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Memo to: Lalit Banker
Standards Development Eranch
MD - 13

From: Frank Clay

Subject: Annodilizing Test Report
Boeing Company
Plant 2
Chromic Acid Anodizing Tank 5A
Seattle, WDashington
August-December 1989

Robin Barker asked me to review the Boeing annodizing test report
and I find it unacceptable as far as correct test procedures are
concerned, While the calculations were done praperly and the
report contains all the information needed to verify emission
results, there are two deficiencies in their test procedure.
These are the port location and the number of points sampled. An
extension should have been placed on the stack so that the ports
could have Dbeen located properly, and 24 instead of 12 sample

points should have been used. The incorrect location of the
ports may not be as significant as the lack of sufficient
sampling points. Past experience has shown that the distribution

of chromic acid mist in the stack gas is not uniform and thus the
number of sampling points becomes significant 1if tThe true
emissions are to be known.

There is no preliminary velocity traverse data in the report and

cansequently, no evidence of any check for cyclonic f£law.
If significant cyclonic flow did exist and the "blind man's
approach” was used in sampling, there is no way to salvage the
data.

It is regrettable that this is the only annodizing test data that
we have, especially since a few elementary changes in the testing
procedure would have produced an acceptable report.
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INTRODUCTION

The purpose of this testing program performed at the Bocing Company's Plant No.
2 in Seattle, Washington was to quantify the hexavalent chromium (Cr*®) and total
chromium (Cr) emissions exhausted from the #5A chromic acid anodizing tank
which is one of the tanks in the 80 anodic tank line located in the 210 Building.
The fumes which result from the plating process are controlled by blowing air
horizontally across the top of the tank and puliing of f the fumes through ductwork
with an axial fan to the exhaust stack. The plating cycle takes 55 minutes during
which the vat is heated to a temperature of approximately 95° F. Samples were

collected over a four (4) month period as coordination would allow.

Three (3) samples were collected while no parts were in the bath (passive or "blank”
runs) on August 22, August 29, and September 19, 1989. Eight (8) samples were
collected during anodizing cycles on August 22, August 31, September 19,
November 30 and December 1, 1990. Three (3) particle size distribution (droplet
size) samples were collected during anodizing cycles on August 31 and November
30, 1989. An ambient workroom sample was collected over a 6.5 hour period on
August 31, 1989. Samples of the acid in the bath werc collected on September 19

and December 1, 1989,

As part of this study, the ventilation system which pulls of { air at the surface of
the acid bath into vents along one side of the tank was evaluated by measuring the
gas velocity at the individual air vents., The velocity was measured on August 22,

August 3] and November 30, 1989.




The chromium sample method used is similar to EPA Method 5, 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 front-half [ilter and utilized 0.1 N
sodium hydroxide (NaOH) solution in the first two (2) impingers, followed by an
impinger containing 0.1 N nitric acid (HNOy), followed by an empty impinger, a
final back-hall TeflonR filter to collect any chromium which might break through
the absorbing liquid, and a bubbler containing indicating silica gel desiccant. EPA
Methods 1-4 were also performed during each chromium test. Methods | and 2
were performed to measure the stack gas velocity, temperature and volumetric flow
rate. Method 3 was used to calculate the molecular weight of the stack gas.

Method 4 was performed to measure the moisture content of the stack gas.

Mr. Kris A. Hansen, Mr. James A. Guenthoer, Mr. K. Steven Mackey, Ms, Jan M.
Widmeyer and Ms. Angeia F. Blaisdell of Am Test, Inc's Air Quality Division
based in Redmond, Washington performed the field sampling, data reduction, and
final report preparation. Am Test, Inc.'s Trace Metals Division performed the
hexavalent chromium and chromium analysis. Mr, Paul Siebenaler coordinated this

project for Bocing Acrospace & Electronics.
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PRESENTATION OF RESULTS

This report is divided into separate scctions for cach type of test conducted.
Please refer to the Table of Contents to locate information for a specific type of
sample. Within each section a summary sheet is included for each run. On the
summary sheet the chromium emission concentration is presented in units of
milligrams per dry standard cubic meter (mg/dscm) and in parts per million (ppm).
The chromium emission rate is presented in units of pounds per hour (Ib/hr) and
the chromium emission {actor is presented in units of milligrams per amphere-hour
(mg/amp-hr). Airflow is also presented in units of dry standard cubic feect per
minute (dscf/min). The corresponding computer printout and field data sheet
follow each summary sheet for each run. The run numbers indicate thc. run
number on a particular test day, not the total number of runs of a particular
sample type. The appropriate process information data sheet follows the field data
sheet, where applicable. Laboratory analysis results are included in Appendix A of

this report. Example calculations of results are included in Appendix B of this

report,

In some cases the hexavalent chromium concentrations were greater than the total
chromium concentrations. The explanation is that there is a difference in accuracy
between the 2 analytical methods (colorimetric versus ICP). The ICP method would

likely be the more accurate method.

A brief summary of the chromium tests conducted without parts in the bath and

with parts in the bath is presented in Table | below.




Table 1. Summary of results from chromium cmissions tests conducted at the #5A chromic acid
anodizing tank at Bocing Plant 2.

Hex. Hex. Total Total

Chromium Chromium Chromium Chromium
Date Time Condition mg/dscm mg/amp-hr mg/dscm mg/amp-hr
8/22 1521-1722 Bath Off 0.109 - 0.094 --
8/29 1008-1209 Bath Off 0.105 -- 0.096 --
9/19  1022-1223 Bath Off 0.008 - 0.018 --
8/22  1045-1148 Bath On 1.235 238 0.805 15.5
8/22 1401-1503 Bath On 1.389 g-\ 25.7 "lc{ 0.75% 14.0
8/31 1215-1315 Bath On 0.438 Q’ 33.6 s.!u‘f?}vo.m 331
8/31 1558-1659 Bath On 0.457 364 0418 333
9/19 1300-1401 Bath On 0.947 17.7 / 0.516 17.1
11/30  0803-0904 Bath On 0261 619/ r.) 0.280 6.64
11/30 1546-1649 Bath On 0416 ™~ 823 /- | 7(- - 0.423 8.36

g [UG [ 4'9}1

12/1 0729-0831 Bath On 0.263 r.94 0.273 6.17
Average 0.512 19.7 0410 16.8




SECTION 1
"BLANK" RUNS
(NO PARTS IN BATH)




Sample Type:

Bath Off - Blank Run 1

Sampling Date:

August 22, 1989

Sample Times:

15:21-17:22 {120 minutes)

Run Number:

3

Lab Numbers:

915092, 915095, 915099, 915102

Airflow:

20,499 dscf/min

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:

0.109 mg/dscm
0.05 ppm
3802.6 mg/hr

Total Chromium
Concentration:
Concentration:
Emission Rate:

0.094 mg/dscm
0.04 ppm
3261.7 mg/hr
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Sample Type:

Bath Off - Blank Run 2

Sampling Date:

August 29, 1989

Sample Times:

10:08-12:09 (120 minutes)

Run Number:

1

Lab Numbers:

915486, 915487, 915489, 915491

Airflow:

21,403 dscf/min

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:

0.105 mg/dscm
0.05 ppm
3818.9 mg/hr

Total Chromium

Concentration:
Concentration:
Emission Rate:

0.096 mg/dscm
0.04 ppm
3492.5 mg/hr
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Sample Type:

Bath Off - Blank Run 3

Sampling Date:

September 19, 1989

Sample Times:

10:22-12:23 (120 minutes)

Run Number:

1

Lab Numbers:

917067, 917068, 917069, 917077

Airflow:

20,651 dscf/min

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:

0.008 mg/dscm
0.004 ppm
272.0 mg/hr

Total Chromium
Concentration:
Concentration:
Emission Rate:

0.018 mg/dsem
0.009 ppm
645.4 mg/hr
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14

Page ] of |

dpps o0 | 9120372

Client Ko LD[c.,,. < SCHEMATIC TRAVERSE LAYOUT Start Time [0 22

Date _ a/i» Agkq Stop Time |7 ;23‘

S L/ b ¥ G o <, Barometric .2y,

sxzple Loc(t(tén et peromer "}{s_fu |
Static Pres"Hy0-00 L~

0 2 _Ejff::::

e Production Rate

Gaxple:Box # [ JAak |

Rm' ] — E E(ﬂh'ﬂm/ﬂt‘ (L-(n_p( 3-.,_‘?!'1»“.'

EQUIPMENT CHECKS

Initial/Final

Stack Diameter
Diatance Upstream
Distance Downstream

L
Filter # NJp

1ATH - OF 7

NOMOGRAPH SETUP
I Moisture

Meter Temp.

Leak Rate Cfm ,(Cs / 004 / tare mgs
Leak Test Vac 7¢ / '.r,“ F;‘:ﬂl In:rzial ::t Stack Temp. /¢
./  Pitots, Pretest " g{fi’gur 1445 yed/ G - sve__747% v 95=
./ _ Pitots, Postest Nag U, 4.0 Pitoed L o'w.iBidef .
- #2 Impinge S R/ 54
v Orsat Ssmpling System e mb’ﬂ._rq.gq-ﬁ- fhﬂ./ - Cp. J
./ Tedlar Bag MT Nozzle Diameter .3/7
o . MSilica 3[& ,O e
W ermocouple @ F Gel LS50 fp0p9.9= | K Factor
TOTAL WATER VOLUME Reference AP
Dry Gas| Pitoc Orifice Gas P.ump Filter |Imp.
_ Elap| Meter Reading| Setting (8H),| Meter Vacuum |Box Exit | Stack
>ample [Time| Reading (ar}, In Ho0 Temp®F [{In. Hg |[Temp Temp | Temp
oing Min.] Cu. Ft.| In. Ho0] Tdeal|Actual | In}jlut |Gauge °F °F °F
w1 10 1444 381 20 OV | 100 160139 | 22 — 185 [ 7%
2 5 23 [ ] L7 Jee 160 | 3.4 — 1491 7R
i1z 2+ 1 IS 12?0 F6a ] .4 — 5] =<
4 30 ¥ 137 1 137 175 165 . — lsot =249
3| 40 24 Lze | 122 179 16s | 2.0 — 1 511 779
— Le | 80 20 [.0] LR <. - el 729
A 0 L2 .00 AL B O B A 2.9 - Sg 72
< 27 |33 [33 Jgul o] = _ 53 =9
3 0 21 I SF]_ ey 13¢ 1321 =39 - S 80
A ) Lzl (33199138 | 3.2 - sz] 1
%’ﬁ ‘100 2 (22l Lz 192179 ] 3.7 — 1 5= %
1 UG o2t 1oz [ dzze JEHL A ] 300 200 B
1201 550.14% i
— 2, AL .

L



SECTION 2
BATH ON RUNS
(PARTS IN BATH)
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Sample Type:

Bath On - Run 1

Sampling Date:

August 22, 1989

Sample Times:

10:45-11:48 (60 minutes)

Run Number:

Lab Numbers:

1
915089, 915090, 915093, 915097
915100

Airflow:

20,704 dscf/min

Process Data
Bath Amperage:
Voltage:
Bath Temperature:
Ambient Temperature:

1825 amp-hr/hr
22.7 volts D.C.
04° F

74° F

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

1.235 mg/dscm
0.57 ppm
43,457 mg/hr
23.8 mg/amp-hr

Total Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.805 mg/dsem
0.37 ppm
28,305 mg/hr
15.5 mg/amp-hr
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Sample Type:

Bath On - Run 2

Sampling Date:

August 22, 1989

Sample Times:

14:01-15:03 (60 minutes)

Run Number:

2

Lab Numbers:

915091, 915094, 915098, 915101

Airflow: -

20,555 dscf/min

Process Data
Bath Amperage:
Voltage:
Bath Temperature:
Ambient Temperature:

1889 amp-hr/hr
22.7 volts D.C.
94° F

83°F

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

1.389 mg/dscm
0.64 ppm
48,503 mg/hr
25.7 mg/amp-hr

Total Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.759 mg/dscm
0.35 ppm
26,494 mg/hr
14.0 mg/amp-hr
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Sample Type:

Bath On - Run 3

Sampling Date:

August 31, 1989

Sample Times:

12:15-13:15 (60 minutes)

Run Number:

Lab Numbers:

15750, 915751, 915752, 915753
15754

Airflow:

21,546 dscf/min

Process Data
Bath Amperage:
Voltage:
Bath Temperature:

Ambient Temperature:

477 amp-hr/hr {small load)
21.8 volts D.C.

94° F

82°F

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.438 mg/dscm
0.20 ppm
16,029 mg/hr
33.6 mg/amp-hr

Total Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.431 mg/dscm
0.20 ppm
15,775 mg/hr
33.1 mg/amp-hr

24
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'y ;{7 g {)TRAVERSE SAMPLING DATA Page 1 of
Client 5 o€ .~2y - SCHEMATIC TRAVERSE LAYOUT Start Time /215
Date . Tt Stop Time I
Sample Location 1Jtde 510 Barome tric
VS v W & Pressure "Hg__ 4/. L
Static Pres"H,0

Operators — 200 - I v
Bample:Box # [
Runf 2z~ {r "'f/C.r

EQUIPMENT CHECKS
Initial/Final

Leak Rate Cfm ¢ .07 00 b

Leak Test Vac /S [/ Jo
-/P:ltots, Pretest

~ Pitots, Postest
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Sample Type: Bath On - Run 4

Sampling Date: August 31, 1989

Sample Times: 15:58-16:59 (60 minutes)

Run Number: 3

Lab Numbers: 915755, 915756, 915757, 915758

915759

Airflow: 21,746 dscf/min

Process Data
Bath Amperage: 464 amp-hr/hr (small load)
Voltage: 21.5 volts D.C.
Bath Temperature: 94° F

Ambient Temperature: 82°F

Hexavalent Chromium

Concentration: 0.457 mg/dscm
Concentration: 0.21 ppm
Emission Rate: 16,873 mg/hr
Emission Factor: 36.4 mg/amp-hr

Total Chromium

Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.418 mg/dscm
0.19 ppm
15,463 mg/hr
33.3 mg/amp-hr
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Sample Type: Bath On - Run 5

Sampling Date: September 19, 1989
Sample Times: 13:00-14:01 (60 minutes)
Run Number: 2
Lab Numbers: 917070, 917071, 917072, 917078
Airflow: . 20,402 dscf/min
Process Data
Bath Amperage: 1853 amp-hr/hr
Voltage: 21.1 volts D.C.
Bath Temperature: 04° F

Ambient Temperature: 80°F

Hexavalent Chromium

Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.947 mg/dscm
0.44 ppm
32,818 mg/hr
17.7 mg/amp-hr

Total Chromium

Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.916 mg/dscm
0.42 ppm
31,747 mg/hr
17.1 mg/amp-hr
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Sample Type:

Bath On - Run 6

Sampling Date:

November 30, 1989

Sample Times:

08:03-09:04 (60 minutes)

Run Number:

1

Lab Numbers:

922093, 922094, 922095

Airflow:

22,740 dscf/min

Process Data
Bath Amperage:
Voltage:
Bath Temperature:

Ambient Temperature:

1625 amp-hr/hr
21.6 volts D.C.
94° F

76° F

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.261 mg/dscm
0.12 ppm
10,077 mg/hr
6.19 mg/amp-hr

Total Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.280 mg/dscm
0.13 ppm
10,813 mg/hr
6.64 mg/amp-hr

Note: Acid in bath was drained and replaced prior to this test.
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Sample Type:

Bath On - Run 7

Sampling Date:

November 30, 1989

Sample Times:

15:46-16:49 (60 minutes)

Run Number:

4

Lab Numbers:

922106, 922107, 922108

Airflow:

22,084 dscf/min

Process Data
Bath Amperage:
Voltage:
Bath Temperature:
Ambient Temperature:

1896 amp-hr/hr
21.2 volts D.C.
94.5° F

77°F

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.416 mg/dscm
0.19 ppm
15.601 mg/hr
8.23 mg/amp-hr

Total Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.423 mg/dscm
0.20 ppm
15,853 mg/hr
8.36 mg/amp-hr

Note: Acid in bath was drained and replaced prior to this test.
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Sample Type:

Bath On - Run 8

Sampling Date:

December 1, 1989

Sample Times:

07:29-08:31 (60 minutes)

Run Number:

5

Lab Numbers:

922114, 922115, 922116

Airflow:

22,318 dscf/min

Process Data
| Bath Amperage:
Voltage:
Bath Temperature:
Ambient Temperature:

1680 amp-hr/hr
20.8 volts D.C.
93.5°F

70° F

Hexavalent Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.263 mg/dscm
0.12 ppm

9,982 mg/hr
5.94 mg/amp-hr

Total Chromium
Concentration:
Concentration:
Emission Rate:
Emission Factor:

0.273 mg/dscm
0.13 ppm
10,371 mg/hr
6.17 mg/amp-hr

Note: Acid in bath was drained and replaced prior to this test.
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SECTION 3
PARTICLE SIZE DISTRIBUJTION RUNS
BATH ON

s
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The results of the particle size distribution tests are presented
graphically in Figures 1 and 2. Figure 1 is a plot of the
distribution based on chemical analysis for total chromium of
each filter which lined each stage of the Cascade impactor.
Figure 2 is a plot of the distribution based on the gravimetric
weight gain on each filter prior to chemical analysis. The detailed
results are presented on computer printouts titled "Pilat (U of
W) Mark 5 Particle Size Analysis Results” and computer
printouts titled "Particle Size Analysis” which are included for
each run. The column titled "aerodynamic diameter” (in
micrometers) was plotted against the column titled "percent less
than" on semi-log versus probability graph paper to illustrate the

particle size distributions,

The aerodynamic mass mean diameter (MMD) value represents
the size (in micrometers - microns) at which fifty percent of the
particulate matter collected was composed of particles of less
than that value. The average MMD based on chemical analysis
of the progressive size ranges was 4.9 microns. The average
MMD based on gravimetric {(weight) analysis of the cut sizes

was 3.0 microns.
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Sample Type:

Particle Size Distribution
Bath On- Run 1

Sampling Date:

August 31, 1989

Sample Times:

10:26-11:26 (60 minutes)

Run Number:

1

Lab Numbers:

915962-915976, 915744-915749

Airflow:

21,696 dscf/min

Process Data
Bath Amperage:
Voltage:
Bath Temperature:
Ambient Temperature:

1892 amp-hr/hr
22.4 volts D.C.
94.5° F

78° F

Distribution Cumulative Cr Chromium
Stage d50’s % Less Than Concentration

# (microns) Stated Diameter (mg/dscm)
1 17.54 096.85 0.009
2 15.87 94.54 0.007
3 5.90 52.90 0.117
4 3.07 15.90 0.104
5 1.76 7.93 0.022
6 1.18 5.74 0.006
7 0.95 5.29 0.001
8 0.68 5.01 0.001
9 0.56 472 0.001
10 0.47 4.45 0.001
final <0.47 0.00 0.013
’ TOTAL 0.280

.52‘
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DATE OF TEST
TIME OF TEST
LOCATION OF TEST
TEST NUMBER
PART. DIAM. TYPE
TEST TYPE

RUN NUMBER
REMARKS :
IMPACTOR TYPE

WATER VAPOR
CARBON DIOXIDE
CARBCN MONOXIDE
OXYGEN

SULFUR DIOXIDE
NITROGEN
PARTICLE DENSITY

PARTICLE SIZE ANALYSTIS
*hhw INPUT DATA *hkw
AUGUST 31, 1989

10:26-11:26

BOEING PLANT NO. 2,
1l

C (I=IMP AERO, C=CLAS AERO, P=PHYSICAL)

OUTLET
1-TANK 5 - FILE NAME: B:T1R1-TANK 5.0UT

BLDG. 2-10

MK5-~78
MARK 5 IMPACTOR WITH A 78 HOLE FINAL STAGE

0.81%

0.10%

0.00%

20.90%

0.00% -
79.00%

1.00 GRAMS/CM~3

GAS METER VOLUME 18.911 CUBIC FEET
IMPACTOR DELTA P 1.00 INCHES HG
ORIFICE DELTA P 0.17 INCHES H20
STACK PRESS. (BELOW ATMOS.) 0.00 INCHES H20
BAROMETRIC PRESS. 30.16 INCHES HG
STACK TEMPERATURE 80.2 DEGREES F
METER TEMPERATURE 67.5 DEGREES F
IMPACTOR TEMPERATURE 80.2 DEGREES F
SAMPLE TIME 60.00 MINUTES
AV. VELOCITY OF STACK GAS 1766.70 FEET/MINUTE
GAS METER PRESSURE 0.00 1IN HG
NOZZLE DIAMETER 0.19 INCHES
MAXIMUM AERODYN. DIAMETER 60,00 MICRONS
MASS GAIN ON STAGE 1 0.01 MG

MASS GAIN ON STAGE 2 0.22 MG

MASS GAIN ON STAGE 3 0.57 MG

MASS GAIN ON STAGE 4 0.43 MG

MASS GAIN ON STAGE 5 0.14 MG

MASS GAIN ON STAGE 6 0.03 MG

MASS GAIN ON STAGE 7 0.01 MG

MASS GAIN ON STAGE 8 0.12 MG

MASS GAIN ON STAGE 9 0.06 MG

MASS GAIN ON STAGE 10 0.16 MG

MASS5 GAIN ON FINAL FILTER 0.03 MG

LE 2 2 5

55




*hdh RESULTS Rk R

DATE OF TEST AUGUST 31, 1989
TIME OF TEST 10:26-11:26
LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10

TEST NUMBER 1 -

RUN NUMBER 1-TANK 5

ACTUAL FLOW RATE (STACK CONDITIONS) 0.325 CFM

FLOW RATE (STANDARD CONDITIONS) 0.318 CFM

PERCENT ISOKINETIC SAMPLING 95.55 %

VISCOSITY OF GAS STREAM 0.0001830 GRAMS/CM-SEC

STAGE CCF DP(CLAS AERC) DP(IMP AERO) CUM FRACTION
1 1.009 17.538 17.621 0.9944
2 1.010 15.865 15.948 c.8708
3 1.028 5.896 5.978 0.5506
4 1.054 3.074 3.155 0.3090
5 1.094 1.758 1.839 0.2303
6 1.140 1.179 1.259 0.2135
7 1.175 0.952 1.031 0.2079
8 1.248 0.676 0.755 0.1404
9 1.306 - 0.555 0.634 0.1067
10 1.372 0.467 0.547 0.0169

TOTAL MASS PER DRY NORMAL CUBIC METER 3.2958 MG/CUBIC METER

PART. DIAM. TYPE C (I=IMP AERO, C=CLAS AERO, P=PHYSICAL)
‘ARTICLE SIZE CUMFR CUMFR CUM.MASS dM/dLOG D
(MICRONS) (STD. DEV.) (PER CENT) (MG/DRY N.CU.METER)
0.20 -9.8170 0.0 0.000 0.000
0.25 -7.7933 0.0 0.000 0.000
0.40 ~3.5306 0.0 0.001 0.054
0.50 ~1.7166 4.3 0.142 3.926
0.75 ~1.0210 15.4 0.506 1.489
1.00 -0.7962 21.3 0.702 0.488
1.50 -0.7653 22.2 0.732 0.444
2.00 ~0.7254 23.4 0.772 0.213
2.50 -0.6733 25.0 0.825 1.127
4.00 -0.0619 47.5 1.567 5.061
5.00 0.1987 57.9 1.908 1.252
7.50 0.3707 64.5 2.124 2.865
10.00 0.6623 74.6 2.459 2.464
15.00 1.0733 85.8 2.829 1.725
20.00 4.9321 100.0 3.296 0.000
25,00 9.0597 100.0 3.296 0.000
40.00 19.2740 100.0 3.296 0.000
50.00 29.4350 100.0 3.296 0.000

-
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TIME OF TEST 10:26~11:26

LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10
TEST NUMBER 1
RUN NUMBER 1-TANK 5

*%% TNHALABLE PARTICULATE MATTER **¥
M. MASS LESS THAN 2.5 MICRON: 0.83 MG/DRY NORMAL CU.METER ( 25.0 %)
OM. MASS LESS THAN 5.0 MICRON: 1.91 MG/DRY NORMAL CU.METER ( 57.9 %)
CUM. MASS LESS THAN 10.0 MICRON: 2.46 MG/DRY NORMAL CU.METER ( 74.6 %)
'?M. MASS LESS THAN 15.0 MICRON: 2.83 MG/DRY NORMAL CU.METER ( 85.8 %)

{OTE: DIAMETERS FOR INHALABLE PARTICULATE ARE CLASSICAL AERODYNAMIC DIAMETERS.

LOG-NORMAL SIZE DISTRIBUTION PARAMETERS

LEAST SQUARES LINE : Y= -1.04 + 2.13X
MASS GEOMETRIC MEAN DIAMETER 3.077
GEOMETRIC STANDARD DEVIATION 2.942

CORRELATION COEFFICIENT 0.875




Al

. 58 -

TRAVERSE SAMPLING DATA Page 1 of
cuen:/ﬁy[nq — SCHEMATIC TRAVERSE LAYOUT Start Time /O Z(p
Date _— />-3M M7 Stop Time (120
Sample LocationSkls 2-/0 Barometric 20.11,
C hanie, 72X F T Ahe Tl Pressure HE .
Operators __\.TWUU Static Pres”Hy0_ 0.0
Bample: Box ¢ = - Production Rate
Rt 4-Ps AN G Eodt
. Stack Diameter
EQUIPMENT CHECKS Distance Upstream NOMOGRAPH SETUP
Initial/Final Distance Downstream ¥ Moisture 2
Lesk Rate Cfani 0% Filter ¢ |} tare mgs Meter Temp.
Leak Test Vac /N / Final In‘.‘:zial Net Stack Temp. 2
/Pitots, Pretest n Bubbler Eé‘z ; - 253 7 - Q AHQ LR o
/ Pitots, Postest 12 #mp%\'?ge Pitotd Sidef
Y ﬁg S5 - (26,1 = gg .
Orsat Sampling System 43 Bubbler 5251 _ _8:’_'1/' q Cp 8 -
Tedlar Bag Silica Nozzle Diameter . |88
Thermocouple @ °F MGe:l 7_‘2&._(4- ?Zg'q = Pl 1| x Factor
* TOTAL WATER VOLUME 3,2 RefereLnae a2}
A\ - a1
Dry Gas| Pitoc¢ Orifice .| Gas Pump Filter |[Imp.
. Elap| Meter Reading| Setting (4H),| Meter Vacuum {Box Exic | Stack
‘ample |Time | Reading} (4P), In H50 Temp®F |In. Hg [Temp Temp | Temp
oint |Min.] Cu. Ft.{ In. H70[ IdealfActual |} In|[Out [Gauge *F °F °F
& - L
ZoN 1 o P20 T TF | JF eHbe | &5 11 25
Le cie? L 1 e | A 79
2 GESEis
' 7/l e
40 2| 701 37 PEIW.A
' : Ll 7o Zy
YA OX
90T
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Sample Type:

Particle Size Distribution
Bath On - Run 2

Sampling Date:

November 30, 1989

Sample Times:

12:02-13:07 (65 minutes)

Run Number:

2

Lab Numbers:

922208-922219, 922096-922100

Airflow:

22,576 dscf/min

Process Data
Bath Amperage:
Voltage:

1883 amp-hr/hr
21.5 volts D.C.

Bath Temperature: 93.0° F
Ambient Temperature: 73°F
Distribution Cumulative Cr Chromium
Stage d50’s % Less Than Concentration
# {microns) Stated Diameter (mg/dscm)
1 16.58 98.61 0.003
2 15.00 97.65 0.002
3 5.57 70.65 0.052
4 2,91 30.51 0.077
5 1.66 11.16 0.037
6 1.11 8.26 0.006
7 0.90 1.79 0.001
8 0.64 7.54 0.001
9 0.52 7.25 0.001
10 0.44 7.25 0.000
final <0.44 0.00 0.014
TOTAL 0.196
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DATE OF TEST
TIME OF TEST
LOCATION OF TEST
TEST NUMBER
PART. DIAM. TYPE
TEST TYPE

RUN NUMBER
REMARKS:
IMPACTOR TYPE

WATER VAPOR
CARBON DIOXIDE
CARBON MONOXIDE
OXYGEN

SULFUR DIOXIDE
NITROGEN
PARTICLE DENSITY

GAS METER VOLUME

S I ZE

RTICLE ANALYS SIS
ok INPUT DATA Ak
NOVEMBER 30, 1989
12:02-13:07
BOEING PLANT NO. 2, BLDG. 2-10
1
C (I=IMP AERO, C=CLAS AERO, P=PHYSICAL)
OUTLET
2-TANK 5 - FILE NAME: B:T1R2-TANK 5.0UT
MK5-78
MARK 5 IMPACTOR WITH A 78 HOLE FINAL STAGE
3.54%
0.10%
0.00%
20.90%
0.00%
79.00%

1.00 GRAMS/CM~3

22.%23 CUBIC FEET

IMPACTOR DELTA P 1.00 INCHES HG
ORIFICE DELTA P 0.43 INCHES H20
STACK PRESS. (BELOW ATMOS.) -0.02 INCHES H20
BAROMETRIC PRESS. 30.42 INCHES HG
STACK TEMPERATURE 76.8 DEGREES F
METER TEMPERATURE 88.7 DEGREES F
IMPACTOR TEMPERATURE 76.8 DEGREES F
SAMPLE TIME 65.00 MINUTES
AV, VELOCITY OF STACK GAS 1862.50 FEET/MINUTE
GAS METER PRESSURE 0.00 IN HG
NOZZLE DIAMETER 0.19 INCHES
MAXIMUM AERODYN. DIAMETER 60.00 MICRONS
MASS GAIN ON STAGE 1 0.04 MG

MASS GAIN ON STAGE 2 0.02 MG

MASS GAIN ON STAGE 32 0.18 MG

MASS GAIN ON STAGE 4 0.21 MG

MASS GAIN ON STAGE 5 0.06 MG

MASS GAIN ON STAGE 6 0.06 MG

MASS GAIN ON STAGE 7 0.07 MG

MASS GAIN ON STAGE 8 0.03 MG

MASS GAIN ON STAGE 9 0.08 MG

MASS GAIN ON STAGE 10 0.23 MG

MASS GAIN ON FINAL FILTER 0.00 MG

LA A B & 4

63




DATE OF TEST
TIME OF TEST

LOCATION OF TEST

TEST NUMBER
RUN NUMBER

VISCOSITY OF
STAGE

OV O-~-JoUs WK

[

L2 2 3

NOVEMBER 30, 1
12:02-13:07

1 -—

2-TANK 5
ACTUAL FLOW RATE (STACK CONDITIONS)
FLOW RATE (STANDARD CONDITIONS)
PERCENT ISOKINETIC SAMPLING

GAS STREAM
CCF
l.010
1.011
1.029
1.055
1.096
1.143
1.178
1.253
1.312
1.380

1
1l

RESULTS

989

BOEING PLANT NO. 2,

6.580
4.998
5.573
2.905
1.661
1.113
0.898
0.638
0.524
0.440

TOTAL MASS PER DRY NORMAL CUBIC METER

PART. DIAM. TYPE Cc

'ARTICLE SIZE
(MICRONS

0.20
0.25
0.40
0.50
0.75
1.00
1.50
2.00
2.50
4.00
5.00
7.50
10.00
15.00
20.00
25.00
40.00
50.00

CUMFR
(STD. DEV.)

-23.0317
=-17.3927
-5.5153
~1.1746
=-0.5342
=0.2907
-0.0709
-0.0213
0.0317
0.3785
0.5984
0.8744
1.0497
1.5456
2.1875
2.7887
5.6261
12.3087

o % &k

BLDG. 2-10

0.358 CFM
0.345 CFM

%

16.659
15.077
5.652
2.983
1.738
1.191
0.975
0.714
0.600
0.517

A

0.0001798 GRAMS/CM-SEC
DP(CLAS AERO) DP(IMP AERO)

CUM FRACTION
0.8592
0.9388
0.7554
0.5413
0.4801
0.4190
0.3476
0.3170
0.2355
0.0010

1.5454 MG/CUBIC METER

{I=IMP AERO, C=CLAS AERO, P=PHYSICAL)

CUMF

R

(PER CENT)

CUM.MASS dM/dLOG D
(MG/DRY N.CU.METER)
0.000 0.000
0.000 0.000
0.000 0.000
0.186 8.410
0.458 0.472
0.596 1.209
0.729 0.352
0.760 0.225
0.792 0.504
1.001 1.324
1.121 1.093
1.250 0.519
1.318 0.620
1.451 0.790
1.523 0.318
1.541 0.089
1.545 0.000
1.545 0.000




UM.
IuM.
CUM.
TUM.

*hak RESULTS (CONTINUED) weok ok ok

TIME OF TEST 12:02-13:07

LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10
TEST NUMBER 1

RUN NUMBER 2-TANK 5

*%% TNHALABLE PARTICULATE MATTER *#*%*

MASS LESS THAN 2.5 MICRON: 0.79 MG/DRY NORMAL CU.METER
MASS LESS THAN 5.0 MICRON: 1.12 MG/DRY NORMAL CU.METER
MASS LESS THAN 10.0 MICRON: 1.32 MG/DRY NORMAL CU.METER
MASS LESS THAN 15.0 MICRON: 1.45 MG/DRY NORMAL CU.METER

T —— — o~

51.
72.
85.
93.

ﬁOTE: DIAMETERS FOR INHALABLE PARTICULATE ARE CLASSICAL AERODYNAMIC

LOG-NORMAL SIZE DISTRIBUTION PARAMETERS

LEAST SQUARES LINE : Y = =0.69 + 2.02X
MASS GEOMETRIC MEAN DIAMETER 2.193
GEOMETRIC STANDARD DEVIATION 1.124

CORRELATION COEFFICIENT 0.763

65
3 %)
5 %)
3 %)
9 %)
DIAMETERS.
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TRAVERSE SAMPLING DATA Page 1 of
T2 D’i
Client_ [ AT, SCHEMATIC TRAVERSE 1L.AYOUT Start Time_ (217 (
Date qi[”"!<; 7 Stop Time 13709
Sample Location T.x S5k Yrs s Barometric
! Pressure "Hg 3(‘-‘
" Operators ]("‘ Static Pres"H20
sample: Box ¢ y Production Rate
Runf Pa.-.-\ “ - frany g/ <o i 6"
—%H—WTL —< t16tack Diameter q L}
7 NOMOGRAPH SETUP

Distance Upstreanm

EQUIPMENT CHECKS

Initial/Final Distance.Downstrean I Moisture .
Leak Rate Cfm '~ / Filter ¢ {f ctare mgs Meter Temp. -
Leak Test Vac !_"-"/ Final In"i"t:ial ::t Stack Temp.
N z h ’ A C"la‘ / .r"
Pitots, Pretest N Bubbler Ijil“ 1722 = H@ /
- Pitots, Postest 02 Impingerﬁ 13 |- QQ, S - Picotd ~__Side#
t'{-‘.' . c <y -
‘ Orsat Sampling System 1 Bubbler‘q‘?’g,[ - YTFES - P . —
N‘E Tedlar Bag Silica Nozzle Diameter . { .-
/ Thermocouple @ °F Mcel 3! i‘-{— 7”:2 < x Factor__ 4.
TOTAL WATER VOLUME )7 F | Reference 6P,/
Dry Gas| Pitot Orifice Gas Pump Filcer |Imp.
Elap| Meter Reading{ Setting (8H),| Meter Vacuum |Box Exit | Stack
Eample Time| Reading (4P), In H50 Temp®F |In. Hg |Temp Temp | Temp
2oint IMin.] Cu. Ft.{ In. Ho0) Tdeal|Acrual | Injlut |Cauge °F °F °F
Ntz 9 [502.139 30 43| 99 I8(}5% | 9 /I TR G
: RS ‘Y2 87 I 2 ul i a1 76
' 10 208 JHx A ={5¢ B g 1A
15 20 G L2 N\ oo ! o
Z‘? o2 o g7 v | f 3 B IR
— L L ST |z 3 ° 75 )
& 22 L My [1za] o i = 7
i S IE AR R T e =
e S o= 07 Az 1o v IS =7
- B¢ L Je MY [ I : NS R
ol A O D " R i
{C
25\t

e T —

7-‘1’1% 5. ¥ 7.8
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_ _Q_{(fo e
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30 1100 B
WO 759 |
Y L VI _ L 1&od — e -
19.0 1 1800
2l - - {28 S
22.2-1. FoX 1963 c;mp,-h«/ I
9.5, ]g«n 24,5 JpMs
3-2151 XUO
22,31 1§09
22, 31 L%
"
22 ) 00
ég%}’s I[?UC‘J)
)
T
2287 500
Ads ¢ 5 100
TH 06 1306 . % °

J0Gs Chrvie Auid due beer didined -’;'Np/?/au,j.
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S le Type: Particle Size Distributi
ample 1ype Bath' On -lzle?un 3 en
Sampling Date: November 30, 1990
Sample Times: 14:15-15:15 (60 minutes)
Run Number: 3
Lab Numbers: 922220, 922223-922233, 922101-
922105
Airflow: 22,433 dscf/min
Process Data
Bath Amperage: 1920 amp-hr/hr
Voltage: 20.8 volts D.C.
Bath Temperature: 94.0° F
Ambient Temperature: 78°F
Distribution Cumulative Cr Chromium
Stage d50's % Less Than Concentration
# {microns) Stated Diameter (mg/dscm)
1 16.44 99.67 0.001
2 14.87 98.84 0.002
3 5.52 56.28 0.096
4 2.88 19.09 0.084
5 1.65 2.22 0.038
6 1.10 0.69 0.004
7 0.89 0.31 0.001
8 0.63 0.00 0.001
9 0.52 0.00 0.000
10 0.44 0.00 0.000
final <0.44 0.00 0.000
TOTAL 0.229
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L2 2 & 2

DATE OF TEST
TIME OF TEST
LOCATION OF TEST
TEST NUMBER
PART. DIAM. TYPE
TEST TYPE

RUN NUMBER
REMARKS :
IMPACTOR TYPE

WATER VAPOR
CARBON DIOXIDE
CARBON MONOXIDE
CXYGEN

SULFUR DIOXIDE
NITROGEN
PARTICLE DENSITY

GAS METER VOLUME

PARTICLE SIZE ANALYSTIS ek k i
*dkkok INPUT DATA *kkk
NOVEMBER 30, 1989

14:15-15:15
BOEING PLANT NO.
1

c {I=IMP AERO, C=CLAS AERO, P=PHYSICAL)

OUTLET
3-TANK 5 - FILE NAME: B:T1R3-TANK 5.0UT

2, BLDG. 2~10

MK5-78
MARK 5 IMPACTOR WITH A 78 HOLE FINAL STAGE

4.00%
0.10%
0.00%
20.90%
0.00%
79.00%
1.00 GRAMS/CM~3

21.480 CUBIC FEET

IMPACTOR DELTA P 1.00 INCHES HG
ORIFICE DELTA P 0.43 TINCHES H20
STACK PRESS. (BELOW ATMOS.) -0.02 INCHES H20
BAROMETRIC PRESS. 30.45 INCHES HG
STACK TEMPERATURE 80.0 DEGREES F
METER TEMPERATURE 92.3 DEGREES F
IMPACTOR TEMPERATURE 80.0 DEGREES F
SAMPLE TIME 60.00 MINUTES
AV. VELOCITY OF STACK GAS 1868.80 FEET/MINUTE
GAS METER PRESSURE 0.00 IR HG
NOZZLE DIAMETER 0.19 INCHES
MAXIMUM AERODYN. DIAMETER €0.00 MICRONS
MASS GAIN ON STAGE 1 0.46 MG

MASS GAIN ON STAGE 2 0.09 MG

MASS GAIN ON STAGE 3 0.31 MG

MASS GAIN ON STAGE 4 0.32 MG

MASS GAIN ON STAGE 5 0.26 MG

MASS GAIN ON STAGE 6 0.14 MG

MASS GAIN ON STAGE 7 0.10 MG

MASS GAIN ON STAGE 8 0.14 MG

MASS GAIN ON STAGE 9 0.06 MG

MASS GAIN ON STAGE 10 0.05 MG

MASS GAIN ON FINAL FILTER 1.04 MG




DATE OF TEST
TIME OF TEST

LOCATION OF TEST

TEST NUMBER
RUN NUMBER

VISCOSITY OF GAS STREAM

STAGE
1

QWA ONHWN

|

ko

NOVEMBER 30, 1
14:15-15:15

1

3-TANK 5
ACTUAL FLOW RATE (STACK CONDITIONS)
FLOW RATE (STANDARD CONDITIONS)
PERCENT ISOKINETIC SAMPLING

CCF
1.010
1.011
1.029
1.055
1.097
1.145
1.180
1.256
1.316
1.385

1
1

RESULTS

989

BOEING PLANT NO. 2,

6.438
4.870
5.524
2.879
1.646
1.103
0.890
0.631
0.518
0.436

TOTAL MASS PER DRY NORMAL CUBIC METER

PART. DIAM. TYPE

'ARTICLE SIZE
(MICRONS)

0.20
0.25
0.40
0.50
0.75
1.00
1.50
2.00
2.50
4.00
5.00
7.50
10.060
15.00
20.00
25.00
40.00
50.00

CUMFR

(STD. DEV.)

-0.5795
-0.5236
-0.4059
-0.3487
-0.2300
-0.1177
0.0114
c.1027
0.1934
0.4290
0.5246
0.5958
0.6416
0.9054
1.3140
1.7271
4.1752
10.6763

c

*kdk

BLDG. 2-10

0.365 CFM
0.348 CFM
101.21

4

16.518
14.949
5.604
2.958
1.724
1.180
0.967
0.708
0.595
0.513

12

0.0001802 GRAMS/CM-SEC
DP(CLAS AERO) DP(IMP AERO)

CUM FRACTION
0.8451
0.8148
0.7104
0.6027
0.5152
0.468B0
0.4343
0.3872
0.3670
0.3502

5.0209 MG/CUBIC METER

(I=IMP AERO, C=CLAS AERO, P=PHYSICAL)
CUMFR
(PER CENT)

28.1
30.0
34.2
36.4
40.9
45.3
50.5
54.1
57.7
66.6
70.0
72.4
73.9
81.7
80.6
95.8
100.0
100.0

CUM.MASS dM/dLOG D
(MG/DRY N.CU.METER)
1.412 0.977
1.508 1.007
1.719 1.064
1.826 1.125
2.054 1.596
2.275 1.838
2.533 1.276
2.716 1.683
2.895 2.018
3.344 2.065
3.515 1.394
3.637 0.343
3.713 1.069
4.104 3.446
4.547 3.116
4.810 2.309
5.021 0.009
5.021 0.000



SUM.
IZUM.
CUM.
ZUM.

*ok ok k RESULTS (CONTINUED) ki

TIME OF TEST 14:15-15:15

LOCATION OF TEST BOEING PLANT NO. 2, BLDG. 2-10
TEST NUMBER 1

RUN NUMBER 3-TANK 5

#%% TNHALABLE PARTICULATE MATTER #**%
MASS LESS THAN 2.5 MICRON: 2.90 MG/DRY NORMAL CU.METER
MASS LESS THAN 5.0 MICRON: 3.51 MG/DRY NRORMAL CU.METER
MASS LESS THAN 10.0 MICRON: 3.71 MG/DRY NORMAL CU.METER
MASS LESS THAN 15.0 MICRON: 4.10 MG/DRY NORMAL CU.METER

57.7 %)
70.0 %)
73.9 %)
81.7 %)

73

NOTE: DIAMETERS FOR INHALABLE PARTICULATE ARE CLASSICAL AERODYNAMIC DIAMETERS.

g

LOG=NORMAL SIZE DISTRIBUTION PARAMETERS

LEAST SQUARES LINE : Y = -0.11 + 0.88X
MASS GEOMETRIC MEAN DIAMETER 1.329
GEOMETRIC STANDARD DEVIATION 13.741

CORRELATION COEFFICIENT 0.996




Al

TRAVERSE SAMPLING DATA

L

Page 1 of |/

4r222% _
4
Client Pty SCHEMATIC TRAVERSE LAYOUT Start Time (4|5
Date T /i.’f{j Stop Time  /5./%
Sauple Local:ion b T Y T Barometric
RS T Pressure "Hg 30. %5
Operators - rEALS Static Pres"Hy0
GampleiBox £, J\ Production Rate
Runf 3% - Pratick = 17i [ L - F‘Bﬂ){{L gn.
— Stack Diameter L)L ')
EQUIPMENT CHECKS Distance Upstream NOMOGRAPH SETUP
Initial/Final Distance Downstream X Moisture <
Leak Rate Cfm .1 / Filter ¢/ W tare mgs YMeter Temp. {7
leak Test Vac 't /[ F:.’:al In:}:ial ::t Stack Temp. g
-_ Pitots, Pretest R bler [259 - YT I L G
-Pitou, Postest 42 quringeri z__?_ G175 - Pitotfd & Sidef [
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SECTION 4
AMBIENT WORKROOM SAMPLE
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Sample Type:

Ambient Workroom Sample 1

Sampling Date:

August 31, 1989

Sample Times:

10:22-16:52 (390 minutes)

Run Number:

1

Lab Numbers:

915740, 915741, 915743

Process Data
Bath Status:

Ambient Temperature:

Bath On and Off During Test
80° F

Hexavalent Chromium
Concentration:
Concentration:

0.295 mg/dscm
0.14 ppm -

Total Chromium
Concentration:
Concentration:

0.249 mg/dscm
0.12 ppm

Description of sampling set-up: Sampling site was 53 inches
above ground, 7 feet from the north end on tank #b5, 10 inches
away from east edge of tank, adjacent to ventilation opening
#56. The top edge of the tank is 43 inches above the ground.
The acid liquid level was approximately 6 inches below the top

of the tank.
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METHOD 1-5 - HEXAVALENT AND TOTAL CHROMIUM EMISSIONS

AM TEST, INC. - AIR QUALITY DIVISION
FILE NAME: 3BO#5WR1 LAB #: 915740
CLIENT: BOEING PLANT #§2 START TIME: 10:22
LOCATION: SEATTLE, WASHINGTON STCP TIME: 16:52
SAMPLE SITE: BLDG 210/TANK #5 SAMPLE TIME: 390.0
SAMPLE DATE: AUGUST 31, 1989 CONDITION: BATH
RUN #: 1-CR+6
OPERATORS: S. MACKEY
CONTACT: P. SIEBENALER
FINAL WT. INIT.WT. NET WT. PITOT Cp: NA
OF H20 G. OF H20 G OF H20 G. NOZZLE DIA INCHES: NA
NOZZLE AREA FT"~2: NA
1274.9 1250.4 24.5 STACK DIA. INCHES: NA
6259.0 629.9 -0.9 STACK AREA FT#2: NAa
475.3 473.4 1.9 METER TEMP. DEG F: 147.1
817.4 783.8 33.6 BAROM. PRES. "HG: 30.20
TOTAL H20 GAIN: 59.1 STATIC PRES. "H20: 0.00
TOTAL VOLUME (SCF) 2.79 STACK PRES. "HG: 30.20
PERCENT MCISTURE: 1.45 ORIFICE PRES "H20: 1.0
Bws: 0.0145 METER PRES. "HG: 30.27
INIT. METER VOL.: 830.633
FINAL METER VOL.: 1045.964 AVERAGE % Co02: c.1
VOLUME SAMPLED: 215.331 AVERAGE §% 02: 20.9
STD VOLUME (DSCF): 189.298 AVERAGE % CO: 0
STD VOLUME (DSCM): 5.361 STACK GAS MW. DRY: 28.85
Y FACTOR: 0.999 STACK GAS MW. WET: 28.69

XAVALENT CHROMIUM

————— . S T . L A S LR Y S — - . S T ———————— o —

HEXAVALENT CHROMIUM CONCENTRATION (ug): 1581.3
HEXAVALENT CHROMIUM CONCENTRATION (mg/dscm): 0.295
HEXAVALENT CHROMIUM IN SAMPLE (ppm): 0.14

TOTAL CHROMIUM

. —— —— — — ——— ——— — . —— i ———————— e N — ———re . - ———— . ——— T Y= ——

TOTAL CHROMIUM CONCENTRATION (ug): 1336.7
TOTAL CHROMIUM CONC. ON FILTER (ug): < 0.30
TOTAL CHROMIUM CONCENTRATION (mg/dscm): 0.249
TOTAL CHROMIUM IN SAMPLE (ppm): 0.12

*Note: Slight differences in total chromium and hexavalent

g

0/CLOCK
0’CLOCK
MINUTES
ON & OFF

chromium concentrations are due to different methods of analysis,
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SECTION 5
VENTILATION SYSTEM EVALUATION
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at Boeing Plant 2 in Seattle, Washington.

— 7

4 :
5 N
3 D
= =
140 &
. L
= Q.
- O
:O : Z
O 3 O
! :‘30 e
] <X
. —
] —
- pd
120 YW
o >
110 a1
5- TECS
3 2 OPENINGS
Y 3
- Figure 3. Diagram of the #5A chromic acid anodizing tank and ventilation system
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Sample Type: Ventilation Opening Velocities
Sampling Dates: August 22, August 31, November
30, 1989

Description of sampling procedure: A Kurz velometer with a
digital readout in feet per minute was used to measure the
velocity at each vent opening along the east side of the #5
chromic anodize aluminum tank. There are 62 openings along
the east side. The measurement was taken at the centroid of
each 3.375 by 11.625 inch opening. The velocity was lowest
from openings 54-58, therefore, the ambient workroom sample
was taken at that point.
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SECTION 6
CHROMIC ACID SAMPLES
TAKEN FROM THE BATH
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Sample Type:

Acid Sample

Sampling Date:

September 19, 1989

Lab Number:

917176

Hexavalent Chromium:

5,292,000 micrograms/sample
5.3 grams/sample

Total Chromium:

48,470,000 micrograms/sample
48.5 grams/sample

Sample Type:

Acid Sample

Sampling Date:

November 30, 1989

Lab Number:

922117

Hexavalent Chromium:

6,578,000 micrograms/sample
6.6 grams/sample

Total Chromium:

6,325,000 micrograms/sample
6.3 grams/sample
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METHODOLOGY REFERENCES

Hexavalent chromium testing and analysis methods detailed in a paper titled
*"Method 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. 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 also used.
Quality assurance procedures for source testing arc outlined in the EPA’s reference
manual titled Quality Assurance Handbook for Air Pollution Mcasurement Systems,

Volume 3, EPA-600/4-77-027b,

The specific sampling and analysis procedures utilized for the particle size
distribution tests detailed in the operations manual for the Mark 3-5 impactor by
Dr. Michael ). Pilat and the "Procedures for Cascade Impactor Calibration and
Operation in Process Streams - Revised 1983 to Include PM;o Source Sampling"
prepared by Mr. D. Bruce Harris for the US. EPA, February 1984, Methodology
and procedures specified in "Recommended Methodology for the Determination of
Particle Size Distributions in Ducted Sources” prepared by the Southern Research
Institute for the California Air Resources Board, ARB Contract A3-092-32, May

1986 were also referenced for sampling strategies.
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SAMPLING AND ANALYSIS PROCEDURES

CHROMIUM SAMPLES

The sample train used for collecting chromium (Cr) and hexavalent chromium
(Cr*6) samples was an EPA Mecthod 5 design with modifications. A typical Method
5 sample train schematic is included as Figure 5 in Appendix B of this report. The
sample train did not include a hecated front-half filter. A quartz probe with an
what {ype wexie 557
attached nozzle*was inserted into the stack to draw a sample into the impingers.
The probe was equipped with "S" type pitot tubes to measurc velocity and a
thermocouple sensor to measure the stack temperature at each sample point. The
thermocouple probe was connected to a FlukeR digital thermocouple indicator
which is accurate to within +] degree Fahrenheit. The condenser section of the
sample train consisted of a modified Greenburg-Smith bubbler containing 100
milliliters (ml) of 0.1 N sodium hydroxide (NaQH) absorbing solution, a sccond
impinger containing 100 ml of NaQOH absorbing solution, a third impinger
containing 100 mi of 0.1 N nitric acid (HNQOs), an empty bubbler, a back-half filter
holder containing a Teflon® filter, and a final bubbler containing indicating silica

gel desiccant. The condenser section was maintained at a temperature below 68° F

by adding ice to the condenser section throughout sampling.

The sampie train was connccted 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 isokinctic sampling. The control box consists of a diaphragm
pump which is used to pull the stack gas through the sample train, finc and coarse
metering valves to control the sampling rate, a vacuum gauge which measures the

pressure drop from the sampling nozzie to the metering valves, and a calibrated
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dry gas meter. At the outlet of the dry gas meter is a calibrated orifice which is
used to isokinctically 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,

The chrome anodizing tank ventilation system exhausts to a a 438 inch diameter
circular stack with two (2) sampiing ports available 90 dcgrccs apart. The
S dov Id usei}
sampling ports arc located 2 feet upstream and 6 feet downstrcam rom the ncarcst
flow disturbance. Two (2) traverses of six (6) points each were performed during
each chromium test. Figure 4 located in Appendix B of this report is a schematic

of the stack and the point locations seclected. The sample probe was marked with

feit pen to indicate the proper point location.

Stack condition measurements were made prior to collecting a sample. The
appropriate sample nozzle was sclected and isokinctic operating parameters were
established utilizing a Hewlett~Packard programmable calculatar, The sampling
nozzle, probe and condenser section glassware were all cleaned and rinsed with
dilute nitric acid and deionized water prior to assembling the sample train. The
zample train was assembled and leak tested following the procedures outlined in
Method 5. Before each test, a final check was made to assure that the process was
operating at the desired production ratc and the desired operating parameters (c.g.
whether parts were in the bath or not). Ice was added to the condenser section.
The sample nozzle was positioned in the stack at the first sample point. The
sample pump was then turned on and the gas sampling rate was adjusted for

isokinetic sampling. Sampling procceded isokinectically at each of the 6 traverse
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points. The pump was then turned off and the sample train was carcfully moved
to the second port. The nozzle was then positioned at the first point of the sccond
traverse, the pump was again turned on and isokinetic sampling was performed at
the 6 traverse points. Upon completion of the second traverse the sample probe
was removed from the stack and a post-test leak check was performed according to

Method 5 procedures.

Following sample collection, the samples were transferred to a temporary
laboratory area 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 chromium analysis.

The contents of the nozzle, probe liner and connective glassware were
quantitatively transferred to a glass storage container using (.1 N NaQH. An
iodine flask with a female ball joint ¢end was attached to the maie ball joint end of
the probe to assure that no material collected inside the glassware was lost during
the rinsing and brushing of the probe. The contents of the iodine fiask 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 glass storage
container and submitted with the samples to the Am Test laboratory for analysis

for chromium.

The bubblers and impingers utilized for the condenser section of the sample train
were weighed with a readability of +0.1 grams before and after sampling on a
Mettler PE3000 clectronic top loading balance. The difference between the initial

and final weights of the condenser section constitute the amount of moisture gain
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during the run. The contents of the first two (2) impingers containing sodium
hydroxide absorbing solution were then transferred to a 1000 ml glass graduated
c¢ylinder. The bubblers and impingers were rinsed with 0.1 N NaOH reagent into
the graduated cylinder, and the liquid leve! was recorded. The liquid was then
transferred to the corresponding sample container for ¢ach run which contained
the probe wash. For some samples, the solutions from the probe rinse, Ist impinger
and 2nd impinger were analyzed separately to evaluate cotlection efficiency for
this method. The liquid in the 3rd and 4th impingers containing HNOs were
transferred to a 1000 ml glass graduated cylinder. The bubblers and impingers
were rinsed with 0.] N HNOs reagent into the graduated cylinder, and the liquid
level was recorded. The sample was then transferred to a labeled sample container.
The samples were then transferred to the Am Test, Inc. laboratory for chromjum
analysis. The sodium hydroxide solutions were analyzed for both hexavalent
chromium and total chromium. The nitric acid solutions and the teflon filter were
analyzed for total chromium only. Hexavalent chromium (Cr*®) analysis was
performed using EPA Mecthod 7176, which is a diphenylcarbazide colorimetric
method. The hexavalent chromium analyses were completed within 48 hours after
collecting the samples. Total chromium (Cr) analysis was performed using EPA
Method 200.7, which utilizes inductively coupled plasma (ICP) spectroscopy. The
laboratory results were presented in units of micrograms per sample. Those units

were converted to concentrations in air.

EARTICLE SIZE DISTRIBUTION SAMPLES

Cascade impactors separate the sampled acrosol particles into size increments by
ingrtial impaction of the particles onto a collection surface, in this case ultrapurc
microfiber quartz filter paper. This occurs at successive stages through the

impactor, hence the name "Cascade”. The resulting index of the measured particle
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size Is traditionally secparated by the particle diameter collected with 50%
collection efficiency by each jet stage, and this diameter is usually called the "cut
diameter® and is characterized by the symbol "Dge". The acrodynamic cut diameter
is the diameter of a unit density sphere which will be collected with 50%

efficiency by the specific impactor jet stage.

For these tests Am Test used straight nozzles at the inlet to a Pitat (U of W) Mark
5 source test Cascade impactor. A photograph of the Mark 5 impactor with a
straight nozzle is illustrated in Figure 6 in Appendix B of this report. A complete
Cascade impactor sampling train is illustrated in Figure 7 in Appendix B of this
report. The Mark 5 impactors were assembled using the jet stages listed for
configuration #78, which has a 78 hole final stage. In this configuration, the Mark
5 impactor provided eleven (11) acrodynamic particle size cut diameters, of sizes

between 0.25 and 20 microns in diameter.

Whatman QM-A ultra-pure quartz microfiber filter substrates which were mounted
on stainless steel inserts and baked at 500° F for 2 hours, desiccated for 24 hours
and weighed to a constant weight on a Mettier AE163 clectronic balance (set to a
timc integrating mode with a readability of 0.01 milligrams) were used to line each
collection plate. Following the impactor run, the substrates were desiccated for 24

hours and weighed again.

The impactor probe was connected to a condenser section identical to the
chromium sampies. The sample train was connected to a control box as described
for the chromium samples. The impingers were weighed before and after cach test
for calculating the percent moisture in the gas stream. The condenser section was

lcak-checked prior to staring a test. The flow rate through the impactor was pre-




sct to the rate necessary for isokinetic sampling at the specific velocity point. The
particle size distribution samples were collected at a point of average velocity in
the stack. The impactor was positioned in the stack at the sample point with the
nozzle facing away from the gas stream and was allowed to come to stack
temperature for approximately one-half (1/2) hour. kce was added to the condenser
section of the particle size sample train. The nozzle was thea turned to face the
flow and the samplie pump was turned on and the sampling rate was maintained at

the pre-set rate necessary for isokinetic sampling.

After a sampiec had been collected the pump was then turned off and the impactor
was removed from the stack, téking carc that the nozzle tip did not touch the port
nipple. The impactor was detached from the probe and carefully transferred to
Am Test's temporary laboratory. The impactor was allowed to cool and was
carefully disassembled and inspected. Each stage was inspected for proper
particulate matter deposition. All interior impactor surfaces were checked for wall
loss. The stainless steel inserts, onto which the substrates are mounted, were
transferred to individual petri dishes and placed into a2 Labconco® desiccator. Two
(2) substrate blanks for cach sample set were kept with the sample to audit
desiccation and weighing techniques. To obtain final weights, the substrates were
desiccated for 24 hours and weighed. The weights were recorded on the data sheet
and in a bound laboratory notebook. The total weight of cach substrate and
stainless steel insert is approximateiy | gram. The low tare weight and simple
donut-like shape of the Pilat (U of W) Mark 5 Cascade impactor insert-substrate

combination allows for a great degree of weighing accuracy.

Once (inal wcights were obtained for the substrates, each {ilter which lines the

substrates was placed in a separate glass jar lor submittal to the laboratory for
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c¢chromium analysis. The substrates were collectively rinsed into a separate jar.

The appropriate blank filters and reagents were submitted along with the samples.
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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 nozzles used to collect isokinetic samples were calibrated on-site before
sampling using inside calipers readable to 0.001 inches. The dry gas meters used to
accurately measure sample volumes have been recently calibrated using a
spirometer at the Washington State Department of Ecology (DOE) laboratory in
Redmond, Washington. The "S" type pitot tubes used for velocity measurement
have also been recently calibrated utilizing 2 wind tunnel and a standard "P" type
pitot tube and are inspected regularly for proper atignment. The digital Fluke
thermocouple indicators used to obtain temperature measurements are accurate to
+1 degree Fahrenheit. Each thermocoupie probe used to monitar temperatures is

checked quarterly at 3 different temperature settings.

In addition to Quantitative clean-up and analysis procedures, filter and reagent
blanks, as well as standard solutions were carried throughout the analysis
procedures. The samples were weighed to constant weights of +0.05 milligrams
following desiccation in a Labconco "Autodry Cabinet” desiccator, This desiccator
15 an clectronic dehumidifier which automatically maintains the humidity inside
the desiccator. The dehumidificr automatically rccharges the internal desiccant
every 5.5 hours with a small heater and fan inside the chamber. An Airguide

humidity indicator accurate to +1% is used to check the humidity inside the
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desiccator when obtaining tarc and final weights. Indicating silica gel desiccant is
added to the chamber as necessary to maintain the humidity at the desired level.
The Mettler AE163 clectronic balance used to obtain weights was set to a time
integrating mode (100,000 rcadings per minute) with a recadability of 0.0l
milligrams. The balance was calibrated prior to every use. The calibration of Am

Test's Mettler balances is checked by the manufacturer on a yearly basis.

Each stage of the Mark 5 cascade impactor has been calibrated using a
polydispersed aerosol and optical size anaiyzer at a range of temperatures and flow
rates to determine the inertial impaction parameter for that particular stage. This
parameter is intrinsic for each stage being controlled by the physical configuration
of the stage and other pertinent aecrodynamic values. The stages are periodically

examined for wear and corrosion and are replaced as necessary.

Additional information with respect to Am Test, Inc.'s laboratory quality assurance

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

o=
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CALCULATION OF RESULTS

The velocity, airflow, molecular weight, and moisture results were calculated using
EPA 40 CFR 60 Mcthod 1-5 criteria. Copies of pertinent cquations are included in
the Appendix of this report. Final results calculations were performed using
spreadsheet programs run on a Hewlett-Packard Vectra computer system. Sample
"by-hand" calculations of results were completed using a Hewlett-Packard

calculator, and may be found in the Appendix of this report,

The particie size distribution results were computer gencrated in the Am Test Air
Quality Division office utilizing a Cascade impactor data reduction program. This
computer program is considered as "state-of-the-art” by particle sizing experts
throughout the United States. Computer printouts of the particle sizc distribution
results are included in Appendix A. To plot the particle size distribution, the
column titled "aerodynamic diameter” (in micrometers) was plotted against the
column titled "percent less than" on semi-log versus probability graph paper to

illustrate the particle size distribution for cach Mark 5 run.
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ANATYSTS REPORT

CLIENT: Am Test, Inc. - Air Quality Division
REPORT T0O: Kris Hansen

BOEING PLANT #2

DATE RECEIVED: 8/23/89

DATE REPORTED: 9/11/89

Laboratory Client Total Hexavalent Volume

Sample Identification Chromium Chromium (ml)

Numbers (ug) (ug)

515088 Blank <0.60 0.036 100.
(0.1N NaOH)

915089 Run 1 Probe 1,040. 1,670. 1oL 0 215.

1,650. ]

915090 Run 1 78.6 84. 130.
First Impinger

915091 Run 2 Probe & 1,030. 1,970, 285,
First Impinger

915092 Run 3 Probe & 283. 321. 329.
First Impinger

$15083 Run 1 102. 120. 130.
Second Impinger

915094 Run 2 113. 122. 1389.

. ] 1225

Second Impinger 123.

515095 Run 3 2.2 11.58 144.
Second Impinger

DETECTION LIMIT+ 0.006 0.025 -

EPA Method used 200.7 7176 -

< = less than
*Values reported in mg/1.

REPORTED BY <i2nﬁ;27 7\22;Zéu
Daj

PRy

JTD/pb éyf John _B7




ANALYSIS REPORT

ArmTast inc , 04'

Proteasional
Anstytical

Satvicas

T4RNA N[ Rith 51
lhectinonwt WA
98042

Fux 206 BB3 3495

Tml 206 BBS 1664

CLIENT: Am Test, Inc. - Air Quality DATE RECEIVED: 8/23/89
Division
REPORT TO: Kris Hansen DATE REPORTED: 8/31/89
BOEING PLANT #§2
Laboratory Client Total Volume
Sample Nos. Identification Chromium (ml)
915096 Blank Filter <0.15%* -
915097 Run 1 Filter <0.15%* -
915098 Run 2 Filter <0.18%* -
8915099 Run 3 Filter <0.15%* -
515100 Run 1 HNO <1.00%*% l66.
Solution
915101 Run 2 HNO <1.Q2%* 170.
Solution
915102 Run 3 HNO3 <0.894*%=* 149,
Solution
915103 Blank Solution <0.600%* 100.
(0.1 N HNO,)
DETECTION LIMIT 0.006 -
EPA Method used 200.7 (ICP) -

*Reported in ug/filter.

**Reported in ug.
REPORTED BY V/ QL(Q;L_ ?/KT{&q\

KF/pb ' Kathy\Fuglel’
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ANALYSIS REPORT

AmTant ing f 05

ptussinngl
Anabyticpl

Swervrcmn

1ABDI N T H7th i
Hefinnnl WA
YROL,

Fax 206 BBS 3439h

Tul 206 BYS 1664

CLIENT: Air Quality Division DATE RECEIVED: 8/30/89
REPORT TO: Kris Hansen DATE REPORTED: 9/7/89
BOEING PLANT 2
Total Hexavalent

Laboratory Client Chromium Chromium
Sample No. Identification (ug) * (ug)
915486 Run 1 1st Impinger 297. 324.

& Probe
915487 Run $ 2nd Impinger 4.16 7.49
915488 0.1 N NaCH Blank 0.70 2.2
915489 Run 1 HNO3 3rd & 4th <1l.06 -

Inp
915490 0.1 N HNO3 Blank <0.60 -
915491 Run 1 Teflon Filter~* 2.0 -
915492 Teflon Filter Blank* <0.30 -
EPA Method 200.7 7196

*Filter samples reported as

REPORTED BY:
KF/ja

(ug/filter).

A g, Tog.

' Kathy } Fuc gl




CLIENT: Am Test, Inc. - Air Quality Division

REPORT TO:

AMT=ST

ANALYSIS REPORT

Kris Hansen

BOEING PLANT #2 -

DATE RECEIVED: 9/1/89

DATE REPORTED: 9/12/89

BUILDING 210

Laboratory Client Hexavalent Total Volume
Sample Identification Chromium Chromium {(ml)
Numbers

Blank

915737 0.1N NaCH <2.5 <0.60 100.
915738 0.1N HNO:3 - <0.60 100,
915738 Teflon Filter - <0.30 -
Rl Workroom (Bath #5)

915740 NaOH Imp #1 1,553. 1,311, 187.
215741 NaOH Imp #2 2B8.3 25.7 133.
915742 NHQ3 Imp #3 & #4 - <0.87 145.
8915743 Filter - <0.30 -
R1=-PS

915744 Inmpactor Rinse NaOH 156, 162. 183.
915745 Probe Rinse l1.16 4.45 89.
815746 Imp #1 <3.7 <0.90 150.
915747 Imp #2 <3.3 <0.79 132,
915748 Imp #3 & #4 - <0.83 138.
815749 Filter - <0.30 -
R2

8915750 Probe Rinse 620. 603. 178.
915751 Imp #1 26.1 32.0 130,
915752 Imp #2 43.2 42.3 137.
915753 Imp #3 & #4 - 1.09 121.
915754 Filter - <0.30 -




AMTEST 07

CLIENT: Am Test, Inc. - Air Quality Division DATE RECEIVED: 9/1/89

REPORT TO: Kris Hansen DATE REPORTED: 9/12/89

BOEING PLANT #2 - BUILDING 210

Laboratory Client Hexavalent Total Volume
Sample Identification Chromium Chromium {(ml)
Numbers

R3

815755 Probe 654. 596. 143,
915756 Imp #1 35.13 34.0 141,
915757 Imp #2 44.2 42.2 141.
815758 Imp #3 & #4 - <0.96 1560.
915759 Filter - <0D.30 -

Liquid Solutions are reported in units of ug.
Filter Samples are reported in units of ug/{ilter.
Volumes are reported in units of ml.

REPORTED BY 74111Q1 C%;thAJ&

KF/pb Kathy Fdpiel
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ANALYSIS REPORT

CLIENT: Am Test, Inc. - A%rlQuality DATE RECEIVED: 9S/6/89

Division

DATE REPORTED: 9/18/89

REPORT TO: Kris Hansen

BOEING PLANT #2
Laboratory Client Total Volume
Sample Nos. Identification Chromium {ml)
915962 Rinse of Substrates 0.75 ug 50.
915963 Blank Solution <0.60 ug 100.
915965 Blank Filters 0.65% -
915966 1 4.75% -
915967 2 3.47% -
915968 3 62.7% -
9159697 4 55.7% -
915970 5 12.% -
915971 & 3.3% -
915972 7 0.67% -
915873 8 0.42%* -
915874 9 0.45% -
915975 10 G.40* -
915976 12 6.7% -
Filter Reagent Blank 0.20 ug -
EPA Method No. 200.7 (ICP) -

*Reported in ug/filter.

KF/pb

REPORTED

w Ko o)

' Kathy @d@ie%ﬁj '
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AmTent Inc

! J v | I-j Hrofessinnal "Oq

ANALYSIS REPORT

Annalyucal

Servicns

14B0E N | Hhnh i
Hedmnngd WA
R,
CLIENT: Air Quality Division DATE RECEIVED: 9/20/8%
Fora Jthe HAL 1444
REPORT TO: Kris Hansen DATE REPORTED: 9/29/89 Tt 2% 01y 520t
BOEING PLANT 2
Chromic Acid Bath #5
Laboratory Client Total Hexavalent
Sample No. Identification Chromium Chromium
917067 Run 1 Imp 1 & 2 24.5 <6.25
(.1N NaOH)
917068 Run 1 Imp 3 & 4 1.33 -
(0.1 HNO,)
917069 Run 1 Teflon Filter 0.175 -
917070 Run 2 Imp 1 & 2 268. 247.
(0.1 NaOH) 246, ]
817071 Run 2 Img 3 & 4 1.64 -
(0.1 HNO®)
917072 Run 2 Teflon Filter 0.275 -
917073 Blank Solution <1.,00 <2.5
(0.1 NaCH)
917074 Blank Solgtion 1.2 -
(0.1 NHCO”)
917075 Blank Teflon Filter 0.175 -
917076 Bath #5 Sample 48,470,000. 5,292,000. 12\
917077 Run 1 Probe 28.8 23.1
(0.1 N NaOH)
917078 Run 2 Probe 1,141. 1,212.
(0.1 N NaOH)
Detection Limit (ug/ml) 0.006 0.025
EPA Method 200.7 (ICP) 7196

Solutions reported in ug, filter reported as ug/filter.

KF/ja

REPORTED BY:
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ANMT=ST
ANALYSIS REPORT
CLIENT: &AM TEST, INC. - AIR QUALITY DATE RECEIVED: 12/4/89
DIVISION DATE REPORTED: 12/11/89
DATE REVISED: 1/30/90
REPORT TO: Kris Hansen
BOEING PLANT #2
Laboratory Client Chromium Volume
Sample Nos. Identification (ug/filter) (ml)
922208 Stage RB-1 1.72 -
922209 Stage RB-2 1.20 -
922210 Stage RB-3 33.5 -
922211 Stage RB-4 49.8 -
$22212 Stage RB-5 24.0 -
922213 Stage RB-6 3.60 -
522214 Stage RB-7 0.58 -
922215 Stage RB-8 0.32 -
922216 Stage RB-9 0.35 -
922217 Stage RB-10 <0.1l5 -
922218 Stage RB-12 9.0 -
922219 Rinse of RB Substrates 1.62%* 116.
922220 Rinse of H Substrates <0.6% 100.
922221 Blank Sol. <0.6%* 130.
922222 Blank Filtersx* <0.15 -
922223 Stage H-1 0.45 -
922224 Stage H-2 1.12 -
922225 Stage H-3 57.8 -

*Results are in ug,
**4 Mark 5 filters.

Filters were brought to 25 mls. total volume.




CLIENT: AM TEST, INC. - AIR QUALITY DATE RECEIVED: 12/4/89
DIVISION DATE REPORTED: 12/11/89
DATE REVISED: 1/30/90

REPORT TO: Kris Hansen

BOEING PLANT #2

Laboratory Client Chromium Volume
'Sample Nos. Identification (ug/filter) (ml)
822226 Stage H-4 50.5 -
922227 Stage H-5 22.9 -
922228 Stage H-6 2.08 -
922229 Stage H-7 0.52 -
922230 Stage H-8 0.42 -
822231 Stage H-9 <0.15 -
922232 Stage H-10 <0.15 -
922233 Stage H-12 <0.15 -
BLANK 1 <0.15 -
BLANK 2 <0.15 -

Filters were brought to 25 mls. total volume.

REPORTED BY Q( Dﬂu&q

JTD/pb John T, /‘D/alleyd
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ANALYSIS REPORT

CLIENT: AM TEST, INC. - AIR QUALITY DATE RECEIVED: 11/30/89
DIVISION DATE REPORTED: 12/1/89
DATE REVISED: 1/30/90

REPORT TQ: Kris Hansen

BOEING PLANT #2

Laboratory Client Chromium Hexavalent Volume

Sample Identification (ug) Chromium (ml)

Numbers (ug)

922090 Blank <0.6 <25. 100.
0.1 N NaOH

922091 Blank <0.6 - 100.
0.1 N HNO3

922092 Blank <0.15%* - -
Teflon Filter

922093 Run 1 <0.,15% - -
Teflon Filter

922094 Run 1 NaOH 470. 438. 395,
Imp 1 & 2

922095 Run 1 HNO3 <l.1 - 177.
Imp 3 & 4

922096 R2-PS <0.15% - -
Teflon Filter

922087 R2-PS NaOH 6.08 <70. 380.
Imp 1 & 2

922098 R2~PS HNO, <0.8 - 133.
Imp 3 & 4

922099 R2 Impactor 24.2 <53, 212.

Stages Rinse

*Results are in ug/filter.
Fllters were brought to 25 mls. total volume.
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AMT=ST
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CLIENT: AM TEST, INC. - AIR QUALITY DATE RECEIVED: 11/30/89
DIVISION DATE REPORTED: 12/1/89
DATE REVISED: 1/30/90
REPORT TO: Kris Hansen
BOEING PLANT #2

Laboratory Client Chromium Hexavalent Volume

Sample Identification (ug) Chromium (ml)

Numbers (ug)

922100 R2 Straight 86.6 68.4 38.
Nozzle Rinse

922101 R3=-PS - - -
Teflon Filter

922102 R3-PS5 NaOH <2.16 <80, 360.
Imp 1 & 2

822103 R3-PS HNO3 1.34 - 168.
Imp 3 & 4

522104 R3-PS 26.1 <32. 128.
Impactor Rinse

922105 R3-PS 30.2 22.6 20.
Nozzle Rinse

922106 R4 <0.15% - -
Teflon Filter

922107 R4 NaOH 6.90 679, 350.
Imp 1 & 2

822108 R4 HNO <0.9 - 157.
Imp 3 g 4

*Results are in ug/filter.

Filters were brought to 25 mls. total volume.
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ANALYSIS REPORT

AMT=ST 4

CLIENT: AM TEST, INC. - AIR QUALITY DATE RECEIVED: 12/1/89
DIVISION DATE REPORTED: 12/11/8%
DATE REVISED: 1/30/90
REPORT TQ: Kris Hansen
BOEING PLANT #2
Laboratory Client Chromium Hexavalent Volume
Sample Identification (ug) Chromium {(ml)
Nos. (ug)
522111 Blank <0.6 25. 100.
0.1 N NaCH
922112 Blank <0.6 - 100.
0.1 N HNO3
922113 Blank <0.15%* - -
Teflon Filter
922114 Run 5 NaCH 458. 442. 409,
Imp 1 & 2
222115 Run 5 HNO3 1.20 - 171.
Imp 3 & 4
922116 Run 5 <0.15% - -
Teflon Filter
922117 Chromic Acid 6,325,000, 6,578,000, 253.

Bath #5

*Results are in ug/filter.

Filters were brought to 25 mls. total volume.

JTD/pb
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SAMPLE CALCULATION SHEET
METHODS 1-5

cient: Boeine FPLANT # 2 DATE OF TEST: §- 22- §9
rocaTIoN: Seattle Waok . RUN #: /[ Bo#SCR / La [/‘Tf 20
/- Bad i On TS

Particulate Matter Emission Concentration - Equation 5-1

V =
1?‘2470R/"Hg*5}[.23’ft3* 943 *(3p.04'Hg + (L2F€"H,0/13.6))/(460 + 35O °F)

= 53.53) dsct
dscm =4$3.SZ20 dscf/35.31 ft3/md
= L5/ t dscm
Substitution of Equation 5-4 into 5-5
Wy, = mg * ml / ml
= _  mg
M, = (net weight filter catch) + (net weight "B" section) - Wa + Back-half
= mg = mg + mg - mg + mg
C= (0.001 g/mg) * (15.43 grains/gram) * ng / dsct

il

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,

mg/dscm = mg/ dscm
= mg/dscm
arti e s
pounds/hour = gr/dscf # dscf/min * 60 min/hr # 1 1lb/7000 grains
= 1b/hr

Meisture - Equation 5-2 and 5-3

VWsig = 0.04715 fti/g » !(a- T grams of H,0 collected in impingers

= 3% sce
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SAMPLE CALCULATION SHEET (continued)
METHODS 1-5

Bws = (. 18+ scfy/(_ #¥?F scf + 43.530dsct)
= 00145
$Moisture = (. 0145 » 100
= /.45 %
Molecular weight - Equation 3-2
Mg = 0.440 ® (0. [ %CO;) + 0.320 ® (209 %0,) + 0.280 ® (290 % co + %N,)

My 25,&5 g/g-mole (dry)
M = 2495 g/g-mole * (1 - (049 ) + 18.0g/g-mole * D145

My = 2y, (9 g/9-mole (wet)

Stack gas velocity and volumetric flow rate - Equation 2-9 and 2-10

85.49 ¥ ?5 x _4q¥T o J§3i’.5° R /2% 119 g/g-mole / 20,04 "Hg
13. 30 tt/sec (std)

it

It

il

Vs

Vs

Qg = 3600 * (1 - 0IYS) * 2830 ft/sec * [2.5bft? » (52F ° R/S3f5° R) *

(30.04"Hg/29.92,_"Hg)
=242 adafdscf/hr / 60 min/hr
= 2070d. |dscf/min (dry standard cubic feet per minute)
acfm = QY¥.3Q ft/sec ® 12.5(, ft?* 60 sec/min
= &lzqo.Zacfm (actual cubic feet per minute)

Isokinetic varjation - Equation 5-8

= 0.09450 * §3.5870 dscf * $3¢S o R/(30,0Y"Hg * 2f.30ft/sec *_ [ O min *
0.0005343FL? *(1 <0195 ))

I1=/0] %

All of the above numbered egquations are from the 40 CFR 60 and assune
English units.

I
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| Traverse Distance
Point {inches)
1 2.11
. 2 7.01
: 3 14.21
4 33.79
= 5 40.99
' 6 45.89
A IME
- 48 inch diamcter circular stack
2 ports
A=2feet
B =6 fect

Figure 4. Location of sampling ports and traverse points.
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Figure 5. Method 5 Sample Train.

A

Sampling nossle

Sampling probe shaath

Heated sample probe liner

Out of stack filter assambly

Heated filter compartment maintained st 148°F + 25°F
{or temperature spacified in 40 CFR subpart)

{mpinger case - contains ice during sampling

First impinger containing 100 ml H20

Modified Greenburg-Smith impinger containing 100 ml H3z0
Third impinger - empty

Fourth impinger containing indicating silica gel desiccant
Impinger exit gas temperature sensor

Umbilica] cord - vactuum line

Vacuum gauge

Fine and coarsa adjustment valves

Leak free pump

By-pasa valve

Dry gas mster with inlat and cullet temperature sensors
Orifice mater with magnehelic gauges

S-type pitot tube with magnehelic gauges

Fluke multi-channal digital thermocoupia indicator
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Marx 5 with sampiing nozete

PCSC Precutter with Norie on Mark 3

g

' l.‘. *loqbn-

LAY EXNNY '

-
.

B s il T T 14

Figure G, Mlustration of Pilat (U of W) Mark S Cascade impactor, Mark 3 impactor
equipped with a PCSC precutter attachment, and an enlargement of the PCSC

precutter attachment.
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METHOD | - LOCATION OF TRAVERSE POINTS

DISTANCE
% ol diamelrr

TRAVEASE
POINT

[ BT L B
B b Bt

VYO e
O AN e

Fwgure 1:3. Example showing crrcuiar stack crons section divided nto
12 equal sreas. with location of traverse ponts indicared.

TABLE 1-2. LOCATION OF TRAVEARSE POINTS IN CIACULAR STACKS

[Parcent Of stack ametsr oM wece wall 10 Vaverss powd)

Number Ol Faverss DOnts ON & Chamiter —

Trewsvne DOVl AUMDE 0N 8 male P o h ———
‘ s [} w | 12 | e | 1w | e | 2 2:—[ 24
L _— - -r—- - T—
1 148} &7 44, 32| 26) 21 18] 16 ui val ol o
2 gsa| 250 et 108l s28 s3] sri a9l «al 39} 3sl a2
3 750 | 206 194 | a6 118| 99| 88 r5, &7 60| 5%
4 93| 704 229 228 177 | 14| 128 09| 97| e7| 79
5. . BSa | 677 | 242 | 250{ 200 | 169 | 146 ]| 129 116] 108
6. Jose| 06| asa| 358 260 | 220| 18] 165] 148 132
7. e | 808 774 saa ) 268 23] 226 204 180 161
... 968 ] 854 75.0) ede| 375 206 2350 218 104
0. el M| 8230 Y30} 625 302 306 | 22 230
10 ora | Baz| 700 70| 81| 20m ] | 272
" o] 03] 854 TR0 TO4| 002 3] 223
12.. | ore{ o0t]| 8ar | ras| spa| 07| 200
B | e L 75 (e12) 80| sas | 802
1e 05| asa | res| ran | er2
15 51 800 | 835 | 782 | 728
" pae| 925 ) 871 | 820 770
17 938 PO | 634 | 806
8 sas! 9221 884l 82
Rectangular Stacks
For s rectangu-
lar crosa section, an equivalent diameter T T T
(Dy) shall be calculated [rom the following ° L ' o | o
equation, Lo determine the upsiream and i | !
downstream distances: B L B o]
-7 | 1
o | o Lol o
LW ! i
D, = e )
(L+W) I ! I
o | o I o ©
1 [ i
S | 1 -

where L=lenglh and W=widLh.

Figuie 1 4 Exampls showing teciangular slack cromn
e tion divioed 1010 12 squal areas, wilh b Lraverie
point ol centrowd of each siea

te3
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MINIMUM NUMBEA OF TRAVERSE POINTS

MINIMUN NUMBER OF TRAVERSE POINTS

METHOD | - MINIMUM NUMBER OF TRAVERSE POINTS

*
DUCT GIAMETERS UPSTREAM FRAOM ¥ LOW DISTURBANCE (DISTANCE A}

0 10 18 20 23
e | T T T T T T
*MIGHER NUMSER 1S FOA ¥ DISTURBANCE
MECTANGULAR STACKS OR DUCTS A
ol i | wrssuntuiny =
I —- e
» [ H I —
s on 25"
24 OR 25 kolsruumcl
20
nr— —
16 37TACK DIAMETER > 0.61m (24 in)
12
W= gone —
« FROM POINT OF ANY TYPE OF
DISTURBANCE (BEND, EXPANSION. CONTRACTION, ETC.)
STACK DIAMETER « 0.30 TO 0.6 m (12:24 in)
0 1 L f | i f I
? 1 4 s ] 7 s ’ 10
-
DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE (DISTANCE B)
Frgure 1-1, Minimum number of traverse points for particulale traversss
OUCT DIAME TERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
05 10 1.8 70 25
o I T | T T T T
* HIGHER NUMBER 1S FOR T DISTURBANCE
AELCTANGULAR $TACKS DR DUCTS N
40 b { acf ASUREMENT |
I - — - SIE
[ t .
» -
l kons:uuanc!
70 - —
16 STACK DIAMETER > 0.61 m (24 )
P 12
0 - sore®
STACK DIAMETER = 0 30 TO 0.6t m [12.24 m.)
¢ | | | ! 1 | 1
? 3 a 3 ‘ ? . ) 10

DUCT DIAMETERS DOWNSTAEAM FROM FLOW DISTURBANCE {DISTANCE B)

Figure 1.2 Minimuin nuinber ol \raverse pointt for velociiy tnonparticulatel 1raveries
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METHOD 2 - STACK GAS VELOCITY AND VOLUMETRIC FLOW CALCULATIONS

9.1 Nomenclatuve,

A= Croas-sectional ares of stack, m* (ft?).

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

G = Pitot tube coef{icient, dimensionless

K, =Pltol tube constant,

. [ igrg-molc)(mm Hu}]‘”
44.97 seed (°K)Ytmm 11,0}

for the metric aystem and

ft [{ib/lb-mole}{in. llg)]"’
R5.4p — | HibAL-mole}lin. i)
e R YET I oY

for the English aystem.
M, =Molecular weight of stack gas, dry basia
(see Section 3.6) g/g-mole (1b/1b-mole),
M, =Molecular welght of stack gaa, wet
basis, g/¢-mole {1b/1b-mole).
=M, (1-Ba) +18.0 B
Eq. 2-5

Pu.=Barometric pressure st measurement
alte, mm Hg (in. Hg).

F,=8tack static pressure, mm Hy (in, Hg).

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

=P+ P, Eq. 2-4

Eq. 1-8

Pes=Standard absolute presaure, 760 mm
He (20.82 In. Hg).

W= Dry volumetric stack gas Mow rate cor-
rected to standard conditions, dscm/hr
(dacf/hr).

L =8tack temperature, ‘'C {*F).

T, = Absolute stack temperature, K. ("R).

=273+ L tor metric.

Eq. 2-7
=460 + L for Engliah.
Eq. 2-8

Tws=Standard absolute tempersture, 293 'K

(328" R}
= Average stack gas velocity, m/sec ([t/

sec).
4, = Velocity head of stack gas. mm H.Q (n.

H.0)
1,800 = Converston factor, sec/hr.
18.0 = Molecular weight of waler, g/g-moie

(Jb/Ib-mole).
5.2 Average Stack Gas Velocity.

= Ky Col VAP)araa [ L20v0
’ (VaPp)aes e

Equation 2-9

5. Average Stack Gas Dry Volumetric
Flow Rate

T P,
Qu=3.800(1 - Byt [——-H —
T\ P

Eq. 2-10

METHOD 3 - MOLECULAR WEIGHT AND EXCESS AIR CALCULATIONS

6.1 Nomenclature.

M, =Dry molecular weight, g/g-mole (1b/!b-
maole),

%EA w Percent exceas alr.

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

%0:=Percent O, by volume (dry basia}.

%CO«=Percent CO by volume (dry basis).

‘BN, =Percent N, by volume (dry baais).

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

0.280 = Molecular weight of N, or CO. divid-
ed by 160.

0.3210(;!(01&1:11: weight of O, divided by

0.14?0;)40!&:!11:: weight of CO, divided by

8.1 Percent Excess Alr, Calculate the per.
cent excess air (If applicable), by subatitut-
ing the appropriate values of percent O,
CO. and N, (obtained from Section 4.1.3 or
4.2.4) into Equation 3-1.

%0.-0.5% CO .
x
0.264% NA%O, -0.5% CO)

Eg. 3-1

Nort The equation above assumes that
amblent alr 1s used as the source of O, and
that the fuel does not contaln appreciable
amounts of N, (a3 do coke oven or blast fur-
nace gases). For those cases when apprecia-
ble amounts of N, are present (coal, oll, and
natural gas do not contaln appreciable
amounta of N,) or when oxygen enrichment
Is used., alternate methods, subject to ap.
proval of Lthe Adminbtrator, are required.

8.3 Dry Molecular Weight. Use Equation
3-2 to calculate the dry molecular weight of
the stack gas

M 044 RCON+0.3200 %00 +
0 2800 %N+ %CO)

Eq. 3.2
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METHOD 4 - STACK GAS MOISTURE CALCULATIONS

2.3.] Nomenclature.

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

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

P .= Abaolute pressure (for this method,
same as barometric presaure) at the dry
g8 meter, mm Hg <in, Hy).

Pae=Stlandard absolute pressure, 700 mm
Mg (20.92 in. Hg).

K=1deal gas constant, 0.06236 (mm Hg)
(im*/ig-mole) ("K) for metric units and
21.85 (n. Hg) (1LY/(b-mole) ("R) for
English units.

T--Il;baoluu temperature at meter, ‘K
{"R}.

Twe=5Standard absoiute Lemperature. 203"
K (528°R).

VawuDry gas volume messured by dry gas
meter, dem (def).

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

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

Vaews= Volume of water vapor condensed
corrrccl.ed Lo standard conditions. scm
(scl)

Vivewer= Volume of water vapor collected in
s_ilica gel corrected to standard condi-
Lions, sctn (scf).

V,=Finai volume of condenser water, ml.

V.=Initia) volume, If any, of condenser
waler, ml.

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

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

¥ = Dry gas meter calibration factor.

P «=Density of water, 0.0982 g/m] (0.002201
Ib/ml),

2.3.2 Volume of Water Vapor Condensed.

(V= Vi)pw B Tore
e,

Vertwrs =

- K,/(Vi=- V)

XN, =0.001333 m*/ml for metric unls
= 0.04707 ft*/ml lor English unils

2.1.3 Volume of Water Vapor Coliected in
Silica Gel

(W - WA T,
V-qumn - - A
Pra,
- KW, - W)
Eq.4-2
Where:
X ,=0.001335 m*/g for metric units
=0.04718 1t*/g for Engllsh unlts
2.3.4 Sample Gas Volume.
(P }{Tuea)
Vowin) = Va -_
(Pral(Ta)
Vo Po
K, ¥ -
Eq. 4-3

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

Note If the post-lest leak rale (Section
2.2.8) exceeds the allowable rate, correct the
value of V. in Equation 4-3. as described in
Section 6.3 of Method 3.

2.1.5 Molsture Content.

Verws) + Venpwsa s

By = -

Vv wret + Vingprat + Vst

Eq. 4-4
Notr: In saturated or molisture droplet-
laden gas streams, two calculations of the
motsture content of the stack gis shall be
made, one using s value based upon the
salurated conditions (see Section 1.1}, and
another based upon the resulta of the Im-
pinger analysls. The lower of Lhese (wo
values of B,, shall be conajdered correct.



METHOD § - PARTICULATE EMISSION CALCULATIONS - (1)

6.1 Nomenciature.

A, =Cross-sectional ares of nozzle, m'(ft"),

B.s= Water vapor in the gas sitream. propor-
tion by volume.

C. < Acetone biank residue concentratlon,
me/g.

¢.. Concentration of particulate matter in
stack gas, dry basls, corrected 1o atand-
ard conditions, g/dscm (g/dsci).

} .. Percent of lsckinetlc sampling.

L. - Maximum acceptable jeakage rate for
elther a pretest leak check or for a leak
check following a componcent change:
equal to 0.0057 m*/min (0.02 c¢im) or 4
percent of the average sampling rate,
whichever Is less.

L. = Individual leaknge rate observed during
the leak check conducted prior to Lhe
“{* component change {i=1, 2, 3...n},
m?*/min (¢fm}.

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

m, = Mass of residue of acetone after evapo-
ration, mg.

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

M.=Molecular welght of water, 10.0 g/g-
mole (18.0lb/1b-mole).

F.,=Barometric pressure at Lhe sampling
site, mmm Hg (In, Hg).

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

P, -Standard absplute pressure, 760 mm
Hg (29.82 in. Hg).

R = 1deal gas constant, 0.06236 mm Hg-m?¥/
"K-g-mole (21.8% in. Hg-ft*/"R-lb-mole).

T- = Absolute average dry gas meter temper-
ature tsee Flgute 5-2), ‘K ("R

T.= Absolute average stack gas temperature
{see Figure 5-2), *K ('R).

T =5Standard absolute tempersture, 292° K
(528° R).

V. = Volume of acetone blank, ml.

V.r = Volume of acetone used in wash, ml.

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

V. Volume of gas gample as measured by
dry gas meter. dem (dscl).

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

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

v = Stack gas velocity, ealculnted by Method
2, Equatlon 2-p, using data obtained
from MetLhod 5. m/sec (ft/sec).

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

Y=Dry gas meter calibration {actor.

4Ha= Average presyure differentinl acr
the orifice meter (sec Figure 5-2). mn
"-0 tin. H.O). :

# = Density of acetone. mg/mi (see abel on
bottle),

pv=Denaity of waler, 0.0982 g/m) <0.00220}
lb/mi).

¢ = Total sampling time, min.

8, =Bampling time interval, from the begin-
ning of & run until the firsl component
change. min.

8, = Sampling time interval, between Lwo suc:
cesaive component changes, beginning
with the Intefval between the flrst and
second changes. min,

8, =Sampling time interval. from the {ina}
{n'") component change untll the end of
the sampling run, min,

13.8 = Specific gravity of mercury.

80 = Sec/min.

100 = Conversion (o percent.

6.2 Average Dry Gas Meter Temperature
and Aversge Orifice Pressure Drop. See
data sheel (Figure b-2).

8.3 Dry Gas Volume. Correct the sample
volume measured by the dry gas meter Lo
standard conditions (20" C, 760 mm Hg or
68° P, 20.9% in. Hg) by using Equation 5-1.

Pb.l + ‘A—H"
V. =V }'(.T_"_‘) .- ..la.ﬁ
LRLICH - T.. P""
=g vy Do 1 (OHNYG)
T-
F.qualion 5-t

Where;
K,=0.23858 “K/mm Hg for metric units
=17.84 *R/In. Hg for English units

Nortr: Equation 5-1 can be used as written
urdess the leskage rate observed during any
of the mandatory leak checks (i.e., the post-
test leaXx 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 ruh. In this case, replace
Va In Equation 5-1 wilh the expression:

[Va—tly—Ly)8]

{b) Case 1lI. One or more component
changes made during the sampling run. In
this case, replace Vo In Equation 3-1 by the
expression:

[1'-" (Ly- Laigy

e DR U ST R I..)a,.:|

1=

and substitute only for those leakage rates
(L. or L) which exceed L.
64 Volume of Watler Vapor.
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METHOD S - PARTICULATE EMISSION CALCULATIONS - (2)

Egwation &1
V- tara) = Vll i:) (F}%.‘) - K'Vll

Where:
K.=0.001333 m'/ml lor metric unita
=.04707 ft*/ml for English units.

6.5 Molsture Content,

Ve e
Bn = -

Vo wier 4 Vo went

Eq. 5-3
Notx: In satursted or water droplet-iaden
gas streams. two calculations of the mols.
ture conlent of the stack gas shall be made,
one from the impinger analysis {Equation 5-
3). and a second {rom Lhe assumption of
saturated conditions. The lower of the twe
values of B, shall be considered cotrect. The
procedure for determining the molsture
content based upon assumption of saturated
conditions Ls 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 instack tempersture sensor 8 +1° C
2* F.

8.6 Acetone Blank Concentration.
C, - Eq. 5-4

€.7 Acetone Wash Blank.

We = G Vaope Eq. 5-5

8.8 Total Particulate Weight. Determine
the total particulate cateh from the sum of
the weights obtained from Containers 1 and
2 lema the aoetone blank (see Plgure 5-3).

Notx: Refer to Bection 4.1.8 to assist In
calculation of results involving two or more
fliter assemblies or two or more sampling
trains,

6.9 Particulate Concentration.

&w{0.00} g/mg)ima/Va )

Eq. 8-8
€.10 Conversion Factors:

trom To Mutgey by
Ll rm* 002007
wn' Cgen? 1 1h 4]
gm’ , Rt 22 -
grn’ quvn‘ LR

A.11 lsokinellc Variation.
6.11.1 Caleulatton From Raw Dala

100 T UKV, « (Pu/Tadt g, A/ 13 .61

60w, P, A,
Eq. 5-7
Where:
K,=0.003454 mm Hg-m*/m] .-"K for metric
units.
=0.002689-In. Hg-t*m!-"'R for English
units.
6.11.2 Calculntion From Intermedinle
Values.
TV et Pas 10
T Teav 0 AP B0 K,
=K TVaiwn
YRV A B
Equation i-s
where:

X, =4.320 for metric unlis
=0.00450 for Engliah units.

8.12 Acceptable Resulls. If 90 percent < 1
< 110 percent, the resulta are accepiable. If
the particulate results are low in compari-
son (o the standard, and | 4 over 110 per-
cent or less than 90 percent, the Administra-
tor may accept the resuilts.
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NOMENCLATURE
METHOD 5 CALCULATIONS

Volume of gas sample measurcd by the dry gas mceter, corrected
to standard conditions, dscm {(dscl).

Dry gas meter calibration factor

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

Avcrage pressure differential across the orifice meter,
mm H,0 (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
Acctone blank residue concentration, mg/g

Yolume of acetone blank

Yolume 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/dscf)

grains per dry standard cubic foot

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

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

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

Pitot tube coefficient, dimensionless
Yelocity head of stack gas, mm H,O (in. H,0)

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



ST |

Qlld
dscf/min

acfm
1

A

150

NOMENCLATURE (continued)
METHOD 5 CALCULATIONS

Dry volumetric stack gas flow rate corrected to standard
conditions, dscm/hr (dscf/hr)

dry standard cubic feet per minute (also identiflicd
as defm or scfm)

actuai cubic feet per minute
Percent of isokinetic sampling

Cross-sectional area of nozzle, m? (ft3)
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DIRECTOR - AIR QUALITY DIVISION

EDUCATION

- B.S.. Chemistry, Central Washington University, 1973

- Courscwork and 2.5 years rescarch completed towards M.S.,
Chemistry, Central Washington University

- Professional training courses and specialty conferences

PROFESSIONAL MEMBERSHIPS

- Air and Waste Management Association (AWMA)

- American Association for Acrosol Research (AAAR)

- Pacific Northwest International Section of AWMA (PNWIS)
- Source Evaluation Society (SES)

- American Chemical Society (ACS)

PROFESSIONAL EXPERIENCE

Am Test, Inc.'s Air Quality Division, developed and dirccic? by Mr. Hansen, s in
its cighth year of existence. Mr. Hansen conducts full-service source testing
activities including particulate matter emissions testing, particle size distribution,
testing for sulfur and nitrogen oxides, hydrogen sulfide, semi-volatile and volatile
organic compounds (including dioxins and (furans), toxic air pollutant
characterization, opacity measurement, continuous e¢mission monitor certifications
and other EPA methodology. He has developed sampling and analysis technigues
for many sources for which EPA guidelines are not available. Mr. Hanscn has
worked at all types of industrial facilities, including oil and gas refineries, gas, oil
and coal-fired power plants, nuclear plants, aluminum plants, wood products
industries, smelters, incinerators, and other industrial sources throughout the lower
48 states, Alaska and Canada. Mr. Hansen manages an ¢xperienced [ield testing
and laboratory analysis staff and maintains a strict quality assurance program.
Mr. Hansen manages all phases of project development, including cost estimation,
scheduling, sample collection, analysis and report preparation.

Prior to joining Am Test, Inc,, Mr. Hansen's professional experience included 4.5
years as the Manager of Laboratory services for an environmental consulting firm
which specialized in air quality studies, and 2 years as a laboratory instructor
while attending graduate school at Central Washington University, where his
rcscar-ch emphasis was in gas chemistry. Mr. Hansen has 14 years of professional
experience.

Mr. Hanscn assists in the instruction of the EPA 450 "Sourcc Sampling for
Particulate Pollutants” and the EPA 468 "Source Sampling and Analysis of Gascous
Pollutants® courses offered yearly by the EPA in cooperation with the University
of Washington. Students arc represented by industry and governmental agency
personnel from across the US. and other nations. Mr. Hansen was the recipient of
the 1987 PNWIS/APCA "Hardhat Award" which was presented in recognition of his
contributions to thec advancement of source sampling technology in the Pacific
Northwest.
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JAMES A, GUENTHOER

SENIOR PROJECT ENGINEER

EDUCATION

- BS., Geology, Juniata Coliege, Huntington, Pennsylvania, 1972

- MS.E, Environmental Engineering Division, Department of Civil
Engincering, University of Washington, Seattle, Washington, 1985

- Professional training courses and specialty conferences

PROFESSIONAL MEMBERSHIPS

- Air and Waste Management Association (AWMA)
- Pacific Northwest International Section of AWMA (PNWIS)

-  Source Evaluation Socicty (SES)

PROFESSIONAL EXPERIENCE

Mr. Guenthoer has been a Project Engineer for Am Test, Inc. for the past 6 years
and has had 12 years of professional experience. Mr. Guenthoer specializes in
performing field sanmipling for source emission evaluations. He is experienced in
the collection of samples to be analyzed for particulate matter, particle size
distribution, sulfur and nitrogen oxides, hydrogen sulfide, semi-volatile and
volatile organic compounds (including dioxins and furans), toxic air pollutants, and
other chemical species. Mr. Guenthoer was the recipient of the 1989 PNWIS/APCA
"Hardhat Award® which is presented cach year to apn individual to recognize his
contribution to the advancement of source sampling techmology in the Pacific
Northwest.

Mr. Guenthoer was formerly the Operations Manager for Potlution Control Systems,
Inc. of Secattle, Washington for 4 years and handled the design, technical services
and sales of in-stack source test Cascade impactors. He assists in the instruction of
EPA 450 and EPA 468 Source Sampling Short Courses for particulate and gaseous
pollutants which arc offered each year by the EPA in cooperation with the
University of Washington. He¢ has also assisted in presenting workshops to
demonstrate the usc of in-stack source test Cascade impactors.

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

- A.S., Mathematics, North Idaho College, Cocur d’Alene, Idaho, 1978
- Professional training courses and specialty conferences

PROFESSIONAL MEMBERSHIPS

-  Source Evaluation Socicty (SES)

PROFESSIONAL EXPERIENCE

Mr. Mackey is a Senior Air Quality Specialist for Am Test Inc.'s Air Quality
Division, and has ten (10) years experience in the field of air quality and
industrial source emissions testing. Mr, Mackey conducts source testing and
activitics related to source cmission testing, including field sampling, test
equipment maintenance and calibration, test planning and preparation, and data
reduction and evaluation. He has performed sampling for particulates, particle
siz¢ distribution, suifur and nitrogen oxides, reduced sulfur compounds, semi-
volatile and volatile organic compounds, toxic air pollutants, opacity, and other
EPA methodolegy.

Prior to joining Am Test, Inc., Mr. Mackey was the Source Testing Coordinator for
the State of Orcgon Department of Environmental Quality (ODEQ for 1.5 years.
This position was responsible for coordinating a statewide source sampling program
and source quality assurance program for industrial air pollution sources. His
work with ODEQ's Air Quality Division involved cvaluating source tests, plant site
source test obscrvations, approving source test methods, and cvaluating source self-
monitoring practices.

Prior to his position with the State of Oregon, Mr. Mackey was a Field Supervisor
for Omni Environmental Services in Beaverton, Oregon for 4 years. Experience
with this firm was primarily in industrial source emission testing and ficid and
laboratory woodstove cmissions testing. In addition to source testing at a wide
variety of industrial facilities, Mr. Mackey ran an extensive field study on
woodstove performance in Vermont and New York involving specially designed
sampling cquipment. Prior to working with Omni, Mr. Mackey worked 4.5 yecars as
8 Project Leader and Field Technician for an environmental consulting firm which
specialized in air quality studies. Experience with this firm involved extensive
source testing and other emissions monitoring projects.
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ENVIRONMENTAL CHEMIST/TECHNICAL WRITER

EDUCATION

- B.S., Marine Resources, Western Washington University,
Bellingham, Washington, 1980

- Minors in Chemistry and Biology

- Professional training courses and spcciaity conferences

PROFESSIONAL MEMBERSHIPS

- Air and Waste Management Association (AWMA)
- Pacific Northwest International Section of AWMA (PNWIS)

PROFESSIONAL EXPERIENCE

Ms. Blaisdell has worked with Am Test, Inc.'s Air Quality Division for the past 5
years. Her main responsibility is to assure that the administrative functions of the
Air Quality Division are in order, She communicates with clients by telephone,
drafts all letters, proposals, test plans, reports, and invoices for review by the
Director. She reviews current literature for each test method and incorporates the
methodology into our testing and reporting protocol.

In addition to her administrative responsibilities, Ms. Blaisdell oversces the Tield
technicians in pre-field preparation activities for Air Quality Division projects,
and assists in clean-up and analysis of samples collected by the test crew. On
larger projects she travels with the test team to assist in sample collection, in-field
analysis and data reduction in Am Test’s mobile laboratory. Ms. Blaisdell has
performed analysis of particulate matter and particle size distribution sampies,
sulfur oxides (SOz2 and SQOs), nitrogen oxides (NOy), hydrogen sulfide (H3S), lead,
metals, ureca, ammonia, formaldehyde, arsenic, semi-volatile and volatile organic
compounds, and other chemical species collected in air. The data collected is then
transferred to computerized data rcduction programs, which Ms. Blaisdell helps
write and tailors for each project.

Prior to joining Am Test, Ms. Blaisdell acted as a Project Leader and Office
Manager for an environmental engineering consulting firm in the Scattle arca for 2
years. Experience with that firm involved sample collection, analysis and report
preparation for source and ambient air, water and industrial hygiene studies.
Other professional experience includes a yecar long project with the Institute of
Freshwater Studies in Bellingham, Washington which involved weekly sampling by
boat and subsequent laboratory analysis of Lake Whatcom's water [or various
water quality parameters. She was also an Office and Property Manager for a
property management (irm, where responsibilities included word processing,
computer program development, accounting duties and various executive secretarial
duties. Shec has 9 ycars of professional expericnce. Ms. Blaisdell atso worked on
various rescarch projects in the Chemistry department while attending Western
Washington University.
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PROJECT A SSISTANT

EDUCATION

- B.S., Marine Resources, Western Washington University,
Bellingham, Washington, 1980

- Minor in Biology
- Professional training courses and specialty conferences

PROFESSIONAL EXPERIENCE

Ms. Widmeyer has been with Am Test, Inc's Air Quality Division for the past 3
years. She is responsible for pre-field preparation for Air Quality Division
projects and prepares the sample trains, glassware, labware and sampling hardware
to be used on each specific project. In the ficld, Ms. Widmeyer acts as a Project
Assistant, assisting the Project Manager, Project Engincer, or Project Leader in
sctting up the equipment at cach sample site, performing the tests, recovering the
samples after each test. and in demobilizing. She is responsible for properly
labeling and identifying cacn sample, and initiates chain-of-custody procedures.

In the laboratory, Ms. Widmeyer is experienced in gravimetric analysis of
particulate matter samples and particle size distribution samples. She assists in
preparation and analysis of sampics for quantifying sulfur oxides, nitrogen oxides,
hydrogen sulfide, lcad, toxic metals {(including hexavalent chromium), semi-volatile
compounds (including dioxins and furans), and volatile organic compounds.

In the office, Ms. Widmeyer reduces the ficld data and inputs values into data
reduction programs and performs by-hand calculations to verify computer program
integrity. She assists in technical writing and word processing of proposals, test
plans, and reports. Ms. Widmeyer also performs many administrative dutics to keep
the Air Quality Division office organized and operating cfficiently.
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AM TEST LABORATORIES, INC.
AIR QUALITY DIVISION

Am Test, Inc.’s Air Quality Division has full-service source testing capabilities. An
experienced staff, utilizing state-of-the-art equipment conducts field testing and
laboratory analyses. Some of the types of tests we perform include measurements
of particulate matter, particle size distribution (including PMjo), acid gas emissions,
mctals emissions, sulfur and nitrogen oxides, hydrogen sulfide and total reduced
sulfur, volatile organic compounds (VOC), and semi-volatile organic compounds
(including dioxins, furans, PCB, and PAH). We perform continuous cmission
monitoring system (CEMS) performance cvaluations and relative accuracy test
audits (RATA) for our clients using CEMS to demonstrate compliance. The Air
Quality Division of Am Test provides testing services to a varicty of industrial
clients including: oil aud gas refineries; gas, oil, coal, and nuclear-fired power
plants; chemical plants; wood products industries; smelters; cement plants; landfills;
and municipal waste incinerators.

Services provided by the Air Quatity Division of Am Test include:

- Source Industrial Atmospheric Emission Evaluations
- Toxlic Pollutant Emisslons Studles
- Particle Slze Distribution Studies (PM;q)
- Coatlouous Emisslog Monltoring System (CEMS) Evaluations
- YVapor Recovery System Efficiency Evaluations
- Pilot Plant Studles
- Englineering and Coatrol Technology Evaluations
- Amblent Alr Quality Evaluations
- Iadustrial Hyglene Studles
- SARA Title II] Emisslons Measurements
- Moblle Source Test Laboratory Includes
"real time" gaseous constituent analyzers,
capability ol in-fleld analysis and datn reduction

Phone Mr. Kris A. Hansen, Director, Atr Quality Division, Am Test,
at (206)885-1664 or (206)333-4054 for more details, or a firm price quotation.
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Am Test, Inc. is a full service analytical testing laboratory located in Redmond,
Washington. It was organized to provide the highest caliber laboratory testing of
environmental and industrial samples. Experienced environmental chemists and
microbiologists have the best available equipment at their disposal. Experienced
personnel, top-notch instrumentation, and a personal interest in your testing
rcquirements assures:

- Quick turnaround time for sample analysis
Maximum quality control oo projects
Direct dialogue with the analytical staff
Reasonable rates

Am Test's laboratory is departmentalized into the following disciplines:

AIR QUALITY Source and Ambient Testing

ENVIRONMENTAL Water, Wastes, Tissue, Vegetation

INDUSTRIAL Food, Materizls Testing, Industrial
Hygiene, Specizal Projects

OIL AND FUELS Lubricating OIil, Fuel Analysis,
Hydraulics, Contamlination Analysis

TRACE ORGANICS PCB's, Pesticides, Hazardous Wastes,
Priority Pollutants

MICROBIOLOGY Water, Wells, Food, Product Evaluation

Am Test's laboratory utilizes the following instrumentation:

Finnigan Incos 60 GC/MS Atomic Absorption Spectrometer-Flame

Jarrell Ash ICP Plasma Emission Spectromater Atomic Absorption Spectrometar-Graphite Furnace
Gas Chromatographa: FID, EC, TC, Nz. P Atomic Absorption Spectrometer-Hydride Generation
Jarrell Ash Arc, Spark Emission Spectrometer UV /Visible Spectrometer

Xertex TOX Analyser Infrared Spectromaeter

Source Test Equipment-EPA Approved High Performance Liquid Chromatograph

Am Test is onc laboratory in a group of laboratorics serving the West. Other
Facilities include:

Amtest, Inc,, Portland, Oregon

Amtesl of Arizona, Phoenix, Arlzona

Can Test Ltd., Yancouver, B.C.

Loring Laboratories, Calgary, Alberta

Metropolitan Clinical Laboratories, Ltd., Yancouver, B.C.

Phone Mr. Shawn Moore, Genera! Manager or Mr. Mark Fugiel, Technical Dircctor,
at (206)885-1664 for more derails or a price quotation.
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AM TEST, INC. - AIR QUALITY DIVISION

QUALITY ASSURANCE PLAN

In{r 1on

The purpose of the quality assurance plan is to provide guidclines for achicving
quality control in air pollution measurements. The detailed procedures to be
utitized are included in the Environmental Protection Agency's (EPA’s) reference
manual titled 1j f Alr lution M remen

Systems, Volume 3, EPA-600/4-77-027b, along with current updates. The accuracy
of emissions test data depends upon proper equipment performance and on the
proficiency and conscientiousness of the operators. All aspects of testing, analysis,
data reduction and rcport preparation should be performed by cxpericnced and

well-trained personnel.

Mcthods

Am Test, Inc.’s Air Quality Division typically uses published test methods; e.g.,
New Source Performance Standards (NSPS) test methods published in the current
edition of Title 40 Code of Federal Regulations, Part 60 (40 CFR 60), and the
methods adopted for state and local code enforcement. Specialized test work, such
as particle size testing, requires special test methods. Am Test uses those
mecthodologies and sampling hardware which are considered by the cxperts in the
field to be state-of-the-art. Procedures and protocel are updated rcgularly as
rescarch groups refine tho testing mcthodology, analytical procedures and
calibration techniques. A high level of quality control is maintained in both our
standard NSPS testing and specialty testing areas.

Chain of Custody

Samples arc recovered from the sampling train after each test. Sample recovery is
carried out in a suitable area sheltered from wind and dust to prevent
contamination of samples. Sample recovery procedures outlined in the applicable
test method are followed in detail (usuaily 40 CFR 60). All sample containers are
identified using a sample label. After recovery, all sample containers arc scaled.
Most sample recovery and analysis is performed in the field to prevent samplic loss
or contamination during shipment and to provide the client with prcliminary
results. The data is then input into the ficld computer and hard copy, disc copy
and back-up are produced. Data relative to samples, collected during cach test, are
immediately inspected for completeness and placed under the custody of the
Project Manager or Project Engineer until custody is transferred when the samples
are turned over to the laboratory. Sample storage boxes with locks are used 1o
store samples in the ficld prior to in-ficld analysis. A chain of custody sheet
follows cach sample through the above procedures. The samples are then turned
over to the Am Test Laboratory or subcontract laboratory if additional analysis is
10 be performed. The chain of custody form must be signed cach time the samples
change hands to couriers or laboratory personnet,
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Quality Control

Retiability in stationary source testing is maintainced through strict adherence 10
quality control procedures. Am Test's procedures are designed to control both the
accuracy and precision of the test results.

Accuracy is maintained through rigorous calibration proccdures using the
standards specified in the methods and/or Volume IH of the Quality Assurance

Handbook for Air Pollution Mecasurement Systems, use of control samples where

appropriate, and performance and systems audits. The accuracy of sourcc test
capabilities is monitored through voluntary participation in EPA’s stationary
source audits for coal and Methods 5, 6 and 7.

Performance audits are conducted during the sampling and analytical phascs of the
test program. The volumetric flow metering device is audited during the sampling
phase using a standard dry gas meter. This audit is conducted once on cach
metering device during each set of field tests, using procedures outlined in Volume
11 of the Quality Assurance Handbook. Barometers, thcrmocouple indicators,
nozzles, and other equipment used during the field test phase are audited
periodically to ensure the coliection of acceptable data.

Blanks of recagents used to collect, recover, and analyze samples arc collected to
check the quality and ensure that reagents mect criteria established in the test
methods.  Filter blanks and substrate blanks are also carried through analysis
procedures. When analyses are conducted in the ficld, blank sampics arc analvzed
to ensure the accuracy of results. Samples analyzed in the laboratory are subject to
the stringent quality coatrols exercised in the laboratory (sec Am Test, Inc.'s
Laboratory Quality Assurance/Quality Control Plan).

A systems audit is performed, consisting of an on-site gqualitative inspection and
review of the total measurement system, This inspection is conducted on a daily
basis by the quality assurance coordinator. During the systems audit, the auditor
observes the procedures and techniques of the field team in the following general
areas:

-~ Setting up and leak testing the sampling train

- Isokinetic samplirng check of the sampling train
- Final leak check of train

- Sample recovery

Resulits of the systems audit are summarized on the [icid data shects and discussed
in the final report.

Acceptable precision is maintained through strict adherence to acceptable limits of
difference in replicate measurements at cach step of the procedure from initial
calibration of sampling equipment to the final analytical determinations. These
limits are specified in the methods and in Volume Il of the Quality Assurance

Handbook.
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Data Validai;

Data validations are accomplished by using intcrnal guality control checks and
performing internal systems, performance, and data audits, For cach major
measurement paramecter, the (requency and type of quality control checks with
control limits and corrective action are established. An exampic of an internal
quality control check would be to analyze a standard solution after every tenth
analysis for projects requiring a large number of repetitious analyses. Audit
samples are used in projects where appropriate. This applies most specifically to
chemical analyses (i.c., Methods 6, 7). If the control sample analytical results are
not within the control limits, corrective action is taken to identify and resolve the
problem before continuing with analyses.

Field calibration checks are performed on the control box (using a standard dry
gas meter), thermocouples, and digital readouts. Visual inspections ol pitot tubes,
glassware, and other equipment are also made. The main purpose of a systems
audit is to ensure that the mcasurement system will gencrate valid data if operated
properly. By performing pre-test, on-site, and post-test calibrations of the
mecasurement systems, data validation checks of the performance of the test
cquipment can be easily performed.

Data reduction and reporting have been shown to be significant potential sources
of system error. Most of Am Test's calculations are performed by a validated
computer program to minimize error. Data entry is performed by individuals
familiar with testing procedures. The data printouts are then validated by
comparison with the Field and analytical data sheets. In addition, hand calculation
checks are made to validate the computer outpul.

All data gencrated by each phase of a laboratory or flield sampling program arc
reviewed by a senior reviewer. The data must be signed off by the senior reviewer
prior to releasing the data for report preparation.

Calibrati
All sample train components requiring calibration arc calibrated at the
recommended intervals using approved methods. Standardized calibration

procedures are in accordance with calibration criteria outlined in the test method

and Volume III of the Quality Assurance Handbook. The following sample train

components are calibrated using standardized procedures:

- Pitot tubes

- Dilferential pressure gauge and magnchelic gauges
- Barometer

- Rotameter (rate meter)

- Digital indicators

- Thermocouples

- Meter box dry gas meters

- Sampling nozzles

Calibration procedures for special cquipment and components such as the
analytical system used in particle size dectcrminations arc calibrated using
procedures tailored to the specific system based on accepted methods published in
the literature, or manufacturer's specifications.
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The gencral calibration program consists of conducting a full-scalc laboratory
caiibration procedure on cach ncw or repaired component requiring calibration,
prior to its use in the field. At the complction of a (icld test, cach component
requiring calibration receives a post-test calibration check. Any component not
meeting the calibration criteria is thoroughly checked and calibrated using the
fuli-scale laboratory procedure,

For particle size impactor calibration, cach impactor stage has been calibrated by
the manufacturer using a polydispersed acrosol and optical size analyzer at a range
of temperatures and flow rates to determine the inertial impaction parameter (or
that particular stage. This paramecter is intrinsic for each stage, being controlled
by the physical configuration of the stage and other pertinent acrodynamic values.
The stages are periodically examined for wear and corrosion and replaced as
necessary.

Preventative Maintenance

All equipment used in emission measuring systems is maintained in good operating
order. In order to achieve this objective, an cffective preventative maintenance
program is necessary. Am Test's preventative maintenance program consists of 3
major components: (1) short interval inspection: (2) replacement of obsolcte or
damaged components; and (3) scheduled disassembly and overhaul. Procedures used
in this program follow those outlined in Volume Il of the Quality Assurance
Han k.

Training

The level of training of the personnel performing their various tasks on a source
testing project is as important as any other aspect of a quality assurance program.
Only those persons who have had extensive experience are able to judge the
credibility of a source test or to recognize problems as they arise. Only personnel
who are sufficiently trained to perform the source tests arc utilized.
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Am Test, Inc. provides a comprehensive program of laboratory services in the arcas
of environmental, industrial, microbiological, oils, and air gquality testing.
Conclusions based on data gencrated by Am Test may have a signilicant impact on
the assessment of environmental quality and workspace safety, as wcll as on the
cconomic burden placed on industry and the public. Therefore, the ¢stablishment
of a continuing program to insur¢ the reliability and validity of results is onc of
the fundamental responsibilities of the laboratory.

This Quality Assurance {QA) Program outlines the policies, organization and
operations established for assuring the integrity of the analytical data Am Test

produces and uses.

ANA 9]

Sample analyses aic performed in accordance with widely accepted procedures such
as those of the U.S. Environmental Protection Agency (EPA), the U.S. Geological
Survey (USGS), the American Sociecty for Testing and Materials (ASTM), the
Association of Official Analytical Chemists (AQAC), and the U.S. Food and Drug
Administration (FDA).

DOCUMENTATION

Ficld sampling performed by laboratory personnel is documented with specific
sample identification, date and initials of the individual performing the sampling.
This information (or any information provided by the client when they perform
their own sampling) accompanies the sample and is eventually included with the
project record,

Upon receipt at the laboratory, the sample is given a unique {specilic) identifying
number from the log book and the date, client identification, and parameters
required are recorded next to the number and initialed by the person receiving the
sample. A project record is initiated during the log-in procedure and includes the
date received, laboratory sample numbers, client identification and analysis
parameters required. The sample is then preserved, split and stored as required by
the client to maintain the viability of the parameters being analyzed. Special
storage lacilitics are availabie for samples requiring security storage.

As analyses are performed, all data is recorded and initialed in bound, dated, and
specifically labeled laboratory notebooks which are kept on permanent file.
Notebooks include quality control data, analytical calculations, and results for the
specific analyses. Sample analysis records arc cross-referenced between books
where necessary., The results are also recorded on the project record as they arc
obtained.
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When a project is completed, a report is generated. This report includes methods
summarics, results, raw data, graphs and/or quality control information, where
applicable. Copies are kept on file with the project record. Information is [iled in
three separate filing systems: a quick-reference final report lile, the project record
and [inal report file, and raw data laboratory notcbooks. The samples arc retained
for 30 days after the final report has been reccived by the client. Longer storage

times may be obtained upon request.
L]

SUPPLIES

Reagents - All reagents, chemicals, and gases uscd arc of the purity required for
the specific analyses. Each chemical is dated when received, and when opened.
Chemicals are stored compatibly and are isolated where needed to insure stability
and to avoid contamination and hazardous environments,

Standards - All primary standards are obtained from recliable sources (i.c., EPA,
FDA, chemical suppliers), handled, prepared, and stored appropriatcly. Standards
are prepared and standardized against primary standards {rom alternate sources.
Primary, stock, and working standards are checked initially and rcgularly for
accuracy. These solutions are restandardized or prepared fresh as required by
their stability, or when inaccuracies fall outside sct control limits. All
standardized solutions are labeled with the name of the sclution, concentration,
solvent, preservative, date, and initials of the individual preparing the solution.

Water - Decionized or distilled water is used in the laboratory for diiution,
preparation of rcagent solutions, and final rinsing of glassware, Conductivity of
the deionized water is monitored daily to insure good quality. Possible
contaminants in the deionized water are analyzed for on a monthly basis.

Glassware - Volumetric glassware, Class A, is used in all precise measurements of
volume. Glassware for general use in the laboratory is washed with detergent,
rinsed with tap water, and {inally rinsed twice with deionized water. Any acid or
solvent rinsing required prior to analysis is performed. Glassware for individual
analyses are identificd and stored separately,

INSTRUMENTATION

All instruments are adjusted and calibrated to the manufacturer’s specifications.
Once the instrument is optimized, and is performing at the desired sensitivity, the
sample set is analyzed. The standard curve serves as an additional check on
mstrument function.

Maintenance is performed at intervals specified by the manufacturer, or morc
frequentty when nccessary. The majority of Am Test's instruments are covered
under maintecnance service contracts with the manufacturer. Performance and
maintenance records are maintained {or cach instrument.
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INTRODUCTION

Quality Control (QC) consists of specific activitics and procedures designed 10
mcasure and control the quality of the data being produced. Am Test uses a
systematic attempt to assur¢ the precision and accuracy of analyses by dectecting
crrors and preventing their recurrence or by measuring the degree of error
inherent in the methods applied. Confidence in the accuracy of analytical results
and improvements in analytical precision is established by the identification of the
determinate sources of error. Precision is governed by the indetcrminate crrors
inherent in the procedure and can be monitored by statistical mcthods.

Am Test uses any or all of the following quality control techniques to assurc
accurate, precise, and unbiased analytical data.

PURITY

Blanks are carried with the samples through the entire analyticai procedure to
serve as a check on reagent purity and possible {aboratory contaminaticn. I a
blank is found to be contaminated, steps are taken to identify the sourcc and
climinate or minimize the contamination which was detected. Sample values are
not quantitated until the blank value is reduced to an acceptable level. The
magnitude of the blank is taken into account when calculating the results of the

analysis.

ACCURACY

Accuracy refers to the relationship of the analytical value to the actual value for a
standard or well-defined control sample, expressed as a percentage. In applicable
tests, standards obtained from reliable sources (i.e., NBS, EPA) arc run through the
analytical procedure to serve as a check on the accuracy of the final analysis.
Where standards are not available, laboratory blanks are "spiked” with a known
quantity of the parameter being analyzed for, 1f the values obtained for the
standard or spiked sample arc not within a statistically acceptable range of the
actual value, the procedure is reworked 10 identify and correct the problem.

PRECISION

Precision is the degree of agreement of repcated measurements of the same
property, expressed in terms of dispersion of test results about the mean result
obtained by repetitive testing of a homogenecous sample under specific conditions.
Replicate analyses of sampies and standards arc performed in conjunction wilh
normal sample procedures to monitor the precision obtainable for that particular
analytical method. Il the percentage variation is not within the acceptable limits
determined for the specific test, the procedure is reworked to make the precision
acceptable,
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RECOVERY

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

STANDARD CURVES

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 opcration of the anaiytical
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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