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NOTICE

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, or any of
their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for any third party’s use, or the results of such use, of any information, apparatus,
product, or process disclosed in this report, or represents that its use by such third party would
not infringe on privately owned rights. Mention of a commercial company or product does not
constitute an endorsement by NOAA/OAR. Use of information from this publication concerning
proprietary products or tests of such products for publicity or advertising is not authorized.
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ABSTRACT

The Field Research Division of the Air Resources Laboratory (ARLFRD) of the National
Oceanic Atmospheric Administration (NOAA), in collaboration with the University of
Tennessee Space Institute (UTSI) and the Laboratory for Atmospheric Research at Washington
State University (WSULAR), conducted a tracer field experiment at the Idaho National
Laboratory (INL) during October 2013. It is the first of a series of new tracer experiments to
study dispersion from continuous sources in flat terrain using technologies not available during
earlier dispersion studies of the 1950s and 1960s. These releases are collectively being called
Project Sagebrush. The October 2013 study is designated Project SageBrush phase 1 (PSB1).

Five tests were conducted during PSB1, all during the daytime with conditions ranging
from near neutral with higher wind speeds to unstable with low wind speeds. Each experimental
period consisted of a continuous 2.5 hour SF tracer release with consecutive 10-minute average
bag sampling over the last two hours of the tracer release period. Bag sampling was done on four
arcs of almost 90 degrees each ranging in distance from 200 to 3200 m from the source,
depending on the stability conditions and aircraft availability. The bag sampling measurements
were complemented by six fast response tracer analyzers, an airborne fast response analyzer, and
an extensive suite of meteorological measurements. This included a 60 m tower arrayed with
seven 3-d sonic anemometers and five sets of cup anemometers and wind vanes. Two additional
towers at 10 and 30 m height had cup and vane anemometers mounted at 2 and 3 levels,
respectively. Three additional sonic anemometers were arrayed on the 3200 m arc to examine the
issue of horizontal homogeneity. Additional meteorological measurements were made by two
sodars, a radar wind profiler, and radiosondes released just prior to and just after the two hour
sampling period.

Preliminary analyses have identified some key results. The PSB1 results for the
horizontal plume spread parameter o, tended to be larger than the daytime o, found in Project
Prairie Grass and those determined from stability class model dispersion schemes (e.g., Pasquill-
Gifford curves). The discrepancies increased with increasing downwind distance. However, the
o, and turbulence intensities measured during PSB1 were similar to those measured during the
daytime in Project Prairie Grass. The result is that the PSBI ratios of 6,/c, tended to fall near the
upper limit or somewhat above the historical range of values found in previous field studies.
Another key point is that the evidence suggests that o, becomes independent of 6, for 6, greater
than about 18 degrees. Finally, an investigation extending the comparison of 6, values into
stable nighttime conditions found that the values of 6, reported during Project Prairie Grass and
PSBI1 differed significantly.
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INTRODUCTION

The Field Research Division of the Air Resources Laboratory (ARLFRD) of the National
Oceanic Atmospheric Administration (NOAA), in collaboration with the University of
Tennessee Space Institute (UTSI) and the Laboratory for Atmospheric Research at Washington
State University (WSULAR), conducted a tracer field experiment at the Idaho National
Laboratory (INL) during October 2013 (Fig. 1). It is intended to be the first of a series of new
tracer experiments to study dispersion from continuous sources in flat terrain using technologies
not available during earlier dispersion studies of the 1950s and 1960s. These releases are
collectively being called Project Sagebrush. The October 2013 study is designated Project
SageBrush phase 1 (PSB1).

Flgure 1, Locatlbn of Grld 3 (starj on the INL in SE Idaho

Tracer studies are a relatively expensive but effective method for collecting field data on
atmospheric dispersion. Rudimentary studies of this type extend all the way back to the 1920s
(Pasquill, 1974) but became more common in the 1950s and 1960s as interest in air pollution
increased and better tracer measurement technology appeared. Many of the “classical” tracer
experiments involving short-range dispersion from continuous near-surface sources were
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conducted during these two decades. Perhaps the best known is the 1956 Project Prairie Grass in
Nebraska (Barad, 1958). Other early near-surface experiments include Project Green Glow
(Fuquay et al., 1964), Projects Ocean Breeze and Dry Gulch (Haugen and Fuquay, 1963), and a
series of Uranine dye releases at the INL (formerly National Reactor Testing Station) in Idaho
(Islitzer and Dumbauld, 1963). Slade (1968) provides a comprehensive listing of these early
tracer experiments.

Because of the expense of tracer studies, funding agencies have been reluctant to support
new studies that appear to replicate the terrain, meteorology, and source configurations found in
previous studies. There has been a tendency to assume a single tracer study “solves” a specific
dispersion problem, so later studies should move on to something different. While there is
certainly a need to understand dispersion in varying conditions, the inherent variability of
dispersion due to its turbulent nature leads to basic questions regarding the repeatability of
results from individual studies.

In science there is a basic requirement that experimental results be repeatable. Much of
our experimental knowledge of atmospheric dispersion at short ranges is based on a small
number of studies conducted over 40 years ago. Project Prairie Grass (Barad, 1958) remains one
of the most used tracer studies for flat terrain, but many users are unaware of its limitations. The
entire study took place during a dry period in Nebraska during July and August 1956.
Information on vertical dispersion came from a single set of towers 100 m downwind of the
source, with a maximum tracer measurement height of 17.5 m above ground level. Estimates of
boundary-layer stability and surface fluxes were derived from mean wind and temperature
profiles, since the state of instrument development available at that time severely limited the
ability to measure fluxes directly. The SO, tracer used in Prairie Grass is both reactive and
depositing, which may affect the interpretation of the results. Did Prairie Grass and other
classical short-range tracer studies produce results that are repeatable and generally applicable to
other regions? Would tracer studies using modern meteorological instrumentation and
nonreactive tracers produce similar results to the classical studies?

Further inspiration for new studies comes from a 2008 tracer experiment ARLFRD
conducted at the INL (Finn et al., 2010). The focus of this 2008 experiment was the effects of
roadside sound barriers on vehicle pollution, but a subset of the data was compared to the Prairie
Grass results and shows interesting deviations (Venkatram, 2011, personal communication). One
justification for a new study is therefore to help determine the repeatability and replicability of
the dispersion results from the classical studies. Are the observed deviations due to different
surface roughnesses at the two sites, different methods of measuring boundary-layer stability,
random variability, seasonal differences, or perhaps something else? Will further tracer releases
continue to show deviations from the Prairie Grass results?



As a result of the issues identified above, the science objectives of Project Sagebrush are
to:

1. Improve the understanding of short-range dispersion from continuous near-surface releases
in nearly flat terrain using modern meteorological sensors and tracer technology.

2. Improve the understanding of concentration fluctuations within continuous plumes.

3. Assess the overall repeatability and applicability of individual tracer studies by comparing
the new tracer results to classical tracer experiments.

4. Develop improved parameterizations linking plume widths to observed boundary-layer
structure.

5. Develop improved dispersion models for both mean concentrations and concentration
fluctuations.

6. Provide a new high-quality data set for testing and validating existing dispersion models.

ARLFRD will use newer technologies to go beyond the older studies. The current
ARLFRD tracer bag samplers each contain 12 bags controlled by a programmable computer
processor. This allows mean concentrations to be collected over a range of averaging times.
ARLFRD also has fast response tracer gas analyzers capable of sampling concentration
fluctuations at about 1 Hz. These analyzers can measure the concentration frequency distribution
at specific points within the tracer plume. With these measurements it is possible to investigate
such issues as peak-to-mean ratios (with the peak value being defined, for example, as the 95th
percentile concentration). During PSB1 a nearby 62 m mesonet tower was additionally
instrumented with seven 3-d sonic anemometers and other equipment by ARLFRD and
WSULAR for fully characterizing the state of the boundary layer. This was augmented by two
sodars, a 915 MHz radar profiler, an energy balance flux station, radiosondes, and the remaining
33 towers of the NOAA/INL Mesonet (Clawson et al. 2007).

The INL is located across a broad, relatively flat plain on the western edge of the Snake
River Plain in southeast Idaho. Elevations across the INL are approximately 1500 m above mean
sea level (MSL). Several parallel mountain chains with peaks exceeding 3000 m MSL dominate
the western side of the plain. These chains are separated by a series of tributary valleys that feed
into the Snake River Plain. The mountains and benches forming the eastern side of the plain are
somewhat lower in elevation, with mountain peaks at roughly 2200 m MSL. Several tributary
valleys also feed into the plain from the east, but they are not as regularly spaced as those to the
west.

The Grid 3 area on the INL was selected for Project Sagebrush for several reasons (Figs.
2 and 3). The Grid 3 area was originally designed to conduct transport and dispersion tracer
studies in the 1950s. Numerous tracer and other atmospheric studies have been conducted at
Grid 3 since that time (Start, et al. 1984; Sagendorf and Dickson, 1974; Garodz and Clawson
1991, 1993). Conducting Project Sagebrush at Grid 3 allows ARLFRD to include valuable
knowledge from previous work gained over the years. Deployment of the experiment to the INL
has the added benefits of simplifying logistics (thereby minimizing some of the costs) and the
availability of meteorological measurements already in place utilizing the NOAA/INL Mesonet.



Notable among these is
the proximity of the Grid 3 tall
tower that provided vertical
profiles of wind, turbulence,
fluxes, and temperature during
PSB1 (Fig. 4). Analyses of data
from this tower showed that the
near-surface wind often blows
parallel to the axis of the Snake
River Plain, with southwest
winds common during the day
and northeast winds at night.
Hence, although the INL
lies about 13 km southeast from
the nearest mountains, the
NOAA Grid 3 tracer test
facility usually has a relatively
flat, uniform fetch extending
many tens of kilometers
upwind. The boundary layer
under such conditions is
expected to be close to
equilibrium. Two INL building
complexes are located about
1.6 km from the tracer facility
and are the closest potential
flow obstructions. One is
nearly south at a true azimuth
of 165° and the other almost
west at 255°. Wind rose
analysis prior to PSB1
indicated these complexes are
usually not a factor except
perhaps for winds out of the
WSW.

The Big Lost River is a
visible feature of the aerial
photo seen meandering across
the right portion of Fig. 2. This
is usually a dry river bed that
only contains water during
spring runoff in wet years. Old
river channels also are visible

Figure 2. Google Earth image of the Grid 3 area.

Figure 3. Photo from Grid 3 tower looking northeast toward the
tracer sampling array along the radial road through the tracer
sampling array. The command center (COC) tower and wind
profiler installation (PRO) are visible in the right center of the
photo.



to the northwest of the current
bed. These channels create only
minor topographic variations.
They could have a minor
influence on the air flow over
the tracer facility when winds
have more of a westerly
component. The streaks of
lighter vegetation with a
southwest-northeast orientation |
g '3
in Fig. 2 are burn scars from
wildfires. Fires typically kill
the darker sagebrush and leave
lighter- colored grasses as the
dominant vegetation until the
sagebrush can recover.

'
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The site also offers
relatively uniform aerodynamic
characteristics across the Grid 3
area (Fig. 3). The canopy is
mostly sagebrush and grass. -
The Grid 3 tower has routine b
wind measurements at 2, 10, .
15, 45, and 60 m above the
ground. Wind profiles from this
tower in near-neutral
conditions have been used in a
statistical algorithm to estimate
the roughness length z, at the
tracer facility. For SW winds
common during the day the
median z, is 3 cm, with a 90% _ R
probability interval of 2.5-3.5 | i I

cm. For NE winds common at - Figyre 4. Photo of the Grid 3 tower.
night the median z, is 3.8 cm

with a 90% probability interval of 3.3—4.4 cm. The slightly higher roughness length for NE
winds may be due to the old river channels and low terrain undulations to the north of the
facility. Estimates of the displacement height d were also computed from the Grid 3 profiles, but
the values are not significantly different from zero. A small displacement height of a few
centimeters probably exists but is not detectable with the current observations on the tower.

A Piper Navajo aircraft from UTSI was used to assist in measuring the vertical dispersion
of the SF, tracer during PSBI1. For this reason, it was desirable to conduct tracer releases and



sampling during unstable atmospheric conditions. Unstable conditions were necessary to provide
sufficient vertical dispersion of the tracer such that measurable concentrations could be readily
detected at aircraft flight levels. Pasquill-Gifford stability classes A and B were considered ideal
but classes C and D were deemed acceptable for Intensive Observational Periods (IOPs) during
which the aircraft was available. Due to some unavoidable logistical and planning issues, it was
not possible to begin PSB1 until early October. Unfortunately, this time of the year was not
optimum for obtaining frequent unstable conditions. Stability classes C and D were much more
common during the experiments than classes A or B.

The release rate was adjusted for the anticipated stability condition of each IOP in an
attempt to ensure it was high enough such that concentrations aloft could be readily measured by
the aircraft but low enough such that the concentrations at the surface did not overwhelm the
dynamic range of the fast response sensors there. There were five SF, tracer releases and IOPs
conducted during PSB1. The aircraft was available only during IOPs 1-3. As a consequence,
release rates during IOPS 1-3 were much higher than for IOPs 4 and 5.

This report covers PSB1, the first phase of Project Sagebrush. It includes the entire tracer
release and measurement data sets collected by ARLFRD and UTSI and the complete
meteorological data sets collected by ARLFRD and WSULAR. It also includes information
about the experimental design, SF tracer release system, time integrated bag samplers, fast
response real-time tracer gas analyzers, meteorological instrumentation, and summaries of each
IOP as well as some preliminary data analyses. In addition, this report details the data formats
found on the accompanying data CD.



EXPERIMENTAL PLAN

Five tracer release tests or Intensive Observational Periods (IOPs) were conducted from 2
October to 18 October, 2013 as part of PSB1. Since unstable conditions were desired and the
prevailing winds during unstable conditions were from the SW, the study domain was located
primarily on the northeast quadrant of the Grid 3 dispersion array. Figure 2 shows a Google
Earth image of the study area. Figure 5 is a more detailed image showing the configuration of

PSBI.

Grid 3 Dispersion Array and Release

Tracer sampling arcs are visible in Fig. 2 both to the NE and SW of the center point of
the Grid 3 dispersion array. The arcs at 400, 800, 1600, and 3200 m from the source are labeled,
but arcs are also present at 50, 100, and 200 m. These arcs contain surveyed markers at 1°
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Figure 5. Configuration of PSBI field tracer experiments. The 3-character labels are defined at
the beginning of Meteorological Measurements section and Table 17.



intervals to facilitate the placement of tracer samplers. Bag sampling was conducted at 3°
intervals from 4° azimuth to 85° azimuth on the 400, 800, and 1600 m arcs during all IOPs.

Depending upon the release rate, bag sampling was also conducted along either the 200
m arc (low release rate) or 3200 m arc (high release rate). The inner arcs are a full circle, but the
800, 1600, and 3200 m northeast arcs were truncated at 85° on the south end of the arcs. The
original 1600 and 3200 m arcs were truncated on their north ends by a highway. The arcs
truncated on the north were extended at 3° increments to 4° azimuth by a survey prior to the start
of PSBI for consistency with the inner arcs.

Continuous releases of SF, tracer gas were made at a constant rate from a point source at
the center of the Grid 3 dispersion array for each IOP during PSB1. The releases began one-half
hour prior to the start of sampling on the dispersion array to establish a quasi-steady state SF,
concentration field out to the most distant sampling arc. The release then continued at a constant
rate for the two-hour duration of the sampling in the IOP. Release rates were set based upon
preliminary calculated estimates of concentrations at different heights and distances, the
anticipated atmospheric stability conditions, and whether the aircraft would be making tracer
measurements during an [OP.

Bag Sampling

The bag sampling measurements were the most essential feature of the experiment. Nominally,
150 samplers were deployed for each IOP. Twenty-eight samplers were placed along each of the
4 arcs designated for an IOP. These were either the 200, 400, 800, and 1600 m arcs or the 400,
800, 1600, and 3200
m arcs, depending
upon the release rate
as previously
described. They
were mounted atop
plastic boxes at 1 m
AGL and stabilized
from toppling in the
wind by hooking the
carrying handle over
the metal post
marking the
sampling location
(Fig. 6). They were
placed at 3°
intervals from 4°
azimuth to 85°
azimuth (i.e., 4, 7,
10, ...., 82, 85°).

Figure 6. Photo of bag samplr mouting.



Three towers were available for vertical sampling to the northeast of the source. The first
of these was 15 m (50 feet) tall and located at the intersection between the 55° azimuth radial
road (visible in Figs. 2 and 3) and the 200 m arc. Samplers were mounted at 1, 5, 10, and 15 m
on this tower. The second tower was 21 m tall and located at the intersection of the radial road
and the 400 m arc. Samplers were mounted at 1, 5, 10, 15, and 20 m on this tower. The third
tower was 30 m tall (100 feet) and located 499 m from the source at about 60° azimuth. This
tower served the dual purpose as the meteorological tower for the nearby command center
(COC). Samplers were mounted at 1, 5, 10, 15, 20, 25, and 30 m on this tower.

The locations were designated with a 4-digit code. The first digit represents the arc or
tower location (2 =200 m, 4 =400 m, 8 =800 m, 6 = 1600 m, 3 =3200 m, 1 =30 m COC
sampling tower, 5 = 15 m sampling tower, 7 =21 m sampling tower). Quality control (QC) was
integral to the experimental plan and called for the use of blank, control and duplicate samplers.
Field blank and field control samples were designated with ‘9’ in the first digit. The second digit
specified whether the sample was designated as a primary (0) or duplicate (1) sampler. For field
blank and control samples the second digit specified the arc location. There were 4 duplicate
samplers per arc, a total of 16 per IOP. The last two digits designated the position along either
the arc (degrees azimuth) or height on the tower (m agl). There were 16 duplicate, 3 field blanks,
and 3 control samplers designated for QC purposes per IOP.

The SF, samplers operated by pumping air into Tedlar bags with each bag being filled
sequentially for 10 min. Thus the analysis of the bags provided 10-min average concentrations.
Tracer concentrations from 2 parts per trillion volume (pptv) to 1 part per million volume (ppmv)
could be analyzed. A complete discussion of bag sampler operation, timing, analysis, and QC
can be found in the Bag Sampling chapter.

Fast Response Tracer Gas Analyzers

Six fast response SF, analyzers were deployed during PSB1. Five of these were mounted
in vehicles and driven to a bag sampling location on the sampling arcs. One analyzer was
mounted in an airplane during IOPs 1, 2, and 3. The analyzer measured SF; as the airplane flew
across wind and downwind routes above the experiment area. During IOPs 4 and 5, the airplane
was not available so this analyzer was relocated to an equipment building on the 800 meter arc at
approximately 57 degrees.

The primary purpose of the fast response analyzers was to measure concentration
fluctuations at about 1 Hz. These stationary analyzers were used to determine the concentration
frequency distribution at specific points within the tracer plume and made it possible to
investigate such issues as peak-to-mean ratios.

The sites for the ground-based analyzers were selected to: 1) be near the centerline or
margins of the plume and 2) avoid instrument “railing” artifacts where the concentration levels
were higher than the analyzer could quantify. For IOPs during which the aircraft was available, it
was necessary to try to set release rates low enough to avoid railing but high enough to provide
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for measurable concentrations at aircraft flight levels. Nominally, the fast response analyzers had
a dynamic range from a few tens pptv to about 10,000 pptv, depending on the characteristics of
the individual analyzer. Some of the analyzers were equipped with a dilution system that made it
possible to measure concentrations up to about 20,000 pptv. Over ranging was not a problem for
the bag samplers. In consultation with the command center, it was sometimes necessary to move
one or more analyzers during an IOP. This could have been due to a sustained shift in forecast
wind directions leaving the analyzer persistently outside of the plume. A move could also be
made further away from the plume centerline to minimize the possibility of railing.

To ensure data quality, a complete QC program was followed during operation of the fast
response real-time analyzers. A more complete description of the fast response analyzer
operations can be found in the Fast Response Analyzer chapter.

Aircraft Operations

Airborne fast response SF, sampling was done using a twin-engine Piper Navajo
airplane (Fig. 7). The crew consisted of a pilot, co-pilot, observer from UTSI, and an analyzer
operator from ARLFRD.

b

Figure 7. Photo of Piper Navajo airplane used for airborne sampling of tracer.
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The flight path of the aircraft was determined ahead of time based upon preliminary
calculated estimates of concentrations at different heights and distances using existing dispersion
curves (Fig. 8). The flight pattern consisted of crosswind traverses across the dispersion array
moving successively toward the source after each crosswind pass. Each crosswind pass was
approximately the same downwind distance as the arcs designated for sampling during the IOP
(400, 800, 1600, and 3200 m). After completing the innermost arc the plane banked and returned
downwind along the estimated centerline of the plume. This flight pattern was then repeated at
the next highest level. The sampling heights were nominally 100, 200, and 300 m above ground,
although the analyzer operator had the discretion to direct the pilot to cancel passes at the upper
heights if concentrations were low or undetectable. The outward to inward pattern was intended
to minimize any effects of turbulence artificially generated by the aircraft on tracer dispersion.

The aircraft was utilized in IOPs 1-3 but was unavailable for IOPs 4 and 5. For IOPs 1-3 the
plume patterns observed by the aircraft were consistent with plume patterns observed in the bag
sampling data. For IOPs 1 and 2 the aircraft vertical profiles showed lift off from the surface of
the vertical plume centerline. For IOP 3 the aircraft data showed that this plume rise was
significantly suppressed with no evidence of liftoff. Without the aircraft, the results of IOPs 4
and 5 showed conflicting and inconclusive evidence for liftoff of the plume centerline. During
most of [OP1 and some of IOP2, the plume was often truncated by the ground sampling arcs.
The flight paths of the aircraft were modified in real time to extend aircraft sampling lines to the
NW and SE, respectively, to avoid this truncation. During IOP4 the plume was also sometimes
truncated by the ground arrays, but the aircraft was not available.
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Source

INTEC -.Google

hriagery Daie. 5212010

Figure 8. Flight pattern used during Phase 1. The aircraft started at the 3200 m downwind
distance (black circle) and then made successive passes closer to the source. After the closest
pass at 200 m downwind, the aircraft flew downwind along the plume centerline before exiting
the pattern (black arrow). The full pattern was repeated at several levels above the ground. The
hatched areas labeled ATRC and INTEC are building complexes that the aircraft was required to
avoid.
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Meteorological Equipment

ARLFRD made every effort to fully characterize the conditions and structure of the

boundary layer during PSB1 for the purpose of identifying all possible meteorological factors
controlling tracer dispersion. This included:

Wind speed and direction in the horizontal and wind speed the vertical

Vertical profiles of turbulence and turbulent fluxes (including sensible and latent heat
fluxes)

Temperature profiles

Horizontal homogeneity of the turbulence field

Soil temperatures, moisture, and heat fluxes

Solar radiation, net radiation, and energy balance

Barometric pressure

To this end, ARLFRD, in collaboration with WSULAR, used a broad array of

meteorological instrumentation and measurements on the Grid 3 tower during PSB1:

62 m Grid 3 tower — cup anemometer and wind vanes at 6 levels; 3-d sonic anemometers
at 7 levels, 2-d sonic anemometers at 6 levels, air temperature/RH at 14 levels, infrared
gas analyzers at 4 levels, solar radiation, barometric pressure at 3 levels, net radiometer at
2 levels, infrared radiometer, soil heat flux at 2 levels, soil moisture and temperature at 5
levels

Other meteorological measurements included:

Three 3-d sonic anemometers arrayed along the 3200 m arc

30 m Command Center (COC) meteorological tower — cup anemometers and wind vanes
at 3 levels

10 m meteorological tower at 3200 m arc — cup anemometer and wind vanes at 2 levels
SoDARs at 800 and 3200 m (winds at 30-200 m AGL)

Boundary Layer Radar Wind Profiler and RASS at about 800 m arc (winds up to 2.9 km
height, temperatures up to about 1 km height; both usually much less)

Radiosondes before and after each IOP

Flux station at about 900 m on the dispersion array — 3-d sonic anemometer, infrared gas
analyzer, solar radiation, net radiometer, air temperature/RH, barometric pressure, soil
temperature at 2 locations, soil moisture, soil heat flux at 4 locations

33 other (in addition to Grid 3 tower) meteorological stations of the NOAA/INL Mesonet

A complete description of the meteorological instrumentation, measurements, QC

procedures, and data file formats can be found in the Meteorological Measurements chapter.
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IOP Summaries
A brief summary of IOP test dates and times, release rates, meteorological conditions,

and atmospheric stability is listed in Table 1. A more comprehensive discussion of each IOP and
sampling period is included in the Summary of Individual IOPs chapter.

Table 1. IOP Summary.

Start  Release
Time Rate
I0P Date (MST) (gs') Stability Aircraft Meteorological Summary

Mostly sunny with cirrostratus
1 02-Oct-13 1430  10.177 Unstable® Yes haze. Very light and variable
winds.

Mostly sunny. Light-moderate

2 05-Oct-13 1300 9.986  Unstable Yes SW winds.

Mostly sunny. Moderate-

3 07-Oct-13 1300 9.930 Neutral Yes strong SW winds.

4 11-Oct-13 1400 1.043 Weakly No Mostly sunny. Moderate SW
Unstable winds.

5 18:0ct-13 1300 1.030 Weakly No Mostly sunny. Moderate SW
Unstable winds.

a. Estimates of stability vary.
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THE SF, TRACER RELEASE SYSTEM

The SF; tracer release
system was custom built for
PSB1 by ARLFRD engineers
and technicians. The system was
placed in a cargo trailer to
simplify deployment, provide a
reasonably controlled
environment for operation, and
to simplify removal of the
release system when the field
deployment was complete. The
complete release system (Fig. 9)
was entirely self-contained in
the cargo trailer (Fig. 10) and
only required a 115 VAC 20
ampere power source. This was

D

provided from an adjacent BT : T
power pole. Figure 9. The SF; release system inside the cargo trailer
including the SF bottles, mass flow controller, computer data
The ARLFRD tracer acquisition and control system, and electronic scales under the

release system was engineered ~ bottles.
to release a constant amount of
SF, from a single point source at
the center of the Grid 3 tracer
facility (43.59066 N, -112.938
W). Each SF; point source
release during PSB1 lasted a
total of 2.5 hours. The first
half-hour of each release period
was dedicated to obtaining
steady-state dispersion
conditions over the entire
sampling area before sampling
began. Each release then
continued at the initial release
rate for the next two hours of
the actual 2-hour long tracer
sampling period.

During all SF, releases, Figure 10. The cargo trailer where the release system was
the gaseous tracer flowed from a housed on location at the Grid 3 facility.
cylinder containing SF, through
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the mass flow controller, through a visible flow meter, and into a garden hose. The outlet end of
the garden hose served as the dissemination point. The garden hose outlet was placed at a height
of 1.5 m AGL and attached to a tower at the center of the sampling grid. It was oriented
horizontally to avoid imparting any vertical momentum to the tracer. A heater was used to
maintain constant pressure in the SF, cylinder and to assist with the vaporization of the liquid
SF. A schematic of the of the release mechanism is shown in Fig. 11. The first K-size cylinder
of SF; tracer was provided the by Norco, Inc. The certified concentration of the liquid SFq, as
reported by Norco, was >99.9%. A copy of the certificate of analysis is shown in Fig. 12.
Concorde Specialty Gas of New Jersey supplied the remainder of the K-type SF, cylinders used
during experiment with the same specifications.

SF6 Release Mechanism

Primary Secondary Thermal Mass
Pressure  Pressure Flow Controller
Gauge Gauge

E (i) e ? V—I_l Datalogger
= p

|
| | Computer
On/Off Heated
P Valve Regulator 0 to 5V DC supply

T.I;

Ll

Manual Release

Control Valve =) g;e:gs;l e

SF6

Scales

Point F|
Release L

On/Off Rotometer
Valve

Figure 11. Schematic of SF, tracer release system.

The heart of the SF; tracer release system was the thermal mass flow controller (Hastings
Teledyne, Model HFC-203). The mass flow controller was responsible for monitoring and
controlling the tracer leaving the SF, cylinder. During a release, a voltage was applied to the
mass flow controller that was proportional to a given SF, flow rate. This voltage could be
manually controlled to obtain any desired release rate between a set range. The voltage and the
flow rate from the mass flow controller were continuously monitored and recorded with a
datalogger.

16



®
Nor || /i[5
A DIVISION OF NORCO, INC

Calibration Gases & Equipment
CERTIFICATE OF ANALYSIS

September 3, 2013

Norco. Inc
Idaho Falls Warehouse
3450 N. 25th East

Cust Number WH020
Order Number 31377025
P.O. Number SAGE BRUSH

Idaho Falls, ID 83401

Lot Number 3-133-304 Date Analyzed 7/12/2013

Part Number SPG KCOMSF Expires 7-2016
Product Sulfur Hexafluoride, Commercial

Cylinder Size K

Pressure N/A

Cylinder Number(s)

4G386L
Reported Requested
Component Concentration Concentration
Sulfur Hexafluoride >99.9% >99.9%
Water <5.0 ppm <5.0 ppm
Nitrogen <700 ppm <700 ppm
Storage: Keep away from heat, flames, and sparks. Store and use with adequate ventilation. Close valve when not in use and

when empty. Never allow cylinder temperature to exceed 125 degrees F.

Minor constituents tested with standards traceable to NIST by mass or comparison to SRM's (Standard Reference Materials),

Approved: /éé\

Aaron Schwenken
Lab Technician

898 W. GOWEN ROAD e BOISE, IDAHO 83705
Phone (208) 336-1643  Fax (208) 331-3038 e 800-657-6672

Figure 12. Liquid SF; certificate of analysis.
Accuracy
The mass flow controller was calibrated at the factory and subsequently double-checked
outdoors at our office in Idaho Falls. Calibration was needed to correlate the tracer flow rate to

the applied voltage. Several verification tests were conducted after the factory calibration to
ensure proper functioning of the mass flow controller.
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SF, Release Summary

A total of 5 tracer tests (IOPs) were conducted. The releases were always conducted from
the center of the sampling grid. The target SF release rates for the first three IOPs was 10.0 g s™.
This release rate was selected in order to provide tracer concentrations sufficiently high enough
to be sampled by the real-time analyzer installed in the aircraft. The aircraft was used for
sampling the vertical distribution of the tracer plume during the first three IOPs but was not
available for the last two. A much lower release rate was used for the remaining tests. The target
SF, release rate for these tests was 1.00 g s™.

The tracer dissemination summary, including release date and time, target release rate,
actual average release rate from the mass flow meter, and the total mass of SF, released for each
period are listed in Table 2. Actual release rates differed only slightly from the target release
rates. For the first three tests, the actual release rates ranged from 9.93 to 10.18 g s™', which were
anywhere from 0.7% less than to 1.8% greater than intended. For the last two tests, the actual
release rates ranged from 1.030 to 1.043 g s™', which were anywhere from 3.0% to 4.3% greater
than intended. The standard deviations of the actual flow rates for the first three tests ranged
from 0.01 to 0.26 g s'. Standard deviations of the actual flow rates for the last two tests ranged
from 0.007 to 0.010 g s”'. The low standard deviations indicated very steady flow rates
throughout the entire 2.5-hr continuous release periods. The total amount of SF, tracer material
that was disseminated during field deployment was 289,905 g.

Table 2. Point source SF, tracer release summary for all IOPs. ‘MFC’ is the flow rate measured
by the mass flow controller. ‘Scale’ is the difference in mass of the SF, cylinder between the start
and end of the release.

Total i Total g4 Target Measured Release Rate  Release
Start End Release Release  Correction Release  2-hr Release Standard Rate
Date time Time Scale MEFC (Scale/ Rate Rate Deviation Error
Test (2013) (MST) (MST) (2 (€)) MEFC) (gsh) (gsh) (gs7) (%)
1 02-Oct  14:00 16:30 91600 89,049.1 1.0286 10.0 10.177 0.260 1.77
2 05-Oct  12:30 15:00 89900 89,509.2 1.0044 10.0 9.986 0.200 0.14
3 07-Oct  12:30 15:00 89400 89,604.6 0.9977 10.0 9.930 0.010 0.70
4 11-Oct  13:30 16:00 9525.4 9,063.9 1.0509 1.0 1.043 0.010 4.30
S 18-Oct___12:30 15:00 9480 9.030.9 1.0497 1.0 1.030 0.007 3.00

Graphs of the release rates, together with the cumulative amount of SF, tracer released
during each test are shown in Figs. 13-17. The release traces indicate very steady release rates,
with the exception of IOPs 1 and 2. At approximately 1 hr 20 minutes into these release periods,
the source of the SF, tracer was switched from a near-empty bottle to a full bottle. While the
trace indicates a large flow excursion, this is an artifact of the mass flow controller. Visual
monitoring of the rotometer showed only a minor and very short-lived flow disruption. For all
practical purposes, the flow rate remained steady. This is also indicated by the cumulative trace
of disseminated SF, tracer, which shows only a steady increase for those two tests.
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Project Sagebrush Phase 1 Test 1 -- October 2, 2011 1530to 1730 MDT
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Figure 13. SF, release rate for IOP1.

Project Sagebrush Phase 1 Test 2 -- October 5, 2013 1400 to 1600 MDT
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Figure 14. SF, release rate for [OP2.
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Project Sagebrush Phase 1 Test 3 -- October 7, 2013 1400 to 1600 MDT
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Figure 15. SF, release rate for IOP3.

Project Sagebrush Phase 1 Test 4 -- October 7, 2011 1500 to 1700 MDT
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Figure 16. SF, release rate for [OP4.
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Project Sagebrush Phase 1 Test 5 -- October 18, 2011 1400 to 1600 MDT
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Figure 17. SF, release rate for [OPS.

SF, Release Quality Control

The quality control program for the SF, tracer release consisted of the 8 steps outlined
below:

Pre-project preparation.

Pre-test procedures.

Monitoring of key operational parameters during the test.
Post-test procedures.

Post-test data screening and processing.

Verification of all calculations and data by a second analyst.
Identification of data problems and setting of QC flags.
Review of final data files.

PRI R =

1. Pre-project preparation.

Before the experiment, the SF, release mechanism was constructed and thoroughly tested
to ensure all systems were in good working order. Prior to the release system construction, the
mass flow controller was calibrated at the factory and again at the FRD office/laboratory facility
to correlate the actual flow rate with the indicated flow rate. After construction, the system was
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tested from end to end for flow accuracy. The release system released 99.9% pure SF, without
dilution.

2. Pre-test procedures.

On the day of a test, the release system operator was required to follow established
procedures for preparing the release mechanism. These procedures were based on the experience
of previous tracer projects. The procedure included checking for loose connections, visually
inspecting the release line, calibrating the scale, setting the clock, setting the mass flow
controller output to zero, and verifying that data was recording on the computer. These actions
were recorded in the release logbook.

3. Monitoring of key operational parameters during the test.

During the test, the mass flow controller and weight of the SF, bottle were monitored for
a stable and correct flow rate. These values were recorded approximately every 10 minutes in the
release logbook. The release system operator was able to adjust the flow rate on the release
mechanism if necessary. Note: The mass flow meter was accurate enough that it did not require
additional adjustment after initial setting at the beginning of each test.

4. Post-test procedures.

After a test was complete, the release system operator followed end of release procedures
for shutting down the release mechanism and collecting the data. Weight loss from the SF,
bottle(s) was recorded in the release logbook. Release data that had been recorded on the
computer was backed up onto a compact memory stick and returned to the FRD office for
processing.

5. Post-test data screening and processing.

Once the memory stick was returned to FRD, the data was uploaded onto the network for
processing. Release rate data was graphed and reviewed for any spikes or anomalies in the
recorded data that would indicate deviations from a stable flow rate. Release rate data from the
mass flow controller was compared to the actual weight of the released tracer, as measured by
the scales, to ensure that the flow rate was within five percent of the mass flow set point. The
mass flow output data was adjusted (corrected) to match the total amount released using the
precision balance scale data.

6. Verification of all calculations and data by a second analyst.

The plots of the new data were reviewed and verified by a second analyst.
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7. Identification of data problems and setting of QC flags.

The release logbook entries and the plots of the data were carefully reviewed by the data
analysts. No problems were found. If any problems had been found, they would have been
annotated with the appropriate flag and recorded in the final data files. The data flags would
indicate unstable or varying flows, spikes in the release rate, or missing data.

&. Review of final data files.

The data files were carefully reviewed for any problems and checked for the correct
flags.

Data File Format

The one second readings from the mass flow controllers are provided in data files on the
CD accompanying this report. The files are named RELEASEx PSB1.csv, where “x” is replaced
by the IOP test number. The files contain five columns:

1. date (month/day/year)

2. time (hhmm in MST)

3. seconds

4. corrected tracer flow rate (grams per second)
5. quality flag

The files are all comma separated variable format. The first line of each file contains
headers for each column. Quality flags are 0 for good data, 1 for suspect data.
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BAG SAMPLING

Description of Equipment

Stationary time-integrated sampling of SF, for PSB1 was performed using programmable
bag samplers. These samplers acquired time-sequenced air samples in bags that were
subsequently analyzed for the concentration of the SF, tracer. The samplers collected 12
samples by sequentially pumping air into each of 12 individual Tedlar® bags. The integrated
sampling time for each bag in the study was 10 minutes resulting in 12 individual experiments
within each of the five 2-h Intensive Observational Periods (IOPs).

The bag sampler housing is
constructed from durable double-wall
polypropylene manufactured by Mills
Industries Inc. and measures 61 cm x
41 cm x 33 cm (Fig. 18). The mounting
of the sampler was shown previously in
Fig. 6. The other component of the bag
sampler assembly is a cardboard
sampler cartridge (Fig. 19). One
hundred thirty five of the sampler boxes
utilize Motorola microprocessors
(model MC68HC811E2). An additional
15 new samplers were built for PSB1
using Texas Instruments MPS430 series
microprocessors, making 150 bag
samplers in total. All sampler boxes
contain 12 microprocessor-controlled
air pumps designed to start sequentially
filling the bags at a time and duration
specified for each bag. The sampling
period for each bag and the delay
before each bag can be independently
specified to create a sampling program
customized for each situation. The
cartridge box contains 12 Tedlar® bags.

Figure 18. Bag sampler with cover and cartridge
removed.

Prior to deployment, a sample
cartridge was placed into each sampler
box (Fig. 20) and connected by R-3603
tubing to the sampler pumps. The much
more durable R-3603 tubing was used
to replace old latex tubing prior to the

Figure 19. Sampler cartridge.
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experiment. The latex tubing was
prone to degradation and cracking.
With its cover in place (Fig. 6), each
sampler box and sampler cartridge
assembly had a total mass of
approximately 4 kg and was powered
by a single D-cell battery. The
microprocessor and air pump
components of the sampler design have
been used successfully in field
experiments for many years and are
known to be free of artifacts (e.g.
Clawson et al. 2004, 2005). The
material used for the bag sampler

housing represents a recently improved : i L
design that was extensively tested for ~ Figure 20. Bag sampler with sampler cartridge installed.
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“

reliability and potential sampling
artifacts in 2007 and also found to be free of artifacts.

Description of Bag Sampling Grid

A total of 112 primary bag samplers were deployed on four out of five of the sampling
arcs shown in Fig. 5 during each IOP. For IOPs 1-3 these samplers were deployed on the 400,
800, 1600, and 3200 m arcs. For IOPs 4 and 5 the samplers were deployed on the 200, 400, 800,
and 1600 m arcs. The arc samplers were mounted atop plastic boxes and secured in place with
bungee cords attached to metal fence posts. Sample inlet tubes were at about 1 m AGL. In
addition, 16 bag samplers were deployed on 3 towers for the measurement of vertical
concentration profiles. Four bag samplers were deployed on the 15 m (50 ft) sampling tower
shown at 201 m (1, 5, 10, and 15 m AGL), 5 samplers were deployed on the 21 m (70 ft)
sampling tower shown at 408 m (1, 5, 10, 15, and 20 m AGL), and 7 samplers were deployed on
the 30 m (100 ft) meteorological and Table 3. Arc and arc angle location of field
sampling tower at 499 m (1, 5, 10, 15,20,  duplicate, field control, and field blank samplers.
25, and 30 m AGL). The locations of each
bag sampler were specified by (1) latitude

Arc Angle Position (degrees)

and longitude and (2) distance of the arc Arc (m) Duplicate Control  Blank
from the release location at the center of the

arc array and an angle in degrees clockwise 200 16,31, 55,73

from north along each arc. In addition to

these 128 primary samplers, an additional 22 400 71,37,55,82 43 31

samplers were deployed for quality control
(QC) purposes. This included 16 field
duplicate, 3 field control, and 3 field blank 1600 10, 34, 52, 76 70 58
samplers. The arc angle positions of these
QC samplers are listed in Table 3.

800 16, 25, 49, 85 40 70

3200 13,37, 55,76
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Sampler Cartridge Analysis

Sample cartridges were analyzed at the Tracer Analysis Facility (TAF) in Idaho Falls, ID.
The TAF hosts four gas chromatographs (GC), each housed within its own autosampler module
and connected to a computer which acts as the master data acquisition system. The complete
configuration with GC, autosampler, and data acquisition system is called an Automated Tracer
Gas Analysis System (ATGAS) (Figs. 21, 22). A dedicated small black handheld computer,
visible atop each GC in Figs. 21 and 22, was used to set the operational parameters on each
ATGAS.

Each GC housed two
Supelco 60/80 Molecular Sieve-5A
columns (5'x 1/4" and 2' x 1/4"), a
10-port sample valve, and a sample
loop. These columns were
maintained at 65 C inside their
respective ovens. Two columns
(pre-column and main column)
were used to reduce analysis time
and to vent interfering species, i.e.
oxygen, that can damage the
columns and detector. After the
SF, sample was injected onto and
eluted by the first 2-foot (610 mm)
pre-column (Fig. 23), the gas flow g
was switched to back-flush the Figure 21. ATGASs in | ab.
precolumn while the sample loop
was filled with the next sample
(Fig. 24). The SF, continued on to
the main 5-foot (1520 mm) column
where further separation occurred
before being passed to the detector. |
Detection of SF, was accomplished |
using a Valco Instrument Co., Inc.,
Model 140BN electron capture
detector (ECD) containing 5
millicuries of Ni-63. The ECD
operating temperature was kept at
170 C. The ECDs and columns
were protected by a Supelco High
Capacity Gas Purifier tube heated
inside an oven to remove oxygen,
water, carbon monoxide, and carbon

Figure 22. ATGASSs in lab with computer
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Figure 23. Schematic of sample loop fill with column 1 (pre-column) in the back-flush position.
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Figure 24. Schematic of injection to column 1 (pre-column) and on to column 2 (main column).

dioxide in the carrier gas as well as a Supelcarb HC hydrocarbon trap to remove organic
impurities. Ultra high purity (UHP) nitrogen served as the carrier gas and filtered compressed
air was used as the valve actuator gas. Concentration ranges from 2 pptv to about 1 ppmv have
been analyzed using this methodology.
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The ATGAS computer software (Carter, 2003) was developed in-house and was used to
analyze the tracer gas chromatograms, calculate concentrations, and perform quality control
functions. The software incorporates a history file system that records all operations performed
on each ATGAS.

Sampler Handling and Chain of Custody

A history file in the master ATGAS computer maintained a complete and comprehensive
record for each sampler cartridge. The scheme for maintaining the comprehensive history file
was based upon unique bar coded serial numbers attached to both samplers and sample
cartridges. In addition, prior to the start of the project, each field sampling location was
identified and tagged with a location number that consisted of a weatherproof bar code label.
These were affixed to the metal fence posts installed at each sampling location. A file with a list
of the locations was uploaded to the ATGAS computer in the TAF. The bar code labels for the
samplers, cartridges, and locations were used to automatically generate a chain of custody record
for each sample.

In preparation for each test, a sample cartridge was placed inside each sampler and then
transported to the field. Samplers were deployed at each location, the tubing was connected,
clips were opened, and a sampling program downloaded into the memory of each sampler’s
microprocessor. The latter was accomplished with the use of a small hand-held computer (Videx
Timewand II) shown in Fig. 25. The Timewands were programmed with sample start and stop
times for each bag prior to each test using a dedicated laptop computer in the TAF. They were
then used in the field to download the sampling program and acquire and record the location
number, sampler number, and cartridge number. The complete field download records were later
retrieved from the Timewands and transferred into the history file on the ATGAS computer in
the TAF prior to the start of cartridge analysis.

Details of these field
sampling servicing procedures are
shown in Figs. 26, 27, and 28.
These procedures were developed
after years of prior field experience.
Personnel responsible for deploying
the samplers in the field received
classroom and hands-on training in
Idaho Falls prior to the experiment.
It was also required that handwritten
Sampler Servicing Record sheets be
completed in the field for each
removed or installed cartridge (Fig.
29). These records were created to

Figure 25. Timewand.
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Sampler Procedure A: Placing a Sampler at a Location

Place the canridges in the sampler and
- connect the ubes securely and in the correct order
open the clips, making sure that the mbing is fully opened aod the clip slides sazily on the mbe. Press
i thee ke with a finger or blunt eod of a pen if pecessary.

On the Sampler Servicing Record Sheet, fill in the
- Location mamber
- Sampler member
- Time {available by pressiog "+ on the Time Wand
- Cartridge installed .

Check the sampler inlet tubes to0 be sure they have not been pashed back into the sampler.

Make sure there is 3 battery in the sampler. [F you need to insert one, do so carefully so that the batery clips
are mot damaged,

Plug the Time Wand II cord inte the samplee.  Verify that the right LED is blinking.

With the Time Wane 11, scan the sampler serisl gumsber, the cantridgs sarinl number, and the location secial
mumber. These may be scanmed in any order, Make sure you use the correct location mumber for each
sampler. The Time Wand IT will now download the program into the sampler.  The keft LED will Light 10
indiczte a saccessful download, Make sure the Jeft LED is oa before removing the cablel

MOTE: la emergencies only, the serizl numbers may be entered with te keypad. (Type the 6-digit code and
then press the *=" key,) Since his s very error prone, do not wee this method unbess ihere is absohuicly no
ather wayl ;

Disconnect the Time Wand I1.

Record any problems on the Sampler Servicing Recosd Sbeer. IF there arc problems noted, place a mark on
tie metal bracket In the cartridge with o Sharpie permanent marker oo that Lab analyst will know 10 check
the Sampler Servicing Record Shect.

Place the lid om the sammgler and par it oo the hanger,

Figure 26. Sampler servicing procedure A: Placing a sampler at a location.

Sampler Procedure B: Retrieving a Sampler
Retrizve the sampler from the hanger and remove the Tid,
Om the Sampler Servicing Record Sheet, fill in the

- Location nuember

= Surmprer number

- Cartridge Removed

= Time {available by pressing "+ * on the Time Wand)
Verify that the cartridge was connected correctly and the bags were flled, Record any problems on the Sampler
Servicing Record Sheet. I there are problems noted, place a mark on the metal bracket in the cariridge
with u permanent marker so that lab anatyst will know w check the Sampler Servicing Record Sheet.
Close the clips on the cartridge.
Disconnect the mbea.

Cartridge may now be removed from e sampler or transported in the sampler.

Figure 27. Sampler servicing procedure B: Retrieving a sampler.
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Sampler Procedure C: Replacing a Cartridge
o Retrieve the sampler from the hanger and remove the lid.

2, On the Sarnpler Servicing Record Sheet, fill in the
- Location oumber
- Sampler number
- Cartridge Remowved
- Time {available by pressing "+ " on the Time Wand)

3, Werify that the cartridge was connected correctly and the bags were filled, Record any problems on the
Sampler Servicing Record Sheet. If there are problems noted, place a mark on the metal bracket in the
cariridge with a permanent marker so that lab analyst will know to check the Sampler Servicing Record

Sheet.
4, .Clu.sc the clips on the cartridge.
5. Disconnest the tubes and remove the cartridge.
G, Flug the Time Wand IT cord into the sarnpler.  Verify that the right LED iz blinking.
7 With the Time Wand 11, scan the sampler serial mumber and the sampler flush code FLO406. The sampler will

now run each pump for about 4 seconds to flush the pump and the mebes,

NOTE: In emergencies only, the numbers may be entered with the keypad. (Type the S-digit code and then

G press the " =" key.} Since this is very error prone, do not uss this method unless there is ahsoluiely no other

way!

8. ‘Flace the new cartridge in the sampler and when the pumps have finished running:
- econnect the tubes secursly amd in the correct order
- open the clips, making sure that the tubing is fully opemsed and the clip slides easily on the mbe. Press
on the tube with a finger or blunt end of a pen if necessary.

o, On the Sampler Servicing Record Sheet, fill in the
- Cantridge installed

10, Check the sampler inlet tubes to be sure they have not been pushed back info the sampler,

11. If you have been instrected to replace the battery, do so carefully so that the battery clips are not damaged.

13. With the Time Wand II, scan the sampler serial number, the cartridge serial number, and the locatlon serial
number. These may be scanned in any order. Make sure you use the correct location number for each
sampler. The Time Wand I will now download the program into the sampler. The left LED will light to
indicate a successful download. Make sure the left LED is on before removing the cable!

14, Disconnect the Time Wand II.

135, Record any problems on the Sampler Servicing Record Sheet, I there are problems noted, place 2 mark on
the metal bracket in the cartridge with a Sharpie permanent marker o that lab analvst will know to check

o the Sampler Servicing Record Sheet.

" 16 Place the lid on the sampler and put it on the kanger.

Figure 28. Sampler servicing procedure C: Replacing a cartridge.

31



Bach line represents a single wisit teo a sampler location.
represents a single traverse of a sampler route.

Sampler Servicing Record Sheet

you start your sampler route.

Raute.: fE. 00 #~

Project: Sﬁ.q e
%y

Bach =sheet

Start a new sheet sach time

Date:_ IE/%A"_Z

rop(s): 1 TimeWand: _ Name: Jason ¢ Neaa/c

Cartridge Cartridge I

Lf:-cati.cdn Sampler Remowved i_:_i_me Installed | Comments or Problems Ly
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Figure 29. Example of Sampler Servicing Record. This was from cartridge removal after Test 1.
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provide the TAF analyst with details of potential problems pertaining to each cartridge and
sample bag. In combination with the history files, these records were invaluable as a reference
for sample check-in and/or later for QC flagging of data. The Sampler Servicing Records were
given to the laboratory analyst after sampler collection and delivery were performed. All record
sheets were organized and placed in a binder for future reference.

The sample cartridges were transported back to the TAF at the completion of each IOP
and analyzed within a few days of sampling. They were all checked in prior to analysis using a
bar code scanner to record each cartridge bar code. During this process each bag was inspected
and the following flags were entered into the computer for each bag:

= Too big (overfilled)

= Good

= Low

= Flat

= Damaged clip or bag

= Improper hookup (tubes crossed, clip open, etc.)

—oTmraw

These flags were used later for querying, sorting and generating final QC flags as well as for
monitoring sampler performance and checking for mistakes by field personnel.

Each cartridge bar code was again scanned when it was attached to the ATGAS prior to
analysis. This linked the GC identity and the acquired chromatogram and calculated
concentration data to the computerized data previously collected in the field that specified the
project identification, test number, grid location number, grid location coordinates, sampling
start time, the sample time per bag, and sampling type (primary or quality control sample). The
record also included the cartridge check-in record and cleaning records. Thus a complete
computer-generated chain of custody is available for each bag sample as well as automatically
linking via unique bar codes all field, chromatogram, concentration, and quality control data into
one comprehensive data record that could be readily reviewed. This minimized the possibility of
errors caused by mistakes in manually recording, copying, or entering of location information
and provided an invaluable source of information in the event of a discrepancy or a question
about the data.

Quality Control Procedures and Measurement Quality Objectives

The following are detailed descriptions of the quality control and quality assurance
methods followed for the sampling, analysis, and reporting of the PSB1 time-integrated bag
sampler tracer data. Protocols established in the Environmental Protection Agency’s (EPA)
Guidance for Data Quality Assessment (EPA 2000a), the general requirements for the
competence of calibration and testing laboratories of International Standards Organization/IEC
Guide 25 (ISO 1990), the quality systems established by the National Environmental Laboratory
Accreditation Conference (EPA 2000b), and the Department of Defense Quality Systems
Manual for Environmental Laboratories (DOD 2002) provided a basis for quality assurance and
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quality control procedures followed during analysis. Instrument and method limits of detection
(ILOD/MLOD) were calculated based upon 40 CFR Part 136, Appendix B and the American
Chemical Society (ACS) Committee on Environmental Improvement’s paper titled, “Principles
of Environmental Analysis” (Keith et al. 1983). ACS principles relative to detection limit
calculations in 40 CFR Part 136, Appendix B are documented in “Revised Assessment of
Detection and Quantitation Approaches” (EPA 2004). Although our research-based automated
analysis of tracer gases has no specified method performance or regulatory criteria, compliance
with the established quality control procedures stated above were followed, where applicable, to
provide high quality data that is both accurate and reliable.

The laboratory procedures followed were designed to ensure meeting the stated

Measurement Quality Objectives (MQO) for the project shown in Table 4. This table will be
referenced as the results for each procedural step are described below.

Table 4. Measurement quality objectives (MQO) for the bag sampling Data Quality Indicators.

Data Quality Indicator Objectives (MQO) How Determined
Instrument Sensitivity Instrument Limit of Lab blanks and low concentration
Detection (ILOD) <4 pptv calibration checks
Between Instrument RSD' <10% Lab background checks
Precision
Low End Instrument <1 pptv Lab blanks
Bias
Instrument Precision IRPD?| < 5% Lab duplicates above MLOQ
RSD < 10% Lab controls above MLOQ
Instrument Accuracy  [RPD’| <20% (< 50 ppt) Required by calibration check and
IRPD’| < 10% (< 50 ppt) recalibration protocol
Low End Method Bias* <MLOQ’ Field Blanks
Method Sensitivity ~ Method Limit of Detection May be calculated from field blanks, low
(MLOD) < 12 pptv concentration field controls, field
duplicates, or background samples
Method Precision IRPD?| < 15% Field duplicates above MLOQ
RSD < 15% Field Controls
Completeness % 90% Percentage of samples producing good
measurements

' RSD is relative standard deviation: standard deviation/average

> RPD is relative percent difference: for duplicates is (measure 1 — measure 2)/average of 1&2
> RPD is relative percent difference: for known concentrations is (measure — actual)/actual

* “Method” is entire sampling method including sampling and analysis.

> Method Limit of Quantitation
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Quality control issues pertaining to procedures for sample handling in the field and chain
of custody were described in the previous section. Pre-project and laboratory QC procedures are
described below and consisted of the following 22 steps:

1. Pre-project maintenance of bag samplers.

2. Testing of all sample bags.

3. Pre-project cleaning and analysis checks of all sample bags.

4. Development of analysis protocols for the expected sample concentration ranges.

5. Use of a written standard operating procedure (SOP).

6. Pre-project calculation of instrument limit of detection (ILOD) and instrument limit
of quantitation (ILOQ).

7. Holding time studies.

8. Daily calibration of the ATGAS.

9. [Initial ATGAS Calibration Verification (ICV).

10. Continuing ATGAS Calibration Verification (CCV) and analysis of laboratory

controls.
11. Atmospheric background checks of SF at the tracer analysis facility (TAF).
12. Analysis of laboratory (instrument) blanks.
13. Analysis of laboratory duplicates.
14. Analysis of field blanks.
15. Analysis of field controls.
16. Analysis of field duplicates.
17. Software quality control checks.
18. Data verification.
19. Post-project determination of MLOD and MLOQ.
20. Final data review.
21. Data handling.
22. Summary of Data Completeness.

1. Pre-project maintenance of the bag samplers.

Prior to deployment to the field, each of the original 135 bag samplers was extensively tested to
ensure proper operation in the field and to ensure the collection of an adequate sample volume.
This mainly involved checking the function of the microprocessor and pumps. Fifteen new bag
samplers were built for PSB1 using Texas Instruments MPS430 series microprocessors and
similarly tested.

2. Testing of all sample bags.

Experience has shown that almost all leaks in sample bags occurred around the fitting used for
attachment to the sample tubing. To rectify this problem prior to PSB1, the seam between the
fitting and the bag was permanently sealed in all sample bags using Pliobond 30. All bags were
also inspected and if there were any holes or suspected holes besides the fitting seam, they were
discarded prior to gluing. Previously bags had been checked for leaks using the procedure
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detailed in Clawson et. al. (2004, 2005, 2009) but the bag sealing resulted in a lower failure rate
than had been achieved by the leak checking procedure of the past.

3. Pre-project cleaning and analysis checks of all sample bags.

After the bags were leak checked, but prior to deployment to the field, all bags in the
sampler cartridges were cleaned. The bags were cleaned by repeatedly filling them with UHP
nitrogen and then evacuating them on the cartridge cleaning apparatus seen in Fig. 30. The
apparatus consisted of a nitrogen tank and vacuum connected to a system that fills and evacuates
the sample bags by changing valves. Seventy-two bags in 6 cartridges were cleaned at one time.
The computer mounted underneath the cleaning apparatus was used to create cartridge cleaning
records. This information was then uploaded into the ATGAS history file. An 8-step cleaning
protocol was used to clean the bags:

1. Connect all tubes to the cleaning machine.
. Open all clips.

3. Make sure the cleaning machine valves are set so that nitrogen can flow into all
connected cartridges.

4. Evacuate bags.

5. Fill all bags with nitrogen and then evacuate. Repeat until all bags have been
evacuated 5 times.

6. Fill all bags with nitrogen for analysis.

7. Scan all cartridge bar codes with the bar code scanner and upload the data
to the ATGAS PC.

8. After analysis, place the cartridges back on the cleaning machine, evacuate the
nitrogen, disconnect the tubes and wait 30 seconds before closing clips.

Figure 30. Cartridge cleaning apparatus.
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This protocol was developed after significant testing to ensure that bags containing
concentrations in the expected high range of up to 150,000 pptv or more could be cleaned to less
than background levels. After cleaning, the bags were filled with UHP nitrogen and analyzed to
ensure there was no contamination from previous tests or from long-term storage. Any bags
with a concentration greater than 5 pptv were re-cleaned and re-analyzed. All but 23 out of
6,744 bags (562 cartridges) were successfully cleaned below 5 pptv in the initial cleaning and
none were greater than 10 pptv. The vast majority were below the instrument limit of detection
and within 0.1-0.2 pptv of zero. The 23 exceptions were successfully re-cleaned and analyzed.
All bags were stored evacuated until their use.

4. Development of analysis protocols for the expected sample concentration ranges.

Analysis protocols were developed to optimize instrument performance, accuracy and
efficiency during the project. In particular, each GC was configured to optimize the detection of
the lowest possible concentrations in line with the expectation that the planned tracer release
rates would result in mostly low to moderate concentrations and relatively fewer very high
concentrations. Larger volume sample loops were selected in anticipation of measuring mostly
lower concentrations. However, smaller volume sample loops were also evaluated to
characterize the dynamic range available for measuring high concentrations on each GC in the
event these were encountered. Analysis parameters were adjusted to account for the magnitude
of concentration ranges that were expected. One set of parameters dealt with the worst case
scenario carryover issue resulting from measuring extremely low concentration samples
immediately following extremely high concentration samples. Nitrogen purge and vacuum times
and the number of purge-vacuum cycles of the GC were set to ensure no carryover of high
concentrations. Other parameters controlling the timing of the injection, switch to back-flush,
and total length of the analysis cycle were set to ensure that oxygen and other contaminants were
back-flushed before reaching the ECD to avoid any interferences. Electron capture detector
attenuation adjustments were also tested at different concentration levels to provide quick
adjustments to the instruments in the case of unexpected concentration ranges.

5. Use of a written standard operating procedure (SOP).

A written SOP entitled, “Standard Operating Procedure for Sampling and Analysis of
Sulfur Hexafluoride Using Progammable Integrating Gas Samplers (PIGS) and Automated
Tracer Gas Analysis Systems (ATGAS)” was used by all personnel performing SF, analysis so
that all analyses were performed consistently. The SOP contained the following sections:

Scope and Application.
Summary of Method.

Health and Safety Warnings.
Interferences.

Personnel Qualifications.
Equipment and Supplies.
ATGAS Setup.

Nk W=
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8. Sample Collection.

9. Cartridge Check-In.

10. Analysis Preparation.

11. Analysis.

12. Sample Handling and Holding Times.
13. Data Analysis and Calculations.

14. Quality Control and Quality Assurance.
15. Data and Records Management.

16. Trouble-shooting.

17. References.

6. Pre-project calculation of instrument limit of detection (ILOD) and instrument limit of
quantitation (ILOQ).

Prior to the start of the project, the ILOD and ILOQ were established for each ATGAS to
provide information on instrument performance. The ILOD is the instrument’s limit of detection
and is defined as the lowest concentration that can be determined to be statistically different
from zero. It is a measure of instrument sensitivity and based upon the specific instrument’s
ability to differentiate a low level concentration standard from instrument noise. One bag filled
with a low level standard was analyzed on each of the 12 autosampler ports on each ATGAS.
The analysis at each port was preceded by the analysis of a higher concentration standard of at
least 10,000 pptv to evaluate any possible carryover effects. The ILOD was calculated as three
times the standard deviation of a low level standard that was analyzed twelve times. The ILOQ
is the instrument’s limit of quantitation and is defined as the lowest concentration that can be
determined within 30% of the actual concentration. The ILOQ was calculated as ten times the
standard deviation of the same low level standard analyzed 12 times. Since using different
concentrations will yield different ILOD and ILOQs, the analyst selected the lowest
concentration standard to meet as many of the following criteria as possible:

» Has a relative standard deviation (RSD), i.e., the standard deviation divided by the mean
multiplied by 100 of less than 15%.

» Has a signal to noise (S/N; the mean divided by the standard deviation) between 3 and 10 (a
higher value does not invalidate the result; rather it indicates that a lower concentration standard

can be used).

» Has a percent recovery (analyzed value divided by the certified value multiplied by 100)
between 90% and 110%.

Results for the pre- and post-project estimation of ILOD and ILOQ for each ATGAS are
shown in Table 5. All initial ILOD were less than 1 pptv and much less than the stated
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Table 5. Summary of project instrument sensitivity and low end instrument bias.

ATGAS 1 2 3 4 w.outlier 4 no outlier All
Pre-Project (3.11pptv)

Number 12 12 12 12

Mean 3.44 3.37 3.46 3.25

S.D. 0.08 0.16 0.16 0.20

RSD 2.33 4.75 4.62 6.15

S/N 43.00 21.0625 21.625 16.25

ILOD 0.24 0.48 0.48 0.60

ILOQ 0.80 1.60 1.60 2.00

Lab Blank

Number 174 132 174 96

Mean 0 0 0.24 0

S.D. 0 0 1.47 0

ILOD 0 0 441 0

ILOQ 0 0 14.70 0

Lab Control (3.11pptv)

Number 81 75 99 57 56 311
Mean 3.02 3.03 3.21 2.74 3.00 3.065
S.D. 0.45 0.59 0.62 2.04 0.42 0.53
ILOD 1.35 1.77 1.86 6.12 1.26 1.59
ILOQ 4.50 5.90 6.20 20.40 4.20 5.30
Post-Project (3.11 pptv)

Number 12 12 12 12

Mean 3.25 3.14 3.20 3.12

S.D. 0.095 0.15 0.16 0.26

RSD 2.92 478 5.00 8.33

S/N 34.21 20.93 20.00 12.00

ILOD 0.285 0.45 0.48 0.78

1LOQ 0.95 1.50 1.60 2.60

measurement quality objective (MQO) of less than 4 pptv outlined in Table 4. All initial ILOQ
were less than 2 pptv. No carryover effects were observed.

7. Holding time studies

Holding time studies are determinations of the length of time a sample can be held in its
container before the sample concentration changes appreciably. Holding time studies are
conducted whenever the method or sampling container is changed in any way prior to
commencement of a project. These studies are used to determine what effect degradation of the
materials will have on sample results. Knowledge of the length of time the samples can be held
will help in planning the analysis schedule for the samples in the field. Holding time studies
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performed in 2004 on the new sample bags and tubing showed no appreciable change in sample
concentration for up to six months if stored indoors and away from temperature extremes.

Artifact studies on the Pliobond-sealed bag sample fittings and R-3603 tubing were
performed in 2011 and early 2013 and showed no evidence of sample contamination or bag
leakage. All samples were initially analyzed within a week of sampling for this project.

8. Daily calibration of the ATGAS.

In order to quantify the concentration of the samples, each of the four ATGASs was
calibrated at the beginning of each analysis day using 10 to 18 NIST-traceable SF, standards.
The number of standards used was dependent upon the concentration range available to each
ATGAS as they were configured for this experiment. Each ATGAS was configured to optimize
the ability to detect very low concentrations, principally by choice of a sufficiently large sample
loop. This low end optimization had the effect of restricting the ability to quantify higher
concentrations without changing sample loops. The analytical range for each ATGAS as
configured for the experiment are shown in Table 6. Differences relate to sample loop size and
the specific performance characteristics of each ATGAS.

The routine calibration standards used ranged from 3.11 pptv to 36,900 pptv and covered

Table 6. ATGAS analytical ranges.

ATGAS Loop Volume Calibrated Range Number of Standards
1 1 ml ILOD - 52,600 pptv 18
2 5 ml ILOD - 75,100 pptv 19
3 500 ul ILOD - 158,200 pptv initial 20
3 500 ul ILOD - 210,700 pptv final 23
4 ] ml 1LOD - 36. 900 pptv 17

most of the range of field sample concentrations encountered. There were a few exceptions that
required the use of an additional 7 standards ranging up to 210,700 pptv to quantify these
samples (run on GC3). Two standards were depleted and replaced by standards with similar
concentrations prior to the start of analyses of test samples (24.8 replaced with 19.19 pptv; 307
replaced with 301 pptv). Three other standards were depleted and replaced by standards with
similar concentrations during analyses of the test samples (3110 replaced by 3140 ppts; 5220
replaced by 4980 pptv; 8300 replaced by 8270 pptv). A UHP nitrogen zero point was also used
in the calibration since it is very difficult to find UHP air with undetectable amounts of SF,.

Concentrations of samples were calculated using a point-to-point fit calibration of the
standards. The calibration curve was examined for "wild fits" and an error message was
displayed if such an event occurred so that the analyst could more closely examine the curve and
decide if it was appropriate to use.
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9. Initial ATGAS calibration verification (ICV).

After each calibration was completed and reviewed, the curve was validated by analyzing
the same calibration standards as if they were field samples. This validation demonstrated that
sample concentrations within the calibration range could be quantified correctly. The recoveries
were required to be within +£12% (for < 50 pptv) or £7% (for > 50 pptv) of the certified value or
the standards were re-analyzed. If the recoveries still did not meet the acceptance limits, the
bags were refilled and analyzed again. If the recoveries were still not acceptable, the instrument
was re-calibrated and ICV was attempted again.

10. Continuing ATGAS calibration verification (CCV) and laboratory controls.

The validity of the ATGAS instrument calibration curves were regularly checked by
re-analyzing calibration standards as if they were field samples. This procedure, called
continuing calibration verification (CCV), was performed to provide evidence that instrument
drift had not caused the calibration to be unable to correctly quantify sample results within the
MQO acceptance level. Standards were chosen to cover the concentration range of samples that
had been analyzed since the last calibration verification. The standards were required to have a
recovery of £20% (for < 50 pptv) or £10% (for > 50 pptv) of the certified value for that section
of the curve to be considered valid (Table 4). If any of the standards were not within the
acceptance window, the instrument was re-calibrated and the curves were re-validated. All data
within the unacceptable concentration range, from the point of the last acceptable CCV, were
flagged and re-analyzed.

There was a tendency for the responses of the GCs to become more stable with continued
operation but all of them exhibited some susceptibility to drift of the calibration. The frequency
of CCVs ranged from less than 1 to about 3 h depending on the GC and how long it had been in
operation with a relatively stable calibration for any given day. In general, calibration checks
were done more frequently in the first few hours of operation and less frequently after that if the
GC was exhibiting stable behavior. Recalibrations were usually done if the response had drifted
significantly (> about 6-8%) as there was a tendency that once drift had commenced it often
continued and raised the prospect of performing analyses that would have to be redone due to
violating the MQO requirements of £10% or +20% for > 50 pptv and < 50 pptv, respectively.
Furthermore, the intent was to keep all results within 10%. Following any recalibration,
responses were often stable within +5% for the remainder of the day. In some cases it was not
necessary to recalibrate after the initial calibration although it was common for GCs 1 and 3 to
be recalibrated once a few hours into the day and then remain stable for an extended period of
time. GCs 2 and 4 were the most susceptible to problematic calibration drift but even they
sometimes had stable calibrations. Considerable time was spent in calibration and recalibration
of the GCs to ensure achieving MQO, especially GCs 2 and 4. There was also some analysis
time lost due to the necessity to rerun some sets of sample cartridges due to failure to achieve the
requisite CCV recoveries.
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The CCV serve as laboratory control samples and measures of instrument precision and
instrument accuracy (Table 4). Results for the combined laboratory control samples (CCV) are
summarized in Table 7. With the exception of the lowest standard (3.11 pptv), all of the RSD
were well below the 10% limit specified in the MQOs and indicated excellent instrument
precision. The excellent agreement between the measured and actual NIST-certified standard
values is also shown in Fig. 31. The slope (1.007) and intercept (28.6) indicate no appreciable
bias and the Pearson’s r correlation value of 0.9995 shows excellent precision. The average
recoveries are indicative of excellent accuracy across the full range of concentrations used and
are easily with the 100+20% requirement.

Table 7. Summary of project laboratory control (CCV) results.

Concentration
Measured Avg. % RSD

Actual (Avg.) S.D. Recovery % S/N #
0 0.21 0.91 222
0 -0.05 4.05 223
3.11 3.13 0.36 100.6 11.5 8.7 306
10.1 10.14 0.46 100.4 4.5 22.0 277
19.19 19.48 1.02 101.5 5.2 19.1 276
35.1 3491 1.46 99.5 4.2 23.9 268
88.7 89.5 2.99 100.9 33 29.9 266
301 304.2 9.33 101.1 3.1 32.6 264
504 509.9 16.81 101.2 33 30.3 268
818 829.6 30.4 101.4 3.7 27.3 267
1,550 1,583.1 71.13 102.1 4.5 22.3 265
3,110 3,154.8 113.99 101.4 3.6 27.7 133
3,140 3,257.5 123.45 103.7 3.8 26.4 127
4,980 5,105.3 214.01 102.5 4.2 23.9 125
5,220 5,302.4 195.01 101.6 3.7 27.2 135
8,270 8,406.4 264.22 101.6 3.1 31.8 85
8,300 8,346.0 343.8 100.6 4.1 24.3 150
9,730 9,920.9 424.13 102.0 4.3 23.4 217
16,370 16,582.7 784.08 101.3 4.7 21.1 210
21,720 21,928.9 727.61 101.0 33 30.1 185
36,900 37,062.9 1,655.32 100.4 4.5 22.4 179
52,600 53,275.1 1,238.15 101.3 23 43.0 139
75,100 75,652.7 1,964.19 100.7 2.6 38.5 36
90,100 90,670.2 2,581.11 100.6 2.8 35.1 14
103,600  103,528.4 3,077.36 99.9 3.0 33.6 14

152,300  153,541.6 3,254.72 100.8 2.1 47.2 9

179,300  178,952.1 3,129.02 99.8 1.7 57.2 2

210,700  210,492.1 1,562.92 99.9 0.7 134.7 2
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Figure 31. Comparison between measured and NIST-certified standard
concentrations for all lab control (CCV) samples.

11. Atmospheric background checks of SF, at the tracer analysis facility (TAF).

A background atmospheric check of SF, in the TAF consisted of analyzing three samples
of the room air in the TAF on each GC every analysis day. This information was used to
determine if there was any leakage in the analysis system when compared to the instrument
blanks that were subsequently analyzed. The data provided for an inter-comparison between
GCs that were being used on the same day to check the between instrument precision. The
results were also used to reveal discrepancies between GCs to indicate a problem that otherwise
might go undetected. The results shown in Table 8§ indicate that there was good precision
between the 4 GCs. The average concentration for all background checks was 8.3 pptv with a
standard deviation of 0.74 pptv. With the exception of GC3, the combined and individual RSD
values are all less than the 10% MQO specified in Table 4 (“Between Instrument Precision”).
GC3 was susceptible to baseline instabilities at very low concentrations. One consequence of
that is the larger standard deviation associated with the measurement of room air.

Table 8. Summary of results for lab background checks (room air).

RoomAir # Mean s.d. RSD
GCl1 48 8.30 0.62 7.5
GC2 37 8.38 0.83 9.9
GC3 48 7.96 1.69 21.2
GC4 24 7.92 0.73 9.2
All 157 8.27 0.74 8.9

12. Laboratory (instrument) blanks.

A laboratory or instrument blank was analyzed on each ATGAS each analysis day to
verify that there was no contamination or leaks within the analysis system as compared to the
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background checks analyzed that day, that there was no carry-over from previously analyzed
high concentration standards, and to ensure carrier gas purity. The blank sample consisted of a
cartridge of 12 bags that were each filled with ultra high purity (UHP) nitrogen. The
concentration results of all bags were required to be less than the lowest calibration standard and
close to a concentration of 0 pptv. If the concentration of one or more of the bags was higher
than the acceptable range, the bag was re-filled and re-analyzed. If the concentration still was
not within acceptable limits, the instrument was re-calibrated and re-verified or the samples were
flagged and re-analyzed. If there were still indications of contamination, the problem was
identified and fixed before analysis continued.

The laboratory blank results for each ATGAS and its corresponding ILOD and ILOQ are
included in Table 5. The average results indicate no contamination or leakage problems within
any of the ATGASSs as well as no carryover issues and meet the MQO of <4 pptv (Table 4). The
higher mean and standard deviation for ATGAS 3 reflect its sensitivity to the effect of very small
changes in baseline on the peak integration at very low level concentrations. This feature also
shows up in some calculations of the ILOD and ILOQ for ATGAS 3 (Table 5).

13. Laboratory duplicates.

Analyses of laboratory duplicates were performed each day to provide evidence of
instrument precision. Each day at least one primary field bag sampler cartridge was analyzed in
duplicate on each ATGAS. The sample cartridge and its duplicate were analyzed at least 3 hours
apart in order to ensure an appropriate estimation of instrument precision over time. The
duplicate cartridges were selected to encompass as much variation and range of concentration as
possible within the concentration range bracketed by the calibration curve for each ATGAS.

The mean of the absolute value of the relative percent differences (RPD),
RPD = (100*(measure#1 - measure#2)/average(#1 and #2)) were required to be within 5%
(Table 4). Any result not within the acceptable limits was flagged and re-analyzed. If the result
was still not within acceptable limits, the analysis was terminated until the ATGAS precision
could be re-established.

The |RPD]| laboratory duplicate results are shown in Table 9 and, excepting GC4, are all

less than 5% indicating excellent instrument precision. A regression analysis of the laboratory
duplicates is shown in Fig. 32.

Table 9. Summary of RPD results for laboratory duplicates.

Laboratory Duplicates
GC# # Mean % RPD Mean % |[RPD)|
1 235 -0.10 2.1
2 362 1.70 3.6
3 262 0.35 3.4
4 354 -1.80 6.4
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Figure 32. Linear regression of rerun against original values for all
laboratory duplicates.

14. Field blanks.

Field (method) blanks were sampled and analyzed to indicate if there was any
contamination or leakage introduced by any part of a bag sample’s history from sampling,
handling, and transport through to the final analysis. For example, isolated instances of high
concentrations of SF in the field blanks can indicate holes in the sampling bag, clips not
properly closed, wrong location number, or other operational problems. Consistently high
concentrations would indicate a sampling method that could not measure null concentrations
accurately.

Three field blank samplers were deployed during each IOP as described in the section
above (Description of Bag Sampling Grid). A field blank consisted of a sampler containing a
cartridge filled with ultra high purity (UHP) nitrogen. Each sampler was deployed at its
designated location and collocated with a regular sampler with the tubes connected and clips left
open. Software requirements of the sampling program made it necessary for the pump on the
first bag to turn on for one short pulse. However, after that, all pumps were left off and there
was no additional filling of any of the bags. At the end of each test, the clips on the blank
cartridges were closed and the cartridges were collected, transported, and stored along with all
the regular sample cartridges. With the exception of the special sampling program, the field
blanks were treated identically to the regular samples.

A summary of the results is presented in Table 10. The means and standard deviations
for IOPs 1, 4, and 5 are all very low indicating no contamination or sample handling problems.
The non-zero mean and larger standard deviation for IOP2 is attributable to the use of GC3 for
one cartridge of blanks. The non-zero mean and larger standard deviation for IOP3 is likely
attributable to one cartridge that was deployed where it was in the plume with high concentration
values for extended periods of time. It is likely that small amounts of tracer diffused into the
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Table 10. Summary of results for lab background checks (room air).

10P # Mean s.d. MLOQ
1 36 0 0 0
2 35 -1.46 2.76 27.6
3 36 1.95 3.33 333
4 36 0.01 0.05 0.5
5 36 0 0 0

sample bags through the open, unclipped tubing. However, even this cartridge did not have any
bags with values greater than 10 pptv.

The consequences of these observations are considered more fully in the determination of
final MLOQ for the project results (step 19 below). Briefly, the field blank results adversely
affected some of the project MQOs (Table 4): (1) They sometimes indicated values for MLOD
greater than 12 pptv in some cases (“Method Sensitivity”) and (2) the field blanks were often
greater than the nominal MLOQ.

15. Field controls.

Three field control samplers were deployed during each IOP as described in the section
above (Description of Bag Sampling Grid). The cartridge for each control sampler was filled
with NIST-certified tracer concentrations ranging from 14.79 pptv to 5170 pptv. Bags 1-3
contained 5170 pptv, bags 4-6 contained 199.5 or 283.9 pptv, bags 7-9 contained 14.79 pptv, and
bags 10-12 contained 1571 pptv. During IOP5, bag 9 was inadvertently filled with 1571 pptv
instead of 14.79 pptv. Each sampler was deployed at its designated location and collocated with
a regular sampler with the tubes connected and clips left open. Software requirements of the
sampling program made it necessary for the pump on the first bag to turn on for one short pulse.
However, after that, all pumps were left off and there was no additional filling of any of the bags.
At the end of each test, the clips on the control cartridges were closed and the cartridges were
collected, transported, and stored along with all the regular sample cartridges. With the
exception of the special sampling program, the field controls were treated identically to the
regular samples.

The field control samplers served two primary purposes. First, they checked for any
biases or inaccuracies introduced during the sampling, handling, and storage of the samples.
Second, recall that the standards used to calibrate the GCs (up to 210,700 pptv) were all
NIST-certified. The tracer concentrations used to fill the control bags also came from
NIST-certified standards but they were different from those used in the calibration of the
ATGAS:s. As a consequence, the field control samples serve as a semi-independent measure of
quality control of the overall process, essentially a method audit.

The results for the field control samples expressed in terms of the individual ATGAS are
shown in Table 11. In general there was a very good comparison between the NIST-certified

46



Table 11. Combined ATGAS field control results expressed in terms of standard concentration

and IOP number.
10P1 10P2 10P3 10P4 10P5 All

14.79 pptv

# 9 9 9 9 8 44
Mean 15.10 14.71 15.62 15.81 15.33 15.31
s.d. 0.41 0.41 1.42 0.27 0.19 0.54
Avg. Recovery 1.02 0.99 1.06 1.07 1.04 1.04
Mean RPD 2.04 -0.57 5.10 6.66 3.55 3.36
Mean [RPD| 2.18 1.97 7.94 6.66 3.55 4.46
RSD 2.71 2.77 9.07 1.72 1.25 3.50
S/N 36.90 36.09 11.02 58.28 80.29 44.52
199.5 pptv

# 9 9 9 9 3 39
Mean 178.70 171.62 163.59 177.21 173.87 173.00
s.d. 3.42 8.65 15.19 3.21 4.69 7.03
Avg. Recovery 0.90 0.86 0.82 0.89 0.87 0.87
Mean RPD -11.01 -15.13 -20.15 -11.85 -13.75 -14.38
Mean [RPD| 11.01 15.13 20.15 11.85 13.75 14.38
RSD 1.91 5.04 9.29 1.81 2.70 4.15
S/N 52.24 19.85 10.77 55.24 37.06 35.03
283.9 pptv

# 6 6
Mean 284.55 284.55
s.d. 4.31 4.31
Avg. Recovery 1.00 1.00
Mean RPD 0.22 0.22
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