance Upstream
Distance Downstream

ngs
Net
We.

tare
Initcisl
Ht.

Filter ¢

Final
We.

" Bubblerm
#2 Topinger(u0- 5ﬂ..7' —_—

#3 Bubbler 2273~ 54§ -
Silica
Ve . 103 S4S-

TOTAL WATER VOLUME

NOMOGRAPH SETUP
€ Molsture ~2-
e
Meter Temp. S

Scack Temp. [2"'2
e .70 v _ 90 .

Pieotd 5 Sidet A
Cp, i 12)
Nozzle Diameter S0

| FA

K Factor

Reference AP

Dry Gas| Pitot Orifice Gas Pump Filter |Imp.
Elap| Meter Reading| Setting (8H),| Meter Vacuum |Box Exit | Stack
Sample [Tine| Reading (4P), In HoO0 Tewp®F |In. Hg |Temp Temp | Tewp
Point |Min.{ Cu. Fet.| In. Hy0] TdealjActual —Tn|Out |Couge | °F °F | °F
[ OMRAZEILC
-1 e 1,0 ~D
___A_‘ (< /' I( W LY L ’6
} 20 [C-) » 5"
b {2y 'O / % ?
- ?J , v/ ,_% ), % - _E
7#- ::’ s ya /'a Il' [ L %
™ Ej ? (’i ™ 2 s 17
: . (R A ’
Jrle, R l/';/ / 4 ﬂ’—ﬁ 7
15 N 1] A V2 "o
3 A | l ‘.l’_) ', % - " —
% s a4
v.. (IIBF) - m fn
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Q071136 TRAVERSE SAMPLING DATA Page 1 of |
SCHEMATIC TRAVERSE LAYOUT Start Time__| 755 .
Stop Time _ |
Barooetric ae./6"
Pressure "Hg mmd

Stetic Pres"Hz0
Production Rate

?b.td _n_o_w Oang~To]l

Run# .
Scack Diameter
EQUIPMENT CHECKS Distance Upstream NOMOGRAPH SETUP
Iniciel/Final Distance Dovmstream 1 Moisture
Leak Rate Cfni o’ / UD( Filter § tare ngs YMeter Temp.

Final Initial Net Stack Temp.

Leak Test Vac / A : uc we. We. —ao
Picots, Pretest n nubbler Ane ’90 98
Pitots, Postest #2 Impin 7 M Pitotd _ Sided
Orsat Sampling Systeo o= Cp 50
c . #3 Bubble ﬁﬂp_,f 532, 2%
edlar Bag s 111ca Nozzle Diameter ,
Thermocouple @ op [#4cer gay_b- 794.7- K Factor
TOTAL WATER VOLUME Reference AP
Dry Gas| Pitoc ' Orifice 1 Gas Filter |Imp.
Meter Reading| Setting (4H),| Meter Box Exit | Stack
Sample |Time| Reading| (4P), In H50 Temp®F Temp Temp | Temp
Point {Min.] Cu. Ft.| In. Ho0[ Tdeal|Actual A JOut of oF °F

172
J"ﬁ/, 75
Vi

Pump

Vacuum

In. Hg

Gouge

e -5

fif - E%)
3

Eis =

S

5

e

!E

EIE

e

d

d S
=1 a

N
A

HA AV
V. (/AP 2 '%FT_ _"r..;GD ol

G EE O Gn U U G U uE G oG G OGN Nk A G Wm e .
m
[
B
o
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Ao11%7] TRAVERSE SAMPLING DATA Page 1 of _J
Client 4}/22% SCHEMATIC TRAVERSE LAYOUT Scart Time
Date G e Jd = Stop Time
i Barometric
Pressure “Hg
Static Pres"Hy0 6.
Production Rate
- .
- Stack Diameter L6 @
EQUIPMENT CHECKS Distance Upstream ( NOMOGRAPH SETUP
Intcial/Final ”““““-“"’““‘“‘fﬁr—_— % Moisture
Leak Rate Cf-‘ -0 I,/ Filter # tare mgs teter Tenmp.
Leak Test Vac (> / Fé:al I“::“l 3? Stack Temp.
Pitots, Pretest — e Lo PO v . %8
—é— * 11 Bubblet_[ﬂ_‘lg' @2 A /- —= a
Pitots, Postest 9 Iﬂpinger_ﬂ_c} m Pitotd & Sided
Orsat Sampling System cp N ‘_B_a
7 #3 Bubbler$329- 5 337 ot
_—W’_ Tedlar Bag Silica Nozzle Diameter
Thermocouple @ *F MGel ZXL_I- 22_‘{:@- K Factor
TOTAL WATER VOLUME Reference AP
Dry Gas| Pitot Orifice Gas Pump Filter |Imp.
Elap| Meter Reading| Sectting (AH),| Meter Vacuum |Box Exit | Stack
Sawple |Time| Reading| (&P), In Hy0 Temp®F |In. Hg |Temp Teump | Temp
Point |Min.{ Cu. Fe.| In. HoO[ Tdeal[Accual | InjOuc |Gauge | °F °F | °F
TRRCEZI X7V A W TH 3
‘-g . [ [ [~ '5 -4 h
é.{,? 62 ' A = a2 Tz | L9
[ ’ . ] B 'A” v
e A AR I
—é—,_? t ]
213 A TiEEr T _ _—Z'% &
A 41 . ) 1 ¢ ‘7"’%;\:, >
- ITFLTTF 2
o [ %3' d 15, 7
K Y. ” ‘4 .% 7 .
WA AT — =12
e h s &?*_’%—\»f g
: -
f .
L
|
- & )
\ 2 (/AP) 2 Ta T.
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TRAVERSE SAMPLING DATA

A2

Page_ l of )

! L

Cltent__ /'-/ 7izn SCHEMATIC TRAVERSE LAYQUT Stert Time

Date =l8=§7 \ " Stop Time .

Su%u Location ' Barometric R0, 207
LN dote gy Pressure "Hg ~m

Operators

Static Prea“Hzo._.

J Sample: Box l, Production Rate .
Runf ~ " 2390 anplnfn
Stack Diameter 26
l EQUIPMENT CHECKS Distance Upstreanm NOMOGRAPH SETUP
Initial/Final Distance.Downstresnm X Moisture A
Leak Rate Cfm K oy Filter { tare mgs Meter Temp. 552
' Leak Test Vac /9 / F;:’]‘ In‘:!;zial :::t Stack Temp. é
/ Pitots, Pretest n Bubblerm{m- AH@ 74{-‘5 Y. 73
I : Pitots, Postest 2 IW“SGWQ&L - Picotd & :@el_ﬁ-
I Orsat Sampling System £3 Bubbler ﬂz_&' EZZ@- Cp L1 ) )
I Gﬁ 6 d" Tedlar Bag Silica Nozzle Diamecer . 37¢
Thermocouple @ °F MGel 225,7- ZbZ& - K Factor C/'/' S
l TOTAL WATER VOLUME Reference AP
Dry Cas| Pitoe Orifice Gas Pump Fileer [Imp.
'- Elap( Meter | Reading Secting (8H),| Meter |[Vacuum |Box Exit | Stack
Sample [Time Reading| (4p), In H,0 Temp®F |In. Hg |Temp Temp | Temp
Foinc IMin.| cu. Fe.| In. Ho0[YamT Actual T"TnlOGE |cauge | °F °F | °F
N %76 L¥ 17, g rzAV AN o1
-3 w ' i [ E‘ 5’ ‘%
i— 2 L vl't__e 1% A 49 1 &5~
' Y4 X /O w -y % [
5! 4 7 LOoF | ] OF o _[&
N =2 (/ Vs AERWNIK 3
: a1/ ] I r6 =7 7 I A
' ? / sl e 5/ kY] s
2 (-] L 1|-73¢ VYA WY, g
- [ LE 1 26| 7, %0 24
' 23 1775 A A N X~ )
—M 20 M *] 2—4’ -
lL:
FANERN S
. V., (/AP) 2 R %‘L T, )
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TRAVERSE SAMPLING DATA

¢7
Page 1 of_ /

Sazple Location
Gample: Box
Runf o
EQUIPMENT CHECKS
Initisl/Final

Leak Rate cemd o’/- 00?

Lelk?t Vac 'k /1 k

Pitots, Pretest

Picots, Postest
Orsat Sampling Systew
Tedlar Bag

Thermocouple @ °F

client M YT EKa SCHEMATIC TRAVERSE LAYOUT Start Time_ /¢
Date — B—7B-F1 . Stop Time Tl
. ; parometric 30.20"

Stack Diameter
Distance Upetream
Distance Dowastresm .

1

Pressure "Hg % Pian A
Static Pres"H,0 =o,
Production Rate

e

NOMOGRAPH SETUP

mgs
Net
We.

tare
Final ., Initial

We. we.
1 Bubbler p¥60 3% -

9”2 Iup:lngeréw- (g}_)_ﬁ
#3 BubblerS ¥23- SYOF «

Silica
WSl 728~

TOTAL WATER VOLWE

Filter #

———

% Moisture__ €2~
Yeter Temp. @
seack Temp. (oSS

e (TH v, %%
Pico:l__i.g_. Sidef Ar
Cp * %

Nozzle Diaweter .3?">/

)

Kk Factor

Reference AP

Dry Gas| Pitot Orifice Gas Pump Filter |Imp.
Elap| Meter Reading| Setting (&H),| Meter Vacuum |Box Exic | Stack
Sample |Tiwe | Reading| (4P), In Ho0 Temp®F |In. Hg |Tewp Tewp | Temp
Point |Min.] Cu. Ft.] In. Ho0] Ideal Actual | In{Out |Gouge °F °F °F
1 o 73757 Z 7T oriso
Z1lsz0 IS5 y/;
2 ? /O ‘¢ W /
4. o/ ¢ ’ [
’,I ll 0§ A Qﬂ ‘ &
% m [ 4 I’ lz o r . a
(-d 74 4 [1/ t ! i
' WA /rf i L'e
/ 2 e,%é ] Ly
Q 2 /.l / ?’ "; ;" z >
’I_;'/?b & 17,%2] 1 55 1h £9 Tk
133 2 1. 4D 23
W 2ZAryy — ]
o/
VPV o D
V. . (;Ap)z Eﬁ T "
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&3

Sample_Location

Leak Test

EQUIPMENT CHECKS

Initial/Final

Leak Rate CfmZ:0' /

vac N ¢
Pitots, Pretest

Pitots, Postest

40713 3 TRAVERSE SAMPLING DATA Page 1 of__ |
Client L’!/Teﬂc- SCHEMATIC TRAVERSE LAYOUT Start Time__ 09 g
Date aet,q ~ ¥ ' Stop Time ]
o] Barometric 30.20"

Pressure "Hg

Static Pres"Hy0—

Production Rate
300

174
Stack Diameter % c.'?
Distance Upstream
Distance. Dovnatreanm
Filter # tare mgs
Final Initisl Net
we. [ We.
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