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Executive Summary
The Western Air Quality Study (WAQS) Monitoring Network Assessment (WAQS MNA)
documents the current status of air quality monitoring in the intermountain west region. The
WAQS MNA examines the ability of the current collective monitoring network operated by
states and federal agencies to assess National Ambient Air Quality Standards (NAAQS)
attainment, principally in rural and non-metropolitan population centers, as well as Air Quality
Related Values (AQRVs) in Class I and Class II areas. Emphasis is placed on identifying potential
gaps in the collective monitoring network and is focused on characterizing air quality impacts
from emissions from the upstream oil and gas development source sector.
This assessment represents the expanded WAQS region, which adds Montana, North Dakota
and South Dakota to the current geographic WAQS region that includes Colorado, Wyoming
and Utah and New Mexico. This study focuses on evaluating potential air quality impacts on
rural areas and smaller population centers, and Class I and Class II areas, while also focusing on
identifying high value monitors and other network optimizations that can benefit WAQS model
performance evaluation efforts.
This report augments 5-year monitoring network assessments conducted by individual state air
agencies, which often focus on urban monitoring for compliance with health standards. The
objectives and analysis follow the Monitoring Network Assessment conducted for the Three
State Air Quality Study (3SAQS) that looked at state and federal monitors in Colorado, Wyoming
and Utah. Supporting documents this assessment and the predecessor 3SAQS MNA are
available on the WAQS MNA Wiki1.

1

IWDW-WAQS, 2017, Wiki for the 2017 WAQS MNA, WAQS Monitoring Network Resources,
http://vibe.cira.colostate.edu/wiki/wiki/9158/waqs-monitoring-network-assessment-resources.
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Key Findings
•

•
•

There are significant monitoring gaps for O3, and particularly NO2, in areas
encompassed by and downwind (inclusive of both upslope and downslope wind
patterns) of the Denver-Julesburg (D-J) Basin O&G development region;
There are no NO2 monitors in Colorado east of the Continental Divide that characterize
NOx emissions from the O&G sector;
There are a number of smaller urban centers, as well as monitors representative of Class
I and Class II areas, with concentrations of monitors that exceed the density suggested
in the MNA analysis.

Key Recommendations








•

Add O3 monitoring in Wyoming Powder River Basin and near Laramie (corroborated by
WDEQ);
Address lack of NO2 monitoring in areas potentially impacted by emissions from the DJ
Basin;
Add O3 monitors to serve rural communities in Eastern Colorado, such as Fort Morgan,
Sterling and Yuma, Colorado;
Conduct O3 monitoring to establish an O3 baseline for Trinidad, Colorado;
Redistribute O3 monitors from overserved to underserved basins (e.g. Roaring
Fork/Glenwood basin has eight O3 active monitors and Grand Junction/Delta County
basin has one);
Add O3 & NO2 monitoring to establish baseline levels in north central Montana;
Consider removal and/or relocation of redundant monitors near Class I and Class II areas
across the 7-state region; and
Additional recommendations and details about key recommendations are in Section 10
of this report.
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1. Objectives
This assessment carries over objectives from the 3SAQS Assessment (a-f), and adds new objectives
(g-i) that address interests of WAQS Project Cooperators.
a. Provide adequate spatial coverage of study area;
b. Monitor locations with O3 close to or above National Ambient Air Quality Standards
(NAAQS) as well as any for the PM2.5, NO2, and SO2 NAAQS;
c. Monitor locations downwind of existing or planned future oil and gas development areas;
d. Monitor AQRV impacts on Class I and sensitive Class II areas;
e. Characterize background O3;
f. Provide data, including O3, PM and precursor measurements, to support model
performance evaluation;
g. Assess potential air quality impacts of oil and gas development on rural population areas;
h. Summarize recommendations from cooperating state’s 5-year monitoring network
assessments, and provide updates from working group on current monitor configuration
and future plan;
i. Incorporate latest WAQS emissions and air quality modeling in area served and gap analysis,
and to determine monitor’s value with respect oil and gas sector emissions.

2. Tasks










Outreach to Montana, North Dakota and South Dakota to encourage participation in the WAQS
assessment;
Collect up-to-date monitor location and sponsor information using most recent data from
available sources;
Characterize current air quality from monitoring data, focusing on 2015 annual averages and
2013-2015 DVs;
Conduct monitoring site analysis to identify potential redundancies in monitoring network, area
served by current monitors, and to identify potential monitoring gaps in current network;
Collect spatial data to serve as emissions proxies for emission sources (e.g. oil and gas well
locations, EGUs);
Collect spatial data to help identify potentially impacted areas (e.g. urban areas, cities, Class I
areas);
Combine monitoring data with emissions proxies and potentially impacted areas to augment
area served and gap analysis;
Provide recommendations for changes to current monitoring network reconfiguration;
Develop cost estimates for continued WAQS Cooperator monitoring support and for
recommendations.
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3. Agency Participation
The IWDW-WAQS Monitoring Network Assessment Workgroup held seven meetings from late October
2016 through May 2017. Minutes from Workgroup conference calls are available on the Meetings
Section of the WAQS MNA Wiki2. The Workgroup included representatives from four federal agencies
and seven state agencies. Coordination was provided by WESTAR and WRAP, and CSU/CIRA. Table 1
lists Workgroup participants and their respective affiliations.
In addition to the agencies listed in Table 1, Tribes and the U.S. Fish and Wildlife Service (USFWS) are
also active in air quality monitoring within the WAQS region. The status of Tribal monitoring is
considered in this report (Section 4). The USFWS is a Cooperating Agency in the National Atmospheric
Deposition Program (NADP) and the status of NADP monitoring in the WAQS region is covered in Section
4. Future WAQS monitoring assessments will reach out to these agencies to encourage their
participation.

Table 1. Working Group agency participation
Agency
Participants
BLM - MT/Dakotas
Melissa Hovey
BLM - CO
Chad Meister
NPS
John Vimont, Mike Barna, Barkley Sive, Debbie Miller
USFS
Melanie Pitrolo, Debbie Miller (moved to NPS)
EPA
Rebecca Matichuk
CDPHE
Gordon Pierce, Kevin Briggs, Gregory Harshfield, William Vicars
MTDEQ
Doug Kuenzli
SDDENR
Brad Schultz, Barb Regynski
WYDEQ
Cara Keslar, Daniel Sharon
NM-AQB
Rita Bates, Mark Jones
UTDEQ
Bo Call
NDDH
Chuck Hyatt
WESTAR and WRAP
Tom Moore, Mary Uhl
CSU/CIRA
Rodger Ames, Dustin Schmidt, Shawn McClure

4. Network Status
Network status refers to the locations of active monitors, ambient concentrations with a focus on
NAAQS design values, and plans by state or federal agencies or other entities to add, relocate or
discontinue monitors. Input from Workgroup participants listed in Table 1 are provided during this MNA
process are included in this report. Additional details on network configuration changes can be found in
5-year Monitoring Network Assessments and Annual Network Plans prepared by state agencies.3

2
3

Ibid.
Ibid, Reference Information.
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Assessing the current O3 monitoring network supports a number of objectives for this assessment,
including ensuring adequate spatial coverage, continued monitoring in areas where current levels are
close to or exceed the O3 NAAQS, and evaluating background O3 levels. Evaluation of PM2.5 mass,
speciated PM2.5, and dry and wet deposition monitoring supports WAQS MNA objectives to assess
visibility and other AQRV impacts in Class I and Class II Areas. These data, as well as meteorological
observations and O3 and PM2.5 precursors monitoring, benefit WAQS Model Performance Evaluation
(MPE) efforts. Table 3 lists the monitor types presented in this Section, along with the agency or other
entity affiliated with monitoring activity at a monitoring site.

3SAQS Monitoring Network Assessment
The 3SAQS Pilot Study was the initial effort by 3SAQS Collaborators to assess the state of the air quality
monitoring network in Colorado, Utah and Wyoming. 3SAQS Collaborators collectively paid for six
monitoring sites that were part of the monitoring network at that time. Table 2 shows the six
Collaborator sponsored sites, and provides an update on their current status. Monitoring at Walden CO,
and VOC monitoring at Wamsutter WY, has been discontinued. The Escalante site has been transferred
to UDEQ. The Fruitland site was removed from UDAQ network in 2014, maintained for a time by UTBLM, and subsequently transferred to Utah State University.

Table 2. Monitoring sites in the 3SAQS Pilot Study.
State

AQS ID

Site Name

County

PQAO

Start Year

Last Sample Date

CO

080570003

Walden (a)

Jackson

NPS

2011

12/31/15

WY

560370077

Hiawatha

Sweetwater

WYDEQ

2011

3/31/16

WY

560370200

Wamsutter
(VOCs)

Sweetwater

WYDEQ

2006

3/31/16

UT

490170004

Escalante (b)

Garfield

NPS

2011

12/31/15

UT

490071003

Price

Carbon

UDAQ

2011

5/31/16

UT

490131001

Fruitland (c)

Duchesne

UDAQ

2011

2013

a. Discontinued
b. Now operated by UDEQ
c. Maintained by Utah State University for research
The 3SAQS MNA recommended adding five new monitoring sites; four of the recommend sites have
been installed. CDPHE installed and operates monitoring at Elk Springs (aka Dinosaur East, in Moffat
County, Colorado) and Paradox (Montrose County, Colorado). O3 and meteorological monitoring
started on 7/31/2015 at Elk Springs, and on 3/1/2016 at Paradox. The USFS installed two new
monitoring sites and has plans for two others, all in Colorado: The Douglass Pass monitoring site began
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operation in the spring of 2015; monitoring in Kremmling began in October of 2015; a Holy Cross site is
proposed; and the Zirkel site in the Medicine Bow-Routt NF is currently in the permitting process.4

Issues Raised by the WAQS MNA Workgroup
The WAQS MNA Workgroup identified three monitoring sites at risk of being shut down in near future,
two are recently added sites operated by CDPHE; one is a monitoring site jointly operated by the USFS
and CO-BLM.
CDPHE indicated that they will likely discontinue the Elk Springs and Paradox sites at the end of 2017.
Given the resources invested in these sites, it would be advantageous to continue operations long
enough to calculate a 3-year design value at each site. To accomplish this, Elk Springs would need to run
through 2018, and Paradox through 2019. This equates to an additional year of monitoring at Elk
Springs, and two additional yeas of monitoring at Paradox beyond the end of 2017. An estimate of costs
associates with continued operation of these sites is provided in the Cost Analysis Section of this report
(Section 12).
The Weminuche Shamrock Mine site (La Plata County, Colorado) is also at risk of being shut down. The
USFS and CO-BLM jointly sponsor O3, NO2 and meteorology monitoring at Shamrock Mine. However,
CO-BLM is no longer interested in funding the site,5 and the USFS’s interest in continued operation is
uncertain. This assessment indicates that the Shamrock Mine monitor adds value to the current
monitoring network, and recommends keeping the site operational. A justification for continued
operation of this site is provided in the Cost Analysis Section of this report (Section 12).

Updates since the Final WAQS MNA Workgroup Meeting
The monitoring site information included in the Network Status (Section 4) of this report has been
revised since the final Workgroup meeting in May of 2017 to incorporate updated monitoring site data
from AQS6. The revised AQS dataset includes five monitoring sites that were not present in previously
released AQS monitors list.7 Table 2 lists the added monitoring sites and parameters that pertain to the
objectives of this MNA. One of the new sites, Garfield County Library, Colorado (CDPHE), reports PM10
only and is not included in Table 2.

4

Personal communication, John Korfmacher, USFS.
Personal communication, Chad Meister, Colorado-BLM.
6
AQS 2017, Pre-Generated Data Files, Site and Monitor Descriptions, Monitor listing (updated 27 May, 2017),
downloaded Aug. 4, 2017, https://aqsdr1.epa.gov/aqsweb/aqstmp/airdata/download_files.html#Meta.
7
AQS 2016, Pre-Generated Data Files (updated 23 December, 2016).
5
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Table 2. Monitoring sites added to AQS since the final meeting of the WAQS MNA Workgroup.
State

AQS ID

Site Name

NO2

Ozone

Deadman

Organization/
Network
USFS

CO

080690006

NM

Met

1

PM2.5
FRM/FEM
0

0

350450020

Chaco Culture

CASTNet

1

1

0

1

ND

381010003

Ryder

NDSDEP

1

1

1

1

WY

560250005

Casper Mobile

WYDEQ

1

1

1

1

0

Design values presented to the WAQS MNA Workgroup have also been revised to include updated 2016
monitoring data. During the MNA Workgroup meetings, maps showing NAAQS Design value Design
Values for the 2013-2015 DV period were presented. Design values for the 2014-2016 DV period have
since been published by EPA8 and are included in the Current Conditions Chapter of Section 4. Design
values for the 8-hour O3 Standard reflect October 2, 2017 updates to EPA’s Design Value Reports.9

Network Configuration - Tables
Table 3 lists the number of active monitors in the WAQS region by parameter (columns) and
organization (rows). The parameters (or groups of parameters) listed Table 3 represent pollutants
identified by the WAQS MNA Workgroup as being relevant to the objectives of this assessment. Active
refers to monitors that report data from 2015 or later.
The criteria for assigning a monitor to an organization is loosely defined in this analysis as any of Primary
Quality Assurance Organization (PQAO), Reporting Agency or Collecting Agency as reported by AQS
being associated with the monitoring site. Note that some monitors are associated with multiple
organizations, thus the sum of monitors across all organizations can exceed the actual number of
monitors in the WAQS region. Data used to produce Table 3 were obtained from the AQS monitors
list10, with the exception of NADP which were obtained from the Intermountain West Data
Warehouse11.

8

EPA 2017a, Map Service: USEPA Office of Environmental Information (OEI). Data: U.S. EPA Office of Air and
Radiation (OAR) - Office of Air Quality, downloaded on Oct. 11, 2017
https://gispub.epa.gov/arcgis/rest/services/OAR_OAQPS/DesignValueServicesOAQPS/MapServer
9
EPA 2017b, 2016 Design Value Reports, ozone_designvalues_20142016_final_10_02_17_0.xlsx, downloaded on
Oct. 10, 2011, https://www.epa.gov/air-trends/air-quality-design-values
10
AQS 2017.
11
IWDW 2017, downloaded from the IWDW Query Wizard Tool, Oct. 13, 2017,
http://views.cira.colostate.edu/tsdw/DataWizard/.
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Table 3. Summary of active monitors in the WAQS region for parameters considered in the WAQS MNA.
Columns show parameters and rows show state and federal agencies or other organizations that
participate in air quality monitoring in the WAQS region. Active is defined as monitors that report data
from 2015 through mid-2017.
Organization

O3

NO2

VOCs

PM2.5
FRM/FEM1

PM2.5 nonFRM/FEM2

Met3

PM2.5
SO4 &
NO34

CSN
Speciation5

All

158

95

11

107

53

173

52

13

NADP Wet
Deposition
and
Ammonia
60

CDPHE

23

5

8

17

0

22

4

4

-

WDEQ

26

30

0

24

0

45

1

1

-

UDEQ

15

12

1

16

6

22

3

3

-

NM AQB

20

9

0

8

3

10

1

1

-

MTDEQ

7

6

0

14

5

5

2

2

-

NDSDH

10

8

0

10

0

11

1

1

-

SDDEP

6

4

0

10

0

0

1

1

-

BLM

9

4

0

12

0

10

0

0

-

EPA-NPS

20

5

0

3

39

18

39

0

-

USFS

19

1

0

0

0

1

0

0

-

Tribes

9

11

1

2

3

10

3

0

-

Local
Industry/
Other

3
0

2
2

0
2

2
0

0
0

3
16

0
0

0
0

-

6

1.
2.
3.
4.
5.
6.

Denotes the AQS parameter PM2.5 - Local Conditions.
Denotes the AQS parameter Acceptable PM2.5 AQI & Speciation Mass.
Denotes the AQS parameter Windspeed-Scalar.
Denotes AQS parameters Sulfate PM2.5 LC and Total Nitrate PM2.5 LC, respectively.
CSN sites are included in the PM2.5 SO4 and NO3 monitor totals.
Includes sites jointly operated by BLM offices and other agencies, e.g. Shamrock Mine, Colorado, jointly
operated by USFS and BLM-CO, and monitoring sites at Malta and Lewiston in Montana, jointly funded
MTDEQ and BLM-MT/Dakotas12.

Detailed tables with information monitoring sites in the WAQS region, including agency affiliation and
updates and input from WAQS MNA Workgroup participants, is provided in the Monitoring Sites Section
of the WAQS MNA Wiki.13
Separate tables in the worksheet list monitors by the organization responsible for operating the
monitors. The “organization” tables can be filtered by various criteria, and are annotated with input
from the WAQS MNA Working Group.

12
13

Personal Communication, Melissa Hovey, Montana/Dakotas BLM.
IWDW-WAQS, 2017.
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Network Configuration - Maps
Maps of monitor locations for the parameters listed in Table 3 are shown in Figures 1-6. Figure 1
combines all parameters on one map; Figure 2 shows O3 and selected O3 precursors (NO2 and VOCs);
Figure 3 shows PM2.5 from FRM/FEM and non-FRM/FEM monitors; Figure 4 shows PM2.5 speciation
monitors; Figure 5 shows meteorological monitors; and Figure 6 shows NADP monitoring sites. Image
files for Figures 1-6, as well as maps showing monitors for the organizations shown in Table 3, are
available on the WAQS MNA wiki14.
In addition to the parameters listed in Table 3, the monitor location maps in Figures 1-6 include and/or
highlight additional parameters that support WAQS MNA objectives. For example, Figure 2, which
shows the locations of O3 and O3 precursor monitors, indicates sites that report formaldehyde and
ethane. Formaldehyde is a byproduct of natural isoprene emissions and is important for evaluating
model performance because it is a highly reactive VOC with high O3 formation potential; and ethane is a
tracer for oil and gas development regions. Figure 3, which shows locations of PM2.5 monitors, includes
locations of monitors reporting PM2.5 Total and PM2.5 Raw data so as to include all monitors reporting
PM2.5 data in the WAQS region.
The monitoring site location maps in Figures 1-6 are included to provide a snapshot of the current
monitoring network configuration in the WAQS region for parameters of interest to the WAQS
Workgroup participants. Locations of some monitors, for example PM10 and SO2, are not included
because they are beyond the scope of this assessment.
Figure 1 shows all monitors included in the WAQS MNA assessment. These include federal monitoring
networks, such as NAPD, IMPROVE, CASTNet, CSN, and AQS FRM/FEM and non-FRM/FEM monitors, as
well as monitors operated by state agencies, local municipalities and industry.

14

IWDW-WAQS, 2017.
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Figure 1. Air quality, meteorology and deposition monitors considered in this analysis. Monitors
contained in the AQS dataset are shown as multicolored pies, while NADP monitors are displayed as a
separate layer with green circles showing NTN sites and red triangles showing AMoN sites. Monitors
reporting data from 2015 and later are considered active. Monitors reporting data from 2010 and up to
2014 are considered inactive.
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Figures 2 shows monitor locations for O3 and selected precursors. Monitors reporting O3 are shown in
yellow, NO2 in orange, and VOCs in green. Monitors reporting formaldehyde are shown in solid red, and
ethane in cross hatched red.

Figure 2. Locations of O3 and selected precursor monitors in WAQS region. O3 monitors are shown in
yellow, and monitors reporting NO2 in orange, and VOCs in green and ethane and/or formaldehyde in
red. Of the monitors shown in Figure 2, 21 monitors report either NO2 or VOCs, but not O3.
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Figure 3 shows PM2.5 monitors in the WAQS region. FRM/FEM monitors are shown in brown and nonFRM/FEM FRM in purple.

Figure 3. Locations of PM2.5 monitors in the WAQS region. FRM/FEM monitors are shown in solid
brown, non-FRM/FEM monitors in purple. Figure 3 shows 174 active monitoring sites reporting one or
more PM2.5 parameters.
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Table 4. Key to PM2.5 map labels in Figure 3.
Map Label
PM2_5_FEM_FEM
PM2_5_non_FRM_FEM
Not shown
Not shown

AQS Parameter
Name
PM 2.5 - Local
Conditions
Acceptable PM2.5
AQI Speciation Mass
PM2.5 Raw Data

AQS
Code
88101

Description

88502

PM2.5 Total
Atmospheric

88500

non-FRM/FEM (FRM equivalent but
not valid for NAAQS decisions)
Uncorrected data that does not
match the FRM
PM2.5 measurement that includes
potential volatile losses from
FRM/FEM

88501

Valid FRM/FEM data

N “active”
monitors
107
53
13
6

Table 4 shows the map label in Figure 3 and the corresponding AQS parameter name for the PM2.5
parameters. Some PM2.5 sites in Colorado and Wyoming, as well as the Yellowstone Park Entrance site
in Montana, also report either PM2.5 Raw or PM2.5 Total data either exclusively or to augment PM2.5
FRM/FEM or non-FRM/FEM data. The WAQS MNA wiki has additional maps of PM2.5 monitors15.
Figure 4 shows monitors reporting PM.5 sulfate, nitrate, ammonium ion and ammonium gas phase
monitors. Monitoring sites in Figure 4 include IMPORVE (and IMPROVE Protocol), CSN, AMoN and
monitors operated by state agencies. The AQS parameters “Sulfate PM2.5 LC”, “Total Nitrate PM2.5 LC”
and “Ammonium Ion PM2.5 LC” are labeled sulfate, nitrate and ammonium in Figure 4, respectively.
Table 4 lists the corresponding AQS identifier for each parameter, the parameter description, and the
number of active sites for each monitor type.

15

ibid.
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Figure 4. Monitors reporting PM2.5 sulfate, nitrate, ammonium ion and ammonia concentrations in the
WAQS region. 13 of the 52 monitors reporting PM2.5 sulfate and nitrate also report ammonium ion. Of
these, 12 are either CSN STN, CSN Supplemental, or CSN NCORE or Proposed NCORE monitors and one is
operated by CDPHE16.

16

CDPHE operates a speciated PM2.5 monitor at the Alsup Elementary School, in Commerce City, Colorado.

15

WAQS Monitoring Network Assessment [2017 FINAL REPORT]
Figure 5 shows monitors reporting meteorological measurements. In Figure 5, the AQS parameter
“Wind Speed-Scalar” is labeled Wind_Speed, and “Outdoor Temperature” is labeled Temperature.
These meteorological parameters are useful to validate meteorological modeling that supports WAQS
PGM modeling.

Figure 5. Locations of monitors reporting wind speed and/or outdoor temperature in the WAQS region.
Figure 5 shows 182 active meteorology monitors, with 173 sites reporting wind speed.
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Figure 6 shows locations of NADP monitors. These include AIRMoN and AMoN which are part of the
larger NADP NTN Program. Parameters of interest to the WAQS MNA Workgroup are sulfate and nitrate
wet deposition and ammonia.

Figure 6. NADP monitoring sites in the WAQS region. NTN sites measure sulfate and nitrate wet
deposition which are used to assess AQRVs in CIAs. Gas phase ammonia measurements from AMoN
augment MPE for ammonium nitrate and ammonium sulfate particle formation.
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Figure 7 shows locations of monitors operated by 10 Tribal entities in the WAQS region. PM2.5
speciation monitors at IMPROVE sites are located on the Flathead and Fort Peck Reservations in
Montana. On the Northern Cheyenne Reservation O3, NO2 and meteorology monitoring is conducted
near Lame Deer and Colstrip Montana. In Wyoming, O3, NO2 and meteorology monitoring is conducted
on the Wind River Reservation near Riverton. Monitors last reporting data between 2010 and 2014 are
shown as inactive. Ozone and meteorology are monitored on the Northwestern Shoshone Reservation
at the Washakie site. In the Uinta Basin O3 and NO2 monitors are located on the Uinta and Ouray
Reservation, with some sites adding met and PM2.5 monitoring. In the San Juan Basin O3, NO2, PM2.5
and meteorology are monitored at two locations on the Southern Ute Reservation in southern Colorado,
and O3 and NO2 on the Navajo Reservation in Shiprock New Mexico. VOCs and other Toxics are
measured on the Navajo Reservation in the Churchrock Air Toxics Program.

Figure 7. Locations of active monitors on Indian lands in the WAQS region. These monitors report data
for 10 of the 14 parameters shown in Figure 1. 13 sites report O3 and/or O3 precursors, five sites report
PM2.5 from FRM/FEM or non-FRM/FEM monitors, three sites report PM2.5 speciation data (IMPROVE),
and 10 sites report meteorological data.
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Current Conditions
This section presents Design Values (DVs) for O3, NO2, PM2.5 and SO2. While SO2 was not identified as
a pollutant of concern for the purposes of the WAQS MNA, it is nonetheless included here because SO2
is a precursor for secondary particle sulfate formation, and understanding SO2 emissions sources can
help assess AQRVs related to sulfate deposition visibility impairment.
Of the parameters considered in this study, only O3 8-hour (based on the 2015 70ppb Standard) and
PM2.5 24-hour (based on the 35ug/m3 2006 Standard) exceed the NAAQS based on 2013-2015 and
2014-2016 DV periods.
8-hour Ozone DVs are calculated by taking the mean of the 4th highest annual value over a three year
time period. In order for a monitor to report a valid DV, each of the three years must report a valid 4th
highest value. County level DVs are based on the highest DV from all monitors in a given county. If a
county has a monitor that reports during each of the three DV years, however one or more of these
years is not valid, it has “no valid data” for the DV period. If a county has no monitoring, or the monitor
has been operational for less than three of the years in the DV period, is not included in the county level
DVs. Methodologies for calculating DVs for ozone and other parameters can be found in EPA’s Design
value reports.17
Figures 8 -10 show O3 8-hour DVs for the 2013-2015 and 2014-2016 three year periods, respectively.
Figures 11-12 show NO2 1-hour and annual DVs, respectively. Figures 13-17 show PM2.5 DVs, and
Figures 18-19 shows SO2 DVs.

17

DV calculation methodology is provided in 2016 Design Value Reports, https://www.epa.gov/air-trends/airquality-design-values
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Current Conditions - Ozone
Figure 8 shows 2013-2015 county level 8-hour O3 DVs, (based on the maximum daily 8-hour average, or
MD8) with counties that exceeded the 70 ppb (2015) NAAQS shown in dark blue. County level NAAQS
exceedances occur in 14 counties in three states in the WAQS region. Exceedances are in Utah along the
Wasatch Front and in the Uinta Basin (driven by high wintertime O3) in Utah and Colorado and along the
Northern Front Range metro area and the D-J Basin, and in New Mexico in Dona Ana County, which is
adjacent to the major binational urban area of El Paso, TX and Ciudad Juarez, Chihuahua. Counties
reporting valid Design Values that met the NAAQS are shown in light blue, and counties that contain O3
monitors but did not report valid Design values are shown in grey.
Overlaid on Figure 8 are the 4th highest 8-hour O3 value during 2015 obtained from this analysis, where
values greater than 70ppb are shown in red dots. These values indicate O3 levels in 2015 and are shown
for reference only.

Figure 8. 2015 4th highest MD8 O3 from this analysis overlaid on 2013-2015 county level DVs.18
18

EPA 2016, USEPA Office of Environmental Information (OEI). Data: U.S. EPA Office of Air and Radiation (OAR) Office of Air Quality, downloaded Oct. 11, 2017,
https://gispub.epa.gov/arcgis/rest/services/OAR_OAQPS/Design_Value_Services_2015/MapServer
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Figure 9 is a detail of Figure 8 zoomed in to show the 14 counties with monitors that reported
exceedances of the 2015 O3 8-hour NAAQS for the 2013-2015 Design Value period.

Figure 9. Detail from Figure 8 focusing on the counties that exceeded the O3 8-hour NAAQS for the
2013-2015 DV period. 14 counties in Utah, Colorado and New Mexico had monitors that exceeded the
NAAQS for the 2013-2015 period.
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Figure 10 shows the 10 counties with monitors reporting exceedances of the 2015 O3 8-hour NAAQS for
the 2014-2016 Design Value period. Four counties in Colorado that exceeded the NAAQS in the previous
Design Value period either met the NAAQS or did not report valid data for the 2014-2016 period. Rio
Blanco, Weld and Adam Counties met the 2014-2016 8-hour O3 NAAQS, while Boulder County did not
report a valid design value.
In figure 10, colored symbols show locations of active O3 and O3 precursor monitors. The complete
year of 2016 monitor data were not evaluated for this report. Note that in Figure 10, counties that
exceed the NAAQS (dark blue) have been updated with data from reports in EPA’s Air Quality Design
Value website19, while other county level information is from the OAQPS 2016 Design value MapServer
layer.20

Figure 10. 2014-2016 county level O3 8-hour DVs. There are 10 counties that exceed the 70ppb (2015)
8-hour O3 NAAQS in 2016.

19
20

EPA 2017b.
EPA 2017a.
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Current Conditions – NO2
Figures 11 and 12 show the county level NO2 DVs for the 1-hour (100ppb) and annual (53ppb) 2010 and
1971 Standards, respectively. The maps show the 2014-2016 DV period. There are no counties in the
WAQS with NAAQS exceedances for either the 24-hour or annual NO2 standards.
The maps show where NO2 monitors align with counties that report valid DVs for each NO2 Standard.

Figure 11. O3 and O3 precursor (including NO2) monitors overlaid on 2014-2016 county level NO2 1hour DVs.21

21

EPA 2017a.

23

WAQS Monitoring Network Assessment [2017 FINAL REPORT]
Figure 12 show counties reporting DVs for the NO2 Annual Standard for the 2014-2016 period.
Considerably more counties report valid NO2 DVs for the annual Standard compared to the 1-hour
Standard. For example, no counties in Utah or Montana have valid DVs for the 1-hour NO2 standard,
while monitors in these states report valid DVs for the annual Standard.

Figure 12. O3 and O3 precursor (including NO2) monitors overlaid on 2014-2016 county level NO2
annual DVs.22

22
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Current Conditions – PM2.5
A number of monitors in the WAQS region report exceedances for the PM2.5 24-hour NAAQS, although
none report exceedances for the PM2.5 Annual Standard during the 2014-2016 DV period.
Figures 13 and 14 show county level 24-hour PM2.5 DVs. Locations of PM2.5 Federal Reference
Method/Federal Equivalence Method (FRM/FEM) and non-FRM/FEM monitors are shown on Figure 4.
Counties with values that do not meet the NAAQS standard are located along the Utah Wasatch Front
and in western Montana.

Figure 13. 2014-2016 county level PM2.5 24-hour DVs with PM2.5 monitor location.23

23

EPA 2017a.
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CIAs are included on the PM2.5 24-hour DV map in Figure 14. Understanding the proximity of CIAs to
local PM2.5 concentrations can help land managers and other stakeholders assess AQRVs in protected
areas.

Figure 14. 2014-2016 county level PM2.5 24-hour DVs with CIAs and PM2.5 monitor locations.24

24
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Figure 15 shows PM2.5 24-hour NAAs from the EPA MapService25. Note that regions in Montana that
did not meet the PM2.5 24-hour NAAQS for the 2014-2016 DV period are not indicated as NAAs.

Figure 15. 2014-2016 PM2.5 24-hour NAAs with PM2.5 monitors. Note that the counties in Montana
that do not meet the NAAQS do not result in NAAs.

25
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Figure 16 shows PM2.5 24-hour NAAs along the Utah Wasatch Front. The high PM2.5 concentrations
result from winter-time ammonium nitrate and have given the region the moniker “The Ammonia Super
Volcano”. Superimposed on Figure 16 are the monitors considered in this assessment. Evaluation of
data from these monitors, as well as data from special monitoring programs, will benefit WAQS MPE.

Figure 16. PM2.5 24-hour NAAs along the Utah Wasatch Front.26 Superimposed are monitors in the
WAQS MNA that could provide data useful to characterizing the high PM2.5 values with air quality
modeling.

26
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Current Conditions – SO2
Figure 17 shows SO2 1-hour DVs for counties in the WAQS region and Arizona27. Arizona is included
because it contains a monitor that exceeded the NAAQS for the 2014-2016 DV period and this source
region could potentially impact AQRVs in CIAs in the WAQS region.
While SO2 was not identified as a pollutant of concern for the purposes of the WAQS MNA, it is
nonetheless included here because SO2 is a precursor for secondary particle sulfate formation, and
understanding SO2 emissions sources can help assess AQRVs related to sulfate deposition visibility
impairment. The locations of monitors that could be used to assess AQRVs from secondary sulfate are
shown in Figure 17.

Figure 17. 2014-2016 county level 1-hour SO2 DVs with PM2.5 mass and speciation monitors, NADP
sites and CIAs.

27
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5. Analysis Overview
A primary outcome of this assessment is to identify gaps in the current air quality monitoring network
across the 7-state region included in the WAQS MNA. The analysis followed a series of steps to estimate
the area served by a given monitor, similar to the analysis steps used by CDPHE in their 2015 5-year
network assessment28.
The daily variability in monitoring data was used to estimate a typical distance at which ambient
concentrations at a given monitor are not significantly different from other monitors in the region. This
characteristic distance, or area served, is an approximation of the maximum distance at which a monitor
can characterize air quality impacts from local emissions sources. Beyond this maximum distance, the
monitor cannot differentiate local from background sources. Source apportionment using prognostic air
quality models is typically used to quantify impacts from both long and short range transport.
The analysis looked individually at O3, NO2, PM2.5FRM/FEM, and PM2.5nonFRM/FEM monitors. For
the area served analysis, Thiessen polygons were determined using active monitor locations. These
polygons were then clipped by the monitor extents from the monitor-to-monitor correlation analysis.
Using the airshed analysis, the area served polygons were further clipped by airshed boundaries.
An additional outcome of the correlation analysis was a ranking of monitors by the degree to which their
daily concentrations were similar to nearby monitors. This correlation ranking provides an indication of
potential redundancies in the monitoring network.
To identify potential gap in the current monitoring network configuration the monitor area served maps
were overlaid with proxies for emissions from Oil and Gas development regions and NOx sources that
may impact rural areas, such as EGUs. Spatial data for potentially impacted areas, such urban areas,
cities and towns were overlaid to determine underserved areas.
Maps of emissions from WAQS 2011 modeling were used to rank monitors by their proximity to
emissions from O&G emissions sectors. This augmented the gap analysis by quantifying emissions levels
in close proximity to a given monitor, and potentially indicating the relative value of the monitor in
characterizing impacts from a particular source sector. Similarly, the emissions analysis identified
monitors likely to have little or no impact from a given source sector, thereby indicating their low value
to characterize source sector emissions. Alternatively, monitors with low value for characterizing local
emissions may have high value as background monitors.
The gap analysis lead to recommendations as to underserved areas where additional monitoring is
warranted, and to identification of overserved areas with potential redundancies in the monitoring
network.

28

CDPHE 2015, 2015 Ambient Air Monitoring Network Assessment,
https://www.colorado.gov/airquality/tech_doc_repository.aspx?action=open&file=2015_CO_5yr_Network_Assess
ment.pdf.
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6. Airsheds
Across the 7-state region included in the WAQS MNA, 61 airsheds were identified in an attempt to
define regions with similar air masses. In mountainous terrain airshed boundaries can indicate terrain
features that may block flow and limit the area represented by a monitor. The goal of the airshed
analysis is to help constrain the representative area for a given monitor. It is also useful to illustrate air
basins that minimal or no monitoring sites for a particular parameter.
The approach used in this assessment to define airsheds follows the CDPHE methodology29. Airsheds
were determined using the ArcGIS ‘Basin’ spatial analysis tool. The parameters were adjusted so that
resulting airshed boundaries within Colorado nearly matched those in the CDPHE analysis. The same
methodology was extrapolated to basins in the other 6 states included in the WAQS MNA.

Figure 18. Airsheds defined in the WAQS MNA. Locations of monitors in the WAQS region for various
parameters considered in the WAQS MNA are included.

29

Ibid.

31

WAQS Monitoring Network Assessment [2017 FINAL REPORT]
The WAQS MNA Workgroup provided feedback on the airsheds identified in this analysis. MTDEQ has
identified additional distinct airsheds in western Montana. WYDEQ recommended merging airsheds 4 &
5 in northeast Wyoming. Similarly NMED recommended merging air basins in southeast New Mexico.
In general, the airshed shown in Figure 5 are likely more valid in higher elevation terrain, while many of
the basins east of the Rocky Mountains are not likely to differentiate distinct air masses. Additional
analysis to evaluate airsheds, such as verifying airshed boundaries using local meteorological was
beyond the scope of this study.

7. Correlation (Monitor-to-Monitor) Analysis
Regression analysis
The objective of the correlation analysis is twofold: 1.) to compare daily observations at nearby
monitoring sites to identify potential redundancies, or overserved areas, in the current monitoring
network; and 2.) to estimate the spatial extent, or area served, for individual monitors. See the Area
Served analysis (Section 8).
Linear Pearson correlation coefficients were calculated using daily average O3, NO2 and PM2.5. Data
from PM2.5 FRM/FEM and PM2.5non-FRM/FEM monitors were treated separately. Available data from
2010 through 2016 for all active monitors (where active is defined as a monitor reporting data in 201516) in the WAQS region were used in the analysis. Plots on the WAQS MNA Wiki30 the monitor-tomonitor comparisons for both daily average and MD8s (for O3). Figure 19 shows an example plot for O3
MD8s.
The approach used in this analysis is consistent with the analysis done by CDPHE31 in which daily
averaged data were used for the regression analysis. This differs from the approach in the 3SAQS MNA,
which smoothed MD8 O3 data for the regression analysis32.
In this analysis, observations from monitor pairs where the coefficient of determination (R2) for daily
mean concentrations is less than or equal to 0.80 (R>0.89) and the average mass concentrations across
data pairs is within 10% are considered highly correlated. The presence of highly correlated monitors
suggests overserved regions in the monitoring network.
This analysis found six NO2, fifty two O3, twelve PM25non-FRM/FEM, and twenty two PM2.5FRM/FEM
monitors that are highly correlated (excluding collocated monitors).

30

IWDW-WAQS, 2017.
CDPHE, 2015.
32
3SAQS, 2014.
31
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O3 MD8, 2010-2016
Deadman’s Bench, UT vs. Meeker, CO

Figure 19. Correlation and time series plots similar to those used for monitor-to-monitor analysis. The
green labels in the top panel show the regression correlation coefficient (R), the distance between sites
(D) in kilometers, the percent difference (Del) for the time series, average for the individual time series
(xAve, YAve), and the number of observations (N) in the comparison. Figure 19 shows daily MD8 at
Meeker, CO (red in the time series) and Deadman’s, UT. The x axis is the number of days starting
January 1, 2010. The horizontal green line in the time series plot indicates O3 MD8 of 70ppb. Note that
the O3 MD8 often exceeds 70ppb during the winter at Deadman’s Bench, while the MD8 is consistently
below 70ppb at Meeker. Both monitors are located in the Uinta Basin O&D Development region.
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In order to include seasonal and short term monitors, monitors with less than one year of data were
included in the correlation analysis. The lowest number of daily values for each monitor is 48 for NO2,
256 for O3, 35 for PM2.5FRM/FEM and 116 for PM25nonFRM/FEM. Including monitors with less than
one year of data allowed for comparisons of new or recently relocated monitors, and for comparisons of
seasonally operating monitors.
In Figure 20, vertical bars indicate the locations of monitors where daily O3 concentrations are highly
correlated, and the bar height shows the number of other monitors correlated to the monitor at the
location shown by the bar.
Another way of looking at the monitor-to-monitor correlation results is to find a percentile of highly
correlated monitors, such as the top 10 most highly correlated monitors. Figure 21 shows the top 10
highly correlated monitors across the study region for O3, NO2, and PM2.5.
The Correlation Analysis Section of the WAQS MNA Wiki has additional maps, scatter and time series
plots, and tabular data from the correlation analysis.33

33

IWDW-WAQS, 2017.
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Figure 20. Map showing the locations of highly correlated O3 monitors as defined by the criteria in this
analysis (R2>0.8, mass concentration difference < 10%).
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Figure 21. Top 10 correlated monitors across the WAQS region. Yellow bars show O3 monitor locations,
orange, brown and purple, NO2, PM2.5FRM/FEM and PM2.5 non-FRM/FEM monitors, respectively.
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Figure 22 shows detail from Figure 21 for the Denver Metropolitan area. Five of the top 10 correlated
NO2 monitors, four of the top 10 correlated O3 monitors, and two of the top 10 correlated PM25
FRM/FEM monitors are in the Denver area. The Denver – Camp (080310002) and La Casa (080310026,)
monitors are the only monitors in the study region to have top 10 correlations for three parameters
considered in this MNA (O3, NO2 and PM2.5FRM/FEM).

Figure 22. Detail of the top 10 correlated monitors map for the Denver Metropolitan area.
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8. Area Served
Correlograms
The data from the monitor-to-monitor analysis were used to estimate the spatial extent, or
representative area, for monitors in WAQS region. Correlograms were constructed by plotting the
correlation coefficient (R) for all monitor pairs against the distance between monitors. To increase the
number of monitors in a given correlogram, while also attempting to constrain the analysis to monitors
representing similar air masses, the correlograms were grouped by airshed such that at least one
monitor in each correlogram was in the airshed. As a result, all monitors in a given airshed were
assigned the same spatial extent.
An exponential curve was fit to the data and solved for the distance at which R2=0.6. This distance was
used to define the typical radial extent beyond which a given monitor is largely uncorrelated with other
monitors. To determine the radial extent, correlograms were created for annual (all data) cold and
warm seasons, and three month seasons. Average extents were determined first by taking the mean of
the four three month seasonally derived extents. In the event all four seasonal correlograms did not
have valid solutions for the radial extent, then the mean of the cold and warm season extents were
used, and if either of these solutions did not converge, the curve fit to the single plot of annual data was
used to determine the radial extent. In most cases the radial extents were derived using curve fits that
were weighted by the inverse distance between monitors to ensure that the curves were forced through
R=1 where the distance between monitors = 0. Correlograms were also produced for a range of
minimum data criteria so as to minimize the exclusion of monitors with shorter operating periods, such
as new and seasonally operating. Minimum data criteria ranged from 2000 daily values to 250, with
spatial extents preferentially derived from curve fits using the largest number of daily values. Table [] in
the wiki shows the curve fit criteria for each airshed, including the minimum data criteria, whether or
not the curve fits used inverse distance weighting, and the resulting radial extent. For some airsheds
(generally those with only one monitor) the distance to the nearest monitor was too large to determine
the spatial extent by this method. In such cases the average extent across the study region was used. 70
(7*5*2) correlograms were produced for each airshed with sufficient monitors to be considered in this
analysis.
Figure 23 shows examples of correlegrams from this analysis. The parameter analyzed is daily mean O3
concentrations, and each data point on the correlogram represents a correlation coefficient from a
regression between two monitors. If both monitors are in the same airshed the dots are shown in red.
If only one monitor is in the airshed being analyzed the dots are shown in black. Correlograms were
analyzed for all available data (e.g. Annual), cold and warm seasons (SON+DJF and MAM+JJA) and by
season (e.g. DJF, MAM, JJA and SON). The spatial extent was determined from the mean of the seasonal
spatial extents. In cases where there were not valid results for all four seasons, the mean of the cold
and warm seasons, or the annual correlogram was used in some cases.
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Figure 23. O3 monitor-to-monitor correlograms for the Wyoming Green River Basin (airshed 13). The
plot on the upper left uses all available data (e.g. annual). The plots in the
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Monitor Spatial Extents
To determine monitor spatial extent, Thiessen Polygons were created for each monitor. These polygons
were clipped by the airshed boundary, then by the circle defined by the monitor’s spatial extent. Figure
24 is an example of the spatial extents, or representative areas, for active O3 monitors in the WAQS
region.
The analysis shows that monitors in regions with flatter terrain, such as the plains of eastern Montana
and the Dakotas, have larger spatial extents than monitors in regions with more complex terrain, such as
mountain regions.
The spatial extent maps also highlight airsheds that do not contain active monitors. Some of these “unmonitored” airsheds contain or are adjacent to active oil and gas development regions. Examples are
airshed #6 in north central Wyoming, # 19 in the Uintah Basin, #34 in southern Colorado and #42 in
north east New Mexico. The proximity of un-monitored regions to active O&G development regions will
be discussed further in the Gap Analysis Section (Section 9).

Figure 24. O3 monitors with airsheds, Thiessen Polygons, and O3 monitor spatial extents.
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Figure 25 shows representative areas for NO2 monitors. The mean representative area for NO2
monitors in the WAQS region is 18km, vs. 69 km for O3 monitors. NO2 monitors along the eastern slope
of the Rockies tended to have smaller spatial extents that monitors along the western slope, Wasatch
Front, or plains areas.

Figure 25. NO2 monitors with airsheds, Thiessen Polygons and NO2 monitor spatial extents.
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Figure 26. PM2.5 monitors with airsheds, Thiessen Polygons, and PM2.5 monitor spatial extents.

Spatial extents were generally larger for O3 and PM2.5 than for NO2, and larger for airsheds defined by
lower topographical boundaries and covering a greater area. For example, the airshed that covers
eastern Montana and the Dakotas has the largest extent for O3 monitors. NO2 spatial extents were
generally less than 20km which is consistent with the short lived nature of NO2 and spatial variability in
emission sources. O3 and PM, on the other hand, are often more well mixed and spatially homogenous
over greater distances.
CDPHE preformed a similar analysis for Colorado, however used statewide data. The WAQS MNA
analysis found similar average spatial extents for O3 (69kv vs. 91km for CDPHE) and NO2 (18km for this
vs. 17km for CDPHE), although significantly larger for PM2.5 (60km vs. 17km for CDPHE)34. The larger
extents for PM2.5 monitors in this analysis may be due to the inclusion of more rural monitors. The
average spatial extent values from this analysis represent the entire WAQS region and are not
necessarily comparable to values from the CDPHE assessment.

34

CDPHE, 2015.
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9. Gap Analysis
Detailed maps showing monitor locations, monitor spatial extents for O3, NO2 and PM2.5, and proxies
for emissions source sectors were used to illustrate potential gaps in the monitoring locations. The gap
analysis maps show active O&G well locations, locations of large EGUs, and sensitive areas, such as
urban area, cities and towns, and for PM2.5 monitors Class I Areas.35 Maps for each of the 7 states
included in the WAQS MNA are provided in the wiki. The gap analysis looked for regions with
potentially large O3 and particulate matter (PM) precursor emissions that are not covered by a
monitor’s spatial extent.
Figure 27 is an example of the gap analysis map for O3 monitors in Colorado. Yellow dots are O3
monitors, and green circles show the monitors’ representative area. The well location layer for Colorado
includes permitted wells (wells drilled within the last two year) and pending permits which provide an
indication of recent and planned development.

Figure 27. Gap analysis map for Colorado O3 monitors. See text from map details.

35

IWDW-WAQS 2017, Reference Information.
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Figure 28 shows the gap analysis map for NO2 monitors in Colorado. Orange dots are active NO2
monitors, and orange circles show the monitors’ representative area.

Figure 28. Gap analysis map for Colorado NO2 monitors. See text from map details.
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Figure 29 shows the gap analysis map for PM2.5 monitors in Colorado. Brown and purple dots are
PM2.5 monitors, and purple circles show the monitors’ representative area. The map shows that there
are a number of CIAs in Colorado that are beyond the representative area of the current PM2.5
monitoring network. In some cases (for example Rocky Mountain National Park) the CIA spans two
airsheds, although monitoring is representative of the part of the CIA that resides in only one of the two
air basins. Recommendations from the gap analysis were reviewed by the MNA Workgroup and are
summarized in the Recommendations Section (Section 12).

Figure 29. Gap analysis map for Colorado showing PM2.5 monitors, PM2.5 spatial extents, and CIAs.
Similar maps for other states in the WAQS region are available on the WAQS MNA wiki.
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10. Emissions Analysis
Emissions from WAQS 2011b v2 modeling platform were used to augment the gap analysis. The
modeled emission have the advantage can be evaluated by source sector. As in the gap analysis, the
emissions maps are available on the wiki are overlaid with monitor locations, O&G well locations, urban
areas, and Class I areas (in the case of PM emissions).
Oil and gas emissions include the following upstream O&G sectors: area O&G (arog), point O&G (ptog),
USA area O&G (usarog), and USA point O&G (usptog) emissions sectors. The usarog and usptog sectors
are derived from the NEI, and the arog and ptog sectors updates from the WAQS emissions surveys36.
The maps for this analysis use the WAQS 2011b v2 emissions that include inventories for the Williston
and Great Plains basins in Montana and North Dakota. Pollutants shown in the emissions maps are
modeled VOCs, NMHC (VOCs without emitted methane), NOx, and FP (fine particulates). Figure 30
shows NMHC emissions for O&G sectors in the 7 states WAQS region.

Figure 30. WAQS 2011b v2 modeling platform emissions for 12km modeling domain. Emissions are
gridded annual total NMHC (VOCs without emitted methane) from Oil and Gas sectors.

36

WAQS 2016, WAQS 2011b oil and gas emissions modeling wiki,
http://vibe.cira.colostate.edu/wiki/wiki/5104/oil-gas-emissions-modeling
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Figure 31 shows NMHC emissions for O&G sectors overlaid with active O&G well locations in the 7-state
WAQS region.

Figure 31. WAQS 2011b v2 modeling platform emissions for 12km modeling domain. Emissions are
gridded annual total NMHC (VOCs without emitted methane).

Figure 32 shows the representative area for O3 monitors where the VOC emissions within each
monitor’s representative is averaged. This allows each monitor to be “ranked” by the magnitude of
emissions from a particular source sector that fall within the monitor’s representative area. Monitor
rankings are determined by sorting monitors by the mean of the emissions included in their extent, or
representative area. The rankings can be used to estimate the relative value of each monitor in
characterizing emissions from O&G sector.
VOC emissions are evaluated using O3 monitor spatial extents (because VOC monitoring extents were
not derived, and the role of reactive VOCs as O3 precursors), see Figure 32, below. NOx emissions are
evaluated using NO2 spatial extents, see Figure 33; and modeled FP is evaluated using PM2.5 extents.
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Figure 32. WAQS 2011b v2 12km VOC emissions analysis. Emissions are gridded annual total NMHC
(VOCs without emitted methane). Circles show average of modeled grid values that fall within a given
O3 monitor’s representative area. Cross hatched circles indicate monitors where there are essentially
no emissions form the source sector in the monitor’s representative area.
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Figure 33 shows O&G sector NOx emissions with colored circles indicating the relative magnitude of
emissions within each monitor’s representative area. Ranks for monitors in various O&G basins indicate
the relative magnitude emissions from a particular source sector characterize by a given monitor. This
provides a means to assess the relative value of monitors in a particular basin. For example, the analysis
can be used to estimate the relative value of monitors in a particular O&G development basin.
The maps also highlight monitors that do not characterize emissions from a particular source sector.
NOx emission monitor rankings illustrate that there are no NO2 monitors in Colorado east of the
Continental Divide that characterize O&G sector NOx emissions. Thus, the D-J and Raton Basins are
unmonitored for NOx from O&G sources.

Figure 33. WAQS 2011b v2 emissions for 12km modeling domain. Emissions are gridded annual total
NMHC (VOCs without emitted methane). Circles show average of modeled grid values that fall within a
given NO2 monitor’s representative area. Cross hatched circles indicate monitors where there are
essentially no emissions form the source sector in the monitor’s representative area.
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11. Recommendations
In this section we present recommends for changes to the current monitoring network. The
recommendations are grouped by state, federally-operated PM2.5 and O3 monitors, and by potential
benefits to future WAQS modeling and MPE. Within each group we call out underserved areas, where
additional monitoring is recommended, and overserved areas, where further analysis may identify
monitor closures or relocations to underserved areas.
Colorado
Underserved
 There are no NO2 monitors in Colorado east of the Continental Divide that characterize NOx
emissions from O&G sectors. Add NO2 monitors to characterize NOx emissions from O&G
development regions such as DJ and Raton basins.37
 Consider additional O3 monitors to characterize potential impacts on outlying communities
down wind of DJ development such as Fort Morgan, Sterling, Yuma, Wray, and Holyoke.38
 Consider O3 monitoring near Trinidad, east of Raton basin development region39;
 Consider relocation O3 monitor in Marble (AQS ID 08051008, airshed 21) to west side of
McClure Pass to characterize new O&G development northwest of Paonia.
Overserved
 Numerous O3 monitors in Denver-Boulder urban area are highly correlated with nearby
monitors; consider shutting down or relocating redundant monitors to underserved areas,
assuming any of those monitors are not needed for ongoing O3 planning and attainment efforts.
 There are three highly correlated monitors in airshed 21, any of these are candidates for
relocation to airshed 27.

37

CDPHE commented that they concur with this finding.
CDPHE commented that the “low ozone monitoring data record in NE Colorado” does not support this
recommendation. Supporting data from CDHPE is provided in the WAQS MNA Wiki.
39
WAQS MNA Workgroup participants commented that production is ramping down in the Raton Basin, therefore
monitoring in this area may not be warranted.
38
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Wyoming
Underserved
• No O3 monitoring in western Powder River Basin.40
• Laramie may not be represented by Snowy Range monitor.41
• Additional monitoring in Green River Basin would help with future WAQS modeling and
MPE.
Overserved
•
•
•

THBA non-FRM/FEM correlated with MT monitor; look at correlations for other parameters;
WYDEQ provides funding for Thunder Basin (THBA) IMPROVE protocol site.
Highly correlated PM2.5 IMPROVE monitors near Bridger wilderness (see Speciation
Networks, below).
NO2 Mobile lab near Sinclair Refinery in WY (short term monitoring record) is highly
correlated with nearby NO2 monitor.

Utah
Underserved
• Add O3 monitor (possible move of 490370004) to capture O&G activity in SE corner of state.
Overserved
• Highly correlated O3 monitors in Uinta Basin (existing nonattainment area with ongoing
planning and tracking needs).
• Highly correlated O3, PM2.5 monitors along Wasatch Front (existing nonattainment area
with ongoing planning and tracking needs).
New Mexico
Underserved
• Add O3 monitoring near Roswell.
• PM2.5 parts of Pecos and White Mountains Wilderness Areas not represented.
Overserved
• Correlated O3 monitors in Albuquerque and southern NM/Dona Ana County (within or
proximate to large metropolitan areas with ongoing planning and tracking needs).
• O3 monitor 3504500181 in New Mexico is correlated with monitors 806770031 and
806770011 in San Juan Basin in Colorado.

40

WYDEQ concurred, and is considering relocating the O3 monitor at Campbell County (AQS ID 560050456) to a
location representative of O&G activity in the Powder River Basin (airshed #6).
41
WYDEQ concurred, and had already made plans to move a mobile monitor to Laramie in the summer of 2017.
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Montana
Underserved
• Unmonitored NO2: All O&G fields in MT with the exception of the monitor near Sidney. This
includes development in the Cedar Creek field that runs southeast of Glendive MT and into
portions of North and South Dakota;
• The Ashfield and Bowdoin fields not captured by the NO2 monitor to the southwest in Malta
MT; and other development regions such as those along the north central MT border, and to the
south near Melstone and Hardin;
• Add O3 monitoring in northern part of state near Cut Bank/Shelby or downwind of O&G
development
• Add O3 monitoring near Billings
Overserved
• There are redundant NO2 monitors near the Colstrip EGU in southeast MT. However, some are
Tribal monitors and some target the EGU.
Dakotas
Underserved
• Add O3 monitor downwind of O&G development north of Minot, ND. Monitoring in this
location could capture trans-border impacts.
• Add NO2 monitoring in SW corner of ND.
Overserved
• There are five correlated O3 monitors in ND (monitor 3806500021 possible candidate for
removal/relocation)

Federally operated PM2.5 non-FRM/FEM and O3 monitors
Overserved
 IMPROVE (NPS GPM) and collocated CASTNet O3 monitors in RMNP (80690007 & 80699991) are
highly correlated with average within 1% over 2018 daily observations.
 PM2.5non-FRM/FEM monitors in WY in Bridger Wilderness, WY (Bridger Wilderness and Boulder
Lake sites) are highly correlated R2>.9, concentrations difference less than 0.01% over 677 daily
observations
 Two PM2.5non-FRM/FEM monitors in N. Utah (490050004-3, 490030003-3) are highly
correlated with collocated monitors in S. Idaho (160410001-3. 160410001-1). The Utah monitors
are operated by UDEQ.
 PM2.5non-FRM/FEM monitors (Thunder Basin) THBA, WY (IMPROVE Protocol) and N. Cheyenne
Badger Peak, Colstrip, MT (Tribal) monitor highly correlated. WDEQ expressed some interest in
discontinuing support for THBA monitor.
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PM2.5non-FRM/FEM monitors in MT, Fort Peck (Tribal) and Medicine Lake are highly correlated.
PM2.5non-FRM/FEM IMPROVE monitors in Colorado (Flat Tops and Mount Zirkel) are highly
correlated.

Underserved
 Many airsheds have no PM2.5 monitor (neither FRM/FEM nor non-FRM/FEM), some of which
include CIAs.
 There are a number of CIAs that span more than one airshed and have monitors in one but not
all airsheds encompassed by the CIA. Air quality in parts of such CIAs that lie in unmonitored
airsheds are potentially not well characterized. Examples include the west side of Rocky
Mountain NP in Colorado, the east side of Glacier NP in MT, and Carlsbad Caverns NP in New
Mexico. There are numerous unmonitored Wilderness Areas with CIA designation.
Recommendations for future WAQS Model Performance Evaluation
 Regional indicator locations: [Background/LR transport, rural/high ozone, urban, rural/oil and
gas (2011b MPE report pg 36) – compare to background/high ozone/high oil and gas from this
analysis]

12. Cost analysis
The current WAQS budget does not dedicate funds for monitoring site operation. Therefore we do not
present an analysis of costs for WAQS funded monitoring per se. Nonetheless, we encourage agencies
participating in this MNA to commit to continue current operations through 2020. Presented below are
potential funding issues identified during this assessment.
Two new monitoring sites in Colorado are at risk of closure unless additional funds are secured to
continue their operation. Monitoring at Elk Springs and Paradox is currently funded through the end of
2017 under a contract with NPS that runs through the end of 2019. O3 monitoring at Elk Springs
started on 7/31/2015, and on 3/1/2016 at Paradox. In order for each site to have three complete
calendar years of data required to calculate the O3 design value, Elk Springs would need to run through
2018, and Paradox through 2019. These sites are operated jointly by CDPHE with contractor support
from ARS. We present a cost analysis for continued operation under two scenarios42:



$75K to operate each site for 3 full years. (Paradox through February, 2019, Elk Springs through
June, 2018);
$110,645 to operate both sites through the end of the 2019 contracting period.

We recommend the second scenario because it provides sufficient data to calculate two 3-year design
values at Elk Springs (2016-2018 and 2017-2019) and one 3-year design value at Paradox (2017-2019).
There are potential funding issues with the Shamrock Mine site in southwest Colorado. The site is
currently jointly operated by BLM-CO and USFS, and BLM has expressed interest in discontinuing

42

Barkley Sive, NPS-ARD, Personal communication. Assumes a 2.22% annual cost increase.
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operation due to funding constraints. We recommend continued operation of this site because this
analysis identifies it as adding value to the current network, however a cost analysis for continued
operation was not prepared as part of this MNA.

13. Work Products
The IWDW-WAQS Monitoring Network Assessment Wiki43 contains links to work products from this
assessment and the 2014 3SAQS MNA. Products include: this report; links to Working Group meeting
agendas and presentation materials; and various maps and tabular data referenced in the text of this
Report.
References and links to supporting data used for this assessment are also provided on the MNA Wiki,
including: 5-year Monitoring Network Assessments by participating state agencies; Oil and Gas well
location shape files used in the Gap Analysis; GIS files and spatial databases used in this assessment to
produce various maps; and scripts used to generate spatial analyses presented in this report.

14. Next steps
Some Workgroup participants provided feedback on the airshed definitions from this assessment.
Future WAQS monitoring network assessments will incorporate additional air basins in western
Montana, as well as observations from New Mexico, Utah and Wyoming participants to refine air basins
boundaries in their states. For example, split basin 32 in Utah to isolate the Uinta basin; merge
Montana basins 2 & 60 and expand basin #2 to include all of North Dakota; merge basins in northern
North Dakota; merge basins 51 and 56 in New Mexico; and combine basins 4 and 5 in Wyoming.
While this assessment did not incorporate WAQS air quality modeling results, we recognize their
potential value in assessing the current monitoring and identifying areas that are overserved and/or
underserved by the current network configuration. One approach to incorporating air quality modeling
would be to evaluate historical modeling to determine locations typically impacted by large natural
sources, and to align such impacted regions with sensitive areas, such as rural population centers or
Class I or Class II areas.

43

IWDW-WAQS, 2017.
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