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EXECUTIVE SUMMARY

Savannah River National Laboratory (SRNL) researchers in collaboration with Hanford and RJ Lee
Group, Inc. conducted a scoping study to collect and analyze particulate material present at Hanford tank
farms A, B, C, and AP. The goal of this effort was to obtain preliminary data to guide and determine the
feasibility of potential future studies into the collection and characterization of ultrafine particulates at the
Hanford tank farms. This study is not intended as a comprehensive or final analysis. Because of the
abbreviated nature of this scoping study, insufficient data was collected to draw conclusions about the
nature of potential particulate releases from Hanford tank farms.

Sample collection was a collaborative effort between SRNL, Hanford, and RJ Lee Group, Inc. Aerosol
particle samplers were deployed over the course of May 23-26, 2016 at predetermined locations in and
around Hanford tank farms for less than 7 hours per day during the sample collection period. Sampling
locations included areas inside the Hanford tank farm perimeter fences as well as collecting airborne
material directly from the AP stack and the A103 passive breather filter. All hands on work at these
locations was performed by Hanford personnel. Additional high-volume samplers were deployed by
SRNL personnel outside the tank farm perimeter fences to collect material at a distance. A sampler was
also deployed upwind of the B tank farms to acquire background samples for comparison.

Samples were shipped to SRNL for Scanning Electron Microscopy (SEM), Energy Dispersive
Spectroscopy (EDS), Raman, and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) analysis.
Duplicate samples were provided to RJ Lee Group, Inc. for Gas Chromatography Mass Spectrometry
(GC/MS) analysis. Multiple carbonaceous materials were found via SEM/EDS analysis, but nothing that
could be conclusively attributed to tank farm operations. The SRNL ICP-MS and Raman analysis yielded
inconclusive data due to insufficient mass quantities collected by the sampler or background interference,
respectively. The RJ Lee Group, Inc. GC/MS analysis was found to yield the most fruitful information
with particle collectors acting as pre-concentrators for VOCs analysis.
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1.0 Introduction

Savannah River National Laboratory (SRNL) researchers conducted a scoping study to collect and
analyze particulate material collected at the Hanford A, B, C, and AP tank farms. The goal of this effort
was to obtain preliminary data to guide and/or determine the feasibility of potential future studies related
to the presence and characterization of ultrafine particulates emanating from Hanford tank farms. SRNL
has extensive experience in the design, development, and deployment of aerosol collection systems borne
out of environmental monitoring efforts associated with Savannah River Site’s reprocessing facilities.

The Aerosol Contaminant Extractor (ACE)" is a 300 L/min electrostatic particle collector developed at
SRNL with DOE funding and proven effective in the collection of atmospheric aerosols in multiple field
trials conducted on behalf of various entities. Particles are collected onto conductive substrates that are
amenable to rapid processing for removal and analysis of species of interest. The MiniACE is an
electrostatic particle collector suitable for vacuum or pressurized systems with a 20-30 LPM flowrate.
Similar to the ACE, the MiniACE collects materials onto duplicate conductive substrates amenable for
particle analysis. In addition to the ACE and MiniACE, SRNL has utilized the COTS Sioutas cascade
impactor (SKC)? which collects particles in multiple size fractions in the respirable range. To prepare
particulate samples collected on swipes for laboratory analysis, the Vacuum Aerosol Contaminant
Extractor (VacACE)® utilizes electrostatic precipitation to place particles of interest on planchets for
investigation.

Particle samplers were deployed over the course of May 23-26 at key points for less than 7 hours per day
during the sample collection period. Samplers were utilized to collect material directly from two tank
exhaust points selected and provided by Hanford: the AP stack and the A103 passive breather filter.
High-volume samplers were deployed outside the tank farm perimeter fences to collect material at a
distance. A sampler was also utilized upwind to acquire background samples for comparison. Samples
were shipped to SRNL for SEM/EDS, Raman, and ICP-MS analysis. Duplicate samples from all ACE
collections were provided to RJ Lee Group, Inc. for GC/MC analysis. Other samples, in addition to those
collected by SRNL, were collected and analyzed by RJ Lee Group’s mobile laboratory. The details of
this work are reported elsewhere and outside the scope of this report.

2.0 Sample Collection

Sample collection was a collaborative effort between SRNL, Hanford, and RJ Lee Group, Inc. Sampling
locations included areas inside the Hanford tank farm perimeter fences as well as the AP tank farm
exhaust stack and the Tank A103 passive breather filter. All work inside the confines of a tank farm
fence was performed by Hanford personnel. Particle collections also included areas outside of perimeter
fences which were performed by SRNL personnel. Sampling locations were determined the morning of
collection through consensus of opinion with SRNL personnel, RJ Lee Group mobile lab employees, and
with Hanford workers familiar with the area. All sampling times/durations were chosen to best match
employee shift schedules and provide adequate sample for analysis. A detailed description of the particle
collectors used; along with sampling dates, times, and locations is provided in the following sections.

2.1 Particle Collectors Utilized

Aerosol particle collection equipment was provided by SRNL and shipped to Hanford prior to the
collection campaign. Batteries were purchased and acquired on-location.

! Carlson, Duane C.; DeGange, John J.; Cable-Dunlap, Paula. "Portable Aerosol Contaminant Extractor." Patent 6,964,189 B2.
15 November 2005.

2 Sioutas, Constantinos. “Personal particle monitor” Patent US6786105 B1. 7 September 2004.

3 SRNL LDRD-2015-00076 Report
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2.1.1 Aerosol Contaminant Extractor (ACE)

The Aerosol Contaminant Extractor (ACE) is a 300 L/min electrostatic particle collector developed at
SRNL and proven effective in the collection of atmospheric aerosols in multiple field trials conducted on
behalf of various entities. Particles are collected indiscriminately onto duplicate conductive substrates
that are amenable to rapid processing for removal and analysis of species of interest. For this study,
ACEs were utilized to collect airborne particulates outside the tank farm perimeter fences.

e -

Figure 2-1. Photograph of an ACE deployed on a tripod west of Hanford tank farm B.

2.1.2 The Mini Aerosol Contaminant Extractor (MiniACE)

The MiniACE is an electrostatic particle collector suitable for vacuum or pressurized systems with a 20-
30 LPM flowrate. Similar to the ACE, the MiniACE collects materials onto duplicate conductive
substrates amenable for particle analysis. For this study, MiniACEs were equipped with a custom-built
weather enclosure and utilized for closed loop collections directly at the stack or passive breather filter
exhaust point. A polyethylene tube was used to draw air from the source to the MiniACE for sample
collection, and a second line returned the gas discharged from the collector back to the source location.

.

Figure 2-2. Photograph of the SRNL MiniACE suitable for vacuum or pressurized systems

2.1.3 Sioutas Cascade Impactor (SKC)

The Sioutas cascade impactor (SKC) is a low volume COTS impactor that separates and collects airborne
particles into multiple size fractions in the respirable range (i.e., 2.5 um, 1.0 um, 0.50 pm, and 0.25 pm).
A flow rate of 9 L/min was provided using the associated COTS Leyland Legacy pump. Polyethylene
tubing was used to draw air from the passive breather filter or stack to the SKCs for collection.
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Figure 2-3. Photograph of the Sioutas cascade impactor and associated Leyland Legacy pump.

2.1.4 Swipe Samples and the Vacuum Aerosol Contaminant Extractor (VacACE)

To acquire potential legacy material deposited on or near the passive breather filter exhaust point; the
filter screen was directly smeared with a cloth swipe. Material collected on the swipe was then prepared
for SEM and Raman analysis using SRNL’s Vacuum Aerosol Contaminant Extractor (VacACE). The
VacACE utilizes a vacuum system and electrostatic precipitation to transfer material from surfaces to
planchets suitable for investigation.

We Put Science To Work

Figure 2-4. Photograph of the SRNL VacACE and (right) collector planchet being loaded into the
collector

2.2 Sample Collection Substrates, Preparation, and Handling

Samples obtained from the ACE and MiniACE were collected onto 3.55 x 1.75 inch P <100> Si wafers
(Nova Electronic Materials). Samples from SKCs were collected onto 1” Silicon wafers (Addison
Electronics, Inc.). Cleaning procedures of the wafers took place in a clean room laboratory. Briefly,
substrates were ultra-sonicated in heated ASTM Type | water, dried, placed in individual carriers, and
packaged ten per container while under laminar flow. Bags of ten were then heat sealed for custodian
control.

Once sample collection was complete; collection substrates were placed inside plastic wafer carriers and
labeled. Wafer carriers were then sealed inside labeled Mylar bags with desiccant capsules. All samples
obtained using SKCs and swipes were shipped to SRNL for analysis. Sample duplicates from ACE and
MiniACE collectors were transported to both RJ LEE Group, Inc. and SRNL for analysis.

Unique sample nomenclature was used to facilitate sample tracking/identification. All sample labels had
the following nomenclature:

[year/month/day sample was acquired]-[collector used]-[collection location]-[duplicate #]
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For example, a sample acquired at the A103 passive breather filter using a MiniACE on May 24, 2016
would have the label: 20160524-MiniACE-A103-1

2.3 Sampling Campaign Information

Sample collection was a collaborative effort between SRNL and Hanford personnel. Sample collection
was focused on the areas inside and surrounding the A and AP tank farms; with additional samples
acquired in the vicinity of B and C tank Farms. A Google Maps view of the tank farms with the areas of
interest highlighted can be found in Figure 2-5. Photographs of the A103 Passive breather and the AP
Stack are found in Figure 2-6.

Figure 2-5. Google Maps view of Hanford tank farms with B, C, A, and AP tank farms highlighted
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Figure 2-6. Photograph of (a) the A103 passive breather filter and (b) the AP stack.

2.3.1 Day 1 - Monday, May 23, 2016

The primary focus of day 1 was to discuss and finalize a sampling plan. A pre-job briefing was
conducted with SRNL, RJ Lee Group, Inc., and Hanford employees to discuss topics that included:
logistics, approvals, particle collector operation, substrate handling, sample labeling, and address any
safety concerns. A MiniACE and SKC were staged to draw air from the A103 passive breather filter.
The SKC was operated for the time and duration shown in Table 2-1.

Table 2-1. May 23, 2016 Collection Information

Location | Sampler Used | Start Time | Stop Time Duration
A103 MiniACE 1157 1505 188 min
A103 SKC 1157 1505 188 min
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Figure 2-7. Google Maps view of Hanford tank farms with an annotated star showing the May 23,
2016 sampling location

2.3.2 Day 2 - Tuesday, May 24, 2016

Permissions and requirements were obtained for the placement of ACEs around the Hanford site. A dry
run was conducted using all sampling equipment. Information on the type of sampler collectors used,
locations, sampling times, and durations on this date are found in Table 2-2. A corresponding annotated
map with sampling locations is found in Figure 2-8.

Table 2-2. May 24, 2016 Collection Information

Location | Sampler Used | Start Time | Stop Time Duration
AP MiniACE 1008 1421 253 min
AP SKC 1008 1421 253 min

A103 MiniACE 835 1455 380 min
A103 SKC 835 1455 380 min
B-U ACE 1247 1344 57 min
B-D ACE 1257 1400 63 min
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Figure 2-8. Google Maps view of Hanford tank farms with annotated stars showing the May 24,
2016 sampling locations

2.3.3 Day 3 — Wednesday, May 25, 2016

All sample collectors were utilized on Day 3. Both SKC and MiniACE collectors were utilized to acquire
samples from the AP Stack and A103 passive breather filter. Due to low and variable winds throughout
the day, ACE units were deployed in a line through the AP, A, and C tank farms. Information on the type
of sampler collectors used, locations, sampling times, and durations on this date are found in Table 2-3.
A corresponding annotated figure with sampling locations is found in Figure 2-9.

Table 2-3. May 25, 2016 Collection Information

Location | Sampler Used | Start Time | Stop Time Duration
A103 MiniACE 857 1455 358 min
A103 SKC 857 1455 358 min

AP MiniACE 825 1419 354 min
AP SKC 825 1419 354 min
AP-D ACE 933 1320 227 min
AP-U ACE 945 1330 225 min
CN ACE 1015 1355 220 min
AN ACE 1039 1408 209 min
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Figure 2-9. Google Maps view of Hanford AP, A, and C tank farms with annotated stars showing
the May 25, 2016 sampling locations

2.3.4 Day 4 - Thursday, May 26, 2016

All sample collectors were utilized on Day 4. Both SKC and MiniACE collectors were used to acquire
samples from the AP Stack and A103 passive breather filter. In addition, a swipe sample was obtained
from the A103 passive breather filter by smearing the exhaust screen with a cloth swipe. Winds were
from the northwest at approximately 15-18 MPH throughout the day. Three ACE units were deployed
southeast (i.e., downwind) of the A and AP tank farms. An annotated figure with sampling locations is
found in Figure 2-10. One ACE unit was placed northwest (i.e., upwind) of the identified tank farms
(Figure 2-11) in order to establish a sample “background.” Information on the type of sampler collectors
used, locations, sampling times, and durations on this date are found in Table 2-4.

Table 2-4. May 26, 2016 Collection Information

Location | Sampler Used | Start Time | Stop Time | Duration
A103 MiniACE 828 1433 365min
A103 SKC 828 1433 365 min
A103 Smear N/A N/A N/A

AP MiniACE 800 306 426 min
AP SKC 800 306 426 min
AP-E ACE 922 1302 220 min
A-SE ACE 936 1312 216 min
AP-SE ACE 956 1323 207 min
B-W ACE 1015 1339 204 min
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Figure 2-10. Google Maps view of Hanford AP, A, and C tank farms with annotated stars showing
May 26, 2016 sampling locations
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Figure 2-11. Google Maps view Hanford tank farms with annotated star showing the May 26, 2016
background sample collector location. C, A, and AP tank farms are highlighted.

3.0 Results and Discussion

Due to delays in the start date, and limited funding, it was not possible to analyze every sample collected.
Consequently, samples were triaged and those deemed most likely to be of interest were selected for
analysis. Samples collected directly at the passive breather filter or stack were considered “source term”
and, therefore, assigned the highest priority. Samples acquired on May 26 were also given priority due to
a constant wind direction during the period of collection and the relatively long collection times.

3.1 Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS)

SEM/EDS analysis was performed on samples as received with no sample preparation. SEM and EDS
methods (Zeiss Supra 40VP and Oxford Inca 80 mm?) provide information relative to size, morphology,
and elemental identification, respectively. Samples collected from tank vapors were anticipated to be low-
Z carbonaceous materials with a background matrix of carbon rich materials. Due to the unknown nature
of the waste tank emissions, efforts relied on manual surveys of the collection substrates.

Figure 3-1 shows representative images of particles collected on ACE plates throughout the course of this
investigation. The image in Figure 3-1(a) was acquired from the B-W location in Figure 2-6 and, being
upwind, was considered our “background” for this study. The image in Figure 3-1(b) was from the AP-
SE location in Figure 2-5 and was downwind of the tank farms investigated. Both images contain a
plethora of flat carbon-rich spheres ranging in size from 10’s of nm to several microns that appeared to be
derived from liquid droplets. As can be seen in Figure 3-2, the spheres are unstable and rapidly
decompose with prolonged exposure to the electron beam.

While the exact origin of these carbon droplets is unknown, it does not appear they are unique to the

Hanford location where they were collected. Not only were they found “upwind” of the tank farms
included in our investigation, but droplets of this nature are often seen in environmental samples; for

10
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example, Figure 3-3 show SEM images of material collected on our background ACE plate at the B-W
location and material acquired from an analogous ACE operated on a SRNL loading dock that is miles
away from processing facilities.

Figure 3-1. Particles collected on ACE plates from (a) upwind and (b) downwind of the tank farms
on 5/26. The flat carbon-rich spheres dispersed throughout the images appear to be derived from
liquid droplets. Note: image (b) is a higher magnification than (a). Scalebar =2 um.

Figure 3-2. A progression from (a) to (c) of high magnification, quick-scan, images of flat carbon
spheres collected on the “background” plate. The carbon spheres rapidly break down under the
electron beam after multiple scans.

11
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Figure 3-3. SEM images of material collected on ACE plates from (a) our 204 minute background
collection at Hanford and (b) a 240 minute collection at a SRNL loading dock.

Samples acquired near the AP stack or A103 passive breather filter exhaust points were expected to have
the highest likelihood of containing particulate material emanating from Hanford tanks. Two particle
collectors were used for these efforts: the MiniACE and the SKC with flow rates of 30 L/min and 9 L/min
respectively. Compared to the ACE with a flow rate of 300 L/min, these two samplers collect material
from a smaller volume of air. Consequently, the collection substrates from these devices did not contain
ample quantities of material. Particles collected using the MiniACE were very dispersed and difficult to
locate in the SEM. However, the SKC collects material in easily identifiable lines on the Si wafer.

Figure 3-4 shows SEM images of material collected in the > 2.5 um, 1.0 um, 0.50 um, and 0.25 pum size
fractions of the SKC from the A103 breather filter on 5/25. From these images, it appears most of the
particles collected are in the smallest size fraction. Similar to the ACE collections, many carbon-rich
spherical particles were collected in all size fractions.

SEM images of material collected in the SKC from the AP stack on Day 4, Thursday, May 26 2016, are
found in Figure 3-5. Similar to results from the A103 breather filter; the smallest size fraction collected
the most material and much of it appears to be carbon droplets. However, the SKC at the AP stack
collected a noticeably smaller amount of material overall than the SKC used at the A103 breather filter.
Likely explanations include: 1) the filtration system prior to the AP stack removes more ultrafine material
and 2) the length of polyethylene tubing required to transport sample from the stack exhaust to the
particle collectors likely contributed to sample loss.

12
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Figure 3-4. SEM images of particulate material collected from the A103 passive breather filter on
5/25 using the SKC. Images correspond to the size fractions (a) > 2.5 um, (b) 1.0 um, (c) 0.50 pum,
and (d) 0.25 um. Scalebar =10 um.

13
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Figure 3-5. SEM images of particulate material collected from the AP stack on 5/26 using the SKC.
Images correspond to the size fractions (a) > 2.5 um, (b) 1.0 um, (¢) 0.50 um, and (d) 0.25 pum.
Scalebar = 10 pm.

In addition to the aerosol samples collected, SRNL acquired material using a swipe sample from the A103
passive breather filter screen. While not airborne at the time of collection, the swipe provided an
opportunity to collect material from the breather filter that fixed to the filter surface over a longer period
of time. Material was visibly present on the sample swipe. SRNL’s VacACE was utilized to transfer
material from the cloth swipe to a Si planchet suitable for SEM analysis. Figure 3-6 contains two images
from this sample using both a backscatter and secondary electron detector. Material observed using the
backscatter detector appears darker in the image and is virtually all low-Z; however, the carbon-rich
droplets did not appear to be present in this sample.

14
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Figure 3-6. SEM images of the same region of the A103 swipe sample imaged using (a) the
backscatter and (b) the secondary electron detectors.

3.2 Raman Spectroscopy

Raman analysis was performed on samples as received with no sample preparation. Raman spectroscopy
(Renishaw InVia with 785 and 514 nm lasers) provides information on chemical speciation to
complement the semi-quantitative elemental analysis provided by EDS. However, similar to the SEM
measurements performed for this study, sample analysis was labor intensive and relied on manual surveys.
With few exceptions, the Raman signal appeared to be completely masked by intense florescence from
the sample background (i.e., dirt). While some carbonaceous material was detected, many carbon species
were either not of sufficient quantity for measurement, or were found to be unstable and ablated by the
laser. Figure 3-7 shows one exception where a Raman signal was found from the B-W location (i.e., our
“background” sample). The peaks shown are insufficient to identify or assign chemical speciation.

X=35.017
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Figure 3-7. (a) SEM image acquired from the ACE B-W location on 5/26 and (b) Raman spectra
acquired from “spectrum 14” in the image. Two peaks at 969 and 1067 cm™ are seen using the 514
nm laser; the peak at 521 cm? is attributed to the Si substrate.

3.3 Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Two ACE plates (20160526-ACE-B-W-1 and 20160526-ACE-AP-SE-1) were selected for ICP-MS
analysis having, upon visual inspection, the most material collected of all the collection substrates. Each
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ACE plate was placed in a clean container with a 15 mL 5% HNO3 solution overnight. Each leached
solution was analyzed. These samples were also spiked with a 10 ppb Rh and In internal standard
solution and subsequently analyzed by ICP-MS in semi-quantitative mode. This technique entails the
analysis of a NIST-traceable multi-element standard (10 ppb In and 100 ppb Li, B, Mg, Ti, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Sr, Zr, Nb, Mo, Cd, Sn, Ta, W, Re, Au, Pb, Bi, and U), and the determined intensities for
this standard are compared with the intensities for the other samples to yield approximate concentrations
for selected elements. To account for plasma and instrument drifts, all intensities are relative to the 10
ppb Rh internal standard that was added to all samples. To gauge matrix effects, all samples should have
a minimum of 10 ppb concentration for In that was added to all samples (if a sample contains In, the In
concentration will be greater than 10 ppb). These semi-quantitative ICP-MS measurements have an
uncertainty of 20% reported in Agilent 7900 technical specifications.

Appendix A shows the estimated elemental concentrations for the 15 mL prepared solutions which were
determined with one analytical session. Each analytical session was comprised of an initial calibration
validation (ICV) sample of the multi-element standard (10 ppb In and 75 ppb Li, B, Mg, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Sr, Zr, Nb, Mo, Cd, Sn, Ta, W, Re, Au, Pb, Bi, and U), an initial calibration blank
(ICB) of deionized water, two submitted samples, the continuing calibration validation (CCV) sample of
the multi-element standard (10 ppb In and 75 ppb Li, B, Mg, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Zr,
Nb, Mo, Cd, Sn, Ta, W, Re, Au, Pb, Bi, and U), and a continuing calibration blank (CCB) of deionized
water.

Results appeared similar to blank collection substrates not used for particle collections. Several of the
elements do show measurable quantities above reagent backgrounds, but are of not of significant quantity
to warrant further quantitative measurements. In the case of aluminum and iron, isobaric interferences
exist such that peaks are always present and usually found in most of our particulate sampling. Based on
these results, it was determined that insufficient material quantities were present to warrant analysis of
additional plates.

3.4 Gas Chromatography / Mass Spectrometry (GC/MS)

Electrostatic particle collectors are not suitable for collecting gaseous materials. However, if a chemical
vapor condenses to form a liquid droplet or adheres to solid particles, it may be collected. Duplicates of
all samples collected from the ACE and MiniACE electrostatic particle collectors were provided to RJ
Lee Group, Inc. for Gas Chromatography/Mass Spectrometry (GC/MS) analysis. Samples were
transferred to a thermal desorption vessel and heated to drive off Volatile Organic Compounds (VOCs) to
be detected by GC/MS.

A detailed description of the GC/MS analysis/methodology can be found in Appendix B. Table 3-1
provides a summary of all identified, or tentatively identified, compounds. Samples with two separate
results are highlighted in green. It should be noted that SRNL was not provided analytical data on sample
blanks; consequently identified species cannot be conclusively attributed to the Hanford Site. The units
for all materials reported were nanograms. An ACE unit operating for 1 hour with a flow rate of 300
L/min would pass 18000 liters of air. Therefore, one nanogram of material collected would equate to a
concentration of 0.06 ppt (parts per trillion by mass).

Table 3-1. Summary of VOCs Tentatively Identified

Sample ID Analyte Result (ng)
20160523-mACE-A103-2 Propene 1.52
20160523-mACE-A103-2 Ethanol 3.6
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Sample ID Analyte Result (ng)
20160523-mACE-A103-2 Acrolein 4.22
20160523-mACE-A103-2 Acetone 12.5
20160523-mACE-A103-2 Methylene Chloride (Dichloromethane) 5.87
20160523-mACE-A103-2 Hexane 24
20160523-mACE-A103-2 Benzene 2.97
20160523-mACE-A103-2 Norflurane 8.81
20160523-mACE-A103-2 1-Propene, 2-Methyl 1.76
20160523-mACE-A103-2 Acetaldehyde 1.6
20160523-mACE-A103-2 Methyl isocyanide 1.57
20160523-mACE-A103-2 Acetic acid 4.25
20160523-mACE-A103-2 Heptane, 2,4-dimethyl- 7.8
20160523-mACE-A103-2 Octane, 4-methyl- 6.49
20160523-mACE-A103-2 Propanoicacid,2-methyl- 16.7
20160524-ACE-B-D-2 Acetone 3.45
20160524-ACE-B-D-2 Propene 1.42
20160524-ACE-B-D-2 Acetaldehyde 0.949
20160524-ACE-B-D-2 Acetonitrile 1.14
20160524-ACE-B-D-2 Pentane, 2-methyl- 3.01
20160524-ACE-B-D-2 Nonanal 6.22
20160524-ACE-B-D-2 Decanal 6.51
20160524-ACE-B-D-2 pentanoic acid, 2,2,4-trimethyl-3-carboxyisopropyl, isobutyl ester 19
20160524-ACE-B-U-2 Propene 2.51
20160524-ACE-B-U-2 1,2-Dichloro-tetrarfluoroethane 9.79
20160524-ACE-B-U-2 Ethanol 1.24
20160524-ACE-B-U-2 Acrolein 4.86
20160524-ACE-B-U-2 Acetone 4.92
20160524-ACE-B-U-2 1,1,2-trichloro-1,2,2-trifluoroethane ( 7.21
20160524-ACE-B-U-2 Benzene 5.18
20160524-ACE-B-U-2 Cyclohexane 1.96
20160524-ACE-B-U-2 Heptane 9.47
20160524-ACE-B-U-2 Methyl isobutyl ketone (MIBK) 3.73
20160524-ACE-B-U-2 2-Hexanone 3.79
20160524-ACE-B-U-2 m,p-Xylene 49.5
20160524-ACE-B-U-2 Nonane 9.03
20160524-ACE-B-U-2 o-Xylene 19.9
20160524-ACE-B-U-2 Styrene 22.6
20160524-ACE-B-U-2 1,1,2,2-Tetrachloroethane 4.19
20160524-ACE-B-U-2 Cumene 15.4
20160524-ACE-B-U-2 n-Propylbenzene 16.9
20160524-ACE-B-U-2 2-Chlorotoluene 23.2
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Sample ID Analyte Result (ng)
20160524-ACE-B-U-2 4-Ethyltoluene 10.6
20160524-ACE-B-U-2 1,3,5-Trimethylbenzene 11.6
20160524-ACE-B-U-2 1,2,4-Trimethylbenzene 11.4
20160524-ACE-B-U-2 1,3-Dichlorobenzene 30.3
20160524-ACE-B-U-2 1,4-Dichlorobenzene 31.2
20160524-ACE-B-U-2 1,2-Dichlorobenzene 27.7
20160524-ACE-B-U-2 1-Propene, 2-Methyl 1.75
20160524-ACE-B-U-2 Acetaldehyde 1.52
20160524-ACE-B-U-2 Methyl isocyanide 1.68
20160524-ACE-B-U-2 Propane, 2-methoxy-2-methyl 2.55
20160524-ACE-B-U-2 Hexane 2.04
20160524-ACE-B-U-2 Acetic acid 1.78
20160524-ACE-B-U-2 Benzonitrile 2.86
20160524-ACE-B-U-2 Acetophenone 2.95
20160524-mACE-A103-2 Acetone 4.23
20160524-mACE-A103-2 Methylene Chloride (Dichloromethane) 5.8
20160524-mACE-A103-2 Norflurane 2.79
20160524-mACE-A103-2 Propene 2.3
20160524-mACE-A103-2 1-Propene, 2-Methyl 1.3
20160524-mACE-A103-2 Acetaldehyde 0.994
20160524-mACE-A103-2 Acetonitrile 2.65
20160524-mACE-A103-2 Acetic acid 1.47
20160524-mACE-A103-2 Nonanal 5.1
20160524-mACE-A103-2 Decanal 5.64
20160524-mACE-AP-2 Acetone 3.21
20160524-mACE-AP-2 Acetaldehyde 1.33
20160524-mACE-AP-2 Acetonitrile 1.31
20160524-mACE-AP-2 Pentane, 2-methyl- 3.77
20160524-mACE-AP-2 Acetic acid 1.76
20160524-mACE-AP-2 Nonanal 5.93
20160524-mACE-AP-2 Decanal 6.35
2016-0525-ACE-A-N-2 Ethanol 0.999
2016-0525-ACE-A-N-2 Acetone 5.47
2016-0525-ACE-A-N-2 Propene 1.26
2016-0525-ACE-A-N-2 Acetonitrile 1.46
2016-0525-ACE-A-N-2 Pentane, 2-methyl- 4.22
2016-0525-ACE-A-N-2 Octane, 4-methyl- 2.72
2016-0525-ACE-A-N-2 Nonanal 4.31
2016-0525-ACE-A-N-2 2-Undecanone 7.51
20160525-ACE-AP-D-2 Acetone 2.5
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20160525-ACE-AP-D-2 Propene 1.28
20160525-ACE-AP-D-2 Acetontrile 1.52
20160525-ACE-AP-D-2 Pentane, 2-methyl- 3.2
20160525-ACE-AP-D-2 Acetone 18.3
20160525-ACE-AP-D-2 Acetonitrile 1.31
20160525-ACE-AP-D-2 Pentane, 2-methyl- 2.66
20160525-ACE-AP-D-2 2-Pentanone, 4-hydroxy-4-methyl- 3.45
20160525-ACE-AP-D-2 Nonanal 4.51
20160525-ACE-AP-D-2 Decanal 3.82
20160525-ACE-AP-D-2 Propanoicacid,2-methyl- 26.3
20160525-ACE-AP-U-2 Propene 0.878
20160525-ACE-AP-U-2 Ethanol 1.23
20160525-ACE-AP-U-2 Acrolein 1.81
20160525-ACE-AP-U-2 Acetone 12
20160525-ACE-AP-U-2 Benzene 1.63
20160525-ACE-AP-U-2 1,2,4-Trichlorobenzene 4.68
20160525-ACE-AP-U-2 Norflurane 2.9
20160525-ACE-AP-U-2 Acetaldehyde 1.39
20160525-ACE-AP-U-2 Pentane, 2-methyl- 4.15
20160525-ACE-AP-U-2 Nonane 3.01
20160525-ACE-AP-U-2 2-Undecanone 6.6
2016-0525-ACE-C-N-2 Propene 3.03
2016-0525-ACE-C-N-2 1,2-Dichloro-tertrafluoroethane 4.9
2016-0525-ACE-C-N-2 Ethanol 1.68
2016-0525-ACE-C-N-2 Acrolein 5.48
2016-0525-ACE-C-N-2 Acetone 8.7
2016-0525-ACE-C-N-2 Isopropanel 1.48
2016-0525-ACE-C-N-2 Benzene 1.73
2016-0525-ACE-C-N-2 Heptane 4.51
2016-0525-ACE-C-N-2 Chlorobenzene 3.45
2016-0525-ACE-C-N-2 Ethylbenzene 5.95
2016-0525-ACE-C-N-2 m,p-Xylene 15.6
2016-0525-ACE-C-N-2 Nonano 3.15
2016-0525-ACE-C-N-2 o-Xylene 7.47
2016-0525-ACE-C-N-2 Styrene 7.88
2016-0525-ACE-C-N-2 1-Propene, 2-Methyl- 1.62
2016-0525-ACE-C-N-2 Acetaldehyde 1.8
2016-0525-ACE-C-N-2 Acetonitrole 1.74
2016-0525-ACE-C-N-2 Propane, 2-methoxy-2-methyl- 1.96
2016-0525-ACE-C-N-2 Acetic Acid 1.45
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20160525-mACE-A103-2 Propene 6.82
20160525-mACE-A103-2 Ethanol 1.23
20160525-mACE-A103-2 Acrolein 6.22
20160525-mACE-A103-2 Acetone 5.63
20160525-mACE-A103-2 Benzene 2.11
20160525-mACE-A103-2 Acetaldehyde 1.96
20160525-mACE-A103-2 Acetonitrile 1.73
20160525-mACE-A103-2 Acetic acid 1.39
20160525-mACE-AP-2 Ethanol 2.75
20160525-mACE-AP-2 Acetone 4.18
20160525-mACE-AP-2 1-Heptanol, 4-mathyl- 21.5
20160525-mACE-AP-2 Nonanal 9.82
20160525-mACE-AP-2 1-Dodecene 42.1
20160525-mACE-AP-2 4-Dodecene 9.97
20160525-mACE-AP-2 2-Decanone 19.1
20160525-mACE-AP-2 5-Tridecene 24.4
20160525-mACE-AP-2 1-Tridecene 64
20160525-mACE-AP-2 6-Tridecene, ( E)- 23.8
20160525-mACE-AP-2 3-Undecanone 16.1
20160525-mACE-AP-2 2-Undecanone 23.2
20160526-ACE-AP-SE-2 Acetone 6.39
20160526-ACE-AP-SE-2 Norflurane 2.63
20160526-ACE-AP-SE-2 Acetontrile 1.25
20160526-ACE-AP-SE-2 Pentane, 2-methyl- 2.33
20160526-ACE-AP-SE-2 Nonanal 3.16
20160526-ACE-AP-SE-2 Decanal 3.48
20160526-ACE-AP-SE-2 Propanoic acid, 2-methyl-, 2-(hydroxymethyl)-1-propylbutyl ester 115
20160526-ACE-AP-SE-2 Propene 1.31
20160526-ACE-AP-SE-2 Acrolein 1.49
20160526-ACE-AP-SE-2 Acetone 2.95
20160526-ACE-AP-SE-2 Benzene 1.98
20160526-ACE-AP-SE-2 1,2,4-Trichlorobenzene 4.9
20160526-ACE-AP-SE-2 Acetaldehyde 1.47
20160526-ACE-AP-SE-2 Acetonitrile 1.21
20160526-ACE-AP-SE-2 Pentane, 2-methyl- 2.46
20160526-ACE-AP-SE-2 Nonane 4.14
20160526-ACE-A-SE-2 Diclorodifluoromethane (F12) 4.55
20160526-ACE-A-SE-2 Acetone 41.3
20160526-ACE-A-SE-2 Acetonitrile 1.69
20160526-ACE-A-SE-2 Pentane, 2-methyl- 2.97
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20160526-ACE-A-SE-2 2-Pentanone, 4-hydroxy-4-methyl- 2.42
20160526-ACE-A-SE-2 Nonanal 4.06
20160526-ACE-A-SE-2 Decanal 3.67
20160526-ACE-A-SE-2 Pentanoic acid, 2,2,4-trimethyl-3-carboxyisopropyl, isobutyl ester 20
20160526-ACE-B-W-2 Acetone 9.43
20160526-ACE-B-W-2 Norflurane 3.33
20160526-ACE-B-W-2 Acetaldehyde 1.28
20160526-ACE-B-W-2 Acetontrile 1.73
20160526-ACE-B-W-2 Pentane, 2-methyl- 3.49
20160526-ACE-B-W-2 2,6-Di-tert-butyl-p-benzoquinone 5.33
20160526-ACE-B-W-2 Propanoicacid,2-methyl- 13.6
20160526-ACE-B-W-2 Acetone 3.59
20160526-ACE-B-W-2 Acetonitrile 1.2
20160526-ACE-B-W-2 Pentane, 2-methyl- 2.21
20160526-ACE-B-W-2 Acetic Acid 1.37
20160526-ACE-B-W-2 Nonanal 4.55
20160526-ACE-B-W-2 Decanal 4.74
20160526-ACE-B-W-2 1000140-77-5 24

4.0 Conclusions

Aerosol particle samplers were deployed over the course of May 23-26 2016, at predetermined locations
in and around Hanford tank farms for variable time periods. Samplers were utilized to collect material
directly at two locations: the AP stack and the A103 passive breather filter. Additional high-volume
samplers were deployed outside various tank farm perimeter fences to collect material at a distance. A
sampler was also utilized upwind to acquire background samples.

Multiple carbonaceous materials were found via SEM/EDS analysis. ICP-MS and Raman analysis
yielded inconclusive results due to insufficient sample quantities or background interference, respectively.
The quantity of collected material can be increased by increasing the duration of collection. However,
collecting sample in the absence of a particulate or vapor release may increase the collection of unwanted
background material. It was noted by Hanford personnel familiar with the tank farms that the most likely
time for a chemical/particulate release was during the morning as the temperature increases.

From the SEM images (Figures 3-1 to 3-7) there are many small particles that appear to fall within the
PM2.5 regime (particle diameters 2.5 um or less) but a size distribution was not provided in this study.
Particle size distributions are typically provided when automated SEM analyses are performed. However,
due to the low-Z nature of the organics collected, automated analysis was not feasible for this study.
Consequently, particle size distributions will require lengthy manual efforts, or the use of imaging
analysis software.

GC/MS analysis was found to yield the most fruitful information with particle collectors acting as pre-

concentrators. Aerosol particles are also known to act as carriers of molecular species and can act as
seeds for droplet formation (e.g., cloud or fog formation is not possible without the existence of

21




SRNL-TR-2016-00193
Revision 1

submicron-sized particles).* In this way, particles may entrain or collect volatile organics that can be
collected and detected.

5.0 Recommendations, Path Forward or Future Work

The goal of this effort was to obtain preliminary data to guide and determine the feasibility of potential
future studies into the collection and characterization of ultrafine particulates at the Hanford tank farms.
This study is not intended as a comprehensive or final analysis. The SEM data concluded that many
small particles that appear to fall within the PM2.5 regime (particle diameters 2.5 pm or less) were
collected, but the identification and analysis of these particles are difficult with the techniques used.

Analysis of carbonaceous material potentially dispersed in a large carbon-rich background is very
challenging for SEM and spectroscopy based analytical methods. Methods that minimize the collection
of unwanted background material are important to aid sample analyses. Reducing the distance between
particle collectors and particle source terms would minimize sample dilution and enhance the probability
to collect material of interest. Future efforts to collect material directly from stacks or filters should strive
to minimize tubing between the source and collector to reduce sample loss. A detailed study to determine
probable particulate release locations, duration of release, and times of release from Hanford tanks, as
well as environmental conditions that could contribute to particle releases such as temperature and
barometric pressure would be very useful in guiding particle collection work. Additionally, providing
metrology data to guide sample collector placement would help increase the likelihood of collecting
material of interest and reduce unwanted background interference. Information on the activities or
chemical composition of material in waste tanks at the time of collection would be useful to correlate or
guide the analysis of collected material.

It appeared the most meaningful data obtained from this study was attained using the particle collectors as
pre-concentrators for GC/MS analysis. Whereas GC/MS may not provide meaningful data when used for
real-time analysis, utilizing particle collectors as pre-concentrators may provide sufficient material
guantity to aid GC/MS measurements. In addition, particles may act as carriers for chemicals of potential
concern that may not be detected by traditional GC/MS measurements.

GC-MS may not be the best method for detecting VOCs which will be present with so many background
species. Proton-transfer-reaction (PTR) MS is an analytical chemistry technique that uses gas phase
H;O". PTR-MS has been used for online monitoring of VOCs because the major components, such as;
N,, O, and CO, as well as methane, ethane and propane, have lower proton affinities than H,O, and there
is no proton transfer to these species, and they are not detected by the instrument.®

* Pruppacher H, Klett J (1997) Microphysics of Clouds and Precipitation. Kluwer Academic
Publishers, Dordrecht.

> Kuster, W. C., Jobson, B. T., Karl, T., Riemer, D., Apel, E., Goldan, P. D., Fehsenfeld, F. C. Environ. Sci. Technol., 2004, 38
(1), pp 221-228
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Appendix A. ICP-MS Results
Set 1 26 elements ICP-MS SQ ICP-MS SQ ICP-MS SQ ICP-MS SQ ICP-MS SQ ICP-MS SQ
SQ 100 Std. Results for the Results for Results for Results for Results for Results for
NIST traceable ICV 75 Std. the ICB 20160526-ACE- 20160526-ACE- CCV 75 std. the CCB
Concentration Check Soln. (Blank) B-W-1 Sample AP-SE-1 Sample Check Soln. (Blank)
Element (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Li 100 76 0.094 0.11 0.25 77 0.11
Be 0.00039 <0.0011 0.00079 0.0022 0.00079 <0.0011
B 100 78 0.81 4.6 3.8 79 0.69
Na 0.39 0.27 55 476 0.33 0.45
Mg 100 75 0.17 38 82 76 0.22
Al 3.5 1.8 331 649 3.6 2.1
Ti 100 75 0.062 1.9 24 75 0.059
\Y 100 75 0.0021 0.12 0.31 75 0.0019
Cr 100 75 0.17 0.75 3.3 75 0.17
Mn 100 75 0.036 3.2 8.1 76 0.072
Fe 100 83 32 71 169 83 32
Co 100 74 0.0048 0.059 0.18 75 0.0038
Ni 100 75 0.018 1.7 2.9 76 0.019
Cu 100 74 0.028 2.3 18 76 0.034
Zn 100 74 0.57 49 23 74 0.48
Sr 100 75 0.0025 0.57 1.2 74 0.0055
Y 0.0026 0.00021 0.055 0.19 0.0021 0.00011
Zr 100 75 0.019 0.12 0.29 76 0.021
Nb 100 75 0.0032 0.0094 0.021 75 0.0041
Mo 100 75 0.098 0.089 0.18 75 0.071
Ru 0.0014 0.0014 <0.0011 <0.0011 0.0017 <0.0011
Pd 0.049 <0.0011 0.00045 0.0036 0.049 <0.0011
Ag 0.095 0.00034 0.0075 0.0088 0.11 <0.0011
Cd 100 75 <0.0021 0.019 0.075 73 <0.0021
In 10 10 9.4 9.2 9.3 9.7 9.5
Sn 100 74 0.015 0.28 6.1 72 0.014
Sb 0.0028 0.00064 0.062 0.092 0.0025 0.0011
Cs 0.0037 0.00069 0.051 0.46 0.0034 0.0043
Ba 0.024 0.0017 1.8 5.1 0.028 0.0025
La 0.0012 0.00023 0.067 0.22 0.0017 0.00023
Ce 0.00061 0.00028 0.11 0.36 0.00079 0.00019
Pr 0.00016 0.00016 0.018 0.061 0.00038 <0.0011
Nd 0.00058 0.00087 0.077 0.25 0.0012 <0.0011
Sm <0.0011 <0.0011 0.014 0.063 0.00076 <0.0011
Eu <0.0011 <0.0011 0.0034 0.011 <0.0011 0.00021
Gd <0.0011 <0.0011 0.014 0.046 <0.0011 <0.0011
Tb 0.00013 <0.0011 0.0022 0.0061 <0.0011 <0.0011
Dy <0.0011 <0.0011 0.014 0.047 <0.0011 <0.0011
Ho <0.0011 <0.0011 0.0025 0.0095 <0.0011 <0.0011
Er <0.0011 <0.0011 0.0059 0.024 <0.0011 <0.0011
Tm <0.0011 <0.0011 0.00082 0.0031 <0.0011 <0.0011
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Set 1 26 elements ICP-MS SQ ICP-MS SQ ICP-MS SQ ICP-MS SQ ICP-MS SQ ICP-MS SQ
SQ 50 Std. Results for the Results for Results for Results for Results for Results for
NIST traceable ICV 75 Std. the ICB 20160526-ACE- 20160526-ACE- CCV 75 std. the CCB
Concentration Check Soln. (Blank) Sample AP-SE-1 Sample Check Soln. (Blank)
Element (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Yb <0.0011 <0.0011 0.0071 0.019 <0.0011 <0.0011
Lu <0.0011 <0.0011 0.0017 0.0063 0.00027 <0.0011
Hf 0.0037 0.00099 0.0045 0.0097 0.0052 0.0015
Ta 100 75 0.0044 0.0059 0.0052 73 0.0048
W 100 75 0.047 0.063 0.077 73 0.036
Re 100 75 0.00083 0.0025 0.0041 73 0.00099
Au 100 79 0.35 0.23 0.13 75 0.27
Pb 100 77 0.0081 0.29 0.97 74 0.0077
Bi 100 75 0.0018 0.0079 0.015 74 0.0033
Th <0.0011 <0.0011 0.0089 0.031 <0.0011 0.00035
U 100 75 <0.011 0.0051 0.013 72 0.00089
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Appendix B — RJ Lee Group, Inc. Report
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{'( b RE: Question about RJ Lee data

T Joe Sears to: Weeks, George E, Sears, Lyle J 09/08/2016 10:23 AM
i Cc: "Matthew.Siegfried@srnl.doe.gov"

History: This message has been forwarded.

1 attachment
W605131 Revised Preliminary Report.pdf
Matt & George,
| have finally had a moment to return to the issue regarding duplication of client sample names on the
electrostatic precipitator plate report. Note that we have discovered that the last three samples had
been assigned the incorrect sample name in the data field of the report. These names were then
transferred to the Client Sample ID filed in the final report. This has been corrected and a new report
will be issued. Note that to facilitate a timely transfer of data to you, the report will be issued as
‘Preliminary — For Informational Use Only’. The reason for this is that according to our Statement of
Work all reports must be submitted to the WRPS BTR for their approval prior to being released to the

end user. Note that the final report to be issued to the BTR will not be shown as revised as it will be the
original issue through the due process.

Joe Sears
Principle Scientist

RJ Lee Group

509.545.4989 Office
509.544.6001 Direct

JSears(@rjleegroup.com

Website | Blog | Twitter | LinkedIn

2710 North 20th Avenue | Pasco, WA 99301



How are we doing? Take the Customer Survey.

From: Weeks, George E [mailto:George_E_Weeks@rl.gov]

Sent: Tuesday, July 26, 2016 9:28 AM

To: Sears, Lyle J; Joe Sears

Cc: 'david.hobbs@srnl.doe.gov'; 'Matthew.Siegfried@srnl.doe.gov'; glen.kessinger@srnl.doe.gov
Subject: FW: Question about RJ Lee data

Joe,
Would you respond to Matt’s question?

Thanks,
George

From: Matthew.Siegfried@srnl.doe.gov [mailto:Matthew.Siegfried@srnl.doe.gov]
Sent: Tuesday, July 26, 2016 9:26 AM

To: david.hobbs@srnl.doe.gov; Weeks, George E <George E Weeks@rl.gov>

Cc: glen.kessinger@srnl.doe.gov

Subject: Questino about RJ Lee data

David/George,

| was looking over the GC/MS data from RJ Lee and noticed we have duplicate samples (i.e., samples
with the same label, with two separate GC/MS results). | am confused how we have multiple sample runs

since the GC/MS is a destructive analysis. Please help clarify.
Specifically, we have multiples of:

20160525-ACE-AP-D-2
20160526-ACE-AP-SE-2
20160526-ACE-B-W-2

---Matt

Matthew J. Siegfried, Ph.D.

Savannah River National Laboratory
Building 773-35A, Room D-107

Aiken, SC 29808

803-725-2390

803-725-PAGE(7243), pager ID#10377

The information contained in this e-mail message, together with any attachments thereto, is
intended only for the personal and confidential use of the addressee[s] named above. The
message and the attachments are or may be an attorney-client or other privileged or protected
communication. If you are not the intended recipient of this message, or authorized to receive it
for the intended recipient, you have received this message in error. You are not to review, use,
disseminate, distribute or copy this message, any attachments thereto, or their contents. If you



have received this message in error, please immediately notify us by return e-mail message, and
delete the original message. Thank you for your cooperation.



R] LEF GROUP

N RESOLUTION

September 8, 2016

Washington River Protection Solutions, LLC.
Attention: George Weeks
Richland, WA 99352

Preliminary - For Informational Use Only
Subject: Analysis of VOCs from Aerosol Electrostatic Precipitator Plates
Revised Report; Rev.1

This report has been revised to correct the ‘Client Sample ID’, the ‘RJLG Sample ID, and the sampling
date for W605131-15 on the original report. The samples affected are the last three samples shown on the
chain of custody. The data pertaining to the original report were erroneously entered into the respective
data fields and subsequently transferred to the fields in the report. The last three samples have been
tagged with “Revised Report; Rev.1; 09/08/16” as an indication of their revision. No other data has
been affected by this revision.

Enclosed is the report for the 17 electrostatic precipitator plates for VOCs in support of the
Hanford Tank Farm aerosol sampling campaign conducted on May 24-26, 2016. The samples
were received at the Columbia Basin Analytical Laboratory (CBAL) on May 26, 2016 and
assigned a laboratory order number of W605131. This report consists of an individual VOC
report for the 17 samples, a sample batch quality control report, a copy of the chain of custody.
Note that samples W605131-01 through W605131-06 were analyzed in one analytical batch and
samples W605131-07 through W605131-17 were analyzed under a second analytical batch.

General Set Comments

Columbia Basin Analytical Laboratory (CBAL) received 17 samples on May 26, 2016 to be tested
for volatile organic compounds. The samples were collected in support of the aerosol sampling
campaign at the Hanford tank farms conducted by Savanna River National Laboratory (SRNL).
The reports of the individual samples contain a reference to both the SRNL sample name and
the CBAL laboratory sample ID.

The samples were analyzed in accordance with EPA Compendium Method TO-17-Modified.
The sample was transferred from its plastic storage container to a thermal desorption vessel
equipped with a gas inlet and gas outlet. The vessel was sealed, then heated to 75°C for 30
minutes under a stream of ultrahigh purity nitrogen. Thermally desorbed VOCs were
transferred by the nitrogen flow to a CarboTrap-300 thermal desorption tube that was
maintained at room temperature (~23°C). The trapped VOCs were desorbed into a GC/MS
system for analysis.

Results
Center for Laboratory Sciences | 2710 North 20t Ave., Pasco, WA 99301 | ' 509.545.4989 | 509.544.6010

WWW.RJLEEGROUP.COM



RJ Lee Group, Inc.
Project Number: W605131; Electrostatic Precipitator Plates.
Page 2 of 2

All samples were processed against our standard TO-17 compound list of ~74 compounds. The
reporting limit for each of these target compounds is 0.5 ppbv. The ppbv values were
transposed to nanogram per sample units for the report.

Each sample was evaluated for ‘Tentatively Identified Compounds’ (TICs) with a search criteria
of the 15 most abundant compounds that exceeded a 5% response threshold of the nearest
internal standard. Each of these compounds was further evaluated by an experienced chemist
to determine the ‘reasonableness’ of the computer generated report. Note that these
compounds are estimated in concentration which may vary by +/- 50%, or more. This is due to
the unknown response factors of the specific compound under electron ionization as compared
to the internal standard.

Recovery Failures in the CCV, MRL, LCS and LCSD

Any failures in recovery or response of the continuing calibration verification standard, the
method detection limit sample, and the laboratory control samples for each analyte are
indicated in the report as alpha/numeric flags. A listing of the description of each qualification
flag can be found at the bottom of the report.

RSD Failures in the LCS and LCSD’s
There were no RSD failures between the laboratory control samples.

Calibration Curves
The calibration curves for the 74 target compounds generally had R? values that were 0.990 or
better, over a range of 0.2 ppbv to 25 ppbv.

This report has been prepared primarily as an internal document for the support of the Proton
Transfer Reaction Mass Spectrometry measurements being conducted at the 200E and 200W
tank farm locations on the Hanford Site. Data within this report will be used as a guide for the
processing and evaluation of the associated PTRMS data. It is not intended for the support of
either environmental or industrial hygiene related activities. Release of the data contained in
this hard copy report has been authorized by the Laboratory Director or a designee as verified
by the following signature. This test report shall not be reproduced, except in full, without
written approval of CBAL.

ff L
“QA’Q""J Sept. 8, 2016

Senior Scien%is t; Joe Sears, Ph.D. Date

If you have any questions, please feel free to contact Dr. Joe Sears at 509-545-4989 or email at
jsears@rjleegroup.com.

WWW.RJLEEGROUP.COM
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RJ LeeGroup, Inc.| Columbia Basin Analytical Laboratory

Y R]J LEE GRroOuP 2710/North 20th Avenue, Pasco WA 99301
N QELIVERING SEIENTIFIC RSO ol (500) 5454989 | Eaw. (509) 5446010
QUALITY CONTROL REPORT
Washington River Protection Solution EPA Compendium Method TO-17-Modified RJ Lee Group Project: W605131
Electrostatic Precipitator Plates Samples Received: 5/26/2016
Richland, WA 99352 Analysis Date: 6/2/2016
Attn: George Weeks Report Date: 6/13/2016
Sampling Date:
Purchase Order No.:
Client Project
Heptane 142-82-5 Ta LCSD | 9.658 9447210 10.4 713, 292 | 686 | 91 R
Trichlorethylene 79-01-6 Ta i LCSD : 10.225 13163097 10.3 11.2 60.4 109 09
1,2-Dichloropropane 78-87-5 Ta LCSD | 10.59 7630897 10.4 105 | 485 01 ¢ 20
Methylmethacrylate 80-62-6 Ta LCSD 10.556 10914300 10.1 10.3 42.0 101 00
1.4-Dioxane 123-91-1 Ta LCSD 10.667 6515625 10.3 10.1 36.6 98.4 0.8
Bromodichloromethane 75-274 Ta LCSD 10.928 14259054 10.3 104 69.4 100 1.0
Methyl isobutyl ketone (MIBK) 108-10-1 Ta LCSD 11.682 14014635 10.1 9.47 38.8 93.8 0.1
cis-1,3-Dichloropropene 10061-01-5 Ta LCSD 11.534 11260764 11.0 10.6 ; 48.0 96.1 5.0
trans-1,3-Dichloropropene 10061-02-6 Ta LCSD 12.330 9518421 10.9 10.0 | 45,5 91.9 46
Toluene-d8 2037-26-5 QA/Surr | LCSD 11.952 57673715 10.0 | 10.2 i 419 102 ‘ 3.8
Toluene 108-88-3 Ta LCSD 12.056 30461900 10.5 9.96 37.5 94.9 1.6
1,1,2-Trichloroethane 79-00-5 Ta LCSD | 12651 9924785 10.4 10.3 56.3 99.2 0.1
2-Hexanone 591-78-6 Ta LCSD 12.898 12773660 10.7 | 9.24 41.6 86.4 38
Dibromochloromethane 124-48-1 Ta LCSD 13.270 16082831 10.7 10.5 89.3 97.9 0.1
Tetrachloroethylene 127-18-4 Ta LCSD 12843 | 16367827 102 9.89 67.1 97.0 02
Chlorobenzene-d5 3114-55-4 Int. Std LCSD 14.190 56794768 10.0 10.0 : 46.1 100 0.0
1,2-Dibromoethane 106-93-4 Ta LCSD | 13.500 13000018 10.4 9.09 69.9 87.4 3.0
Chlorobenzene 108-90-7 | Ta LCSD 14240 | 24746078 10.5 9,14 42,1 87.0 2.4
Ethylbenzene 100414 Ta LCSD 14348 | 27897110 10.5 7.12 30.9 i 67.8 5.9 R
m,p-Xylene 179601-23-1 Ta LCSD 1 14.543 35707582 | 20.4 12.2 52.8 59.6 8.4 R
Nonane 111-84-2 Ta LCSD 2096059 ! #VALUE! KVALUE! R
o-Xylene 9547-6 Ta LCSD 15.181 17906127 | 10.5 5.38 234 51.2 6.1 R
Styrene 100-42-5 Ta LCSD | 15.205 14357078 10.5 5.14 21.9 49.0 1.4 R
Bromoform 75-25-2 Ta | LcsD 15.562 15598621 10.2 8.61 89.0 84.4 4.9
1,1,2,2-Tetrachioroethane 79-34-5 Ta ; LCSD 16,228 19159024 | 10.5 8.41 57.8 i 80.1 174
Cumene 98-82-8 Ta LCSD 15.759 23302640 10.4 4.72 23.2 454 33 R
4-Bromofluorobenzene (BFB) 460-00-4 QA/Surr LCSD 16.086 38623900 10.0 103 73.6 103 | 10.1
n-Propylbenzene 103-65-1 Ta LCSD 16.448 3540952 103 2.01 : 9.88 19.5 3.1 R
2-Chlorotoluene 9549-8 Ta LCSD | 16648 6011811 108 | 415 | 215 38.4 5.6 R
4-Ethyltoluene 622-96-8 Ta LCSD 16.641 3087498 10.1 i 1.59 7.82 15.7 7.3 R
1,3,5Trimethylbenzene 108-67-8 | Ta LCSD ‘ 16.724 1 13922494 10.2 2.80 ! 13.8 27.5 0.7 R
1,2,4-Trimethylbenzene 95-63-6 Ta LCSD 17.372 3316221 ! 10.2 1.28 6.29 ; 12.5 21.2 R
1,3-Dichlorobenzene 541-73-1 Ta LCSD 17.916 11150919 10.3 3.40 20.5 33.0 40.4 R
Benzyl Chloride 10044-7 Ta i LCSD 18.247 10921403 10.3 2.76 14.3 26.8 64.7 R
1,4-Dichlorobenzene 106-46-7 Ta LCSD | 18.084 9686244 10.1 2,98 17.9 29.5 495 R
1,2-Dichlorobenzene 95-50-1 Ta | LCSD 18.705 10125129 10.1 ! 3.35 20.2 332 73.8 R
1,2,4-Trichlorobenzene 120-82-1 PIC LCSD | 21.455 937459 9.70 0.550 4,08 5.67 #VALUE! Z
Naphthalene 91-20-3 PIC LCSD | 903329 #VALUE! #VALUE! 4
Hexachloro-1,3-butadiene 87-68-3 PIC LCSD | 21.669 2645180 9.80 i 0.840 8.96 8.57 #VALUE! Z
c = * *
Analyte CAS No. Sa?nple I Ife_t. ] Peak Area Bpeifec S %REC } %RPD Qualifier
: D Time | (ppbv) (ppbv) l (ug/m3) ] 1 -
Bromochloromethane 74-97-5 i [Int Std MRL 8511 14081552 10.0 10.0 529 100
Propene 115-07-1 Ta MRL 3318 857683 i 0.525 0.930 1.60 177 r
Dichlorodifluoromethane (F12) 75-71-8 Ta MRL | 3387 | 688533 | 0.505 0540 | 267 | 107
Chloromethane 74-87-3 Ta MRL ‘ 3.702 324858 0.505 0.530 1.09 v 105
1,2-Dichloro-tetrarfluoroethane 76-14-2 Ta ; MRL 3.611 269853 0.510 0.420 294 1 824
Chloroethene 75-014 Ta MRL 3.888 407402 0.510 0.470 1.20 92,2
1,3-Butadiene 106-99-0 Ta 1 MRL 3.956 289588 0.510 0.470 1.04 92.2
n-Butane 106-97-8 Ta MRL | 3880 502900 | 0520 0.550 1.31 106
Bromomethane 74-839 Ta : MRL 4.461 357391 0.495 0.460 1.79 92,9
Chloroethane 75-00-3 Ta MRL 4.630 193631 0.495 0.450 1.19 90.9




% RI LeeGroup ., Ine.| Columbia Basin Analytical Eaborato
b R] LEE GROUP mnmamue.gm’mmg

s DELIVERING SCIENTIFIC RESOLUTION
QUALITY CONTROL REPORT
Washington River Protection Solution EPA Compendium Method TO-17-Modified RJ Lee Group Project: W605131
Electrostatic Precipitator Plates Samples Received: 5/26/2016
Richland, WA 99352 Analysis Date: 6/2/2016
Attn: George Weeks Report Date: 6/13/2016
Sampling Date:
Purchase Order No.:
Client Project
Ethanol 64-17-5 Ta MRL 201513 #VALUE! r
Vinylbromide 593602 | Ta MRL 4927 524364 0.540 0.480 2.10 88.9
Trichloroflucromethane 75694 | Ta MRL 5.040 1259324 0.520 0450 | 2.53 86.5
Acrolein 107-02-8 Ta MRL 289665 ! ¥VALUE! r
Acetone 67-64-1 Ta MRL 458752 HVALUE! T
n-Pentane 109-66-0 Ta MRL 5.150 441263 0.510 0.300 0.886 58.8
Isopropanol 67-63-0 Ta MRL 5.997 988554 0.550 0.430 1.06 782
1,1-Dichloroethene 75-354 Ta MRL 5.794 589978 0.510 0.300 1.19 58.8
t-Butyl alcohol 75-65-0 Ta | MRL | 6577 1497645 0.585 0.630 191 108
1,1,2-Trichloro-1,2,2-trifluoroethane { 76-13-1 Ta MRL 5.789 1064159 0500 |  0.300 2.30 60.0
3-Chloropropene 107-05-1 Ta MRL 6298 671911 0.540 0.800 2.50 148
Methylene Chloride (Dichloromethany 75092 Ta MRL 6.473 740900 0.510 0.700 243 137
Carbon Disulfide 75-65-0 Ta MRL 6.165 2206349 0.510 0.560 1.74 110
trans-1,2-Dichloroethene 156-60-5 Ta MRL 6.855 975296 0.500 0.490 194 98.0
Methyl-t-butyll ether (MTBE) 1634-04-4 Ta MRL 6.835 2020470 0.510 0.500 1.80 98.0
Vinyl Acetate 108054 Ta MRL | 7383 835918 0550 | 0320 113 58.2
1,1-Dichloroethane 75-34-3 Ta MRL 7.439 1260686 0505 | 0.480 1.94 95.0
2-Butanone (MEK) 78-93-3 Ta MRL 8.132 211603 0.520 0.450 1.33 86.5
Hexane 110-54-3 Ta MRL 7.201 1070309 0.510 0.470 1.66 922
cis-1,2-Dichloroethene 156-59-2 | Ta MRL 6.857 878523 0.520 0.510 2.02 98.1
Ethyl Acetate | 141786 | Ta MRL 8.141 1267195 0.500 0.460 1.66 92.0
Chloroform 540-36-3 Ta MRL 8.605 637696 0.500 0.470 249 94.0
Tetrahydrofuran 67-66-3 Ta MRL 8.547 312860 0.515 0.430 2.10 83.5
1,4-Difluorobenzene 71-556 | Int Std MRL 9.861 60704433 10.0 10.0 46.7 100
1,1,1-Trichloroethane 71556 | Ta MRL 8.886 640663 0.510 0.490 2.67 96.1
1,2-Dichloroethane-d4 17060-07-0 | QA/Surr MRL 9.303 13149430 10.0 9.88 41.6 98.8
1,2-Dichloroethane 107-06-2 | Ta MRL 9.407 373582 0.515 0510 | 2.07 99.0
Benzene 71432 | Ta MRL 9.365 1996970 0.520 0.560 1.79 108
Carbon Tetrachloride 56-23-5 Ta MRL 9.109 311729 0.520 0.310 1.95 59.6
Cyclohexane 110-82-7 Ta MRL 9.010 483740 0.515 0.480 1.65 932
2,2, 4-Trimethylpentane 540-84-1 Ta MRL 9.466 1474315 0.530 0480 | 224 90.6
Heptane 142-82-5 | Ta MRL 9.663 503109 0.520 0.450 1.84 86.5
Trichlorethylene 79-01-6 Ta MRL 10.228 536674 0.515 0.490 2,63 95.1
1,2-Dichloropropane 78-87-5 Ta MRL 10.597 368087 0.520 0.490 227 942
Methylmethacrylate 80-62-6 | Ta MRL 10.556 608258 0.505 0.420 1.72 832
1,4-Dioxane 123-91-1 Ta MRL 10.665 326264 0.515 0.410 1.48 79.6
Bromodichloromethane 75-274 Ta MRL 10.929 648571 0.515 0.490 3.28 95.1
Methyl isobutyl ketone (MIBK) 108-10-1 | Ta MRL 11.680 721212 0.505 0.390 1.60 77.2
cis-1,3-Dichlorapropene 10061-01-5 Ta MRL 11.534 583010 0.550 0.530 2.41 96.4
trans-1,3-Dichloropropene 10061-02-6 Ta MRL 12.330 529396 0.545 0.470 2.13 86.2
Toluene-d8 2037-26-5 QA/Surr MRL 11.953 55479802 10.0 9.86 404 98.6
Toluene 108-88-3 | Ta MRL 12,057 1691611 0.525 0.190 0.716 36.2 r
1,1,2-Trichloroethane 79005 | Ta MRL 12.650 474732 0.520 0.400 2.18 76.9
2-Hexanone 591-78-6 Ta MRL 12,895 867281 0.535 0.370 1.67 69.2
Dibromochloromethane 124-48-1 Ta MRL 13.271 706091 0.535 0.380 3.24 71.0
Tetrachloroethylene 127-184 Ta | MRL 12.843 757625 0.510 0.440 2.9 86.3
Chlorobenzene-d5 3114-554 Int.Std | MRL 14.190 55400479 10.0 10.0 46.1 100
1,2-Dibromoethane 106-934 Ta MRL 13.499 724555 0.520 0.450 346 86.5
Chlorobenzene 108-950-7 Ta | MRL 14,239 1269211 0.525 0.410 1.89 781
Ethylbenzene 100414 Ta MRL 14.348 2193630 0.525 0.120 0.521 229 T
m,p-Xylene 179601-23-1 Ta MRL 14.544 3295355 1.02 0.280 1.22 275 T
Nonane 111-84-2 Ta MRL 1082708 #VALUE! r
o-Xylene 95-47-6 Ta MRL 15.180 1568397 0525 | 0330 1.43 62.9




¢ MR] Lee Group

RI LeeGroup, Inc.| Columbia Basin Analytical Laboratory

2710 North 20th Avenue, Pasco WA 99301

QUALITY CONTROL REPORT

Washington River Protection Solution EPA Compendium Method TO-17-Modified RJ Lee Group Project W605131
Electrostatic Precipitator Plates Samples Received 5/26/2016
Richland, WA 99352 Analysis Date: 6/2/2016
Atm: George Weeks Report Date: 6/13/2016
Sampling Date:
Purchase Order No
Client Project:
Styrene 10042-5 Ta MRL 15.205 1318254 0.525 0.370 1.58 70.5 {
Bromoform 75-25-2 Ta MRL 15.562 684198 0.510 0.380 3.93 74.5
1,1,2,2-Tetrachloroethane 79-34-5 Ta MRL 16.227 1015455 0.525 0.310 213 59.0
Cumene 98-82-8 Ta MRL 15.759 2256293 0.520 0.300 1.48 57.7
4-Bromofluorobenzene (BFB) 460-00-4 QA/Surr MRL 16.086 41397754 10.0 11.3 80,9 113
n-Propylbenzene 103-65-1 Ta MRL 16.451 632830 0.515 0.240 1.18 46.6 r
2-Chlorotoluene 95-49-8 Ta MRL 16.648 544644 0.540 ; 0.280 1.45 51.9
4-Ethyltoluene 622-96-8 Ta MRL 16.641 676433 0.505 0.220 1.08 43.6 | b
1,3,5-Trimethylbenzene 108-67-8 Ta MRL 16.722 1755792 0510 | 0.110 0541 21.6 T
1,2,4-Trimethylbenzene 95-63-6 Ta | MRL ! 780879 . #VALUE! r
1,3-Dichlorobenzene 541-73-1 Ta MRL 17.915 1021816 0.515 0,140 0.842 27.2 r
Benzyl Chloride 100-44-7 Ta MRL 18.246 1027940 0.515 0.110 0.570 214 | T
1,4-Dichlorobenzene 106-46-7 Ta MRL 18.084 ; 980977 0.505 0.200 1.20 39.6 r
1,2-Dichlorobenzene 95-50-1 Ta MRL i 786165 #VALUE! | T
1,2,4-Trichlorobenzene 120-82-1 PIC MRL 21.453 188568 0.485 0.250 1.86 51.5 z
Naphthalene 91-20-3 PIC MRL 689441 #VALUE! z
Hexachloro-1,3-butadiene 87-68-3 PIC MRL 99600 #VALUE! 4
Qc Ret. [ Expected | Result Result .
Analyte CAS No. Sample , Peak Area %REC %RPD Qualifier
i) Time (ppbv) (ppbv) || (ug/m3)
Bromochloromethane 74-97-5 Int. Std MBLK 8519 13571142 10.0 10.0 52.9 100
Propene 115-07-1 Ta MBLK | 3320 | 682013 0.520 0.895 B
Dichlorodifluoromethane (F12) 75-71-8 Ta MBLK | 66302
Chloromethane 74-87-3 Ta MBLK ! 42295
1,2-Dichloro-tetrarfluoroethane 76-14-2 Ta MBLK 291384
Chloroethene 75-014 Ta MBLK
1,3-Butadiene 106-99-0 Ta MBLK ! ! 58981
n-Butane 106-97-8 Ta MBLK
Bromomethane 74-83-9 Ta MBLK 241706
Chloroethane 75-00-3 Ta MBLK
Ethanol 64-17-5 Ta MBLK ; 195334
Vinylbromide 593-60-2 Ta MBLK
Trichlorofluoromethane 75-69-4 Ta MBLK | 191845
Acrolein 107-02-8 Ta MBLK ¢ 277200
Acetone 67-64-1 Ta MBLK 515261
n-Pentane 109-66-0 Ta MBLK 136339
Isopropanol 67-63-0 Ta MBLK
1,1-Dichloroethene 75-35-4 Ta MBLK I 35692
t-Butyl alcohol 75-65-0 Ta MBLK 262982
1,1,2-Trichloro-1,2,2-trifluoroethane ( 76-13-1 Ta MBLK [ 68499
3-Chloropropene 107-05-1 Ta MBLK
Methylene Chloride (Dichloromethan: 75-09-2 Ta MBLK 108469
Carbon Disulfide 75-65-0 Ta MBLK 170663
trans-1,2-Dichloroethene 156-60-5 Ta MBLK ¢ 57469
Methyl-t-butyll ether (MTBE) 1634-04-4 Ta MBLK 142643
Vinyl Acetate 108-05-4 Ta MBLK 43113
1,1-Dichloroethane 75-34-3 Ta | MBLK ‘ 67324
2-Butanone (MEK) 78-93-3 Ta | MBLK 41973
Hexane 110-54-3 Ta MBLK 158981
cis-1,2-Dichloroethene 156-59-2 Ta MBLK 57128
Ethyl Acetate 141-78-6 Ta MBLK 191652
Chioroform 540-36-3 Ta MBLK 47097 | #VALUE!
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QUALITY CONTROL REPORT
Washington River Protection Solution EPA Compendium Method TO-17-Maodified RJ Lee Group Project: W605131
Electrostatic Precipitator Plates Samples Received: 5/26/2016
Richland, WA 99352 Analysis Date: 6/2/2016
Attn: George Weeks Report Date: 6/13/2016
Sampling Date:
Purchase Order No
Client Praject
Tetrahydrofuran 67-66-3 Ta MBLK | 58126
1,4-Difluorobenzene 71-55-6 Int. Std MBLK 9.867 | 59410348 10.0 10.0 46.7
1,1,1-Trichloroethane 71-55-6 Ta i\ MBLK ! 40285
1,2-Dichloroethane-d4 17060-07-0 QA/Surr MBLK 9307 | 12694286 10.0 9,75 41.1
1,2-Dichloroethane 107-06-2 Ta MBLK I 39923
Benzene 71-43-2 Ta MBLK 340799 | #VALUE!
Carbon Tetrachloride 56-23-5 Ta MBLK 39795
Cyclohexane 110-82-7 Ta MBLK
2,2,4-Trimethylpentane 540-84-1 Ta MBLK 124359
Heptane 142-82-5 Ta MBLK 61114 :
Trichiorethylene 79-01-6 Ta MBLK 70364 #VALUE!
1,2-Dichloropropane 78-87-5 Ta MBLK 41842
Methylmethacrylate 80-62-6 Ta MBLK 154172
1,4-Dioxane 123-91-1 Ta | MBLK 86716 i
Bromodichloromethane 75-274 Ta MBLK 91984 |
Methyl isobutyl ketone (MIBK) 108-10-1 Ta | MBLK 168074
cis-1,3-Dichloropropene 10061-01-5 Ta MBLK 98439 i
trans-1,3-Dichloropropene 10061-02-6 | Ta | MBLK 131548
Toluene-d8 2037-26-5 QA/Surr MBLK | 11.958 53783014 10.0 9.76 40,0 97.6
Toluene 108883 | Ta MBLK 307109
1,1,2-Trichloroethane 79-00-5 Ta | MBLK 127037
2-Hexanone 591-78-6 Ta MBLK 255406
Dibromochloromethane 124481 | Ta MBLK 232252 |
Tetrachloroethylene 127-184 Ta MBLK 169517
Chlorobenzene-d5 3114-554 Int. Std | MBLK 14.194 52004140 10.0 10.0 46.1
1,2-Dibromoethane 106-934 Ta MBLK 216563
Chlorobenzene 108-90-7 Ta MBLK 481886
Ethylbenzene 100-41-4 Ta MBLK 776341
m,p-Xylene 179601-23-1 Ta | MBLK 1283728
Nonane 111-84-2 Ta | MBLK 341036
o-Xylene 95-47-6 Ta MBLK 862787
Styrene 10042-5 Ta | MBLK 742293
Bromoform 75-25-2 Ta | MBLK 566385
1,1,2,2-Tetrachloroethane 79-34-5 Ta MBLK 1308296
Cumene 98-82-§ | Ta | MBLK 1597470 . #VALUE!
4-Bromofluorobenzene (BFB) 460-004 | QA/Surr | MBLK 16.088 31884458 10.0 9,27 66.4
n-Propylbenzene 103-65-1 Ta MBLK 579066
2-Chlorotoluene 95-49-8 Ta MBLK 575902
4-Ethyltoluene 622-96-8 Ta MBLK 667402
1,3,5-Trimethylbenzene 108-67-8 Ta i MBLK 2078659
1,2,4-Trimethylbenzene ! 95-63-6 Ta MBLK 1253822
1,3-Dichlorobenzene | 541731 Ta MBLK 17.919 | 2122625 0.550 3.31 B
Benzyl Chloride 100-44-7 Ta MBLK 18.250 3348495 0.810 4.20 B
1,4-Dichlorobenzene 106-46-7 Ta MBLK 18.087 2234909 0.660 3,97 B
1,2-Dichlorobenzene 95-50-1 ' Ta MBLK 18709 | 2981010 0.900 541 B
1,2,4-Trichlorobenzene 120-82-1 PIC | MBLK 21458 | 9602679 434 322 B
Maphthalene 91-20-3 PIC | MBLK | 21.968 24418502 5.58 29,3 B
Hexachloro-1,3-butadiene 87-68-3 PIC MBLK 21,672 8142290 5,62 60.0 B
- C c T
Analyte CAS No. Arglyte Saglple Ret. | peak Area ~ pected | Result - Result | ppr ' oppp | Qualifier
Time .~ (ppbv) (ppbv) (ug/m3)
_ Type Type : !
Bromochloromethane 74-97-5 ! Int. Std CCv2 8,511 14624606 10,0 10.0 529 100 ]
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QUALITY CONTROL REPORT
Washington River Protection Solution EPA Compendium Method TO-17-Modified RJ Lee Group Project: W605131
Electrostatic Precipitator Plates Samples Received: 5/26/2016
Richland, WA 99352 Analysis Date: 6/2/2016
Attn: George Weeks Report Date: 6/13/2016
Sampling Date:
Purchase Order No.:
Client Project
Propene 11507-1 Ta ccv2 3.331 4701327 10.5 10.8 18.6 103
Dichlorodifluoromethane (F12) 75-71-8 Ta CcCcv2 3.395 12663452 10.1 10.6 52.5 105
Chloromethane 74-87-3 Ta Cccv2 3.712 4480568 10.1 9.50 19.6 94.1
1,2-Dichloro-tetrarfluoroethane 76-14-2 Ta CCv2 3.613 7267866 10.2 11.8 82.7 116
Chloroethene 75014 Ta ccv2 3.896 9083747 10.2 9.74 249 95.5
1,3-Butadiene 106-99-0 Ta Cccv2 3.959 5488326 10.2 8.57 19.0 84.0
n-Butane 106-97-8 Ta cCcv2 3.885 8845223 10.4 9.36 2.3 90.0
Bromomethane 74-83-9 Ta ccv2 4,468 9549309 9.90 9.78 38.0 98.8
Chloroethane 75-00-3 Ta ccv2 4.634 4256080 9.90 9.55 25.2 96.5
Ethanol 64-17-5 Ta CCv2 5.249 2228541 10.6 9.94 18.7 93.8
Vinylbromide 593-60-2 Ta CCv2 4933 11005909 10.8 10.7 46.7 98.9
Trichlorofluoromethane 75694 Ta CCv2 5.045 26719858 10.4 10.5 58.8 101
Acrolein 107-02-8 Ta CCv2 5.646 2502442 10.1 11.0 25.1 109
Acetone 67-64-1 Ta CCv2 5.836 4804899 10.5 10.1 241 96.6
n-Pentane 109-66-0 Ta ccv2 5.158 9397117 10.2 9.38 27.7 92.0
Isopropanol 67630 Ta CCv2 6.001 10293831 11.0 10.6 26.2 96.7
1,1-Dichloroethene 75-354 Ta CCv2 5.799 12481850 10.2 10.5 41.7 103
t-Butyl alcohol 75-65-0 Ta CCv2 6.578 13450902 11.7 9.77 29.6 83.5
1,1,2-Trichloro-1,2,2-trifluoroethane { 76-13-1 Ta CCv2 5.802 22126018 10.0 10.2 78.0 102
3-Chloropropene 107-05-1 Ta ccv2 6.297 4583713 10.8 9.63 30.2 89.2
Methylene Chloride {Dichloromethan: 75-09-2 Ta ccv2 6.469 6503642 10.2 997 34.6 97.7
Carbon Disulfide 75650 Ta CCv2 6.167 25324673 10.2 9.80 30.5 96.1
trans-1,2-Dichloroethene 156-60-5 Ta CCv2 6.845 8971780 10.0 4.16 16.5 41.6 R
Methyl-t-butyll ether (MTBE) 1634-04-4 Ta CCv2 6.832 18466093 10.2 3.94 14.2 38.6 R
Vinyl Acetate 108054 Ta CcCcv2 7.376 33418540 11.0 24 78.8 203 R
1,1-Dichloroethane 75-34-3 Ta CCv2 7.429 27770350 10.1 10.5 42.3 103
2-Butanone (MEK) 78-93-3 Ta CCv2 8.140 3796438 10.4 10.9 32.2 105
Hexane 110-54-3 Ta CCv2 7.186 9832177 10.2 4.21 14.8 41.3 R
cis-1,2-Dichloroethene 156-59-2 Ta CCv2 6.846 7227572 104 3.97 15.7 38.2 R
Ethyl Acetate 141-78-6 Ta CCV2 B.150 22369990 10.0 9.28 33.5 928
Chloroform 540-36-3 Ta CCv2 8.607 14025232 10.0 10.5 55.4 105
Tetrahydrofuran 67-66-3 Ta CCv2 8.557 5982142 10.3 10.2 50.0 99.4
1,4-Difluorobenzene 71-55-6 Int. Std cCcv2 9.868 63773897 10.0 10.0 46.7 100
1,1,1-Trichloroethane 71-55-6 Ta CCv2 8.890 14318668 10.2 9.26 50.5 90.8
1,2-Dichloroethane-d4 17060-070 | QA/Surr CCv2 9.310 13284990 10.0 9.50 40.0 95.0
1,2-Dichloroethane 107-06-2 Ta CCv2 9.414 7783689 10.3 10.2 41.3 99.0
Benzene 71-43-2 Ta CCv2 9.370 27407009 104 11.0 35.2 106
Carbon Tetrachloride 56-23-5 Ta CCv2 9.112 12921493 10.4 8.72 54.9 83.8
Cyclohexane 110-82-7 Ta CCv2 9.011 11280957 10.3 9.89 34.1 96.0
2,24-Trimethylpentane 540-84-1 Ta CCv2 9.469 30298205 10.6 10.2 47.5 95.9
Heptane 142-82-5 Ta CCv2 9.666 10315867 104 7.43 30.5 714
Trichlorethylene 79-01-6 Ta ccv2 10.235 13898407 10.3 11.3 60.9 110
1,2-Dichioropropane 78-87-5 Ta CCv2 10.608 8024928 104 10.5 48.6 101
Methylmethacrylate 80-62-6 Ta cCcv2 10.570 11232744 101 10.1 412 99.6
1,4-Dioxane 123-91-1 Ta ccv2 10.684 7078344 10.3 10.5 37.9 102
Bromodichloromethane 75-274 Ta CCVv2 10.940 14814863 10.3 10.3 68.8 99.6
Methyl isobutyl ketone (MIBK) 108-10-1 Ta cCv2 11.700 15287180 10.1 9.86 40.4 97.6
cis-1,3-Dichloropropene 10061-01-5 Ta CCv2 11.547 10932277 11.0 9.79 445 89.0
trans-1,3-Dichloropropene 10061-02-6 Ta CcCcv2 12.345 9359391 10.9 9.39 42,6 86.1
Toluene-d8 2037-26-5 QA/Surr CcCcv2 11.965 60079898 10.0 10.2 41.7 102
Toluene 108-88-3 Ta CCv2 12.069 34351467 10.5 10.7 40.5 102
1,1,2-Trichloroethane 79-00-5 Ta CCv2 12.666 10609892 104 10.5 57.5 101
2-Hexanone 591-78-6 Ta CCv2 12.914 14686043 10.7 10.2 45.8 95.0
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QUALITY CONTROL REPORT

Washington River Protection Solution EPA Compendium Method TO-17-Modified RJ Lee Group Project W605131

Electrostatic Precipitator Plates Samples Received: 5/26/2016
Richland, WA 99352 Analysis Date: 6/2/2016
Attn: George Weeks Report Date: 6/13/2016

Sampling Date:
Purchase Order No.
Client Project
Dibromochloromethane 124-48-1 Ta CcCv2 13285 = 16804929 | 107 10.4 89,0 97.6
Tetrachloroethylene 127-184 Ta Cccvz 12.857 18490751 ‘ 10.2 10.7 72.3 105
Chlorobenzene-d5 3114-554 Int, Std CCv2 | 14203 60646718 10.0 10.0 46.1 100 !
1,2-Dibromoethane 106-934 Ta CcCcv2 13.515 13687681 10.4 8.96 68.9 86.2
Chlorobenzene 108-90-7 Ta CCv2 | 14253 29643629 10.5 10.3 47.3 : 97.7
Ethylbenzene 100414 Ta I cevz 14.362 41211350 10.5 10.0 i 43.6 95.6
m,p-Xylene 179601-23-1 Ta CcCv2 | 14559 60168249 20.4 19.7 85.7 96.7
Nonane 111-84-2 Ta CCv2 | 14504 4372040 | 10.5 1.40 7.35 133 R
o-Xylene 95-47-6 | Ta cCcv2 | 15195 28891997 10.5 8.22 35.7 78.3
Styrene 10042-5 Ta CcCcv2 15.219 26141969 10.5 8.85 37.7 84.3
Bromoform 75-25-2 Ta cCv2 15577 | 16403559 10.2 8.48 87.7 i 83.1
1,1,2,2-Tetrachloroethane 79-34-5 Ta CCv2 16.244 21614186 10.5 8.90 61.1 84.8
Cumene 98-82-8 Ta CCv2 15774 ' 34706796 104 6.66 32.8 | 64.0 R
4-Bromofluorobenzene (BFB) 460-00-4 QA/Surr | CCV2 | 16101 ! 42272910 10.0 10.5 75.5 105
n-Propylbenzene 103-65-1 Ta | CCV2 | 16.464 7304611 103 4.02 19.8 39.0 R
2-Chlorotoluene 95-49-8 Ta Cccv2 16.664 10845552 10.8 7.08 36.7 65.6 R
4-Ethyltoluene 622-96-8 Ta CcCv2 16.656 6386496 10.1 3.25 16.0 32.2 R
1,3,5-Trimethylbenzene 108-67-8 Ta CCv2 | 16739 | 23209828 10.2 4.53 22.3 444 R
1,2,4- Trimethylbenzene 95-63-6 Ta CCv2 17.387 6870529 10.2 2.85 14.0 27.9 R
1,3-Dichlorobenzene 541-73-1 Ta ccve | 17932 22856868 10.3 6.70 40.3 65.0 R
Benzyl Chloride 100-44-7 Ta CcCv2 18.263 13439403 10.3 3.20 16.6 31.1 R
1,4-Dichlorobenzene 106-46-7 Ta CcCcv2 18.100 21262555 10.1 6.26 i 37.7 62.0 R
1,2-Dichlorobenzene 95-50-1 Ta CcCv2 18.722 19987577 10.1 6.41 38.6 63.5 i R
1,2,4-Trichlorobenzene 120-82-1 PIC CCv2 | 21472 4611210 9.70 1.89 14.0 : 19.5 V4
Maphthalene 91-20-3 PIC ccv2 | 21983 5003103 | 10.5 0.570 2.9 i 543 z
Hexachloro-1,3-butadiene 87-68-3 PIC CcCv2 21.686 8760165 9.80 5.09 ; 54.3 51,9 z
Analyte CAS No. Sa(Zile ' Reb | poakares | DrPected | Result - Result | o ppo | gpon | Qualifier
D Time (ppbv} (ppbv) | (ug/m3) 1

Bromochloromethane 74-97-5 Int. Std MBLK2 8.524 13958938 10.0 10.0 52.9 100
Propene 115071 . Ta MBLK2 | 344936
Dichlorodifluoromethane (F12) 75-71-8 Ta MBLK2 47345
Chloromethane 74-87-3 Ta MBLK2 53948
1,2-Dichloro-tetrarfluoroethane 76-14-2 Ta MBLK2 |
Chloroethene 75014 Ta MBLK2 |
1,3-Butadiene 106-99-0 Ta MBLK2 |
n-Butane 106-97-8 Ta MBLK2
Bromomethane 74-839 Ta MBLK2 138052
Chloroethane 75-00-3 Ta MBLK2 |
Ethanol 64-17-5 Ta MBLK2 100692
Vinylbromide 593-60-2 Ta MBLK2 |
Trichlorofluoromethane | 75-69-4 ; Ta MBLK2 | 49766
Acrolein 107-02-8 Ta MBLK2 245896
Acetone 67-64-1 Ta MBLK2 385724
n-Pentane 109-66-0 Ta MBLK2 | ; 95013
Isopropanol 67-63-0 Ta MBLK2 | 131615
1,1-Dichloroethene 75-354 Ta MBLK2
t-Butyl alcohol 75-65-0 Ta MBLK2 115855
1,1,2-Trichloro-1,2,2-trifluoroethane ( 76-13-1 Ta | MBLK2
3-Chloropropene 107-05-1 Ta MBLK2
Methylene Chloride (Dichlorometham 75-09-2 Ta i MBLK2 182138
Carbon Disulfide 75-65-0 Ta ' MBLK2 : 127678
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Electrostatic Precipitator Plates Samples Received: 5/26/2016
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Attn: George Weeks Report Date: 6/13/2016
Sampling Date:
Purchase Order No :
Client Project:
trans-1,2-Dichloroethene 156-60-5 Ta MBLK2
Methyl-t-butyll ether (MTBE) 1634-04-4 Ta MBLK2 93680
Vinyl Acetate 108-054 Ta MBLK2 57903
1,1-Dichloroethane 75-34-3 Ta MBLK2 42173
2-Butanone (MEK) 78933 | Ta MBLK2
Hexane 110-54-3 Ta MBLK2 95339
cis-1,2-Dichloroethene 156-59-2 Ta MBLK2 34472
Ethyl Acetate 141-78-6 Ta MBLK2 128379
Chloroform 540-36-3 Ta MBLK2 #VALUE!
Tetrahydrofuran 67-66-3 Ta MBLK2 37966
1,4-Difluorobenzene 71-55-6 Int, Std MBLK2 9.874 63802416 10.0 10.0 46.7
1,1,1-Trichloroethane 71-55-6 Ta MBLK2
1,2-Dichloroethane-d4 17060-07-0 QA/Surr MBLK2 9.315 13180862 10.0 942 39.7
1,2-Dichloroethane 107-06-2 Ta MBLK2
Benzene 71432 Ta MBLK2 326279 #VALUE!
Carbon Tetrachloride 56-23-5 Ta MBLK2 |
Cyclohexang 110-82-7 Ta MBLK2
2,2,4-Trimethylpentane 540-84-1 Ta MBLK2 64934
Heptane 142-82-5 Ta MBLK2 41297
Trichlorethylene 79016 Ta | MBLK2 #VALUE!
1,2-Dichloropropane 78-87-5 Ta MBLK2 | |
Methylmethacrylate 80-62-6 Ta MBLK2 105235
1,4-Dioxane 123-91-1 Ta | MBLK2 35267
Bromodichloromethane 75274 Ta MBLK2
Methyl isobutyl ketone (MIBK) 108-10-1 Ta | MBLK2 58503
cis-1,3-Dichloropropene 10061-01-5 Ta MBLK2
trans-1,3-Dichloropropene 10061-02-6 Ta MBLK2 43544 !
Toluene-d8 2037-26-5 QA/Surr | MBLK2 | 11.966 62694351 10.0 10.6 43.5 106
Toluene 108-88-3 Ta MBLK2 109035
1,1,2-Trichloroethane 79-00-5 Ta MBLK2 33595
2-Hexanone 591-78-6 Ta MBLK2 105789
Dibromochloromethane 124-48-1 Ta MBLK2 45368
Tetrachlorpethylene 127-184 Ta MBLK2 40173
Chlorobenzene-d5 3114-554 Int. Std MBLK2 = 14.197 64433150 10.0 10.0 46.1
1,2-Dibromoethane 106-934 Ta MBLK2 51313
Chlorobenzene 108-90-7 Ta MBLK2 113099
Ethylbenzene 100414 Ta MBLK2 167431
m,p-Xylene 179601-23-1 Ta | MBLK2 281784
Nonane 111-84-2 Ta MBLK2 77035
o-Xylene 9547-6 Ta MBLK2 165536
Styrene 100-42-5 Ta MBLK2 165621
Bromoform 75-25-2 Ta MBLK2 89438
1,1,2,2-Tetrachloroethane 79-34-5 Ta MBLK2 218219
Cuméne 98-82-8 Ta MBLK2 263812 #VALUE!
4-Bromofluorobenzene (BFB) 460-004 QA/Surr | MBLK2 16.082 44814136 10.0 105 | 753
n-Propylbenzene 103-65-1 Ta MBLK2 94229
2-Chlorotoluene 95-49-8 Ta MBLK2 95969
4-Ethyltoluene 622-96-8 Ta MBLK2 105954
1,3,5-Trimethylbenzene 108-67-8 Ta MBLK2 310021
1,2,4-Trimethylbenzene 95-63-6 Ta MBLK2 195304
1,3-Dichlorobenzene 541-73-1 Ta MBLK2 355312
Henzyl Chloride 100-44-7 Ta MBLK2 426398
1,4-Dichlorobenzene 106-46-7 Ta MBLK2 359616
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