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1.0 INTRODUCTION

In a continued effort to protect human health and the environment, the Wyoming
Department of Environmental Quality — Air Quality Division (AQD) sponsored the Upper Green
Winter Ozone Study (UGWOQOS) in 2012. This research program has been conducted each year
since 2007 to investigate wintertime ozone formation in the Upper Green River Basin (UGRB)
leading to concentrations of ambient ozone exceeding the National Ambient Air Quality

Standard which is currently set at a daily maximum eight-hour average of 75 parts per billion
(ppb).

In 2012, AQD contracted with Meteorological Solutions Inc. (MSI) and sub-contractor
T & B Systems to conduct a scaled-down version of UGWOS. Field operations included a
temporary ambient monitoring station in the Jonah Field which provided continuous
measurements of ozone (O3) and oxides of nitrogen (NOy) as well as additional speciated
hydrocarbon sampling during periods when conditions favoring potential elevated ozone
episodes were forecast. The Boulder monitoring site was again expanded to include more

specialized ozone precursor measurements which included trace level NOy and “true NO,”.

Quality assurance project plans, data, and reports from previous UGWOS field efforts
(2007-2011) are posted on the Monitoring Information Page (AQD website)." During each
year’s field effort, data were collected from a network of long-term air quality monitoring
stations, temporary monitoring stations, upper air data from soundings and/or miniSODAR™,

and various specialized ozone precursor measurements.

! http://deq.state.wy.us/agd/Monitoring%20Data.asp
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Field operations for UGWOS 2012 started on January 15, 2012 and continued through
March 31, 2012. Daily weather forecasts were issued by MSI’s forecast meteorologist in order
to identify periods when ambient ozone concentrations in the UGRB were likely to be elevated
and to provide an alert to field personnel so additional measurements could be implemented

during these Intensive Operational Periods (IOP’s).

This report presents a summary of UGWOS 2012 field operations, quality assurance
activities, and the results of the field measurement program. Section 2.0 presents an overview of
the ozone and ozone precursor measurements. In addition, this section provides synoptic
weather summaries for the intensive operational periods. Section 3.0 describes database
management, quality assurance, data validation, and data archiving. Monitoring results are
described in Section 4.0. Section 5.0 presents a summary of the findings, conclusions based on
the findings, and recommendations. UGWOS 2012 measurement data are available in an
ACCESS database on the AQD website.

UGWOS 2012 - Final 1-2 MSI



20 SUMMARY OF FIELD OPERATIONS

This section provides a description of measurement platforms active during UGWOS

2012, elevated ozone forecasts, and synoptic weather summaries during 2012 10P’s.

2.1 Overview

UGWOS 2012 field operations were scheduled for January 15, 2012 through March 31,
2012. All UGWOS 2012 monitoring sites were installed, calibrated, and ready for operations by
January 14, 2012. Problems with the oxides of nitrogen analyzer at the Jonah Field site and its
UPS delayed data collection until January 17 and then from January 19-24. Forecasting for
elevated ozone conditions started on January 15, 2012 and continued through March 31, 2012

when the field monitoring program ended.

2.1.1 Planning Process

A siting trip was conducted with AQD personnel to locate a suitable substitute for the
former Jonah site to monitor ambient conditions in the Jonah Field area. The previous site was
removed and access to power was not available at the original location. After investigating
several possible alternatives, it was decided that the Luman Road temporary site located at the

entrance to the Jonah Field which still had a power drop available was the best option.

AQD-owned VOC sampling systems from the Sublette County Air Toxics Study and the
existing VOC canister sampling system at the Boulder site were utilized for the UGWOS 2012
VOC sampling effort. Sampling systems were cleaned, leak-checked and tested for

contamination prior to operational use.

Prior to the start of UGWOS 2012, specialized measurements were added to the Boulder
site to enhance understanding of ozone precursor mechanisms. These included trace level NOy

with a photolytic converter for true NO, and NOy.
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2.1.2 Monitoring Sites

All of the currently operating long-term WDEQ-AQD monitoring stations provided
meteorological and air quality data for the UGWOS database. A map showing the locations of
these stations and the mobile trailer stations active during the UGWOS 2012 program is shown
in Figure 2.1. Areas marked on the map with colored shading indicate active industrial (oil and

gas) development projects which are potential sources of ozone precursor emissions.

Figure 2.1 Active Monitoring Stations and Industrial Development Areas
(Colored Shading) in the UGWOS 2012 Study Domain.
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A summary of the instrumentation and parameters measured by sampling platform is

presented in Table 2-1.

Table 2-1

Summary of Measurement Methods during UGWOS 2012

Platform Measurement Instrumentation
Method Model
Ozone UV Photometric T-API 400E
NO, Chemiluminescence T-API 200E
Methane/TNMHC | FID Baseline-Mocon 9000 (Big
) . Piney)
'\é'i%b;,'fnga;:g PM, /PMu Beta Attenuation BAM 1020 (Big Piney)
Jonah Field Speciated VOC TO-14 Canister GC/FID
w/expanded PAMS list of
analytes
WS, WD, T, RH, Various Various
BP, Solar Rad.,
Precip.
True NO, Chemiluminescence T-API 200EU w/Photolytic
Converter
NOy Chemiluminescence T-API T200U w/501Y
Boulder Special - - Converter
Measurements Speciated VOC TO-14 Canister _ GC/FID
w/expanded PAMS list of
analytes
Total UV Radiation | Pyranometer (upward and | Eppley TUVR

downward facing)

Ozone UV Photometric T-API 400E/400A
NOy Chemiluminescence T-API 200E/200A
PMio Tapered Element TEOM 1400a (Daniel and
Oscillating Microbalance Boulder)
Beta Attenuation BAM 1020 (Wyoming Range,
Moxa)
Methane/TNMHC FID Baseline-Mocon 9000
WDEQ Long-Term (Boulder)
Monitoring Sites [ pm, Beta Attenuation BAM 1020 (Wyoming Range,
Pinedale)
Speciated VOC TO-14 Canister GC/FID
(Juel Springs) w/expanded PAMS list of
analytes
WS, WD, T, RH, Various Various
BP, Solar Rad.,
Precipitation
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Table 2-1 (Continued)
Summary of Measurement Methods during UGWOS 2012

Method Model
Upper Level Winds | Doppler Sodar ASC 4000 miniSODAR™
Mixing Height Doppler Sodar ASC 4000 miniSODAR™
o Surface WS, WD, Integrated sonic Vaisala WXT-510
MiniSODAR™ | T RH, BP and anemometer, thermistor,
precip. detection RH and pressure sensors
with separate precip.
detection sensor

2.2 Field Measurements

Active measurement stations which provided data for the UGWOS 2012 database
included the long-term WDEQ-AQD monitoring stations already operating in the Upper Green
River Basin study area, two temporary WDEQ-AQD mobile trailer monitoring sites at Big Piney
and the Jonah Field, and the miniSODAR™ located adjacent to the Boulder monitoring station.
During the UGWOS operational period, VOC canister samples were collected at four locations -

the two mobile trailer sites and at the Boulder and Juel Springs long-term monitoring stations.

2.2.1 WDEQ-AQD Long-Term Monitoring Sites

WDEQ-AQD monitoring stations in and around the UGRB which were actively
collecting data during UGWOS 2012 included Wyoming Range, Daniel South, Boulder,
Pinedale, Juel Springs, South Pass, and Moxa. These sites were typically measuring wind speed
and direction at 10 meters, temperature at 2 and 10 meters, relative humidity, barometric
pressure, solar radiation at 2 meters, and precipitation. Air quality parameters measured at these
sites included ozone, oxides of nitrogen, and particulate matter. Figure 2.2 presents a photograph
of the long-term monitoring station at Boulder. Figures 2.3 and 2.4 show Boulder meteorological

sensors and the interior of the air quality monitoring shelter, respectively.
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2.2.2 Boulder Monitoring Station Specialized Measurements

During UGWOS 2012, specialized measurements were added to the Boulder monitoring
site just prior to the field measurement program. These included continuous analyzers to
measure NOy and trace level oxides of nitrogen using a photolytic converter to measure true
NO,. The existing VOC canister sampling system was operated during I0OP’s to provide
speciated VOC data at the site. Figure 2.5 shows the VOC canister sampling system at the
Boulder monitoring station. Data collection at the Boulder station again included total ultra-
violet (UV) radiation (incoming and reflected UV).

Figure 2.2 Long-term Monitoring Sites Example: Boulder
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Figure 2.3 Boulder Meteorological Tower and UV Radiation Sensors

Figure 2.4 Boulder Air Quality Monitoring Shelter
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Figure 2.5 Boulder VOC Canister Sampling System
2.2.3 Mobile Trailer Measurements: Big Piney and Jonah Field

One of AQD’s mobile monitoring trailers operated by Air Resource Specialists was
located just south of the town of Big Piney, Wyoming. This trailer was outfitted with a 10-meter
tower mounted to the side of the trailer measuring wind speed, wind direction, temperature,
relative humidity, barometric pressure, solar radiation and precipitation. Ozone, oxides of
nitrogen, PM; s, PMyg, and hydrocarbon analyzers were operating inside the trailer. A VOC

canister sampling tripod was operating adjacent to the trailer during IOP’s.

A smaller AQD-owned mobile monitoring trailer was located at the entrance to the Jonah
Field on the Luman Road. The trailer had wind and temperature sensors at approximately 4
meters height and USEPA FEM analyzers to measure ambient ozone and oxides of nitrogen. A
VOC canister sampling system was operating adjacent to the trailer during IOP’s. Figures 2.6
and 2.7 present photographs of the mobile trailers operated at Big Piney and Jonah Field,

respectively.
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Figure 2.6 Big Piney Mobile Monitoring Station with Adjacent Tripod-Mounted VOC
Sampling System

Figure 2.7 Jonah Field Mobile Trailer with Adjacent VOC Sampling Tripod

UGWOS 2012 - Final 2-8 MSI



2.24 miniSODAR™

The WDEQ Wind Explorer miniSODAR™ was maintained and operated adjacent to the
Boulder monitoring station and continuously measured surface and winds aloft and provided
mixing height information up to approximately 250 meters. Figure 2.8 shows the miniSODAR™
at its Boulder monitoring site location.

Figure 2.8 miniSODAR™ at the Boulder Location

2.2.5 Other Specialized Measurements: VOC Canister, True NO,, NOy, and Total
UV Radiation

Speciated VOC measurements were performed using the TO-14 canister sampling
method with expanded analyte list at the Boulder, Juel Springs, Big Piney and Jonah Field
monitoring stations. Canister samples were collected during forecast IOP’s using automated
sampling systems that collected three-hour integrated samples typically from 07:00 to 10:00 on
IOP days. Figure 2.9 shows an example of the tripod mounted canister sampling system at the

Juel Springs site.
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Figure 2.9 VOC Canister Sampling System at the Juel Springs Site

True NO2, measurements were performed at the Boulder monitoring site using a T-API
Model 200EU Trace Level Oxides of Nitrogen analyzer with photolytic converter to measure
true NO,. This type of converter allows for better speciation of lower levels of NO, than a
standard chemiluminescent oxides of nitrogen analyzer. As sample gas passes through the
converter chamber, it is exposed to blue light at specific wavelengths (350-420 nm) from an
array of ultraviolet light-emitting diodes. Exposure to blue light selectively converts the NO; to

NO with negligible radiant heating or interference from other gases.

NOy was measured at the Boulder site using a T-API Model T200U analyzer with a
Model 501Y converter mounted at the sample inlet point. This configuration allows for minimal
time delay between the sample inlet port and the remotely mounted molybdenum converter. The
system is designed to measure the concentration of NO, NO, and other compounds that are too
unstable to be measured when brought in through the standard conventional ambient air sample
inlet system. Sampling the ambient air directly into the remote converter enables the conversion
of labile components of NO, which might normally be lost in a conventional system with longer

transit time between the sample inlet and the converter.
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Total UV radiation (both incoming and reflected UV) was again measured at the Boulder
site as it was during UGWOS efforts since 2007 using a pair of Eppley TUVR sensors with one

pointed upward and the other pointed downward.

2.3 Intensive Operating Periods (I10Ps)

This section describes the outlooks that were issued daily during the 2012 UGWOS
season. These outlooks were used to provide expected weather conditions for the following
week and discuss possible elevated ozone episodes between January 15 and March 31, 2012.
This section also provides a summary of the synoptic weather conditions during the six IOP’s
that occurred in UGWOS 2012. In 2012, an IOP event was defined as a day on which the
operation of VOC canister samplers took place. Canister operation occurred during the early
morning hours of the IOP day from 0700 to 1000. The outlook provided personnel a time frame
of when IOP operations could be expected so that preparation of the sampling canisters could be
completed by the time they were needed. The six IOP’s that occurred covered a total of nine

days.

2.3.1 10P Weather Conditions

The weather outlooks provided in 2012 used the same format as in 2011. The outlook
was broken into four parts, with the first section a synopsis of weather conditions expected over
the next seven days. The general weather pattern and how this would evolve over the following
week was described.

The second section provided a forecast for the UGWOS area from the day of issuance
through day 3. Expected sky conditions, temperatures, winds, and precipitation were described.
Additionally a brief discussion of how favorable the expected weather conditions over this

period would be for ozone development was provided.
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The third section was identical to the second section but covered days 4 through 7.

The fourth section was a brief statement on the possibilities that conditions for an IOP
would develop in the upcoming week. If conditions were favorable and an IOP had been
declared, then this would be stated. Figure 2.10 presents an example of the Weather Outlook

product.

Figure 2.10 Example Weather Outlook
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2.3.2 Synoptic Weather Summaries of IOP’s

There were six I0P’s covering a total of nine days in 2012. There was one IOP event in
January, three in February, and two in March. Additionally, canister sampling took place twice

in March during periods when there was no snow on the ground.

The first IOP was a one day event on January 29, 2012. High pressure aloft along the
coast on January 28 moved inland and covered much of the western United States on the
morning of January 29. This ridge almost immediately began to weaken as a storm system
moving in from the Pacific rode up and over the ridge. Surface high pressure was centered over
southeast Idaho in the morning and moved south through the day in response to the storm
moving in from the west. Clear skies early in the day gave way to some cirrus from the
incoming storm system. An inversion was likely in the morning as winds were light, there were
mostly clear skies overnight, and there was a good snowpack in place with 20 to 30 inches along
the rim of the UGRB, 12 to 16 inches in the northern interior part of the UGRB, then decreasing
to 4 to 8 inches and less south of La Barge. WDEQ-AQD snow stakes located at the Boulder,
Daniel South, Big Piney, and Juel Springs sites indicated 6 to 10 inches with Wyoming Range
showing over two feet of snow. Morning temperatures were in the single digits (°F) (positive
and negative) range in the northern part of the UGRB with positive teens to the south. By late
afternoon, temperatures had warmed into the teens in the north and upper 20’s and low 30’s (°F)
to the south. Figures 2.11 through 2.13%2 present weather charts and snow depth information
for January 29, 2012.
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Figure 2.11 Surface Chart for 5 AM MST January 29, 2012

Figure 2.12 700 MB Chart for 5 AM MST January 29, 2012
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Figure 2.13 Snow Depth Chart for 5 AM MST January 29, 2012

The second IOP occurred on February 5 and 6, 2012. Low pressure in the upper
atmosphere over Kansas and Nebraska worked its way east while high pressure built into
Wyoming from the west on February 4 and overnight into February 5. At the surface, high
pressure lay across Wyoming from a strong center over northeast Colorado and northwest into
western Montana on February 5. This high weakened some on February 6 but remained over the
state. There were some high clouds February 5 due to wrap around moisture from the low in the
Plains, but February 6 was clear. Morning temperatures were cold during this period with lows
generally below zero (°F) in all areas of the UGRB warming to the low teens to low 20’s (°F)
during the day through the UGRB. Winds were light with speeds mostly 10 mph or less. Snow
depth was less than the first IOP and ranged from 8 to 16 inches. The WDEQ-AQD snow stakes
indicated from less than 6 in most locations to around 2 feet at Wyoming Range. Figures 2.14
through 2.18 provide weather charts for February 5 and 6 and snow depth information for
February 6, 2012,
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Figure 2.14 Surface Chart for 5 AM MST February 5, 2012

Figure 2.15 700 MB Chart for 5 AM MST February 5, 2012
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Figure 2.16 Surface Chart for 5 AM MST February 6, 2012

Figure 2.17 700 MB Chart for 5 AM MST February 6, 2012
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Figure 2.18 Snow Depth Chart for 5 AM MST February 6, 2012

The third IOP occurred on February 16, 2012. At the surface, high pressure lay across
Wyoming from northwest to southeast. The upper level winds were light with northwesterly
flow to the north and variable wind directions to the south of the UGRB. Temperatures began as
cold as the negative teens and climbed into the low 20’s in the northern part of the UGRB and
into the 30°s (°F) to the south. Surface winds were light. Sky conditions were essentially clear,
though there were a few high clouds north of the UGRB. Snow stakes at the monitoring sites
indicated from less than 6 inches in many locations to over 2 feet at Wyoming Range. Figures
2.19 through 2.21 provide weather charts and snow depth information for February 16, 2012.
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Figure 2.19 Surface Chart for 5 AM MST February 16, 2012

Figure 2.20 700 MB Chart for 5 AM MST February 16, 2012
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Figure 2.21 Snow Depth Chart for 5 AM MST February 16, 2012

The fourth IOP was another one-day event that occurred on February 27, 2012. The
weather pattern this day had a low-pressure system aloft over California with a southwesterly
flow at 10,000 feet over western Wyoming. At the surface, a deep low-pressure system was
centered over southern Nevada in the morning that moved northeast through southern and central
Utah into Colorado by the morning of February 28. This was a cloudy day with snow showers in
the higher terrain around the UGRB. Morning temperatures were cold ranging from a few
degrees below zero (°F) to the lower teens (°F) throughout the UGRB. By late afternoon it had
warmed to near 20°F to the low 30’s (°F) in all areas of the UGRB. Surface winds were light
and mostly northerly through the day. Figures 2.22 through 2.24 provide weather charts and
snow depth information for February 27, 2012.
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Figure 2.22 Surface Chart for 5 AM MST February 27, 2012

Figure 2.23 700 MB Chart for 5 AM MST February 27, 2012
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Figure 2.24 Snow Depth Chart for 5 AM MST February 27, 2012

On March 4 and 5, the fifth I0OP of the 2012 UGWOS season occurred. High pressure
aloft moved into the western U.S. on March 3. This high slowly moved eastward on March 4
and then began flattening on March 5 as another storm approached the Pacific Northwest coast.
At the surface, fairly strong high pressure lay from southern Idaho across northern Utah,
southwest Wyoming and western Colorado early in the IOP. The high pressure then weakened a
little as a surface low developed over the Pacific Northwest. Except for a few cumulus clouds
over the mountains and hills, it was a clear and sunny period. Morning low temperatures were in
the 20’s (°F), warming to the 30’s (°F) by late afternoon on March 4 in all areas of the UGRB.
On March 5, temperatures started out in the positive single digits (°F) and warmed to the 30’s
(°F) in the north and 40’s (°F) in the south by afternoon. Snow depth was essentially non-
existent in the southern part of the basin while 3 to 20 inches was common elsewhere, increasing
as you moved north and also east and west into the higher elevations. The Wyoming Range
snow stake indicated over 30 inches there. Due to warmer conditions, snow depths had been
decreasing, particularly in the southern part of the area. Figure 2.25 through 2.29 provide

weather charts for March 4 and 5 and snow depth information for March 5, 2012.
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Figure 2.25 Surface Chart for 5 AM MST March 4, 2012

Figure 2.26 700 MB Chart for 5 AM MST March 4, 2012
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Figure 2.27 Surface Chart for 5 AM MST March 5, 2012

Figure 2.28 700 MB Chart for 5 AM MST March 5, 2012
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Figure 2.29 Snow Depth Chart for 5 AM MST March 5, 2012

The sixth and final IOP occurred on March 8 and 9, 2012. New snow fell on March 7 in
parts of the UGRB, with a couple of inches in some spots. The southern part of the project area
remained essentially bare. The Wyoming Range snow stake showed between 24 and 30 inches
on the ground. In the atmosphere aloft, a high pressure center pushed in from northern
California over the two-day period bringing in warming aloft as well as light winds. At the
surface, high pressure held over all of Wyoming and, similar to conditions aloft, temperatures
warmed and winds were light. Except for some high clouds during the afternoon of March 8 it
was mostly clear during the two days. Temperatures in all parts of the UGRB ranged from the
single negative digits to the positive teens (°F) the morning of March 8 with mostly teens the
morning of March 9. UGRB afternoon temperatures warmed into the upper 20’s and 30’s (°F)
on March 8 and into the 30’s and 40’s (°F) on March 9. Figures 2.30 through 2.34 provide

weather charts for March 8 and 9 and snow depth information for March 9, 2012.

UGWOS 2012 - Final 2-25 MSI



Figure 2.30 Surface Chart for 5 AM MST March 8, 2012

Figure 2.31 700 MB Chart for 5 AM MST March 8, 2012
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Figure 2.32 Surface Chart for 5 AM MST March 9, 2012

Figure 2.33 700 MB Chart for 5 AM MST March 9, 2012
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Figure 2.34 Snow Depth Chart for 5 AM MST March 9, 2012

UGWOS 2012 - Final 2-28 MSI



3.0 DATA QUALITY ASSURANCE, VALIDATION AND ARCHIVING

A primary study objective was to produce a validated data set from the field
measurements that is well defined and documented. The data management system used,
Microsoft Access, was designed to be straightforward and easy for users to obtain data and
provide updates. All data were quality-assured and submitted to MSI’s UGWOS Data Manager

for entry to the project database. A brief summary of procedures used is provided below.

3.1 Database Management

The overall goal of the data management effort was to create a well-documented system
such that data could be readily input and easily accessed from the database. A Monitoring and
Quality Assurance document was prepared and approved by all the project participants and can
be found on the AQD website.

Each of the participants that provided data was responsible for reviewing and validating their
respective data to Level 1 as described in “The Measurement Process: Precision, Accuracy,
Validity” (Watson, 2001). This included flagging data during instrument downtime and
performance tests, applying any adjustments for calibration deviation, investigating extreme
values, and applying appropriate flags. Quality control (QC) codes used for the UGWOS data set
are presented in Table 3-1. QC codes include simple validation codes as well as AQS null codes
developed by the EPA.
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Table 3-1
Data Quality Control Codes Used in UGWOS Database

QC | Description
V | Valid Data
M | Missing Data
I Invalid Data
S | Suspect Data. Data appears to be a data spike or outside normal data range
U | Data which has not been validated - User is responsible for validation.
N Instrument Noise detected in sub hourly data used to create hourly
average
B | Below Detection Limit
AA | Sample Pressure out of Limits
AB | Technician Unavailable
AC | Construction/Repairs in Area
AD | Shelter Storm Damage
AE | Shelter Temperature Outside Limits
AF | Scheduled but not Collected
AG | Sample Time out of Limits
AH | Sample Flow Rate out of Limits
Al | Insufficient Data (cannot calculate)
AJ | Filter Damage
AK | Filter Leak
AL | Voided by Operator
AM | Miscellaneous Void
AN | Machine Malfunction
AO | Bad Weather
AP | Vandalism
AQ | Collection Error
AR | Lab Error
AS | Poor Quality Assurance Results
AT | Calibration
AU | Monitoring Waived
AV | Power Failure
AW | Wildlife Damage
AX | Precision Check
AY | Q C Control Points (zero/span)
AZ | Q C Audit
BA | Maintenance/Routine Repairs
BB | Unable to Reach Site
BC | Multi-point Calibration
BD | Auto Calibration
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Table 3-1 Continued
Data Quality Control Codes Used in UGWOS Database

QC | Description
BE | Building/Site Repair
BF | Precision/Zero/Span
BG | Missing ozone data not likely to exceed level
of standard
BH | Interference/co-elution/misidentification
Bl | Lost or damaged in transit
BJ | Operator Error
BK | Site computer/data logger down
BL | QA Audit
BM | Accuracy check
BN | Sample Value Exceeds Media Limit
B Below Detection Limit

Once the data were validated to Level 1, the data were prepared for submittal to the
database in a form that clearly defined the time reference, averaging period, parameter names
and units. The time reference for the database was in local standard time (Mountain Standard
Time) and the averaging period reference was standardized to hour beginning (0 — 23). Standards
for time reference, averaging period, parameter names and units are consistent throughout the
database. Data fields have a second column for each measured value for the accompanying QC
code, as needed. Data flagged as invalid or missing were marked with the AQS Null code value
or the value —9999. Suspect data or data that haven’t been validated (one-minute Mobile Trailer

data) to Level 1 standards were flagged as such with the data still included in the database.

3.2  Quality Assurance Program

A Monitoring and Quality Assurance Plan was submitted to the WDEQ-AQD and
approved encompassing all aspects of the monitoring program (See Appendix A). This
document provides a detailed discussion of the quality assurance program implemented in this

study.
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As part of the quality assurance program, quality control procedures were implemented to
assess and maintain control of the quality of the data collected. A summary of key elements of

the QC program for each measurement is presented in the remainder of this section.

All equipment underwent a complete checkout and acceptance prior to the start of
monitoring. Standard Operating Procedures (SOPs) for measurements were completed prior to
the start of monitoring.

All UGWOS 2012 ozone and oxides of nitrogen analyzers were routinely checked using
a traceable transfer standard or reference gas following operating procedures consistent with
EPA guidelines.

WDEQ tripod-mounted portable VOC sampling systems as well as the canister sampling
system inside the air quality shelter at the Boulder monitoring site were leak checked, flushed
with ultrapure air and checked for contamination prior to the start of the UGWOS 2012 study.
VOC canisters were installed in each system, allowed to sample ultrapure air through the system
inlet, and sent to the analytical laboratory for analysis to confirm that systems were free of
contamination. A field sample data sheet was generated for each VOC canister indicating
sample ID, sample date and time, and canister start and stop pressure. VOC canisters were sent

back to the laboratory for analysis following each IOP accompanied by a chain-of-custody form.

The status of the miniSODAR™ was checked daily via remote access of the data. When
problems were noted, the UGWOS field technician was called upon to assist in correcting them.
In addition, the miniSODAR™ data were available in real time so that team members were able
to use the data to assist in special monitoring and forecasting. Additional information on quality

assurance procedures for these data is provided in Appendix A.
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3.2.1 Calibrations

The purpose of a calibration is to establish a relationship between the ambient conditions
and an instrument's response by challenging the instrument with known values and adjusting the
instrument to respond properly to those values. The calibration method for each of the air
quality and meteorological variables is detailed in the Monitoring and Quality Assurance Plan.

Meteorological sensors were calibrated at the beginning and end of the study. Wind
speed sensors were calibrated using an R.M. Young constant rpm motor simulating wind speeds
at several points across the sensor’s operating range. Wind direction sensors were calibrated by
confirming orientation and checking responses at standard increments. Temperatures were

calibrated using a water bath.

Air quality analyzers were calibrated at the start of the UGWOS 2012 study and
calibration was verified again at the end. Zero/span/precision checks were conducted

approximately every two-weeks during the study.

3.2.2 Quality Assurance Audits

As part of the UGWOS quality assurance program, an independent audit program was
implemented to verify the site operations and data accuracy. The auditor and the equipment used

for the audit were independent of the measurement program. Audits were performed in

accordance with the principles set forth by the US EPA.
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3.2.2.1 Performance Audits

Performance audits were conducted during T&B Systems’ 1st Quarter 2012 auditing

effort for the WDEQ-AQD. Audit procedures and detailed results were included in the T&B
Systems’ report “First Quarter 2012 Quality Assurance Report for the Wyoming Department of
Environmental Quality Air Monitoring Network.” A summary of the results for the UGWOS-

specific instrumentation is presented in Table 3-2.

Table 3-2

UGWOS 2012 (Jonah Trailer) Performance Audit Results

Site: Jonah Trailer
Project: UGWOS QA Audits
Operator: MSI

AMBIENT AIR QUALITY MONITORS

Audit Max Diff. DAS DAS DAS

Date Parameter (%) Slope Intercept Correlation
1/30/2012 Ozone -6.6 0.926 0.002 1.0000
1/30/2012 Nitric Oxide -4.4 0.957 0.000 1.0000
1/30/2012 Nitrogen Oxides -6.1 0.938 0.001 1.0000
1/30/2012 Nitrogen Dioxide -6.6 0.929 0.002 0.9999

METEOROLOGICAL SENSORS

Audit Criteria: Max Diff +15%, Slope 1.000 + 0.15: Intercept 0 + 0.015 ppm (THC 0 + 0.9 ppm);
Correlation > 0.9950

Audit Audit DAS Audit
Date Sensor Input Diff. Criteria
1/30/2012 Wind Speed (5 meters) mis mis
0 0.0 +.25 m/s; ws <5 m/s
2.6 0.0
mis %
7.7 0.0 +5%; ws > 5m/s
12.8 0.0
23.0 0.0
33.3 0.0
1/30/2012 Wind Direction (5meters) Deg Deg
43 1 + 5 degrees
88 1
133 1
178 -1
223 -2
268 0
313 0
358 2
1/30/2012 Temperature (4 meters) Deg C Deg C
0.2 -0.2 + 1.0 degree Celsius
18.4 -0.3
39.6 -0.5
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3.2.2.2 System Audits

A system audit of the field operations was conducted in late January 2012 by David Yoho

of T&B Systems with remote assistance on the miniSODAR™ from Bob Baxter. The audit

addressed the following field related elements:

Siting of the equipment used for the intensive measurements
Adherence of the field personnel to the Standard Operating Procedures
Quality assurance and Quality Control procedures implemented
Documentation of the field activities

Data collection and chain of custody procedures

Observations from the system audits are presented below:

MiniSODAR™

The miniSODAR™ has been operational at the site for over a year with good data

recovery. Prior to arrival at the site the data were reviewed for internal consistency. While at the

site a review of the level of the antenna was conducted. The results of the reviews are

summarized below.

Prior to the system audit, the operational frequency of the sodar had been adjusted to
4,700 Hz to move the central frequency away from spurious signals noted at 4,700 and

5,000 Hz. This change minimized the influence of the spurious signals.

It was noted prior to the system audit that there was an apparent heater issue with the
miniSODAR™ reflector board heater not melting the accumulated snow. The auditor did
help by clearing snow from the board. This clearing was manually performed following

each snow event until a suitable fix was implemented.
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e In late February a temporary fix was implemented by installing a pair of heating lamps
inside the shelter, aimed at the reflector board. These lamps provided adequate heating to
melt snow and keep any ice from accumulating. Data during periods where snow was
present will need careful review to remove periods of invalid data.
e Two speakers were noted to be not operational. It was decided to not replace the
speakers as the effect on operation would be negligible. The replacement would be
planned for when the heater system is repaired.
e A review of the miniSODAR™ vista showed an open view in all directions with the
exception of the following:
> 60° - The meteorological tower was located about 33 meters from the
miniSODAR™ with the top of the tower at an elevation angle of 30°.

> 120° - Air quality shelter located about 17 meters from the miniSODAR™ with
the top of the structure at a 20° elevation angle.

> 180° - Air quality shelter located about 13 meters from the miniSODAR™ with

the top of the structure at a 10° elevation angle.

Each of the noted obstructions above did not seem to adversely affect the operation of the
miniSODAR™,

e The orientation of the miniSODAR™ (Antenna Rotation Angle) was measured to be
230°. This agreed with the software setting on the miniSODAR™. The reflector board
was measured to be 44.8°, which is within the expected tolerance of 45° £0.5°. The level

of the antenna was found to be 0.2°, which is within the expected tolerance of 0.0° £0.5°.

Air Quality Variables

The data collection procedures and siting of the UGWOS specific measurements were

reviewed. The results of the reviews are summarized below.
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e The NO gas cylinder used for calibration checks at the Jonah Field monitoring station had
an expiration date of 12/3/11. The operator indicated that they had performed several
comparisons to a cylinder with a current certification date with negligible differences
observed.

e The location of the temporary Jonah trailer was near Luman Road, adjacent to the

roadway. There is some traffic nearby that could influence the measurements.

3.2.2.3  Processing of the miniSODAR™ data

The processing of the miniSODAR data at the Boulder site was performed using four

steps, as described below:

1. The 10-minute miniSODAR™ wind records were combined into hourly vector averages
based on at least three intervals within the hour having valid wind data. During the
merging process, additional screening criteria were applied to accept/reject individual
values into the averaging calculation based on specified QC criteria. These criteria
included echo intensities, signal to noise ratio, calculated radial velocity, standard
deviation of the component values, and the reported percent of returns in the raw average.

2. Using the merged hourly data, periods of known bad data when the miniSODAR™
reflector board heater was not working and the enclosure was known to have snow
present were invalidated. Snow on the reflector board will dampen the miniSODAR™
transmit pulse and return echoes, and potentially alter the beam angles. This issue was
identified just after the start of the field effort during a significant snowfall.

3. The internal consistency of the hourly merged data was reviewed in a time-height cross-
section display and periods of meteorologically inconsistent data were invalidated. This
review was performed by a trained meteorologist.

4. The resulting hourly validated data from the miniSODAR™ database were exported into

a comma delimited data set for submission.
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As noted above, there were two periods of known invalid data due to reflector board
heating pad issues and the resulting accumulation of snow. A summary of these periods is

described below:

1/21/12, 1000 through 1/29/12, 1700 — Snow accumulation on the miniSODAR™ reflector board
that was manually cleared on 1/29. Changes were made to the miniSODAR™ thermostat to try

and rectify the problem.

2/11/12, 2100 through 2/12/12, 1700 — Snow accumulation on the miniSODAR™ reflector board
that was manually cleared on 2/12. Infra-red heat lamps were subsequently shipped to the site

and installed in late February to alleviate any further snow issues.

3.3 Data Validation

Each study participant was responsible for reviewing and validating their collected data.
These data were validated to Level 1 as described by Watson, et. al. (2001)* before submittal to
the database. This included flagging values for instrument downtime and performance tests,
applying any adjustments for calibration deviation, investigating extreme values and applying
appropriate flags.

3.4  Data Archiving
All validated data were merged into an integrated relational Microsoft Access database.

The database contents and format are described in Appendix B. Data were formatted into the

final database with the following unit configurations and naming conventions:

e Parts per billion for O3, NO, NO,, NOx, NOy, and SO,

! Watson, J.G.; Turpin, B.J.; and Chow, J.C. (2001). The measurement process: Precision, accuracy, and validity. In Air Sampling Instruments
for Evaluation of Atmospheric Contaminants, Ninth Edition, 9th ed., B.S. Cohen and C.S.J. McCammon, Eds. American Conference of
Governmental Industrial Hygienists, Cincinnati, OH, pp. 201-216.
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e Micrograms per cubic meter for PMy, and PM3 5
e Parts per million for methane, non-methane hydrocarbons, and total hydrocarbons

e Micrograms per cubic meter, parts per billion by volume, and parts per billion by
Carbon for VOC data

e SITE = Alpha-numeric site code identifier

e DATE = (MM/DD/YYYY)

e HOUR= Nearest whole begin hour (HH) (MST)

e TIME, START_TIME or END_TIME = Time stamp of data (HHMM) (MST)
e HEIGHT = Elevation in meters above MSL

e QC _CODE, (WS_QC,WD_QC, 03 _QC, etc.) = As described in Table 3-1

e NOTES = any additional information

The Access database was spot-checked for accuracy against validated input files

containing meteorological and air quality parameters.
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40 RESULTS

This section discusses the results of meteorological and air quality measurements
collected during the UGWOS 2012 field effort.

4.1  Summary of 2012 Meteorological and Air Quality Conditions and Comparison with

Prior Years

This section describes meteorological and air quality conditions and measurements
recorded during UGWOS 2012 and how they compared with previous UGWOS studies.

4.1.1 700 mb Comparison 2012 versus 2007-2011

This section will look at how the700 mb pressure level data during the 2012 UGWOS

study compared with the previous five years of study.

Prior to the first UGWOS study, objective criteria for forecasting elevated ozone episodes
were developed based on several weather parameters. These criteria were developed after
studying high ozone periods that occurred prior to 2007 and have been used as guidance in
forecasting elevated ozone in the UGWOS study area since that time. The 700 mb criteria that
have been used for forecasting elevated ozone for the UGWOS study and that are compared in

this section are as follows:
e Pressure level is 3,060 meters or higher

e Temperature is between 0° and -8°C

e Wind speeds at less than 20 knots (~10 mps)
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Table 4-1 contains the average 700 mb criteria for each of the study years (February and
March only). These data were taken from maps developed from reanalysis data® provided by
NOAA'’s Earth System Research Labs (ESRL).

Table 4-1
Averaged 700 mb Parameters during UGWOS 2007-2012

February/March Average700 mb Average 700 mb Average 700 mb

Period Height (m) Temperature (°C) Wind Speed (mps)
2007 3042 -5.1 10.4

2008 3018 -8.2 10.1

2009 3024 -6.5 9.6

2010 3023 -7.0 6.8

2011 3008 -8.2 10.8

2012 3024 -5.7 9.3

The 700 mb level parameters for 2012 shown in Table 4-1 fell well within the range of
values that have occurred over the previous five years. The 700 mb temperature during the two-
month period was on the warmer side of the range but the average height and wind speed were

near the previous five-year average.

During the 2007 through 2012 UGWOS study periods, there were a total of forty one
days when IOP’s occurred. Four out of the six years had no eight-hour ambient ozone
concentrations above 75 ppb. In UGWOS 2012, there were no eight-hour ozone values above 75
ppb and very few hourly ozone values of 70 ppb or greater. Table 4-2 provides the number of
IOP’s each year.

2 NCEP Reanalysis data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, Accessed August
2012, http://www.esrl.noaa.gov/psd/
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Table 4-2

Intensive Operational Periods by Year

Number of | Number of IOP | Number of Sites IOP dates
Year IOP’s Days with 8-hour
Ozone > 75 ppb
2007 1 6 0 March 14-19
February 18 - 21
2008 3 10 5 February 27 - 29
March 10 - 12
February 3-5
2009 3 9 0 February 21 - 22
February 28 — March 3
2010 0 0 0 --
February 28 — March 2
2011 2 ! ! March 9 - 12
January 29
February 5-6
February 16
2012 6 d 0 February 27
March 4-5
March 8-9
Total 15 41 - -

Using reanalysis data and incorporating only 10P days reveals the following averaged

results for the 700mb criteria parameters in Table 4-3.

Table 4-3
Averaged 700mb Parameters during IOP Days 2007-2012

February/March Average700 mb Average 700 mb Average 700 mb
Period Height (m) Temperature (°C) Wind Speed (mps)

2007 3061 -1.9 11.2
2008 3064 -7.2 6.5
2009 3104 -4.8 7.7
2010 - - -

2011 3053 -9.1 10.7
2012 3075 -5.8 4.4
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Although elevated ozone did not develop, the days chosen for the 2012 10P’s did record
700 mb meteorological parameters that fell within the forecast criteria. The pressure height and
temperature for 2012 were both nearly equal to the average of the previous years of data (2010
had no IOP’s and therefore averages were not available). However, the wind speed was much
lower than previous years’ I0P days and was only about half (4.4 mps) of the 9.0 mps average of
the other years (see Table 4-3).

4.1.2 Snow Cover in 2012 Versus 2007-2011

It is well known?® that the snow cover that accumulates in the UGRB during the winter
and early spring months is an essential element in the development of elevated o