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SEPA Motivation for oil and gas measurements
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Number of production facilities is increasing
— Impact of VOC emissions to ozone attainment is uncertain

— GHG emissions estimates (fugitives and tanks) can be improved

« Proximity of potential sources to populations is increasing

— Growing need to understand HAP emission potential

« Limited measurement data, can be difficult to estimate emissions
— Many source types and engineering configurations

— Significant variability in maintenance states and product composition



Oil and gas production
IEPA large number of potential sources

United States
Environmental Protection
Agency

)

&




Many types of emissions
complicates assessment
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FLIR Video File
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As the separation distances of potential sources to populations decrease,

the need for periodic inspection increases

Source: Microsoft Bing Maps (© Microsoft Corgoration Pictometry Birj_ﬁs Eye © 2010 ‘Pictometry. International Corp ). «
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Off-site assessment with GMAP-REQ

(Geospatial Measurement of Air Pollution — Remote Emissions Quantification)

wind direction

- Position vehicle in the plume

- Acquire CH, and wind data for
20 minutes

- Pull a 30 second canister
sample for VOC information
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GMAP REQ measurement equipment

In the truck:
High-precision CH, Instrument (critical component)
Batteries, control system, IR camera, rangefinder
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SEPA Estimating emissions with GMAP-REQ
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Plot CH, vs. wind angle in 10 deg bins
Filter off-axis information and determine plume CH, concentration

Point Source Gaussian (PSG)

— Use distance and atmospheric stability to find expected o,,0, (lookup)
— Perform simple 2-D integration (q = 21-0,-G,-u-C)

Backwards Lagrangian Stochastic (bLSs)

— Use distance,CH,, and 3D sonic data in model WindTrax 2.0

Estimate VOC emissions by canister ratio approach with CH,

Description in:

Thoma, E.D.; Squier, B.C.; et al. Assessment of Methane and VOC Emissions from Select Upstream
Oil and Gas Production Operations Using Remote Measurements, Interim Report on Recent Survey
Studies. Proceedings of 105"Annual Conference of the Air & Waste Management Association, 2011-A-
21-AWMA, June 19-22, 2012, San Antonio, TX.
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Example:

Open thief hatch high wind speed conditions
(Video taken 3 hours earlier at low wind speeds)
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FLIR Video File



Example GMAP-REQ:
Distance =90 m

Wind speed = 6.1 m/s
CH, bkg. conc.= 1.78 ppm
CH, plume conc. = 3.81 ppm (>bkg.)

et v a1 7oA

Methane Concentration vs Wind Direction

g

Snapshot emission estimates
J CH, = 1.86g/s
= VOC = 1.08 g/s

a=3.8092

o=10.447
3.5 Wy =180.03

R =0.98614 (lin)

e

— Fit

[}
(]
T
|

1071910,1171202

Concentration (ppm)
(%]
1

poi_ ¥ pgy 7.33 i
ti_0.083578__maxc_28.178
wsf 0__angf B0

count_2151__hin_19

-
<]
T

0 L L 1 L L |
0 50 100 150 200 250 300 350
Wind Direction (deg)

Wind Direction

..'s’_.azanOOgle...



Method development includes computational simulations to understand flow

With good winds, emissions from the tops of the tanks get mixed down by wake

Measurements at about 3 m work pretty well in these cases

Methane, ppm Velocity, m/s
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CH, release-recovery experiments
wEPA (testing the GMAP REQ approach)
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- Release methane gas from a variety of scenarios (0.6 g/s)

— Free release (no wake effects)

— Simulated tanks (top of trailer, two orientations : wake effects)
— Different surfaces (pavement, hard ground, 0.3 m grass)

— Different atmospheric conditions

— Recover release rate using two data analysis methods

Wind

15 m -110m
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CH, release-recovery experiments and

PSG:bLs combined emission estimate
results for CH, release experiments
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Review of preliminary GMAP REQ results
EPA
s (Interim report on 2010,2011 studies — ver. April 2012)
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- Three GMAP REQ data groups:
— Greeley Colorado area (REQ CO)

— Fort Worth TX area (REQ TX)
— Pinedale WY area (REQ WY)

- Comparisons are presented to help understand REQ approach and data
— On-site direct measurement studies (DEM with references in paper)

— Comparison to Greeley CO inventory (Inv.)

 Important to keep in mind:
— GMAP REQ data are 20 minute “snapshots”
— High values can be transient (can’t extrapolate to tons per year)
— The median of the distribution is the best thing to focus on

— Need to think of emissions in terms of production rates (next step)



3EPA GMAP REQ Field Data
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3EPA GMAP REQ Field Data
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Each vertical column is one canister sample (N= 60)
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Methane  From production
mol®% data
° 001-10
10.01 - 40.00
40.01 - 70.00
70.01 - 75.00
75.01 - 80.00

O@®@0eo

80.01 - 90.00

. Greater than Q0

TEXAS

EPA and City of Forth Worth studies
approximate measurement areas

rCondensate
( and Gas

' gark
.

" '@

Erath .ervell

Palo Pinto

EPA

(some wet gas)

\ City of

Forth Worth
(mostly dry gas)




. GMAP REO compared to on-site measurements
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GMAP REQ “VOC snapshot measurements” compared to

3EPA CO condensate tank emissions inventory expressed in g/s.
E'.._.I?.it_ed States e (tanks within 500 m of GMAP measurement, Inv. data provided by Dale Wells, Colorado DPHE)
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= Continuing work on dataset and method
\T?EPA Geospatial visualization database
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Google Earth database ST3_090711

Allow viewing of field :
Data and IR videos Collection Summary

Latitude: 33,0699 *N
Longitude: -97 469 °E
: CH4 BG Conc: 1.83 ppm
: CH4 Peak Conc: 2.8 ppm
wWind QA Chart CH4 Emission Rate:  0.54 gis
(needs magnetic declination correction) Wind Speed Avg: 396 mis
Wind Dir Ava: 104 °
Distance: 125 m

Links

Source

Developing Wind QA Chart to help confirm
source location and distance

Right-click and select "open link" to view files
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Method and engineering package development
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' Mobile Data Logger

(to be submitted to EPA OAQPS for posting consideration as preliminary method)

FBX

%] Cen )

Survey Type: |Stati0nary

| Editinfo |

[ Show Config ]

% ocaloulate and asign new 30 sonic 20 wind direction

[rata Logging High CH4 Count

SUMMA Controls

ndir = 180
wdd = ndir:

+ (atan (-1%(ws3vy),-17(ws3x)) ¥57.29578);

F|IE Mame SEIITIFIIES LDggEd REEId}." Skart % calculate and asign new 3D sonic ZD wind speed
START ||'ﬂEI|31 | BG LEVEI El . OPEM I— gp = (wsdx.*wsdx + wsdy.*wsdy):
— e i e spl = =p.*0.5;
| | Collection Mame Elapsed Time Count El Jpen R I: wa3 =sp
STOP - ' |- | CLOSE . .
| Statianary Colecti Acquisition Soft o Pesslnoopsa |, -] ANANYSIS Software | . .
Timestamp 30 Spnic ! j— Ww s %%a:%Ei%'::%i%:iiij:Zii?%%%%%%%%%%%%%%%%%% Wind speed filter
‘ | 20 Windspeed wind &zimuth Track. & Heading Irmne Ind Speec o = timives<wstimit) s
L e |ooao | omgsoe jaduz (a2, 3) = 115
- ] HEEEEEEEIEE55555555555555555555555555%3% ind angle filter
oz 30 WindSpeed Latitude Arnb Termp wd3j = jaduz ({l:end),5): % 3D sonic wind direction
0 pprm 0ms o | |[oe
— - —_ . . degM = 1:10:361;
CH4 Azimuth [ ] & E~ Longitude Rel. Hum 5 - < engencacom s
1 1 i1 = 1:1 hiwd3i);
‘D ppm o0® \.. \‘\ |EI | |D°“"° ;esﬂ(lzjezgg; =
HaS Elevation Y = Wehicle Speed  Atm. Press || couwnt:iiz) - o;
| | for i = 1:lengthidegH)
E o o | 0 mph | | 0hPa i < .
Cl b ] o o for il = 1l:lengthiwd3j)
PP Siiaib . . . . .
s ® | if wd3j(il) >= degMiiZ) && wd3j(il) < degMii2+1)
- Ty — T ] _ countM{iZ)= eountM(iz) +1 ;
L opElRL] —
0,75 - —— |
0.5- ‘
E 0.25- i i i
£ Engineering Design
REE 1]
i
5 -0.25- L= [ Fiy =1
0.5- . £|5) @ © L B
-0.75- 25 —= fm— . prm—— RS0 j_ g
-1- | 7 _T ~
12:32:16 PM ;e ;'{g‘ P l "T
s
12:32:45 PM: Starking up... ! a0 ——— P
12:32:45 PM: File Opened: mapl.td .
3X @201 THRU

12:32:46 PM: Error Initializing 30 &n

I T T T P L P RTINS |

1/4-20UNC-2B THRU

HINGE BLOCK

SHEET 30F 25




Four GMAP REQ systems in the field

<EPA

United States
Environmental Protection
Agency




- Summary and next steps
SEPA / g

United States
Environmental Protection
Agency

-« The GMAP REQ approach is a useful tool to complement developing on-
site measurements for oil and gas and other sectors

- Preliminary results from field studies provide interesting comparisons with
direct emissions measurements and inventory estimates

- Data analysis continues in 2012
- Development of QA checks and comparisons with CFD modeling
- Google-earth based visualization and infrared camera database

- GMAP REQ method development activities continue in 2012
— New user interface software with source location indicators
— Expand to UV detection for BTEX (facility LDAR applications)
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S EPA Basic Data Analysis Approach
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- Estimate CH, emissions using concentration and wind data

- Obtain emission information for other compounds by a ratio of
canister to CH, data

Fe=[(C;« F,)/Col IMy/M,]

F, =the flux of the target compound (VOC)

C, =the measured concentration of the target compound
F,=the calculated methane flux

C, =the measured methane concentration

M, =the molecular weight of the target compound

M, =the molecular weight of methane



