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Presenter
Presentation Notes
TCEQ’s Air Quality Division prepared this chart showing well locations as reported by the Railroad Commission in January 2009.  The yellow circles are the location of TCEQ’s ozone monitoring sites; hydrocarbons are also sampled at a subset of these sites.


Summary

* Test hypothesis: oil/gas production in Barnett
Shale affects the area’s air quality

— Analysis of TCEQ'’s air pollution monitoring
data

— Comparison to trends in county-level drilling
and production activity

— No one has looked at ozone effects yet

 Encourage the use of cost-effective emission
controls



Presenter
Presentation Notes
See background slide at the end of this presentation for definition of key terms.



All monitoring data reported here was from air samples taken and analyzed by the TCEQ for non-methane organic compounds, and provided to us upon request. 


Denton County Has Region’s Highest
Levels of Non-Methane Hydrocarbons
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Presenter
Presentation Notes
Chart shows annual averages of total non-methane organic compounds (TNMOC), which includes most common hydrocarbons from oil and gas production except methane.  TNMOC is a screening measure for the overall loading of organic compounds in the air.  While TNMOC includes a number of halogenated hydrocarbons, the TNMOC concentrations in the DFW area contain very little of these substances, so we sometimes use “hydrocarbons” or “non-methane hydrocarbons” as a shorthand for TNMOC in this presentation.   



Although the Dallas Hinton site is located at the center of one of the largest cities in the US, starting in 2002, the more rural Denton site started to have the highest TNMOC concentrations in the entire region, and has maintained the highest concentrations since then, even exceeding levels found near the highly industrialized Midlothian area. 



The hydrocarbon monitoring data shown in this slide on others in this presentation was provided by TCEQ.  The results are from 24-hour VOC canister samples, which are collected every six days, with about 60 samples taken each year.


Hydrocarbon Trends in Denton County
Are Distinct from Rest of Region
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Presenter
Presentation Notes
The chart shoes the annual arithmetic mean (average) concentration of propane, from TCEQ’s canister samples.  As shown in more detain on the following slide, concentrations of propane and other hydrocarbons in Denton County increase beginning in 2001, peak around 2004 or 2005 and then decline.  Much less variability exists in the readings from other area monitors.




Several Hydrocarbons Follow Similar
Trends at Denton Monitor

Note: Scaling factors applied as indicated in legend
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Presenter
Presentation Notes
This chart focuses on the Denton County monitor, and shows the trend in the annual average concentrations of a number of key hydrocarbons associated with oil and gas production.  These hydrocarbons all exhibit a similar rise and fall, peaking around 2004 or 2005.  The large spike in the n-hexane average concentration in 2004 is heavily influenced by a single extreme value of 86 ppb on 5/9/04.


Q: Can the hydrocarbon trends
observed at the Denton County
monitor be explained by oil and
gas activity?

A: To answer this, we looked at
county-level data on oil/gas
production and well completions
from the Railroad Commission


Presenter
Presentation Notes
We looked to see if any measure of oil and gas activity in Denton County exhibited a similar temporal profile to the ambient hydrocarbon readings.  We examined all available data: natural gas production, well completions, condensate production, oil production, and casinghead gas production.  The first three of these are plotted on the next slides; Denton County had little reported oil and casinghead gas production so those are not shown.  



Source of data for this analysis was the Railroad Commission’s Production Data Query:  http://webapps.rrc.state.tx.us/PDQ/home.do
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Presenter
Presentation Notes
Annual natural gas production in Denton County is shown by the blue segments on the bottom of the chart.  The trend does not appear to mirror the ambient hydrocarbon measurements.  




Well Completions
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Presenter
Presentation Notes
Annual well completions in Denton County are shown by the blue segments on the bottom of the chart. The trend does not appear to mirror the ambient hydrocarbon measurements since the 2001 peak in completions comes much sooner than the peak in hydrocarbons (2004-2005).
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Condensate Production
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Presenter
Presentation Notes
The Denton County trends in Condensate Production seem to exhibit a similar increase and decrease as the hydrocarbon data.  We thus examined it further to see if there might be a correlation.




=
Denton VOC vs. Condensate Production
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Presenter
Presentation Notes
The trend in condensate production in Denton County seems to qualitatively track the trend in the concentration of a number of the hydrocarbons measured at the Denton County monitor.  Note that the hydrocarbon concentrations were scaled according to the legend in order to highlight the temporal variation.  We quantitatively tested the relationship by performing a linear regression on the data, shown in the next slide.




Linear Regression Gives Good Fit
for C2-C5 Hydrocarbons
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Presenter
Presentation Notes
For ethane, propane, butane and pentane (hydrocarbons commonly released during the natural gas production process), the linear regressions yielding R2 greater than 0.8 provide suggestive evidence that most of the variability in the levels of these hydrocarbons in Denton county can be explained by the amount of condensate production.  It should be emphasized that this is not proof of cause and effect, since other factors that were not analyzed could be the cause of the observed hydrocarbon levels.



However, these good correlations between condensate production and hydrocarbon levels in Denton county provide compelling, suggestive evidence of the air quality impact of condensate production in the region and makes sense in the context of other evidence.  For example, wind directional analysis of the hydrocarbon data indicates an influence of sources to the northwest and southeast of the Denton monitor, areas with significant well activity (see Ch. 3 of report prepared for EDF by Dr. Birnur Guven).  This is also consistent with an earlier analysis of VOC monitoring data by EPA staff, which singled out the effects of oil and gas production on the West side of the DFW area as a contributor to increasing ambient concentrations of light alkanes at the Fort Worth monitor (Mark Sather, personal communication).



Note:  The R2 , or “R squared” is a measure of the goodness of the fit of the calculated fit to the data.  An R2 of 1 indicates a perfect fit of the regression line. R2 values greater than 0.7 or 0.8 can be considered to indicate a strong relationship between the two variables analyzed.  
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2005 Oil and Gas Emissions In
Barnett Shale Counties

Annual VOC (tons) Annual VOC (tons)
Bosque 2 Hood 614
Clay 1,403 Jack 3,420
Comanche 140 Johnson 4,669
Cooke 2,683 Montague 2,760
Dallas N/A Palo Pinto 1,931
Denton 13,538 Parker 2,070
Ellis 7 Someneell 10
Eastland 1,237 Stephens 2,902
Erath 209 Tarrant 7,789
Hamilton 17 Wise 15,582
Hill 43 |
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Source: Eastern Research Group, “Emissions From Oil And incing the ways thel work
Gas Production Facilities,” August, 2007 ‘


Presenter
Presentation Notes
ERG, under contract to the TCEQ, prepared a statewide inventory of 2005 emissions from all aspects of oil and gas exploration and production.  The results are reported by county, and the results for Barnett Shale counties are reported above. The oil and gas industry releases more emissions in Denton County than any in other county in the region except Wise County.   



The ERG report also breaks out the emissions into the various source categories, like drilling, tanks, etc.


Emissions from Condensate Tanks

« Two state-funded projects measured significant
emissions being routinely vented from storage tanks

 URS study measured an average of 1,600 scf gas
vented daily at 9 tank batteries in Denton county, with
calculated VOC emissions between 26 to 304 pounds
per day

« ERG estimates 2005 VOC emissions from condensate
tanks in Denton County are 3,312 tons (about 25% of
total VOC emissions from oil and gas exploration and

production in the county). _ p
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Presenter
Presentation Notes
The ERG estimates come from a report produced under contract to the TCEQ (see previous slide). 



One additional note to give context to the magnitude of Denton County’s 13,500 tons per year of VOC from oil and gas E&P (about 37 tons per day).  The total VOC emissions from all the cars and trucks in the entire 9-county DFW nonattainment area is about 100 tons per day.


Conclusions ()

o Canister samples taken in Denton County show elevated
of hydrocarbons compared to other monitors in the DFW
area

 The observed trends in ambient concentrations of key
hydrocarbons (ethane, propane, butane and pentane) are
well predicted by the annual production of condensate in
Denton County

 There is no hydrocarbon monitoring data from other
counties with high condensate production (Wise, Parker
and Hood) to allow similar analyses to be performed

EDF 2
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Conclusions (Il)

 Emissions associated with condensate production,
such as venting from storage tanks, appear to
measurably affect ambient air quality in
surrounding areas

* The effect of the observed VOC levels in Denton
County on human health or regional ozone
production have not been investigated
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Presenter
Presentation Notes
We would expect that if hydrocarbon monitoring were conducted in Wise, Parker and Hood counties, it would show levels comparable to those found in Denton county.  The TCEQ is conducting a mobile monitoring campaign in October 2009 that includes Wise and Parker.   




Recommendations

« Expand VOC monitoring to include other Barnett
Shale counties with significant condensate
production (Wise, Hood, Parker)

e Assess impacts of oil and gas emissions on
health and regional ozone levels

e Adopt cost-effective oil/gas emission controls,
beginning with condensate tanks

« Deploy an ozone monitor in Wise County and re-
consider its inclusion in DFW nonattainment
area


Presenter
Presentation Notes
TCEQ is conducting additional field monitoring of VOCs in the Barnett Shale area during October 2009. 





Definitions

 Hydrocarbons - compounds made up of carbon and
hydrogen. Includes methane and many other chemicals
that comprise natural gas, as well as many
components found in petroleum (oll)

 VOC - volatile organic compounds, defined as
compounds of carbon that participate in atmospheric
photochemical reactions. VOC, a mostly regulatory
construct, excludes specific chemicals that have been
determined to have negligible photochemical reactivity,
Including methane and ethane

« Condensate - The gasoline-like hydrocarbon liquid that is
sometimes produced by natural gas wells


Presenter
Presentation Notes
VOC are a source of concern in the DFW area because they contribute to the formation of ground-level ozone.  The exact definition of VOC used by the U.S. EPA is at http://epa.gov/ttn/naaqs/ozone/ozonetech/def_voc.htm.  



On slide 4, we defined TNMOC (total non-methane organic compounds).  All TNMOC except ethane and certain halogenated hydrocarbons would be considered VOC.  



The following description of condensate is adapted from the Armendariz report cited on Slide 22: Fluids that are brought to the surface at Barnett Shale natural gas wells are a mixture of natural gas, other gases, water, and hydrocarbon liquids. The mixture typically is sent first to a separator unit, which reduces the pressure of the fluids and separates the natural gas and other gases from any entrained water and hydrocarbon liquids. The gases are collected off the top of the separator, while the water and hydrocarbon liquids fall to the bottom and are then stored on-site in storage tanks. The hydrocarbon liquid is known as condensate. Some gas wells produce little or no condensate, while others produce large quantities. 
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Presenter
Presentation Notes
As discussed in Dr. Armendariz’ January 2009 report, there are numerous cost-effective ways to reduce emissions from oil and gas production.   Most of these measures have paybacks of less than one year.  An environmental trifecta is within our reach: oil and gas operators can use proven emissions controls to increase profits after short payback periods, while helping improve local air quality and (since methane contributes to global warming) minimizing climate change.  
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Presenter
Presentation Notes
The three circled monitors have registered the highest average ozone levels in the DFW area over the last three years; these three monitors are the closest to the most concentrated oil and gas activity in the Barnett Shale.   



We note that ozone levels in the DFW area have in fact been higher than Houston over 2007-2009 time frame.  The peak monitors in Houston region between 2007-2009 registered 84 ppb, through Oct. 14.  




Emissions from Natural Gas Production in the Barnett Shale Area
and Opportunities for Cost-Effective Improvements

report by:
Al Armendariz, Ph.D.
Department of Environmental and Civil Engineering
Southern Methodist University
P.O. Box 750340
Dallas, Texas, 75275-0340

for:

Ramon Alvarez, Ph.D.
Environmental Defense Fund
44 East Avenue
Suite 304
Austin, Texas 78701

Version 1.1
January 26, 2009

Dr. Armendariz’s
report concluded that
emissions from oll
and gas activity In
Barnett area are
significant

Despite industry
criticism, estimated
emissions found to
be In line with
TCEQ’s own
estimates




Peak summertime daily emissions (tons per day) from Barnett Shale area

oil and gas production

2009

Pollutant [tpd)

NOx

vocC

HAPs

COze

Compressor engine exhausts

b

19

3.6

&1

13877

Condensate and oil tanks

144

11

23

483

Production fugitives

I

26

0.62

232

4884

Well drilling and completions

5.5

21

0.4

183

4061

Gas processing

15

0.37

G

1056

Transmission fugitives

0

28

0.67

411

8643

Total daily emissions [tpd]

51

255

17

961

33004

Source: AL Armendanz, Ph.D., Emissions from Matural Gas Production in the Barnett Shale Area and Opportunities

for Cost-Effective Improvements, 4, [January 24, 2009].




N0y and VOC 2009 summer emissions
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