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San Juan Basin Methane
“Largest CH, Regional Anomaly in US”
[Kort et al., 2014]

e 7 vyear average of satellite retrieval [Frankenberg et al., 2011]
=>» to improve signal to noise ratio

___________________

¥¢ 8T & 9¢
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=>» morning atmospheric conditions
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Focus of 2015 Campaign was on better understanding
San Juan Basin methane pollution
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SJB Methane Hotspot :

a persistent and significantly
higher methane pollution
over portion of the San Juan
Basin at 10 am compared to
its close surroundings
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What causes a pollution hotspot?

-@) Sources Topogryr

Gas and oil S
S o — ‘

erations -
Seepage at coal’ _

& ) =
outcrop ~ N\ \
=\ Cows, Tandfills
Coal mining

@ Meteorology

Local emissions of pollutants get trapped /
by local meteorology (Temp. inversion,
low winds) and high surrounding
topography leading to pollutant
accumulation.

Ex: Mexico City, LA Basin, Salt Lake City,
Uinta Basin, Green River Basin 4C 2nd Methane Science Forum - Gabrielle Petron




2015 and 2016 Field campaigns

* April 2015: Coordinated CH, Hotspot Study

— NOAA, U. Colorado, U. Michigan, Scientific
Aviation, NASA

— Airborne (4 airplanes) and Ground
measurements

— Quantification of CH, emissions: facility and
basin scale

Funding: NOAA CPO,
NASA, BLM, NSF AWG

Work with Tribal, State, Federal land and air
authorities




Campaign Research Guidelines

How elevated is methane throughout the region?

— Conduct in-situ calibrated measurements with vans and aircraft
Where is elevated CH, coming from?

— Locate CH, plumes, identify & quantify emission sources
Why here?

— Perfect storm: Emissions, Topography, Wind Patterns

How persistent is elevated CH,?

— Conduct measurements at different times of day and study diurnal cycle in
atmospheric dispersion

What else is in the air?

— Conduct measurements for suite of species with targeted air sampling in
flasks and multiple species analysis



Talk Outline

Ground Data Analysis
ML In situ Methane and Flask Data and
Wind Data from Profilers and long-term Surface Stations

- Survey Drives
- Targeted emission plume sampling

Aircraft Data Analysis

In situ Methane and Ethane

- 5 SA Survey Flights
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HOW ELEVATED IS METHANE NEAR THE SURFACE
THROUGHOUT THE REGION?
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Latitude

NOAA Mobile Lab Drives

R0 4 Corners Study - April 2015 ® 20150411
* _NOAA Mobile Lab Air Samples Locations 20lS0Sh 2
20150413
® 20150416
20150417
375 ® 20150419
® 20150420
. 5 20150421
e 20150422
® 20150423
. Utah CoIorafio ® 20150424
Arizona 4] New Mexico . - Dulée 20150427
Shiprock 2 ® 20150428
_Jl i 20150429
Producing Gas Wells
36.5 &
o . Produding O} Wells
‘ Counselor
Legend
36.04| O Town 7
EPA GHGRP Source Symbol
B Underground Coal Mine
A (il & Gas Facility
A Power Plant
35.5 - | @ Landfil
I T T I I I T
-109.5 -109.0 -108.5 -108.0 -107.5 -107.0 -106.5
Longitude

14 drives on public
roads or with
arranged escort on
Tribal Lands.

with Research Assistant
Eryka Thorley.
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Nighttime or morning drives

* Show some area-wide elevated CH, at the
surface and typically within the basin
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Latitude

37.6

37.4 -

37.2- .

37.0

Legend
O  City

EPA GHGRP Source Symbol
B Underground Coal Mine
@ Oil & Gas Facility
A Power Plant

April 28 with Mike King, Navajo EPA
Durango to SE Utah and back

NOAA ML Drive 2015-04-28

one way

Aneth Field

* 7:45am Leaving
Durango

e 8:20am Crossing border
with NM

* 9:20am Leaving
Farmington with Mike
King, Navajo EPA

1.8 2.0 2.2 2.4 2.6 2.8 3.0 .
{ 1 Note: Methane levels drop

@ Landfll s
® ML Track n. "
— Highways .
Rivers T
O Flasks -108.0

. : . at W border of gas field

-108.5 -108.0 -107.5
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Latitude

April 19 Durango-Shiprock

April 19, 2015 — morning hours show nighttime accumulation

[NOAA ML Drive 2015-04-19 Morning] 405 ::OA/"\‘ ;ﬂ;t;i:e Laboratory —— CHgin situ K
Rl -‘:’j" = | pril s 5 - morning ® CH,Flasks
S »Lﬂegen’g{;“ : 5 2 ) 4.5 —— 10 sec Ozone o
® City 4.0
a7z | [EPA GH(ZRP Sourcde CSerbc_)I 5 £ mm' MWW - W“‘MW
: Urn lergroun ”toa Mine & e "}o‘ B
B ote 0 Mg MW " ! v
v = s.04 Road 550
37041 % Highways (Flask 1) P
= = W |
36.8 Shiprock 2 &5 g f -0
10I.0 10I.5 11I.0 11I.5 12.0
2 Time
36.6 - 1.8 2.0 2.2 2.4 2.6 2.8 3.0 .
- . . * Two brief CH, plumes encountered
ot downwind of compressor station
 Mobile Lab track color-coded by in-situ located south of Shlpl’OCk
methane mixing ratio measurements. S . -

 Methane 100s ppb enhancements
constrained to part of the basin
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Outcrop sampling drives
* Show some locally very elevated CH,

* Show ethane and propane levels are variable
in Durango and in Florida River area and are
correlated.

near Los Pinos river, Rd 245




Latitude

April 11t : outcrop at 2 locations

37.40 7 [NOAA ML Drive 2015-04-11

..

37.35

37.30

® City

B Oil & Gas Facility
37.25 O Power Plant
@ Landfill

EPA GHGRP Source Symbol |
B Underground Coal Mine

CH, ppm

1.8 2.0 2.2 2.4 2.6 2.8 3.0

® ML Track
— Highways
—— Rivers -
37.20 : | | |
-108.2 -108.0 -107.8 -107.6
Longitude
14 - NOAA Mobile Laboratory — 600
April 11, 2015 Durange; otrtorop, —— CO,insitu
behind Home Depot CH,in situ
12 @® CH,Flasks
- 550
10
(Ez. Florida River - 500
Q:' 8+ outcrop
X
© Plume 2,
. [Prume 2 | o
ol
4
- 400
2 e
T T T T
10 12 14 16

Time

wdd 20)

Samples of Fruitland Coal
outcrop seepage in
Colorado from public roads.

Thank you to LTE for sharing
information on where
seepage has been
documented and where
road access was not a
problem.

Brief peaks near seeps at
4 to 12 ppm depending
on location relati
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Latitude

April 12t : outcrop valley location

e NOAA ML Drive 2015-04-12 1.8 2.0 2.(2:H42.Zp"2‘.6 2.8 3.0 . .
: e Samples in outcrop in small valley
37357 . near Los Pinos River
37.30 |t Known seepage location (LTE)
37.25| a §E:’7:?£Jﬁ%iiﬁ$l = =
= Canini = ¢ Elevated methane along the way
S | = and very high levels in valley, some
-108.2 -108.0 — -107.8 -107.6 peaks above 50 ppm.
107 NOAA Mobile Labpratdry I — cojinsitu [ 300
N ‘ 1 - cuirmme 40 o Several air samples were collected
. "™ o in outcrop plumes on both days and
g8 64 440 &
3 . | Ls20 = analyzed at NOAA GMD Boulder
. 400 (red dots on bottom-left figure)
2. me : ‘L\ﬁ&x_ FEen
6 e 10 2 4C 2nd Methane Science Forum - Gabrielle Petron

Time



Targeted Sampling with NOAA GMD
progammable flask system

Jon Kofler,
Tower & Mobile Lab engineer

Perseus GC/MS, custom built by Dr. Ben Miller for

analysis of > 50 species in flasks from network and
campaigns 4C 2nd Methane Science Forum - Gabrielle Petron




Latitude

Latitude

April 11 & 12: Ethane background is variable
but there is no ethane in outcrop gas

Main sampling locations:

behind Walmart, Durango and Florida River, Rd 234

37.40+

NOAA ML Drive 2015-04-11 CH, ppm
- 1.8 2.0 2.2 2.4 2.6 2.8 3.0
37.35 _ Manco:
d Coal Outcrop
37.30 Legend
® city I
EPA GHGRP Source Symbol =
B Underground Coal Mine
@ Oil & Gas Facility
37.25 - O Power Plant
B Landfil
® ML Track
— Highways
Rivers
37.204 - a — — :
-108.2 -108.0 -107.8 -107.6
Longitude
37.40 1 [NOAA ML Drive 2015-04-12] CH,, ppm
= 1.8 2.0 2.2 2.4 2.6 2.8 3.0
37.354
Los Pinos River
37.304
EPA GHGRP Source Symbol |
Underground Coal Mine
- Oil & Gas Facility
37.25- O Power Plant
@ Landfill
® ML Track
—— Highways
— Rivers
37.20+4 : » > -
-108.2 -108.0 -107.8 -107.6
Longitude

Flask data is
color-coded
by sampling
day and
location.

CoHg ppb

C3Hg ppb

10 = April 11 Outcrop - afternoon
o 4-11 Durango Outcrop - Animas River
4-11 Florida River Outcrop -1st plume, Rd 234
® 4-11 Florida River Outcrop - 2nd plume, Rd 234
8 4-11 Florida River Outcrop - 3rd plume, Rd 3
1 ® April 12 Outcrop - morning in sheltered valley
= Eth
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4
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Source sampling drives
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Latitude

37.4 - K ¥

Sampling of San Juan underground coal mine
air shaft and landfill emissions

nlo_utc

[

=

CH4 ppm

Longitude

April 19, 2015 —
S of Shiprock to Durango
afternoon hours show

background CH, level ~ 1.9ppm

Coal Mine emissions
estimated at ~ 1.4 tonnes

CH,/hr by S. Conley.

20+

154

10

NOAA Mobile Laboratory
April 19, 2015

Downwind of
Underground
Mine Shaft

(Flasks B,9)

Coal

— CO,in situ
—— CH,in situ

CO in situ

® CH,Flasks

Landfill

Ol

3

- 600

- 550

- 500

- 450

16

b cotesP s E 85 Mine

18
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San Juan Coal Mine and Landfill samples

20 -
® April19
-|/| ® Regional morning enhancement
= Underground Coal Mine (slope 0.9%) NOAA PFP MAGICC and Perseus
® Landfill AnalysiS'
-Q . .
= - - e Coal emission plume (orange):
= 0.9% ethane to methane
[ ® o
o
5 | - * No ethane in landfill emission
. * 9 NOAA Mobile Laboratory plume (green)
' April 19 Drive
O A I v I T I
2000 2400 2800
CH,4 ppb
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Surface Coal Mine
\

April 21 2015

with Michael King
No elevated CH, while driving on
Navajo surface coal mine
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(Flasks 7,8,9)
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Time
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April 21, 2015

* Several samples have elevated nonmethane
hydrocarbons

* NMHC levels are correlated (same sources)

200 | ® April21
North of Ignacio
® Williams Plant
Surface Coal Mine
Well pad
150 - ® Compressor/Well pad/ NE of Blanco - Slope 9%
® Val Verde
£l
) Pad
=y ® -
© 100
=
o~
o
.
o -
50 .
*®
. NOAA Mobile Laboratory
. April 21 Drive -
0] @e @ .
T T T T 1
2000 2500 3000 3500 4000
CH,4 ppb

iCsHy ppb

[NOAA ML Drive 2015-04-21 |
37.4 -

Latitude

o

T
-108.0
Longitude

Legend

Cit:

Y
EPA GHGRP Source Symbol

Underground Coal Mine
Oil & Gas Facility
Power Plant

Landfill

Highways

Rivers

ML Track

Flasks

T
-107.5

50~
NOAA Mobile Laboratory
April 21 Drive -
40 - ®
® April 21
North of Ignacio
30| ® Williams Plant
Surface Coal Mine
Well pad
® Compressor/Well pad/ NE of Blanco - Slope 1.2
204 L® Val Verde
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.
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Plumes from well pads

CH, ppm

wdd 209

NOAA ML Drive 2015-04-16 - : A ril 16 2015
37.4 4 ,‘ o al p ’
: i Drive
CH pm
| 1.8 2.0 2.2 2.4 2.6 2.8 3.0
37.2
]
=]
5
37.0 | = EPA GHGRP Source Symbol
B Underground Coal Mine
B Oil & Gas Facility
O Power Plant
W Landfill
36.8
T T T T T T T 1
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Longitude
20 7 NoAA Mobile Laboratory —— CO,in situ r SO0
April 16, 2015 Flasks taken in NM —— CH,in situ
@® CH,Flasks - 480
15 Well pad
with plunger Ijft Well pad L 460
(Flasks 5,6,7) (Flasks 10,11,1
10 Well pad | w 440
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1 4) J 1 I za% Q)J 420
'8 4
N w oy ]J .hLJ
- pag ~400
l I (Flasks 16,17)
F ] |
2 380
o T T T T T T
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Time

CoHg ppb

CsHg ppb

400 — |NOAA Mobile Laboratory
April 16 Drive - Flasks collected ®
in northern NM
® April16
® Well pad with pumpjack (slope 2.2%)
300 Well pad with plunger lift (slope 8%)
Well pad
® Well pad (slope 10%)
® Well pad
Seepage?
200
-
100 °
.
0| oW
T T T T 1
2000 3000 4000 5000 6000
CH,4 ppb
140 [ @ April16
® Well pad with pumpjack
Well pad with plunger lift -
120+ Well pad
® Well pad
® Well pad
100 Seepage?
aa
60
®
40
L
20 . NOAA Mobile Laboratory
April 16 Drive - Flasks collected
o- » in northern NM
T T T T 1
(o] 100 200 300 400
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How elevated is methane NEAR the SURFACE throughout the region?

Quick Answer: It depends
on day, time of day and location

But

1. Mobile Lab detected many sources of CH,
2. At night and in the morning CH, (and sometimes
NMHC) can be significantly enhanced over large areas



Surface wind speeds typically are much lower at
night/early morning in SJB

SAMPLING THE NIGHT STAGNANT AIR
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Mesa Verde - April 2015
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Latitude

Wind Profiler Deployment:
2 NOAA radars and 1 Leosphere lidar

37.4-

Elevation (masl)
1600 2000 2400 2800 !—

37.2

37.0

36.8

36.6

SUIT Ute 1 AQ monitoring site

and Leosphere Windcube

' __»-,lio Wind Profiler Spring 2015

_108.4 | -108.0 '_ 107.6 107.2
Longitude NOAA 915 MHz Wind Profiling Radar
at 2 sites: Navajo Lake and near
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