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1.0 Introduction

As the Tank Operations Contractor for U.S. Department of Energy operations at the Hanford site in
Washington State, Washington River Protection Solutions (WRPS) is responsible for managing highly
radioactive wastes stored in tanks at Hanford. To protect workers at Hanford Tank Farms, WRPS tests
air-purifying respirator (APR) and powered air-purifying respirator (PAPR) chemical cartridges
commonly used at the tank farms. The tests were conducted to determine the period of time the cartridges
would provide adequate performance for APRs and PAPRs when workers are exposed to a mixture of
Chemicals of Potential Concern (COPC) from any vapors exiting headspaces in the storage tanks.
Occupational Safety and Health Administration (OSHA) Standard 29 Code of the Federal Regulations
(CFR) 1910.134(d)(3)(iii)(b)(2) specifies that for protection against gases and vapors, employers shall
implement a schedule for cartridges to ensure that change-outs occur before the end of service life.[1-4]
The change schedule can be based on objective information or data that ensures cartridge change-outs
occur before the end of their service life.[2-5] The primary function of the WRPS Cartridge Test Program
is to obtain objective data to determine service lives for the APR and PAPR cartridges used at Hanford
Tank Farms. WRPS contracted with Pacific Northwest National Laboratory to analyze the test data and
offer an independent analysis and any recommendations. This report summarizes data analysis of APR
and PAPR cartridge testing on a vapor slipstream from the Hanford AX tank farm exhauster.

Volume 1 of this report documents the testing, data analysis, results, conclusions, and recommendations
resulting from the cartridge testing on AX exhauster slipstream vapors. Volume 2 provides an
introduction to the raw data, including analytical laboratory analysis results that supported the analysis
and conclusions documented in VVolume 1.
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Appendix C

Raw Analytical Data

In previously published cartridge reports, raw data for all contaminants analyzed during testing were
provided in Appendix C to the document. However, the extensive amount of data (over 900 pages for this
report) resulted in unwieldy document file sizes. To solve this problem, the raw data are provided in a
separate Volume 2. Appendix C in this document (Volume 1) still provides introductory information
regarding the content of Volume 2, but to review the complete raw data set, readers are referred to
Volume 2.

C.1 Description

This appendix includes raw data of flow rate, temperature, pressure, and humidity, and analytical data for
the AX exhauster slipstream data sets. Calculations using this data are given in Appendix D.

Raw analytical data are included only in Volume 2. Washington River Protection Solutions (WRPS)
converted the data into Excel data spreadsheets that were transmitted to Pacific Northwest National
Laboratory. Comments on that conversion are provided below.

The analytical measurements listed in Results spreadsheet columns were transferred from entries labeled
‘result’ in the raw analytical .pdf files. Where a results entry was given as ‘ND’ in the .pdf, a ‘<’ symbol
was used. Where a detection limit (DL)/reporting limit (RL) was listed as ‘n/a,” the result entry in the
spreadsheet was set at the DL or RL.

The use of the RL or a DL varied among analytical laboratories. The term RL (equivalent to a limit of
guantification) was used instead of a DL by ALS Environmental Salt Lake City, Columbia Basin
Analytical Laboratory, and 222S—Wastren Hanford Laboratory (see Table F.1 in Appendix F for a
complete correlation of which Chemicals of Potential Concern used an RL or a DL). The WRPS
laboratory provided a DL rather an RL. Neither RLs nor DLs were provided for tentatively identified
compounds (TIC).

Chain of custody information is provided clearly in the raw analytical data .pdf files, including analyte
name, sample numbers, and laboratory-assigned numbers. Chemical Abstract Service numbers were
provided by the respective analytical laboratory.

The nomenclature of the sample identification (ID) is the same for every set of chemicals. It is generally
composed of a survey number, tank farm ID, test location, sample line, and tube bundle ID. Descriptions
of these nomenclatures follows

‘BL’ means blank measurements obtained from sorbent tubes that have not had any vapor stream passed
through them. ‘BA’ with either “IN” or ‘EF’ means measurements obtained for ambient air (fresh air
versus tank vapor) running through the test system from the inlet (IN) or effluent (EF) locations before
initiation of tank vapor testing.

‘SD1’ designations correspond to testing with the SCOTT 7422-SD1 respirator cartridge, ‘SC1’
designations correspond to testing with the SCOTT 7422-SC1 respirator cartridge, ‘“TL1’ designations
correspond to testing with the MSA Optifilter TL respirator cartridge, and ‘TL2’ designations correspond
to testing with the 3M FR-57 respirator cartridge. The unique survey number is also assigned, identifying
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the year and a five-digit ID for each of the cartridges tested. For the AX exhauster the survey IDs
included 17-05614 for SD1, 17-05613 for SC1, 17-05615 for TL1, and 17-05616 for TL2.

Position designations ‘IN’ with *1” and “‘EF’ with “1” correspond to the respirator cartridge inlet and
outlet measurements, respectively, at 0- to 2-hour time intervals. Position designations ‘2’ through “8’
correspond to the subsequent 2-hour measurements for inlet (IN) and outlet (EF): ‘2’ (2 to 4 hours),
‘3’ (4 to 6 hours), ‘4’ (6 to 8 hours), ‘5’ (8 to 10 hours), ‘6’ (10 to 12 hours), ‘7* (12 to 14 hours), and
‘8’ (14 to 16 hours).

The sample IDs embed the information given above. For example, sample 1D 17-05616-1-TL2-IN-2
corresponds to a particular cartridge survey (17-05616) identified as the 3M FR57 cartridge with the
(TL2), sample media line 1, influent (IN) sample bundle, and the second (2 to 4 hours) sample (2).

The target flow rate passing through the respirator cartridge was 30 L/min for the APR tests, and

95 L/min for the PAPR tests. The target sampling flow rates through the sorption tubes ranged between
30 and 200 mL/min for different chemicals that were being collected. WRPS provided these flow

rates as Excel files according to Table C.1.

Table C.1. Filenames of Sample Media VVolumes Provided by WRPS

Tank Cartridge Filename
AX Exhauster SCOTT 7422-SC1 AX - Exhauster 127 SC-1.xlsx
AX Exhauster SCOTT 7422-SD1 AX - Exhauster 127 SD-1.xIsx
AX Exhauster MSA-TL (TL1) AX - Exhauster TL 8 25 17.xlsx
AX Exhauster 3M FR-57 (TL2) AX - Exhauster 3M FR-57 8 26 17.xlsx

WRPS provided the temperature and humidity information in files listed in Table C.2. The information is
shown in the Section C.3. Several terms used in the DRI files are described below.

Pre’ and *Post’ indicate the general time signature when the direct read instrument measurements
were taken. ‘Pre’ refers to the beginning of the 2-hour sample duration, and ‘Post’ refers to the end
of the 2-hour sample duration.

‘Influent’ and ‘Effluent’ indicate the location of the measurement within the test system. “Influent’
measurements are taken at the inlet of the system upstream of the respirator cartridge. ‘Effluent’
measurements are taken downstream of the respirator cartridge. The pressure, temperature, and
humidity effluent sensors are located at the end of the test system near the vacuum pump, whereas the
DRI measurements for ammonia and volatile organic compounds (VOC) are from a sampling location
between the respirator cartridge and the effluent sorbent tube samples.

The DRI measurements for ammonia and VVOCs could not be taken while the test system sample
pumps were operational. *After Sample Taken’ refers to the time signature for these direct read
results (e.g., Sample A DRI measurements were taken immediately after the Sample A sorbent tubes
were taken and replaced with Sample B sorbent tubes).

Table C.2. Files Containing Temperature, Pressure, Relative Humidity, and DRI Data

Tank Cartridge Filename
AX Exhauster SCOTT 7422-SC1 AX-Exhauster SC1 8-26-17.xlIsx
AX Exhauster SCOTT 7422-SD1 AX-Exhauster SD-1 8-25-17.xIsx
AX Exhauster MSA-TL (TL1) AX-Exhauster TL1 GME 8-25-17.xlsx
AX Exhauster 3M FR-57 (TL2) AX-Exhauster TL2 FR57 8-26-17.xlsx

C.2



The raw analytical data for chemicals in each analyte category are summarized in Section C.4. Some
analytes are measured using more than one method (primary and secondary). A crosswalk of COPC to
analyte category, media, and analytical method for both primary and secondary methods is provided in
Table C.3. In general, the primary method was used for cartridge performance analysis except in cases for
which the secondary method provides improved quantitation for the specific COPC and its concentration
range during a specific test.

Table C.3. Crosswalk of COPCs with Primary and Secondary Analyte Category, Media, and Analytical

Method

Primary Analysis Method Secondary Analysis Method (Analyte

COPCH# Analyte Name (Analyte Category | Media | Method) Category | Media | Method)
1 Ammonia Ammonia | Anasorb 747 | OSHA-ID-188
2 Nitrous Oxide Not Measured
3 Mercury Mercury | Anasorb C300 | NIOSH-6009
4 1,3-Butadiene 1,3-butadiene | Charcoal | NIOSH 1024
5 Benzene VOC | Carbotrap 300 | EPA TO-17 Mod
6 Biphenyl SVOC | Carbotrap 150 | EPA TO-17 Mod
7 1-Butanol VOC | Carbotrap 300 | EPA TO-17 Mod
8 Methanol Methanol | Silica Gel | NIOSH 2000
9 2-Hexanone VOC | Carbotrap 300 | EPA TO-17 Mod
10  3-Methyl-3-butene-2-one  VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
11  4-Methyl-2-hexanone VOC | Carbotrap 300 | EPA TO-17 Mod
12 6-Methyl-2-heptanone VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
13 3-Buten-2-one VOC | Carbotrap 300 | EPA TO-17 Mod
Aldehyde | DNPH Treated Silica Gel |
14  Formaldehyde EPA TO-11A
Aldehyde | DNPH Treated Silica Gel |
15  Acetaldehyde EPA TO-11A
Aldehyde | DNPH Treated Silica Gel |
16  Butanal/Butyraldehyde VOC | Carbotrap 300 | EPA TO-17 Mod EPA TO-11A
17 2-Methyl-2-butenal VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
18  2-Ethyl-hex-2-enal VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
New  2-Probenal/Acrolein Aldehyde | DNPH Treated Silica Gel |
P EPA TO-11A
19  Furan® VOC | Carbotrap 3001 EPA TO-17 Mod Furans | Tenax TA | EPA TO-17 Mod
20  2,3-Dihydrofuran Furans | Tenax TA | EPA TO-17 Mod
21 2,5-Dihydrofuran® VOC | Carbotrap 300/ EPA TO-17 Mod Furans | Tenax TA | EPA TO-17 Mod
22 2-Methylfuran® VOC | Carbotrap 300/ EPA TO-17 Mod Furans | Tenax TA | EPA TO-17 Mod
23 2,5-Dimethylfuran Furans | Tenax TA | EPA TO-17 Mod
24 2-Ethyl-5-methylfuran VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
g5 A-(-Methylpropyl)-2.3- /5 11ca | Carbotrap 300 | EPA TO-17 Mod
dihydrofuran
26 3-(L1-Dimethylethyl)-2.3- /0 erica ) carbotrap 300 | EPA TO-17 Mod
dihydrofuran
27  2-Pentylfuran Furans | Tenax TA | EPA TO-17 Mod
28  2-Heptylfuran Furans | Tenax TA | EPA TO-17 Mod
29  2-Propylfuran Furans | Tenax TA | EPA TO-17 Mod
30  2-Octylfuran VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
31 2(3:0x0-3-phenylprop-1- ) rca | carpotrap 300 | EPA TO-17 Mod
enyl)furan
32 ?&E;Methy"&ox"hepty') VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
33  Diethylphthalate SVOC | Carbotrap 150 | EPA TO-17 Mod
34 Acetonitrile VOC | Carbotrap 300 | EPA TO-17 Mod Acetonitrile | Charcoal | NIOSH 1606
35  Propanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
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COPC# Analyte Name Primary Analysis Method Secondary Analysis Method (Analyte

(Analyte Category | Media | Method) Category | Media | Method)
36  Butanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
37  Pentanenitrile VOC | Carbotrap 300 | EPA TO-17 Mod
38  Hexanenitrile VOC [ Carbotrap 300 | EPA TO-17 Mod
39  Heptanenitrile VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
40  2-Methylene butanenitrile  VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
41 2,4-Pentadienenitrile VOCTIC? | Carbotrap 300 | EPA TO-17 Mod
42  Ethylamine Ethylamine | XAD-7 | OSHA-ID-34,36,40,41

Nitrosamines | Thermasorb/N |
NIOSH-2522 Mod
Nitrosamines | Thermasorb/N |
NIOSH-2522 Mod
Nitrosamines | Thermasorb/N |
NIOSH-2522 Mod
Nitrosamines | Thermasorb/N |
NIOSH-2522 Mod

43  N-Nitrosodimethylamine
44 N-Nitrosodiethylamine
45  N-Nitrosomethylethylamine

46 N-Nitrosomorpholine

47  Tributyl phosphate SVOC | Carbotrap 150 | EPA TO-17 Mod
48  Dibutyl butylphosphonate ~ SVOC | Carbotrap 150 | EPA TO-17 Mod
49  Chlorinated Biphenyls VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
50  2-Fluoropropene VOCTIC?| Carbotrap 300 | EPA TO-17 Mod

- Pyridines | Coconut Shell Charcoal |
51  Pyridine VOC | Carbotrap 300 | EPA TO-17 Mod NIOSH-1613

. - Pyridines | Coconut Shell Charcoal |

52  2,4-Dimethylpyridine VOC | Carbotrap 300 | EPA TO-17 Mod NIOSH-1613
53  Methyl nitrite VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
54 Butyl nitrite VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
55  Butyl nitrate VOC | Carbotrap 300 | EPA TO-17 Mod

56 1,4-Butanediol, dinitrate VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
57  2-Nitro-2-methylpropane VOCTIC | Carbotrap 300 | EPA TO-17 Mod
58 L,23-Propanetriol, 1,3- VOCTIC?| Carbotrap 300 | EPA TO-17 Mod

dinitrate
59  Methyl Isocyanate VOCTIC?| Carbotrap 300 | EPA TO-17 Mod
New Dimethyl Mercury Not Measured

2 Tentatively Identified Compound (TIC) indicates that a mass spectrometry “peak” not associated with calibrated compounds
has been tentatively assigned to a compound based on an adequate match to the analytical methods reference library. Reference
standards for the compound are not available to accurately quantify, assign an analytical DL, or definitively confirm the identity
of the TIC. TICs are reported when the peak area is sufficiently large, estimated as >5 nanograms of TIC mass, and other
analytical criteria are met. For the respirator cartridge testing, this mass of TIC represents an approximate concentration of

<1.0 pph, based on the average of all TICs in the COPC list. TIC compounds are measured through both the Carbotrap 300:
EPA TO-17 and Carbotrap 150: EPA TO-17 modified methods. A few compounds are measured in the TIC analysis and another
analytical technique. In these cases, the TIC analysis results were not retained because they are qualitative only and inferior to the
other calibrated method.

® Furan, 2,5-dihydrofuran, and 2-methylfuran are quantified using the secondary method, as the primary method was determined
to perform inadequately for these lower-boiling point furan compounds.
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C.2 Miscellaneous Notes

All analytical flags assigned by each analytical laboratory are provided in Appendix D. Sample lines
occasionally experienced flow control issues, and these instances are documented in Appendix D with a
quality flag of ‘S™ associated with the impacted data point.

Methanol was measured in the powered air-purifying respirator test rig only. A thirteenth sample media
line was added to the new rig so methanol could be measured using a dedicated sorption tube.

C.3 Experimental Parameters

C.3.1 Flow Rates

SCOTT 7422-SD1 Cartridge (8/25/17) AX Exhauster

Volumes Air Collected (L)
Sample Box Number | Mach. | Mach.

Al | A2 | Bl |B2|Cl1|C2|D1|D2| E1|E2|F1 | F2]| Gl | G2 | H1 [ H2

Analyte Line | Base 1 | Base 2
SvVoC A | 363 | 3.93 |3.54|3.82|13.63|4.12|3.53|3.52(3.56]|3.63|3.64|3.92|3.86(3.70|3.85|3.95|3.79| 3.86
\[o]e B 400 | 401 |3.92|3.71|4.38|3.96|3.84|3.69(3.77|356|4.01|3.82]|3.75|3.95(3.83|3.80|3.69|3.77
Furans (€ 4.01 3.86 |3.95|350|4.25|3.68|366|3.65|3.66|3.62|3.83|1391|3.86|3.91(3.92|3.89|3.83|3.94
Ethylamine D | 118 | 119 |125(12.1)12.3(12.3|12.3|12.3(11.2|12.0/12.0/11.7]125|11.9/12.1|11.6]/11.9]11.5
Acetonitrile E 11.7 12.4 |11.7|12.7)125|12.2112.1|123|11.8(11.7|119|11.8|119]|123|11.8|12.2|116|12.2
Mercury F | 285 | 29.1 |30.8]|29.8]|30.6/30.1|30.0(30.3|29.3]|29.8/29.9/29.4|30.6|29.7|30.2|30.1|30.4(30.5
Ammonia G 233 | 236 |23.3(23.4]|23.8|23.8|23.5|23.2|23.7|22.6|23.6|23.3|24.0(23.8|23.7|23.1|24.1]|23.7
Aldehyde H 244 | 238 |245]1243]123.3|25.0(236|23.2|24.0(1226|23.3|24.1(24.2|243|24.1|235]|24.1|235
1, 3-Butadiene | 22,6 | 245 |124.3|23.8|23.0|125.0(229|24.8|22.8|24.8|23.8|24.0/124.0(23.4|24.0|24.4|24.0]|24.0
Pyridine J 128 125 | 118 | 143 | 116 | 119 117 | 137 | 130 | 143 | 127 | 124 | 130 | 124 | 128 | 119 | 128 | 133
Nitrosamines K 238 242 | 253 | 225|236 | 228 | 232 | 231 | 239 | 232 | 246 | 239 | 244 | 166 | 244 | 247 | 247 | 247

Flow Rates (ml/min)

oL, BT LA L Al | A2 |B1|B2|Cl|C2|D1|D2|E1]|E2|FL|F2|Gl|G2]|HL|[H2

Analyte Line | Base 1 | Base 2
SvVoC A 30.3 327 |29.5|319|30.2|1343|296|296(29.7|303|30.4|32.7|32.2|308(32.1|33.0|316(32.2
voc B 334 | 334 |32.7|309|36.5(33.01323|31.0(31.4]29.7|33.4|31.9|31.3|329(32.0|31.7| 308|315
Furans (£ 33.4 | 32.2 [32.9(29.2|35.4]|30.6|30.8]|30.7|305|30.2|32.0|32.6(32.2(32.6(32.7|32.4|31.9|32.9
Ethylamine D 986 | 99.1 | 105|101 | 102 | 103 | 103 | 103 |93.5]| 100 | 100 |97.7] 104 | 99.5| 101 | 96.9| 99.1| 96.2
Acetonitrile E | 97.2 | 103 |97.7| 106 | 104 | 101 | 101 | 103 | 98.3|97.7|98.8| 98.4|99.1| 103 | 98.0| 102 | 97.1| 102
Mercury F 238 242 | 256 | 248 | 255 | 251 | 252 | 254 | 244 | 249 | 249 | 245 | 255 | 247 | 252 | 251 | 254 | 254
Ammonia G 194 197 | 194 | 195 | 198 | 198 | 197 | 195 | 198 | 189 | 197 | 194 | 200 | 199 | 197 | 193 | 201 | 197
Aldehyde H 203 198 | 204|202 194| 208|199 | 195| 200 | 189 | 194 | 201 | 202 | 203 | 200 | 196 | 201 | 196
1, 3-Butadiene | 188 204 | 203|198 192 | 208 | 193 | 208 | 190 | 206 | 198 | 200 | 200 | 195 | 200 | 203 | 200 | 200
Pyridine J 1065 | 1045 | 980 [1195| 964 | 995 | 983 |1148[1080]1194{1055|1030|1085|1030|1070| 990 | 1070|1108}
Nitrosamines | K | 1980 | 2015 |2105[1875(1970|1904|1950|1945/1990|1935(2050|1995| 2030|1380 2035 2060| 2055 2055'
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SCOTT 7422-5C1 Cartridge (8/26/17) AX Exhauster

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach.
Analyte Tine | Base 1| Base 2 Al | A2 | Bl | B2 | Cl1|C2|Dl)|D2]|El E2 F1 F2 | G1 | G2 | H1 | H2
SVOC A | 426 | 426 [413]14.11(3.98|3.78(4.02|3.86(3.91|3.70(3.76]3.97|4.12|14.04|4.19|3.81|4.00] 3.80
VocC B 4.22 396 |4.23(392|390|356(4.06/3.44|14.03|3.77|4.05|/3.89|4.20|3.78/3.90|3.92|4.06/3.94
Furans C 397 | 421 |3.88|3.73(395|3.85|392(384|391|3.82|398|3.88|397|3.84|397|3.85|3.88|3.83
Ethylamine D | 125 | 121 (12.8|11.9(12.4|116|11.8|11.9|11.5(11.7|11.9|11.7|11.9|12.0|{12.3|11.8[11.9]|125
Acetonitrile E 12.4 12.4 |12.3)12.4(12.0)12.0)12.0(12.4|11.7|12.3|12.2|12.0]12.7|12.3|11.8|12.0]|11.8| 11.7
Mercury F 30.4 | 299 |309)30.0(29.8|29.8|30.2|(296|29.3|129.7|29.5|29.9|30.6]29.7|29.6/30.5|30.6| 30.2
Ammonia G | 246 | 246 [24.0|123.4(24.4]|1239(243|24.0(24.2]|23.8(24.1]|23.9|24.0|124.2|23.4|23.8|23.8]|24.8
Aldehyde H 242 | 25.0 [23.9|23.3]|23.8|24.5|23.8(25.0(23.7|24.6|23.5|24.3|23.4(23.8|24.4|23.5|24.1|23.7
1, 3-Butadiene | 237 | 246 |25.1|1249(1239|124.2|123.2(23.8|225]|24.2|24.2|23.6]|24.1|23.9|23.6123.5|23.7|24.2
Pyridine J 117 124 | 114 | 114 | 120 | 116| 173 | 118 | 119 | 127 | 124 | 130 | 127 | 131 123 | 121 | 120 125
Nitrosamines K 253 240 | 247 | 231 | 244|227 | 249|231 | 249 | 233 | 246 | 244 | 243 | 242 | 242 | 252 | 241 | 251

Flow Rates (ml/min)

Sample Box Nurnh.er AEER WIEED, Al | A2 | Bl |B2|Cl1|C2|Dl1|D2|E1]|E2]|F1L | F2| Gl | G2| H1 | H2

Analyte Line | Base 1 | Base 2
SvocC A | 355 | 35.5 |34.4|34.3|33.2|31.5|33.5(32.2|32.6(30.8|31.4(33.1| 34 [33.7|34.9(31.8|33.4|31.7
vocC B | 35.2 | 33.0 [35.2|32.7(32.5|29.7|33.9|28.7|33.6(31.4|33.7|32.5|35.0|31.5|32.5(32.7| 33.8]| 32.9
Furans C 331 351 |32.3(31.1133.0032.1(32.7|32.0|326(319|33.2|324|33.1|32.0(33.1]32.1|32.3(|32.0
Ethylamine D 104 | 100.8 | 107 |99.0| 103 | 96.8|98.5|98.8|96.1|97.5|98.8|97.4|99.1| 100 | 103 | 98.7|99.3| 104
Acetonitrile E 103 | 103.2| 103 | 103 | 100 | 100 | 100 | 103 | 97.3| 102 | 102 [ 99.7| 106 | 103 | 98.4| 100 | 98.2| 97.9
Mercury F 253 249 | 258 | 250 | 248 | 248 | 252 | 247 | 244 | 247 | 246 | 249 | 255 | 247 | 247 | 254 | 255 | 252
Ammonia G 205 205 | 200|195 203 ) 199| 203 | 200| 201|198 | 201 | 199| 200 | 202 | 195| 199 | 198 | 206
Aldehyde H 202 208 | 199|194 | 199 | 204 | 198 | 208 | 197 | 205 | 196 | 203 | 195 | 198 | 203 | 196 | 201 | 198
1, 3-Butadiene | | 197 205 | 209 | 208 | 200 | 202 | 193 | 198 | 187 | 202 | 202 | 196 | 201 | 199 | 197 | 196 | 198 | 202
Pyridine J 975 1030 | 952 | 950 | 998 | 967 | 1439| 980 | 992 | 1055]|1030|1080| 1055|1090 1025| 1005| 1000]| 1045
Nitrosamines K 2105 | 2000 |2060)1928|2030|1895|2075(1925|2075]|1940|2050|2035]|2025|2015|2020/2100|2005| 2095
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MSA Optifilter TL Cartridge (8/25/17) AX Exhauster

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach. |\ 1 5 [ 51 | g2 | c1 | c2 | o1 | o2 |er|e2|ri|r2]o1|o2|nt]|me

Analyte Line | Base 1 | Base 2
SVOC A | 402 | 4.18 |3.96|4.29]3.84|4.03|3.82]| 3.97| 3.84| 3.90| 4.05 | 4.05| 3.96 | 4.25 | 3.88 | 4.13 | 4.05] 3.97
VoC B | 3.92 | 400 |395|431|4.39]|3.97|4.17|3.96]|3.86|3.75| 4.20| 3.84| 3.99| 4.01|3.98| 3.81| 3.99] 3.87
Methanol | C | 4.21 | 4.02 |4.67|4.22|4.24|4.09]|3.82|3.98|3.71| 3.69]| 3.77| 4.09| 3.89 | 4.04| 3.93| 3.80 4.03| 3.85
Furans D | 654 | 654 |6.05]|6.34|634]|6.26|635|6.42|587|6.17|6.26|5.76|586|6.24|6.09] 6.23| 5.60| 6.21
Ethylamine | E | 12.1 | 13.0 | 11.8]129|12.1|12.7| 12.3]| 11.9]| 11.8| 11.5| 11.5]| 12.3| 11.8| 12.7| 11.8| 12.9] 11.6| 12.9
Acetonitrile | F | 103 | 126 |12.8]|11.7]12.6]11.7|12.0| 11.6|11.8| 11.8| 11.7| 11.3] 11.9] 11.8|12.2| 11.3]| 12.2| 11.2
Mercury G 30.6 293 [30.6130.5131.1|30.0|31.0/30.3|130.5|30.5|130.5130.8(|30.2|31.3|130.1|32.1]130.2|32.2
Ammonia | H | 242 | 259 | 23.9]24.7|24.2| 24.1| 24.6| 24.2| 24.0| 24.1| 23.8| 24.2| 24.1| 24.1| 24.2| 24.8| 24.2| 24.9
Aldehyde I | 241 | 246 |239|24.5|24.9|245|240|24.3|24.7| 245| 25.2| 24.5| 24.1| 25.1| 24.9| 25.6 | 24.8] 25.6
1,3-Butadiene | J | 24.5 | 24.0 | 23.4]|23.4|23.9] 23.9| 23.9| 23.8| 24.0| 24.2| 24.1| 24.8| 23.8| 25.2| 24.2| 25.9| 24.2| 26.2
Pyridine K | 128 | 133 | 122 | 124 | 122 | 122 | 119 | 123 | 121 | 122 | 127 | 125 | 125 | 130 | 130 | 127 | 125 | 131
Nitrosamines | L | 258 | 241 | 242 | 232 | 238 | 221 | 242 | 239 | 241 | 251 | 253 | 256 | 247 | 252 | 260 | 260 | 253 | 256

Flow Rates (ml/min)

Sample Box Number | Mach. | Mach.
Amaivie—T T Base 1 | Base 2| AL | A2 | 81 |82 [ 1| cafpr|p2|en | 2| FfF2|GlfGa|He|H
SVOC A | 335 | 339 |33.0|358]320]336|31.9]|33.1|32.0]325|33.7|33.7|33.0|35.4|32.3| 34.4]| 33.8] 33.1
voC B | 32.7 | 33.4 |33.0|359|36.6|33.1|34.8|33.0|32.2| 31.2| 35.0| 32.0| 33.3| 33.4] 33.1| 31.8| 33.3| 32.2
Methanol | C | 351 | 33.5 | 38.9]352|354]34.1|31.8] 33.2|30.9]|30.8|31.4| 341|324 33.7|32.8| 31.6| 33.5]| 32.1
Furans D | 545 | 54.5 | 50.5]52.8|52.9|52.2| 52.9| 53.5| 48.9| 51.5| 52.1| 48.0| 48.8| 52.0| 50.7| 51.9| 46.6| 51.7
Ethylamine | E | 101 | 109 | 98.6] 107 | 101 | 105 | 103 | 99.3]98.7|96.1| 96.0| 102 | 98.3| 105 | 98.5] 107 | 96.7| 108
Acetonitrile | F | 85.8 | 105 | 106 |97.2| 105 |97.5| 100 | 97.1]|98.4|98.1|97.7| 93.9]| 98.9|98.2| 101 | 94.3| 101 | 93.2
Mercury G | 255 | 244 | 255 | 254 | 259 | 250 | 258 | 252 | 254 | 254 | 254 | 256 | 252 | 261 | 251 | 267 | 251 | 269
Ammonia | H | 202 | 216 | 199 | 206 | 201 | 201 | 205 | 201 | 200 | 201 | 199 | 202 | 201 | 201 | 202 | 206 | 202 | 208
‘Aldehyde I | 201 | 205 | 199 | 204 | 208 | 204 | 200 | 202 | 206 | 204 | 210 | 204 | 201 | 209 | 208 | 214 | 207 | 214
1,3-Butadiene | J | 204 | 200 | 195 | 195 | 199 | 199 | 199 | 198 | 200 | 202 | 201 | 207 | 199 | 210 | 202 | 216 | 202 | 219
Pyridine K | 1070 | 1110 [1015[1035[1015]1015| 992 [1025[1010[1020] 1055[ 1045|1040 1080] 1087|1060 2040] 1090
Nitrosamines | L | 2150 | 2010 | 2015|1935 1980 1845|2020 1995]2010] 2090[ 2105 2130[ 2055] 2100[2170[ 2165] 2105[ 2135
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3M FR57 Cartridge (8/26/17) AX Exhauster

Volumes Air Collected (L)

Sample Box Number | Mach. | Mach.
Analyte Tine | Base 1| Base 2 Al | A2 | Bl |B2|Cl|C2|Dl1|D2]|El E2 F1 F2 | G1 | G2 | H1 | H2
svoC A | 410 | 4.05 [4.29(4.26|4.26|4.22|14.14|3.92|3.78(3.98|4.16|3.96| 4.10| 4.04| 4.24|4.00| 4.19| 3.92
vocC B 407 | 403 |419]|4.22|4.18|4.06|14.24|4.0714.1514.21|3.81|3.98|3.83|4.03|/4.09|3.89|4.09]|3.73
Methanol C 389 | 394 |4.28|1431|4.16|4.1414.21|4.17|4.02|4.07|4.08|3.90|4.04|3.89|3.82(399|3.88|3.85
Furans D 6.07 | 6.00 |6.40|6.11|6.42| 6.57|6.58|6.22]|6.18| 6.25]| 6.03]|6.05|5.87|6.20| 6.12| 6.26| 6.10] 6.00
Ethylamine E 11.3 12.2 |12.3112.4(12.4|12.7|12.0]12.1|12.0{12.1(11.4|11.7|11.8]|11.8|12.1|12.6|11.9| 12.7
Acetonitrile F 11.5 12.3 |12.2112.3|11.8|12.2|112.0| 9.8 |12.1(12.1|116|12.6(12.3|12.3|12.4|12.4|12.1|125
Mercury G 29.1 | 299 |30.0/130.1|30.6|29.7|130.0|29.6|29.9|130.4]|29.7|30.8(30.7|30.8|31.2(309|30.7[31.3
Ammonia H 23.1 242 |24.41239|249(23.8|24.2|244|244|24.4|23.7|1248|243|25.4|24.4]|23.8(243]|24.0
Aldehyde | 23.5 | 24.0 |24.2|124.1|24.1|23.8|24.3|23.8(24.1|23.8]|24.6|24.1|24.5(259|23.9|24.6(23.7|24.4
1, 3-Butadiene | J 22.7 | 22.8 |24.1123.8|239|23.4|1244|239|244|236|24.4|24.1|23.8|25.6|25.0(24.2|23.9|244
Pyridine K 120 125 | 120121 | 119 118|120 | 119 119123 | 121|121 ]| 128 | 131 | 120 | 126 | 124 | 127
Nitrosamines L 237 233 | 243|250 231|229 | 243 | 256 | 260 | 262 | 254 | 253 | 250 | 251 | 233 | 244 | 251 | 238

Flow Rates (ml/min)

Sample Box Numb‘e I |G | LAERD Al | A2 | Bl | B2 | Cl|C2|Dl1|D2]| E1l E2 F1 F2 | G1 | G2 | H1 | H2

Analyte Line | Base 1 | Base 2
SvVoC A | 35.7 | 35.2 |35.7|35.5]35.5|35.2|34.5|32.7(31.5|33.1|34.7|33.0| 34.2| 33.6 35.3| 33.3| 34.9(32.7
VocC B 354 | 350 |349|35.2|34.8|339|354|34.0(346]35.1|31.7(133.1|31.9|33.6(34.1|32.5|34.1|31.1
Methanol C 338 | 34.2 |35.7]359]34.7|345(351|34.8|335(339|34.0|325(|336|324|319(333|323321
Furans D 52.7 | 52.1 |53.3|50.9|53.5|54.8|54.9(/51.8|51.5|52.1|50.3]|50.4|48.9|51.7|51.0| 52.1| 50.8] 50.0
Ethylamine E | 980 | 106 | 103 | 104 | 103 | 106 | 100 | 101 | 99.9| 101 | 94.9]|97.3| 98.6| 98.2| 101 | 105 | 98.8| 106
Acetonitrile F 100 107 | 102 | 103 | 98.6( 101 | 100 | 81.8| 101 | 101 | 96.8| 105 | 103 | 103 | 103 | 103 | 101 | 104
Mercury G 253 260 | 250 | 251 | 255 | 248 | 250 | 247 | 249 | 254 | 248 | 257 | 256 | 257 | 260 | 258 | 256 | 260
Ammonia H 201 210 | 204|199 207|198 | 202 | 203 | 203 | 203 | 197 | 206 | 202 | 211 | 203 | 199 | 202 | 200
Aldehyde | 205 | 208 | 201|201 201)|199| 202|198 | 201 | 198 | 205 | 201 | 204 | 216 | 199 | 205 | 197 | 203
1, 3-Butadiene | J 198 198 | 201|198 | 199 195|203 | 199 203 | 196 | 204 | 201 | 199 | 214 | 208 | 202 | 199 | 203
Pyridine K 1046 | 1090 | 998 | 1005| 989 | 984 | 1000| 991 | 990 | 1025(1010]1010| 1070{1090]|1000| 1050]1030| 1055
Nitrosamines L 2059 | 2023 |2025|2080)1925|1910|2025]|2130|2166|2180|2120|2105|2085]|2090|1945|2030| 2095 1980
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C.3.2

SCOTT 7422-SD1 Cartridge (8/25/17) AX Exhauster

Temperature, Pressure, and Relative Humidity

| Influent- Pre | After Sample Taken

|Reading uom |Baseline |A C D E F G H
Relative Humidty % 42.1 86.6 45.8 37.7 43 52.6 61.3 67.8 74.4
Temperature F 74.9 91.3 95.3 97.5 87.4 75.7 72.7 69.4 65.4
Pressure Torr 737 7109 | 7159 | 7164 | 716.1 717 718 715.6 | 718.4
NH3 ppm

VOoC ppm

| Influent - Post | After Sample Taken

|Reading uom |Baseline |A C D E F G H
Relative Humidty % 25.8 41.8 39.7 36.7 50.8 61.9 68 73.7 81.3
Temperature F 97.5 95.5 96 94.1 79 72.1 69.1 65.6 60.5
Pressure Torr 736.3 710.2 | 715.2 | 716.4 | 716.9 | 717.7 | 718.7 | 7182 | 719.3
NH3 ppm 1 1 0 0 0 0

VOC ppm 1610 3.5 2.9 1.5 2 1.2

| Effluent - Pre After Sample Taken

|reading UoM Baseline A B C D E F G H
Relative Humidty % 28.8 38.7 25.7 19.5 15.6 25.3 28.6 30.3 32.2
Temperature F 70.7 84.5 95.1 101 90.2 79.8 74.9 73.3 69
Pressure Torr 419.3 434.5 442.4 443.3 439.9 445 439.5 442.1 434.2
NH3 ppm

vocC ppm

| Effluent- Post After Sample Taken

|reading UoM Baseline A B C D E F G H
Relative Humidty % 21.1 26.6 20.8 19 235 28.5 30.8 334 36.7
Temperature F 83.3 93.3 99.8 94.1 83.7 75.9 73.5 70.4 65.4
Pressure Torr 448.3 4473 | 4514 | 716.4 | 449.6 | 446.2 | 447.2 | 446.3 | 4455
NH3 ppm 1 1 0 0 0 0

VOC ppm 0.65 1.1 1.1 0 0.3 0.5

C.9




SCOTT 7422-SC1 Cartridge (8/26/17) AX Exhauster

| Influent- Pre | After Sample Taken
|Reading UOM  |[Baseline [A C D E G

Relative Humidty % 70.1 58.6 36.1 31.9 32.7 40 46.9 55.7 60.2
Temperature F 63.7 89.3 95.9 99.5 97.8 88.5 81.7 75.2 72.4
Pressure Torr 738.3 7203 | 7189 | 718.8 | 717.8 | 718.1 | 717.8 | 717.8 718
NH3 ppm

VocC ppm
| Influent - Post | After Sample Taken
|Reading UOM  [Baseline |A C D E G

Relative Humidty % 42.6 34.2 31.1 30.8 38.1 47.2 53.7 60.4 68.9
Temperature F 84 98.3 101.3 101.1 90.4 81.5 76.6 71.9 67.6
Pressure Torr 739 719.9 | 7182 | 717 | 717.8 | 718.8 | 718.1 | 718.2 | 718.3
NH3 ppm 1 1 1 4 3 2 2 1
VOC ppm 3.2 3.8 4.8 0.58 0.38 0.18 0.15 0.12
| Effluent - Pre After Sample Taken

|Reading UoMm Baseline A B C D E F G H
Relative Humidty % 31.1 29.3 22.9 18.6 17 18.5 21.9 24.3 27
Temperature F 63.3 79.9 94.9 99.5 49.5 98.3 86.3 79.4 75.6
Pressure Torr 440.2 444.4 447.7 453.9 451.8 454.8 452.8 447.3 445.7
NH3 ppm

VvocC ppm

| Effluent- Post After Sample Taken

|Reading UoM Baseline A B C D E F G H
Relative Humidty % 28.9 23.8 18.4 16.8 18 21.3 24.4 28.1 30.7
Temperature F 73.1 92.4 101.8 103.8 96.6 87.9 81.9 76.1 72.8
Pressure Torr 449 459.5 461.1 463.3 460.5 459.6 | 453.9 | 450.8 450.1
NH3 ppm 0 0 0 2 0 0 1 1
VvoC ppm 1.1 1.6 1.7 0.34 0.26 0.05 0.05 0
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MSA Optifilter TL Cartridge (8/25/17) AX Exhauster

| Influent- Pre After Sample Taken

|Reading UoM Baseline A B C D E F G H
Relative Humidty % 38.5 68 33.9 39 41.6 54.3 56.4 60.7 64
Temperature F 76 82.3 91.5 90.8 87.8 76.8 75.4 71.3 68.5
Pressure Torr 700.1 683.2 692 692 692.3 | 694.1 | 692.7 | 698.6 | 699.6
NH3 ppm

VocC ppm

| Influent - Post After Sample Taken

|Reading uom Baseline A B (o D E F G H
Relative Humidty % 33.1 41.8 38.7 37.1 48.8 57.2 63.9 65.3 72.3
Temperature F 78 90.3 91.9 93 80.6 74.6 70.8 67.9 63.2
Pressure Torr 700.8 682.7 | 692.4 | 6919 | 693.1 | 694.4 | 694.1 | 699.3 | 700.5
NH3 ppm 2 1 1 5 4 2 1 1
VOC ppm 14 9.3 6.1 0.4 0.2 0.3 0.09 0.11

| Effluent - Pre After Sample Taken

|Reading Uuom Baseline A B C D E F G H
Relative Humidty % 43.4 48.1 42.5 37.5 36.6 46.2 51.2 53.9 56.6
Temperature F 724 92.4 88.5 91.4 91.6 813 77.5 74.7 71.4
Pressure Torr 696.7 679.7 | 688.4 | 688.4 | 688.8 | 690.5 | 689.2 | 695.1 | 696.1
NH3 ppm

VOC ppm

| Effluent- Post After Sample Taken

|rReading uUomM Baseline A B C D E F G H
Relative Humidty % 33.1 45.7 30.3 35.8 44.1 50.9 54 56.6 58.8
Temperature F 77.9 86.7 91.5 93.5 83.6 77.5 74.9 71.3 68.1
Pressure Torr 697.4 679.2 | 688.9 | 688.3 | 689.5 | 690.9 | 690.5 | 695.8 697
NH3 ppm 2 0 1 3 2 2 2 0
VOC ppm 2 1.05 0.79 0.06 0.04 0 0 0
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3M FR57 Cartridge (8/26/17) AX Exhauster

Influent- Pre | After Sample Taken
Reading Juom |Baseline (A C D E G
Relative Humidity % 58.9 72.4 89.7 81.3 75.4 82.8 86.3 90.3 90.4
Temperature °F 83.5 83.5 91.1 84.4 82.1 77.2 72.6 66.8 66.8
Pressure Torr 783.2 711 710.3 | 715.7 | 710.2 710 711.3 | 710.8 | 711.6
NH3 ppm
VocC ppm

Influent - Post | After Sample Taken
Reading Juom |Baseline [A C D E G
Relative Humidity % 52.8 97.3 91.7 73.1 81.9 87.7 89.3 91.8 92.4
Temperature °F 83.3 83.8 91.4 82.6 77.9 73.2 66.6 66.5 65
Pressure Torr 783 710.8 | 710.5 | 7149 | 710.2 | 711.2 | 711.7 | 711.8 | 712.2
NH3 ppm 99+
VocC ppm 7

Effluent - Pre | After Sample Taken
Reading UOM |Baseline |[A C D E G
Relative Humidity % 31.5 31.9 39.4 31.8 30.1 374 39.4 41.5 42.3
Temperature °F 78.8 83.2 91.6 91.3 88.3 80.5 74.9 68.3 68.9
Pressure Torr 4415 446.8 | 460.8 452 4447 | 4525 | 446.6 | 438.3 | 438.2
NH3 ppm
VOC ppm

Effluent- Post | After Sample Taken
Reading UOM |Baseline |[A C D E G
Relative Humidity % 20.7 38.5 39.6 27.7 37.7 41.3 42.9 45.4 43.7
Temperature °F 82.5 92.7 91.8 91.9 81.2 75.9 69.4 69.2 68.2
Pressure Torr 461.4 459.7 460.8 | 460.2 455.9 | 455.3 451.3 | 451.3 | 451.3
NH3 ppm 99+
VoC ppm 7
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C.4 Raw Data

C.4.1 SVOC and SVOCTIC
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C.4.2 VOC and VOCTIC
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20173011 Rev. 0
NARRATIVE

FINAL REPORT ON AMMONIA VAPOR TUBES
FOR CARTRIDGE EVALUATION
COLLECTED AUGUST 26-27, 2017

This final report presents the results of eighty ammonia vapor tubes received at the 222-8
Laboratory on August 28, 2017, in good condition and with adequate paperwork. The samples
were logged into sample delivery group 20173011,

DISCLAIMERS

e The information contained in this report is intended only for the use of the addressee and
should be considered confidential.

e This report shall not be reproduced, except in full, without written approval of the
laboratory.

s The results shown in this report pertain only to the actual samples tested.

e These results conform to the requirements specified in the referenced methods/procedures
and specifications provided verbally or electronically by the customer. Any deviations or
modifications are discussed in the following narrative.

e This report only addresses laboratory activities related to the listed surveys.
Requirements or anomalies concerning field sampling are not addressed in this report.

PROCEDURES
Method Preparation Procedure Analysis Procedure
Ammonia by OSHA ID-188 LLA-533-117, Rev. 3-1 [LA-533-117, Rev. 3-1
[LA-503-157, Rev. 2-7

ANALYTICAL SUMMARY

The vapor tubes were tested for ammonia, as specified on the chain of custody. Standard
laboratory procedures for ion chromatography were followed as well as the requirements in
WHL-MP-1029, WHL Industrial Hygiene Quality Assurance Project Plan for 222-§ Laboratory
(QAPP). Program specific work authorization instructions have been provided for WRPS TH
sample analysis through verbal and electronic communication with the customer point of contact,
and are kept as a record by the laboratory. When applicable, any client communication specific
to the samples in this report will be included herein. All quality control critetia in the QAPP were
met.

The measurement uncertainty was estimated based on the historical behavior of laboratory
control samples (LLCS). The results of 373 L.CS determinations indicate a mean recovery of 98%
with a standard deviation of 3.3%. Statistical process control limits for the L.CS are

81 - 111% for instrument IC-09 and 83 — 112 for instrument IC-13, with no significant bias. The
overall estimate of uncertainty is 6.7%, with coverage factor (k) = 2.

Due to background levels of ammonium (or interfering compounds) that are typically present in
the media used in the sorbent tubes for collecting the vapor samples, positive results are obtained
for the preparation blank. Laboratories typically correct the LCS and all field samples for these
background levels, when detected. However, per agreement with the customer, no blank
subtraction was performed. The client-requested reporting limit is 10 pg per sample, which
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