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Program Objectives

mm\ 1. Monitor Greenhouse Gases at two Sites . J'.\ R
Rl S g Upwind and Downwind of the City of & "\ I:::::i::
e B+
| Longmont to Follow Path towards Yo' |-
R Sustainability L -

Frequency of counts by wind direction [%)

2. Monitor Primary Oil and Gas Emissions

3. Provide Monitoring Data and Interpretation
to Public

4. Provide Data to Public, Research
Community, Industry Partners

18 7
Urban Flux from Upwind-Downwind Observations.
1
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Monitored Atmospheric Pollutants

e Carbon Dioxide
e Methane

e Volatile Organic Compounds (VOCs; Ethane, Ethene,
Propane, Propene, i-Butane, Acetylene, n-Butane, i-
Pentane, n-Pentane, Hexane, Isoprene, Benzene,
Toluene, Ethylbenzene, m-, p-Xylene, o-Xylene
[BTEX])

e Nitrogen Oxides (NO and NO,)
e (Ozone
e Particulate Matter PM2.5

e Meteorological Variables (Wind, Temperature,
Humidity, Radiation)

e + Webcam

- > All measurements are automated, continuous, 24/7, 365
days per year, at 1 min — 1 hour time resolution
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Installation Time Table

2019

March - August September October November December

Site visits, selection, website design
Instrument shelter design/specification
Building/instruments acquisitions

LMA building in place and powered
LMA monitoring operation
LMA data reporting on website

LUR building in place and powered
LUR monitoring operation
LUR data reporting on website

2020

January February March April May June July

LMA monitoring operation
LMA data reporting on website

LUR data reporting on website
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2. Monitoring Station Development

Longmont Airport; 40.1606222,-105.1597105

LMA

S=SNelson|Rd ===

Google Earth image with the location of the LMA monitoring site within the fenced airport area
indicated by the star.
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Monitoring Station Development - LMA

Instruments for

Ozone

Methane

co,

Communication
Calibration System
Data Logging
Calibration Gas Tanks

Tower with Gas
Sampling Inlets,
Meteorological
Sensors, Webcam

LMA instrument trailer with the adjacent
meteorological tower.
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Monitoring Station Development

Longmont Union Reservoir; 40.1761087,-105.0479298

LUR

W a ‘__'_Gocg!e

IHIdI’T'LIJ ercenter H

Google Earth image with the location of the LUR monitoring site on the southwest shore of
Union Reservoir indicated by the star.
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Monitoring Station Development

LUR instrument shelter with adjacent meteorological tower

Slide 8 of 42



Monitoring Station Development- LUR

Roof Inlet for Tower with Gas
Particle Sampling Inlets,
&~ Sampling Meteorological
Sensors,
Webcam

Instruments for

- Ozone

- Nitrogen Oxides

- VOCs

- Methane

- CO,

- Communication

- Automated Calibration

- Data Logging

- Calibration Gases

\ GRIMM EDM-180 Particle

Monitor; PM2.5, PM10 _
Slide 9 of 42



Northern Colorado Front Range Monitoring Network

Kinikioi Welling Nunn = I C
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The two Longmont monitoring sites and included measurements within the regional network and ongoing atmospheric
monitoring in neighboring communities.
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3. Websites

https://www.bouldair.

com/longmont.htm

Longmont Air Quality Now

Current
Conditions

Union Reservoir Longmont Municipal Airport

TR

Meteorological Data
Longmont Municipal Airport
" Current Past 8-hour average  Past 24-hour maximum
67.8 592 87.2

Chemical Measurements
Longmont Municipal Airport
;‘i Current Past 8-hour average  Past 24-hour maximum

CO, (ppm) 430.4 4745 513.8
Methane (ppb) 19858 2037.3 2298.0
Ozone (ppb) 229 20.9 67.9

Collection times: CO5. Methane at 6/1 07:22, Ozone at 6/1 07:23. Data are collected every minute and reported as 5-minute averages

Meteorological Data
Union Reservoir
Current Past 8-hour average  Past 24-hour maximum
E Temperature (°F) 66.4 63.4 88.6

1t Solar Radiation (W/m?) 356.8
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https://www.bouldair.com/longmont.htm

AirLive Combined Data Graphs

Sites

Boulder Reservoir
(BRZ)

Longmont Municipal
Airport (LMA)

Longmont Union
Reservoir (LUR)

Broomfield Soaring
Eagle (BSE)

Broomfield Livingston
(BLV)

Links

Boulder Current Conditions

Broomfield Current
Conditions

Longmont Current
Conditions
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https://www.bouldair.com/NoCoFrontRange.htm
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https://www.bouldair.com/NoCoFrontRange.htm

Public Websites

Longmon|t Air Q |ality Now Visits since MaV 24; 2020
| |

Union Reservoir Longmont Municipal Airport )

l 1

1925

@ BROOMFIELD { AirlLive

. Broomfield Soaring Eagle Park

S ke e = %
30 Day Gractw
kdoematen 3 8
e 135
Comiacts
=

. - Meteorological Data
- Soaring Eagle

1069

Updatn Sraphs

\engnont CureniGondiony |5 549 Peesents praliminasy resuits of atmosphenc neareal time mostanng at the Boulder Reservoe. This monfiaring is sponsored by Boukder County Publc
Health Morionng & conducted oy researchers s Boulder AL R LLC, in partnership win the Colorsdo Depaniment of Puble Health #na the Ervronment
(CDPHE)

Ergonfield Corrent Corditions
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Interactive Data Analysis Tool

Boulder A.l.R. *DISCLAIMER

Interactive Data Analysis Tool

Site Selection Data Selection

Site: Longmont Union Reservior (LUR) CH. 0s WD WS
9 Data:

CO: Rad Temp RH
@ Longmont Municipal VOCs, Rii, 03, NO, WS, WD, PM10, H.S
Airport (LMA) CO2, Temp, PM2_5, NOX, CH4, Rad 2
VOCs Display = ethane X v
NOx Display = | NOX X v
® Boulder PM Display = | PM10 X v
Reservior (BRZ)
Boulder Data Window
Balldapen @ Broomfield Soaring . .
o Eagl Dates 07/01/2020 — 07/21/2020 Go
— Mountain Parks gle (BSE)
(®) (i ] | )
Or past... [ 1D ‘ 3D | 1W | 1M ‘ &M ‘ 1Y ‘ all l
© Many sites mode One site mode

Graph height

Ozone

Currently at private URL; to be linked to public website soon.
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4. Data Examples and Interpretation - Note: All data are preliminary!

« _Bﬁ

S

o I
"~ Atmospheric oxygen

Nitrogen oxides 0‘ ‘
S
R -

i
— 03 at LMA
— 03 LUR
80 70 ppb
IélIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII S EEEEEEEEEEEESN aEEEN LN} L B | EEEENNN Ul | AEEEEEEED NAAQS
g s (National
S Ambient
5 Air Quality
/]
& 40 Standard
£
(1]
O
0
Feb 2020 Mar 2020 Apr 2020 May 2020 Jun 2020 Jul 2020

Graph from Interactive Data Analysis Tool
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Data Examples and Interpretation

Ozone

Ozone

Sun 71912 AM Mon 7/20 12 AM Tue 7121 12 AM
——BRZ —IMA —LUR —BSE

BRZ — Boulder Reservoir
LMA — Longmont Municipal Airport
LUR — Longmont Union Reservoir

BSE — Broomfield Soaring Eagle
Graph from Interactive Data Analysis Tool
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Ozone National Ambient Air Quality Standard
(NAAQS) — 8-hour running mean value: 70 ppb

Ozone

—— 03 at LUR
—— O3_8HR at LUR
— 03 at LMA
—— O3_8HR at LMA

parts per billion (ppb)

Jun 11 Jun 12 Jun 13 Jun 14 Jun 15 Jun 16 Jun 17 Jun 18 Jun 19
2020

= 03_8HR at LUR
—— 03_8HR at LMA
70 /:\\ -

60

50

40

parts per hillion (ppb)

30
20

10

Jun 11 Jun 12 Jun 13 Jun 14 Jun 15 Jun 16 Jun 17 Jun 18 Jun 19
2020

Graphs from Interactive Data Analysis Tool
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Parts-Per-Billion {ppb)

80

Data Examples and Interpretation — Ozone
July 10 Event

Ozone at Longmont Municipal Airport
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Slide 18 of 42




Ozone at Longmont Municipal Airport
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Ozone Summary

- Ozone is monitored at both LMA and LUR

- Four days with Exceedance of the ozone National Ambient Air
Quality Standard this year so far

- So far, exceedances at LMA have been slightly higher than at LUR

- Most times there is higher ozone in easterly winds than in westerly
transport

Ozone at Langmont Mul p al Airport

*w/ \\\Nﬂ\ﬂ fH

WIdSp ed at Lo gmonM Ip J\prt

LWWMJMWMN W» i

WdD Ion at Lo gmu!M cipal Airport
. LY x

parts per bilkon (ppb)

f .
; ' RO Y 8
F ey PR 3 -
'l‘— . ® S ME BuR

SN LT W “.’:‘- "5
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Data Examples and Interpretation — Methane

Termperatire change in the st 50 years

20102019 amrage vs 1951.1578 baselne (°C)

A0 05 02 402 405 ALD 420 40

Methane

14k
—— CH4 at LUR

—— CH4 at LMA
—— CH4 at BRZ
CH4 at BSE

12k

10k

8k

6k

parts per billion (ppb)

4k |

2k

Jan 2020 Feb 2020 Mar 2020 Apr 2020 May 2020 Jun 2020 Jul 2020

BRZ — Boulder Reservoir

LMA — Longmont Municipal Airport
LUR — Longmont Union Reservoir
BSE — Broomfield Soaring Eagle

Graph from Interactive Data Analysis Tool
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Methane
4000
3500
-
fin)
[« %
[}
L
c
[=]
= 3000
=
.
1]
[}
S 2500
) \
il
20000y SN B
Jun 21
2020

BRZ — Boulder Reservoir

LMA — Longmont Municipal Airport
LUR — Longmont Union Reservoir
BSE — Broomfield Soaring Eagle

Methane

P A

Data Examples and Interpretation — Methane

—— CH4 at BRZ
—— CH4 at LMA
—— CH4 at LUR
—— CH4 at BSE

Jul B Jul 9

Graph from Interactive Data Analysis Tool
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Data Examples and Interpretation — Methane

Methane Mixing Ratio at LMA, LUR, & BRZ by Month

27 — B BRZ
. LMA
26 B LUR

2.5

24 =

44

1.9

ne]
(98]

Methane (ppm)

A%
h*]

Jan Feb Mar Apr May Jun

BRZ — Boulder Reservoir
LMA — Longmont Municipal Airport
LUR — Longmont Union Reservoir
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Site Locations in
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LUR Methane Spike 3/26/2020

(5 second data)
Methane 3/26 (GMT)
35.00
30.00 ¢
25.00 i
20.00 -iu
15.00 ;i "
10.00 i.
5.00 g
0.00 e o

12:43 12:50 12:57 13:04 13:12 13:19 13:26 13:33 13:40 13:48 13:55

Duration: 13:10 to 13:24 (~ 14 minutes)
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LUR

LMA

Methane — 6 months of data

Six Month CH, LUR Pollution Wind Rose
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Methane Summary
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- Collecting 5 seconds high resolution data at
LMA and LUR

- Seeing a high abundance of spikes, often very
short in duration at LUR

- Mean, median, and variability highest at LUR

- Elevated concentrations are mostly associated
with northerly to easterly winds

Methane Mixing Ratio at LMA, LUR, & BRZ by Menth

. BRZ
- VA

(pprm)

=~ transport distance
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Data Examples and Interpretation — VOCs: Ethane

Volatile Organic Compounds

500

o 400

a

a

L —_

C

2 300

3

.

Q

a

g 200

(1]

Q
100

Sep 2019 Nav 2019

BRZ — Boulder Reservoir

LMA — Longmont Municipal Airport
LUR — Longmont Union Reservoir
BSE — Broomfield Soaring Eagle

Jan 2020 Mar 2020 May 2020

Dafe

Start of VOCs
monitoring at LUR

—— ethane at BRZ
—— ethane at LUR
ethane at BSE

Jul 2020
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parts per billion (ppb)

Ethane

Volatile Organic Compounds
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Data Examples and Interpretation — VOCs: Ethane

Volatile Organic Compounds

200 = gthane at BRZ
— gthane at LUR
—— gthane at BSE
150
i
g Ethane
c . o
5 picking
3 .
g .
: > again at
s || N LUR?
il | | ‘ ‘
0 Y | . i f

Mar 2020 Apr 2020 May 2020 Jun 2020 Jul 2020

BRZ — Boulder Reservoir
LUR — Longmont Union Reservoir
BSE — Broomfield Soaring Eagle
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Data Examples and Interpretation — VOCs: Benzene

_DANGER >

BENZENE
MAY CAUSE CANCER

HIGHLY FLAMMAEBLE LIQUID AND VAPOR

00 NOT SMOKE
WEAR RESPIRATORY PROTECTION IN THIS AREA
AUTHORIZED PERSONMEL OMLY

Benzene Health Standards

Bords
s Mybridized orbitals

9 ppb

1 ppb
0.94 ppb
No safe limit

Common symptoms of

Leukemia
Systemic /79 ychological
- Weight loss Fatigue
- Fever - Loss of appetite

- Frequent infections
Lungs 3
- Easy shortness
of breath

Lymph nodes
e - Swelling

Spleen andfor liver

- Enlargement
Musz:ufar Skin
- Night sweats
- Easy bleeding
Bones or joints \ L and bruising
- Pain or - Purplish
tenderness patches
or spots

EPA 24-hour standard

- CA continuous long term

- EPA 8-hour for schools etc.
- World Health Organization

Bertzen ring
Simplifier depicion

AAWARNING

THIS AREA CONTAINS
BENZENE,
A CHEMICAL KNOWN TO THE STATE OF

OR OTHER REPRODUCTIVE HARM

FOR MORE INFORMATION GO TO
WWW.P6SWARNINGS.CA.GOV

_ e | Iy

CALIFORNIA TO CAUSE CANCER, BIRTH DEFECTS,
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INDEPENDENT

HOME COLAR  COVIDA9  GREEME GRIEGD  LOTTWIM ~  GUESTPOSTS = o

= westwm‘u Damar etz e ol Benzene - = COL0RRDD ‘

Report: Cancer-causing benzene spiked more than once
at Bella Romero

The report, d by the
thresholds

group 350 Colorado, uses California’s more stringent

S e e v L2 G0

A drilling site operated by Extraction Oil and Gas sits just 1.300 feet from Bella Romero Academy in Weld County. / Anthony Camera

Bella Romero Benzene Levels Worse
Than Reported, Analysis Claims

CHASE WOODRUFF | MARCH 11,2020 | 12:11PM

o When Colorado air-quality regulators notified the public of an elevated
benzene reading near Greeley's Bella Romero Academy last November, they
o emphasized that the state's air-monitoring equipment had only detected a

single violation — one 45-minute sample that exceeded health standards
Q out of more than 85 days of testing.

THE DENVER POST CDPHE Measurement:

Mews - Sports - Business ~ Entertainment ~  Lifestyle ~ Opinion ~  Politics ~  Classifieds ~ Q

cowp-1 W Comp wage ja Colorado data and map ¥ Timaling

ele @ Tellusyourn

I One 45-min data value first

Elevated level of benzene detected at Greeley school near oil and gas

operation reported at 102 Egb, Iater

State health officials say they're trying to pinpoint source of pollution measured at Bella Romero K-8 Academy

e revised to 14.7 ppb
(CDPHE, 2020)

rystory o Getemall updabes

SIGN UP FOR NEWSLETTERS
AND ALERTS

SUBMIT TR NEWS 125
OR PHOTOS.

RECOMMENDED FOR YOU

Last call for alcohol in
Colorado will be 10 p.m.,
Gaw, Jared Polis orders in

latest salvo against COVID-
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parts per billion {ppb)

Data Examples and Interpretation — Benzene

Benzene

—— benzene at BRZ
—— benzene at LUR
——— benzene at BSE

8

6

a

2

0 ALY AL L) 2 L . bt

Mar 2020 Apr 2020 May 2020 Jun 2020 Jul 2020

BRZ — Boulder Reservoir
LUR — Longmont Union Reservoir
BSE — Broomfield Soaring Eagle
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parts per billion (ppb)

parts per billion (ppb)

Benzene

1.5

0:5

Feb 16
2020

Benzene

15

Feb 23

Mar 1

Benzene

Mar 8

Mar 15

Mar 22

—— benzene at BRZ
—— benzene at LUR
—— benzene at BSE

February

—— benzene at LUR
— benzene at BRZ
—— benzene at BSE

May

Slide 36 of 42



Benzene

Benzene
1.2 - benzene at BRZ
—— benzene at LUR
—— benzene at BSE
1
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BRZ — Boulder Reservoir
LUR — Longmont Union Reservoir
BSE — Broomfield Soaring Eagle
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Wind Direction

Where is the Benzene coming from?

Benzene Peak #1

® Benzene

Benzene Mixing Ratio Methane & Benzene —— CH4
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Approximate Wind Sector for ten highest Benzene Occurrences
(~ 4 -8 ppb)
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VOCs/Benzene Summary

* Hourly VOCs/benzene measurements at LUR

@ * High abundance of elevated VOCs/benzene

during February — March

MAY%EHSZEEQECER * Many benzene observations between 1-10
HIGHLY FLAMMAELE LIQUID AND VAPOR
ppb

00 NOT SMOKE
WEAR RESPIRATORY PROTECTION IN THIS AREA
AUTHORIZED PERSONMEL OMLY

* Much higher than at all other comparison
sites (except one measurement at BSE)

* Elevated levels mostly associated with
northwest to easterly winds

e Correlation of benzene with methane
indicates oil and gas source

e Levels dropped steeply in April — May — June

Vi

Volatile Organic Compounds

parts per billion {ppb)

J |
I l_ i sty J.g.,h;&m@%
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parts per billion { ppb)

Other monitored variables not covered in today’s presentation

Nitrogen Oxides CO,

CO2 Mixing Ratio at LMA & LUR by Month
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Year 1 Summary

Ozone at Longmont Municipal Airport

Completed installation of two monitoring sites s W«ﬁt}:\
LMA { o
LUR P e -

All proposed measurements are up and running :
LMA since September 2019
LUR since December 2019 — January 2020

i
1

i
i

> 95% data coverage

Public web portal became live in September 2019

Longmant Air Quality Now
l I

Developed two additional data analysis web portals
> 4000 Visits; increasing visit counts
Stark differences in data between both sites
High frequency of oil and gas related emissions at LUR
Concentration spikes are relatively short

Numerous high benzene occurrences, mostly during northerly
winds

Steep drop in concentrations of oil and gas emissions tracers
throughout the spring

Stx Manth LIIR CH, Madng Ratia by Wind Direction

Ozone

i
R
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