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two-prong study of
Fayetteville Shale

Emissions Inventory
» Arkansas Oil & Gas
Commission data

P emissions factors
based on Armendariz

» Industry input

» Pollutants estimated:

NOx, VOCs, PM, SO2, CO2,

CO, CH4

Ambient air monitoring
» \Well sites at different
stages of completion
» Stationary/transect
measurements
» Pollutants
measured:
NOx, VOCs, CH4

EPA-funded




Prong 1:

Emissions Inventory




2008 emissions from the Fayetteville Shale

Source Cateqory

NOx

VOC

PMjio

CcO

SO,

CHy

—

CO»

—

Compressor
Engines

1,225,643

Well Drilling &
Completion

58,033

67,756

Fugitive Emissions

41,011

3,972

Total Emissions

112,877

1,297,371




Emissions (tpy) by shale play

ENOx mVOC mCO

Fayetteville Barnett Haynesville




Emissions per gas production (tpy/bcf)

® NOx/gas prod ®mVOC/gas prod = CQO/gas prod

Fayetteville Barnett Haynesville




Emissions per number of wells (tpy/wells)

B NOx/wells mVOC/wells mCO/wells

| Eg—

Fayetteville Barnett Haynesville




Prong 2:

Air monitoring




Choosing Compressor Stations

O Compressor Station (54 engines + dehydrator)

O Compressor Station (<4 engines or no dehydrator)
City Limits

County Line




Stages of Well Completlon Studied

Hydge I|c Fracturing Sites (3)




Van Buren
Cleburne

N @ oriling site € Hydraulic Fracturing Site

© control site A compressor Station
| Most productive counties




= Portable|Air Monitoring Equipment

AreaRAE

Met Station B Sapphire
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Study Results
» \Which site type had the
highest NOx recorded?

» \Which site type had the
highest CH4 recorded?

» \Which site type had the
highest VOC recorded?
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Study Results

» Which site type had the
highest NOx & CH4 recorded?

» Trick question — nothing was recorded
above Minimum Detection Limits

» Which site type had the
highest VOC recorded?

» Dirilling site monitors measured up to
678 ppb daily avg. & 13 ppm 5-sec avg.
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AFGC
5/26/2011

J

AGFC 10-16 1-2H11
(35.5449069, -92.6540498)
Van Buren County

Monitoring Site / Shale Pad

Monitored during Hydraulic Fracturing (") Background Point

BHP (formerly Chesapeake)
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AGFC 5/26/2011

15 minute moving average of wind direction
and VOC concentration of AreaRAE monitors
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AGFC 5/26/2011

15 minute moving average of wind direction
and VOC concentration of pppRAE monitors
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AGFC 5/26/2011

30

0.5

Resultant Vector
| 209 g - TS

Wind Rose Plot
(blowing from) and
Maximum & Average
Values of ppbRAE
Transects by
Perimeter Side

Max[VOC] [Avg.[VOC]

(Values in ppb)

WIND SPEED

Calms: 0.00%
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Miles

Cove Creek
4/5/2011

Cove Creek CPF-4
(35.349136, -92.399876)
Van Buren County
Compressor Station
DeSoto, SWN

Monitoring Site / Shale Pad

Q Background Point
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Cove Creek 4/5/2011

15 minute moving average of wind direction
and VOC concentration of AreaRAE monitors

wind direction
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Cove Creek 4/5/2011

15 minute moving average of wind direction
and VOC concentration of ppbRAE monitors

wind direction
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Cove Creek 4/5/2011

I Resultant Vector
241 deg - 88%

13

0.4

Wind Rose Plot
(blowing from) and
Maximum & Average
Values of ppbRAE
Transects by
Perimeter Side

Max[VOC] [Avg.[VOC]

(Values in ppb)

WIND SPEED

Calms: 0.00%
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Cockrell

4/29/2011

\

Cockrell 7-13 1-12H
(35.249596, -92.330398)
Faulkner County
Monitored during Drilling
Nomac Rig 104, BHP

Monitoring Site / Shale Pad

O Background Point
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Cockrell 4/29/2011 15 minute moving average of wind direction

and VOC concentration of AreaRAE monitors
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15 minute moving average of wind direction
COCkre” 4/29/2011 and VOC concentration of ppbRAE monitors
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15 minute moving average of wind direction and
COCkre” 4/29/201 1 VOC concentration of ppbRAE & AreaRAE monitors
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Cockrell 4/29/2011
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Mud tanks
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: 15 minute moving average of wind direction
Wilcox 4/1 3/2011 and VOC concentration of AreaRAE monitors
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: 15 minute moving average of wind direction
WIICOX 4/1 3/2011 and VOC concentration of ppbRAE monitors

N
S
= W
]
@
=
T g
o)
£
= E
5000 -
Y4000 -
O
o
|
©3000 -
© -
o (‘ [V}
e ", I
D 5000 - Iy I Y
[ ] (] Y "/ * ] \ 1
- ] \ . [} 1 Il‘ h \ ,\'0\
O 1y 4 ¥ S ' YR
O ) LA Ry v "J‘" 7 v \
] | “
\ ¢ \,.’ ] \
8 1000 " ‘\ .“I‘ Ma ! " “‘I l\' ‘\'\l' ‘\
> BV WA N " \
] v VIV v' “ ) ) 10y
[} (N J ‘1 ’\JJ ‘-~
0 4’- rm—?—,-v—,,,f_\v—J—-T—sJ_ _‘.Imh‘_»——é—_"‘_-—""—_ _\‘M.__
50 100 150 200 250 300 350
Time (minutes)
—— North [VOC] East [VOC] South [VOC] ====- West [VOC]




Wilcox 4/13/2011

15 minute moving average of wind direction and
VOC concentration of ppbRAE & AreaRAE monitors

N
S
= W
%)
o
T s
O
L
= E

5000 -
"3 4000
O
2
c
'O 3000
© al
-E "“'\ l: "“|

ry ! . '
B 2000 h W A i k -
- I \ \ ll‘ ) ¢ Ings
O 1y KLY [ N W, ] \\,l\
() " ’l “\;",".\" |«;\\| l'l‘ ‘ \‘
[ » -,
81000 ’,' . N e A\ A g ',4‘1 N "{ b A
= /S "‘1~"\\,l‘.," ';| R /o~ W ’=~a
[} “ LY s “'.'-"\ & ‘V‘.‘w‘ o \"ﬁ.
0 - r%ﬂ:—r—_- T = _ﬁq’m—_'h---ﬁ?.h*rf‘.-frvﬁﬁv-‘ﬁ..éw
50 100 150 200 250 300 350
Time (minutes)
= North [VOC] East [VOC] South [VOC] ====- West [VOC]




Wilcox 4/13/2011




Conclusions (Lessons Learned)

Emissions - Elevated VOC at drilling sites
A LY LY LY Ll L L5y

CH4 & NOx concentrations

Equipment — e lower than MDLs
A AW AW Ay L2y Ly ZhhvvO

Mud Tanks — Probable source of VOCs

Future Lower detection limits & VOC
studies — Speciation; more representative

sample including flowback venting
A LY LY LY Ly L L5y
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For the full report:

www.adeq.state.ar.us/air/pdfs/ |
fayetteville _shale air quality
report.pdf

Contact info:

Toby Chu
chu@adeq.state.ar.us
501-682-0064




