
Applied Sciences Program Integrated Product Team for Air Quality 

Addendum to Air Quality: Decision Support Tools, Partner Plans, 
Working Groups, Committees 

Section 2.0 Major Federal Agency Air Quality Programs 

2.6 Tennessee Valley Authority 

The Tennessee Valley Authority (TVA) strategic plan for 2004, Tennessee Valley Authority Strategic 
Plan: A Framework for a Competitive Future, includes environmental stewardship as a mission. 
However, this mission contains no specific references to air quality. The only references to air quality 
within the strategic plan occur in relation to power generation and the need for emissions control due 
to air quality regulations imposed by the Clean Air Act. Because the TVA is a hybrid between a 
government agency and industry, the strategic plan differs from those of Federal agencies by focusing 
mainly on production and debt reduction rather than placing an emphasis on partnerships and 
technology development. However, an air quality research program identified within the TVA may 
benefit from incorporation of NASA data. 

2.6.1 Background 

Congress created the Tennessee Valley Authority in 1933 to enhance the quality of life in the 
Tennessee Valley region. This objective has been accomplished by providing flood control and 
maintaining navigation on the Tennessee River, the fifth largest river system in the country, and by 
generating and transmitting electricity in the seven-state Valley region. TVA meets the power needs 
of 8.3 million people in an 80,000-square-mile area via 158 power distributors and directly serves 
large-area industries as well. TVA’s electric power system includes 59 coal-fired units at 11 sites, 
3 nuclear plants, 29 hydropower plants, 6 combustion-turbine plants, 3 wind turbines, and 15 solar 
installations. Thus, a mix of fossil, nuclear, hydroelectric, and renewable sources aids in the reliability 
of power generation. These systems account for over $7 billion in annual energy sales that pay for all 
TVA activities, including flood control, land management, and environmental research. 

Through the Clean Air Act, Congress mandated the protection and enhancement of the Nation’s air 
quality resources. National Ambient Air Quality Standards for the following pollutants have been 
established to protect the public health and welfare: 

• Sulfur dioxide (SO2) 

• Ozone (O3) 

• Nitrogen dioxide (NO2) 

• Particulate matter <10 μm in diameter (PM10) and <2.5 μm (PM2.5) in diameter 

• Carbon monoxide (CO) 

• Lead (Pb) 

Other regulatory programs affecting emissions include the Acid Rain Control Program and the 
Regional Haze Rule. 
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Furthermore, the Air Quality Research Subcommittee of the Committee on the Environment and 
Natural Resources has identified in its Strategic Plan five of the most pressing air quality issues 
today: 1) particulate matter and visibility, 2) ozone and associated air pollutants, 3) acidic deposition, 
4) hazardous air pollutants, and 5) indoor air quality. Clearly, these issues are interdependent and 
many of the associated phenomena are interrelated. For example, the same complex chemistry that 
produces ozone also results in the formation of fine particles and the acids responsible for acidic 
deposition. 

Air pollutant emissions from TVA plants have been documented to contribute to a degradation of 
regional air quality. Nitrate, sulfate, and ozone are secondary pollutants derived from the burning of 
fossil fuels (coal) at these plants. Once these secondary pollutants are created from the primary 
emissions, they become airborne, affecting human populations, regional visibility, soil/vegetation 
health, and water quality. Haze is created as emitted sulfur travels east on prevailing air currents and 
admixes with the humid air. Haze affects the appearance of mountain views at both high and low 
elevations. Additionally, area ozone produced by the reaction of nitrogen oxides and volatile organic 
compounds in the presence of sunlight is one of the most widespread pollutants that strongly affects 
not only vegetation but also public health. 

TVA has moved to comply with Environmental Protection Agency (EPA) concerns for the 
environment. TVA has reduced sulfur dioxide emissions by 76 percent since 1977. In addition, TVA 
has reduced ozone-season emissions of nitrogen oxide by 50 percent in the past 8 years. This 
reduction has occurred despite the fact that since 1990, the population in the TVA service area has 
grown by more than 15 percent, gross regional product has grown by nearly 50 percent, and demand 
for electricity has grown by more than 10 percent. To meet these needs, TVA expects to increase its 
capacity more than 10 percent through 2005. However, most of the increased capacity will be 
generated using non-coal burning turbines that operate on natural gas or oil. 

2.6.2 Synopsis of Air Quality Efforts 

The primary objective of TVA's air quality program is focused on issues that are important to the 
Tennessee Valley region. Ongoing monitoring and research programs are intended to improve the 
understanding of the underlying factors that control the distribution of pollutants in the atmosphere. 
These programs include laboratory studies, long-term monitoring, intensive field studies, and model 
development and application. Studies are being conducted on ground-level ozone, acid rain, 
particulate matter, and other air toxics. These activities are conducted in collaboration with Federal 
agencies, universities, and stakeholder groups. Monitoring and research results are transferred to the 
policy/regulatory community, where they are employed in the development of effective control 
strategies. 

TVA has traditionally looked at larger scale air quality assessments but recently has begun to refine 
the scale of its monitoring and modeling to include smaller spatial scale events. The following is a 
listing of air quality concerns for TVA: 

• Regional haze and visibility 

• Ozone 

• Fine particulates 
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• Chemical and physical composition of pollutants 

• Meteorological conditions 

Of particular concern are fine particulates, visibility, and ozone – which are interlinked in their net 
effects on air quality. Airborne fine particles, especially PM2.5, have been linked to adverse health 
effects and regional haze. Regional visibility is estimated to have declined by as much as 60 percent 
over the past 50 years in the eastern United States. Much regional haze is due to fine sulfate particles. 
Some sulfates can originate from natural sources, but most regional haze is caused by fine, 
anthropogenic sulfate particles. Ozone is also a cause of haze, which, again, limits visibility and can 
induce health problems in local populations. Exposure to high levels of ozone can harm lung tissue, 
impair lung function, and sensitize the respiratory system. Recent evidence suggests that elevated 
ozone exposure not only affects those with existing health problems, such as asthma or heart disease, 
but also may be detrimental to healthy people. 

Presently, TVA and its program partners are pursuing monitoring and modeling programs for PM2.5, 
visibility, and ozone. Most emphasis is placed upon sulfate detection and visibility issues. TVA 
works with state and local air quality agencies to monitor air quality via in-situ monitoring sites. The 
data gathered is sent to the EPA and incorporated into a standing database. This database is used in 
various ways by the different partner agencies to provide both an ongoing assessment of conditions as 
well as a baseline for new companies locating within the TVA area. TVA currently operates 
11 air-quality compliance-monitoring stations. Nine stations in Alabama and Tennessee measure 
hourly levels of sulfur dioxide near TVA power plants to demonstrate continuing compliance with 
clean air standards. Two ozone compliance-monitoring stations are located at the TVA Paradise and 
Shawnee fossil power plants in Kentucky. 

According to TVA representatives, research is being pursued in modeling and field activities. For 
example, in the Great Smoky National Park area, monitoring is ongoing to determine particulate 
character and size distribution that causes reduced visibility in scenic park areas. The Look Rock 
monitoring site includes a Web cam for an assessment of the visibility on a given day. Modeling 
involves exercising the Community Multiscale Air Quality (CMAQ) and CALPUFF models for 
relevant data inputs and geographical areas. 

2.6.3 Projects and Observations 

In 1992, the Southern Appalachian Mountain Initiative (SAMI) was formed as a public-private 
regional partnership to address air quality concerns in the region. The partnership's goal was to 
“identify and recommend reasonable measures to remedy existing and prevent future adverse effects 
from human-induced air pollution on the air quality related values of the Southern Appalachians.” 
SAMI consisted of representatives from the eight states in the region, the EPA, the National Park 
Service, the U.S. Forest Service, TVA, industries, environmental organizations, and interested 
citizens. The final report evaluated the need for further emissions reductions and identified the most 
cost-effective approach to minimizing negative effects from air pollution. 

A current spin-off program from SAMI was the Visibility Improvement State and Tribal Association 
of the Southeast (VISTAS), which was formed as a Regional Planning Organization to help develop 
and implement EPA and state air quality plans. VISTAS is a collaborative effort established to 
coordinate activities associated with the management of regional haze and other air quality issues in 
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the southeastern United States. TVA is actively participating in VISTAS meetings and data collection 
activities. VISTAS seeks to  

• create a visibility database, 

• select air quality modeling episodes, 

• develop an emissions database, and 

• perform meteorological and air quality modeling. 

TVA is conducting research in cooperation with other organizations to address the primary technical 
issues faced by VISTAS. 

The Aerosol Research and Inhalation Epidemiology Study (ARIES) was initiated in 1997 by the 
Electric Power Research Institute in cooperation with the EPA, the U.S. Department of Energy, and 
several electric utilities, including TVA. The study was created to provide science-based knowledge 
that would help lead to improved air quality and more effective protection of public health. ARIES 
data collection focused on PM2.5 health effects by providing data for the full range of relevant air 
pollutants—gases and particulate matter. TVA has been monitoring fine particulates (i.e., PM2.5) since 
1978, but a comprehensive network did not begin operation until 1999. While measures of larger 
pollutant particle size indicate significant improvements over the last two decades, PM2.5 
measurements had not been collected long enough to establish meaningful trends. The pertinent data 
collection effort has been completed; however, work continues on data reduction and analysis. 

TVA also actively participates in the Southern Oxidants Study. The ground-based air quality 
monitoring stations used in this study can be divided into three groups based on their level of 
sophistication. More than 20 Level-1 monitoring stations provide broad coverage across 
Nashville/middle Tennessee and portions of neighboring states. State and local regulatory 
organizations, industries, and others who voluntarily participate in the study operate these ozone and 
fine particle monitoring stations. Two Level-2 chemistry-monitoring stations provide detailed 
atmospheric chemistry information on ozone, sulfur dioxide, carbon monoxide, volatile organic 
compounds, and nitrogen oxides. These Level-2 stations are polled each day to provide a detailed 
picture of regional and local atmospheric chemistry. A Level-3 research chemistry “super station” is 
operated in Nashville at Cornelia Fort Airpark. This station, located about 8 km northeast of the 
Nashville urban core, provides a detailed picture of atmospheric chemistry by using advanced 
developmental measurement techniques to study concentrations of ozone, fine particles, and 
associated precursor compounds. 

Future work includes continued modeling, monitoring – especially PM2.5 monitoring – and pollution 
chemistry research. An example of a key chemistry research area relates to the aging of airborne 
sulfur compounds to ammonium sulfate. The cycle of decay of long-lived ammonium sulfate, 
although not well understood, is a large contributor to haze and particulate pollution. Ground-level 
station monitoring of ammonium sulfate is not considered sufficient to understand the life cycle and 
dispersion of this compound. Vertical profiles are needed to better confront the problem. 

A synoptic assessment, or mapping, of atmospheric visibility (haze levels) over TVA targeted areas 
would be helpful to TVA researchers. Moreover, the ability to track where a given air mass has been 
(hindcast), given complex terrain, would be of help to TVA scientists. 
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NASA carries out research in several areas relative to the distribution of aerosols in the atmosphere 
and the processes that control aerosol composition. Significant elements of NASA programs include 
1) laboratory and model studies of processes by which aerosol particles form in the atmosphere and 
the relationship between chemical and physical properties of particles and the conditions under which 
they form, 2) in situ measurements of particle properties and those of precursor species, typically 
made through airborne platforms that fly in the upper troposphere and lower stratosphere, and 
3) remotely sensed measurements of aerosols, providing some information on properties such as 
concentration, size distribution, optical depth. 

For particulate matter studies, column measurements of aerosol presence over land are of interest for 
haze mapping. The Stratospheric Aerosol and Gas Experiment (SAGE III) and the Total Ozone 
Mapping Spectrometer (TOMS) can contribute to these measurements. Further, the Moderate 
Resolution Imaging Spectroradiometer (MODIS) could also supply additional related measurements. 

NASA carries out research in several areas relating to the distribution of ozone and other trace gases 
in the global troposphere and to processes that control tropospheric ozone concentrations. NASA’s 
tropospheric chemistry research helps provide a scientific and geophysical perspective for the more 
focused interest in tropospheric chemistry and air pollution carried out by other agencies. 

Particular elements of related NASA programs include 1) laboratory studies of the chemical processes 
important in the chemistry of the global troposphere, including both gas phase and heterogeneous 
chemical processes, 2) in situ and remotely sensed measurements of concentrations of ozone and 
related trace gases in the troposphere and stratosphere typically made through airborne platforms, and 
development of new instrument technology suitable for use on airborne platforms, 3) development of 
large regional-scale and global models simulating the trace constituent composition of the global 
troposphere and the role that chemical, microphysical, and meteorological processes play in 
controlling ozone concentrations, and 4) remotely sensed measurements of concentrations of relevant 
gases in the atmosphere. 

For air contaminant studies, synoptic measurements of tropospheric ozone (column-integrated) made 
by SAGE III and TOMS could be of greatest interest. Measurements of the vertical distribution of 
carbon monoxide in the troposphere (and total column methane) can be made available from the 
Measurements Of Pollution In The Troposphere (MOPITT) instrument onboard the Terra spacecraft. 

2.6.4 Conclusions 

TVA has ongoing air quality issues deriving from power generation in the Tennessee Valley region. 
Although TVA has and is endeavoring to improve air quality, there is pressure to further increase 
power generation due to a steady growth in area power demand. TVA is partnering with other 
agencies at various levels, as well as with other interested groups, to perform program research and to 
provide air quality monitoring data, with the goal of further attenuating regional pollutant-related air 
quality problems. 

NASA can make a contribution to the TVA air quality efforts using both in-house technical expertise 
(e.g., prominent technical groups exist at Goddard and Marshall Space Flight Centers) and NASA 
remote sensing data streams. In particular, MODIS, TOMS, SAGE III, and MOPPIT are sensors 
whose data could be ingested into TVA’s air quality program to aid air quality management 
decisions. Partnering with TVA is recommended. 
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2.6.5 Points of Contact 

Roy Teal 
GIS Specialist TVA 
Phone: 423–751–6635 
E-mail: rjteal@tva.gov

Pat Hamlett 
GIS-Remote Sensing TVA 
Phone: 423–751–2870 
E-mail: pahamlett@tva.gov

Francis Weatherford 
Senior Manager for Environmental Technology 
Phone: 256–386–2344 

Roger Tanner, Ph.D. 
Air Quality Lead Scientist 
Phone: 256–386–2958 
E-mail: rltanner@tva.gov

2.6.6 Reference Documents 

Carolina Environmental Program, 2005. CMAS Model Documentation. The University of North 
Carolina at Chapel Hill, http://www.cmascenter.org/html/model_doc.html, accessed February 10, 
2005. 

Committee on the Environment and Natural Resources, 1999. Federal Air Quality Research 1998-
2000. Air Quality Research Subcommittee, May 1999, 25 p., 
http://www.al.noaa.gov/AQRS/reports/OPPlan.html, accessed February 8, 2005. 

Earth Tech, Inc., 2004. CALPUFF Modeling System. Atmospheric Studies Group, Concord, MA. 
http://www.src.com/calpuff/calpuff1.htm, accessed November 16, 2004. 

Energy Information Administration, 2004. Annual Energy Outlook 2005 with Projections to 2025. 
Department of Energy, December 17, http://www.eia.doe.gov/oiaf/aeo/leg_reg8.html, accessed 
February 8, 2005. 

Gautney, L., 2001. Air Quality Management and Atmospheric Modeling. 
http://vortex.nsstc.uah.edu/atmchem/classes/ats620/Previous Student Papers/Gautney reg 
mod.ppt, accessed November 16, 2004. 

Global Hydrology & Climate Center, 1998. Air Quality. NASA, Marshall Space Flight Center, 
http://www.ghcc.msfc.nasa.gov/regional/air_quality.html, accessed February 8, 2005. 

Herrington, J., 2003. Routine Air Quality Monitoring. http://www.envsci.rutgers.edu/~pap_ta/Routine 
Air Quality Monitoring.ppt, accessed February 8, 2005. 

Addendum-6 

mailto:rjteal@tva.gov
mailto:pahamlett@tva.gov
mailto:rltanner@tva.gov
http://www.cmascenter.org/html/model_doc.html
http://www.al.noaa.gov/AQRS/reports/OPPlan.html
http://www.src.com/calpuff/calpuff1.htm
http://www.eia.doe.gov/oiaf/aeo/leg_reg8.html
http://vortex.nsstc.uah.edu/atmchem/classes/ats620/Previous%20Student%20Papers/Gautney%20reg%20mod.ppt
http://vortex.nsstc.uah.edu/atmchem/classes/ats620/Previous%20Student%20Papers/Gautney%20reg%20mod.ppt
http://www.ghcc.msfc.nasa.gov/regional/air_quality.html
http://www.envsci.rutgers.edu/%7Epap_ta/Routine%20Air%20Quality%20Monitoring.ppt
http://www.envsci.rutgers.edu/%7Epap_ta/Routine%20Air%20Quality%20Monitoring.ppt


Applied Sciences Program Integrated Product Team for Air Quality 

National Energy Technology Laboratory, 2005. Predictive Modeling and Evaluation. Department of 
Energy, January 3, http://www.netl.doe.gov/coal/E&WR/air_q/modeling/tva-model.html, 
accessed February 8, 2005. 

National Park Service, 2005. View from Look Rock, Great Smoky Mountains National Park. 
http://www2.nature.nps.gov/air/webcams/parks/grsmcam/grsmcam.htm, accessed February 8, 
2005. 

Tennessee Valley Authority, 2005. Air Quality. http://www.tva.gov/environment/air/, accessed 
February 8, 2005. 

Tennessee Valley Authority, 2005. TVA Home Page. http://www.tva.gov/, accessed February 8, 2005. 

Tennessee Valley Authority, 2004. Tennessee Valley Authority Strategic Plan: A Framework for a 
Competitive Future. 04-125, 1/04, 21 p., http://tva.com/abouttva/stratplan/tva_strategic_plan.pdf, 
accessed February 8, 2005. 

TVA Energy Research and Technology Applications, Atmospheric Science, and TVA Public Power 
Institute, 1999. Development of an Enhanced Air Quality Monitoring Station (“Supersite”) in the 
Great Smoky Mountains National Park. 4 p., 
http://www.netl.doe.gov/coal/E&WR/air_q/docs/otasupersite.pdf, accessed February 8, 2005. 

U.S. General Accounting Office, 2002. Air Quality: TVA Plans to Reduce Air Emissions Further, but 
Could Do More to Reduce Power Demand. Report to the Chairman, Subcommittee on 
Legislative, Committee on Appropriations, House of Representatives; GAO-02-301; March 2002; 
29 p.; http://www.gao.gov/new.items/d02301.pdf, accessed February 8, 2005. 

U.S. Senate, 2003. U.S. Senate Committee on Environment and Public Works – Hearing Statements. 
Hon. Glenn McCullough, Jr., Chairman, Tennessee Valley Authority: Clear Skies Act, April 8, 
http://epw.senate.gov/hearing_statements.cfm?id=213443, accessed February 8, 2005. 

 Addendum-7 

http://www.netl.doe.gov/coal/E&WR/air_q/modeling/tva-model.html
http://www2.nature.nps.gov/air/webcams/parks/grsmcam/grsmcam.htm
http://www.tva.gov/environment/air/
http://www.tva.gov/
http://tva.com/abouttva/stratplan/tva_strategic_plan.pdf
http://www.netl.doe.gov/coal/E&WR/air_q/docs/otasupersite.pdf
http://www.gao.gov/new.items/d02301.pdf
http://epw.senate.gov/hearing_statements.cfm?id=213443


Air Quality: Decision Support Tools, Partner Plans, Working Groups, Committees 

 

 

This page intentionally blank. 

 

 

Addendum-8 



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

1.  REPORT DATE (DD-MM-YYYY)
30-03-2005

2.  REPORT TYPE 
Addendum to DST Report

 4.  TITLE AND SUBTITLE
Addendum to Air Quality: Decision Support Tools, Partner Plans, Working 
Groups, Committees

5a. CONTRACT NUMBER

NASA Task Order NNS04AB54T

 6.  AUTHOR(S)
Holekamp, Kara (1)
Frisbie, Troy (2)
Estep, Lee (1) 

 7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
(1) Applied Sciences Directorate, Science Systems and Applications, Inc., Bldg. 1105, 
John C. Stennis Space Center, MS 39529
(2) Applied Sciences Directorate, National Aeronautics and Space Administration, Code 
MA00, Bldg. 1100, John C. Stennis Space Center, MS 39529

 9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Applied Sciences Directorate, National Aeronautics and Space Administration, Code 
MA00, Bldg. 1100, John C. Stennis Space Center, MS 39529

 8. PERFORMING ORGANIZATION
     REPORT NUMBER

10. SPONSORING/MONITOR'S ACRONYM(S)

NASA ASD

13. SUPPLEMENTARY NOTES
Delivered to NASA Headquarters Science Mission Directorate

12. DISTRIBUTION/AVAILABILITY STATEMENT
Publicly available STI per NASA Form 1676

19b. NAME OF RESPONSIBLE PERSON

Troy Frisbie

14. ABSTRACT
In the original report dated February 11, 2005, the utility of NASA Earth science data in the air quality activities of other agencies 
and organizations was assessed by reviewing strategic and mission plans and by conducting personal interviews with agency experts 
to identify and investigate agencies with the potential for partnership with NASA. The overarching agency strategic plans were 
reviewed and commonalities such as the desire for partnerships and technology development were noted. This addendum to the 
original report contains such information about the Tennessee Valley Authority and will be inserted as Section 2.6 of "Air Quality: 
Decision Support Tools, Partner Plans, Working Groups, Committees."

15. SUBJECT TERMS
Air Quality, Pollution Monitoring, DST Pre-evaluation

18. NUMBER
      OF 
      PAGES

8
19b. TELEPHONE NUMBER (Include area code)

(228) 688-1989

a.  REPORT

U

c. THIS PAGE

U

b. ABSTRACT

U

17. LIMITATION OF 
      ABSTRACT

UU

Prescribed by ANSI Std. Z39-18
Standard Form 298 (Rev. 8-98)

3.  DATES COVERED (From - To)
June 2004 - December 2004

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

5d. PROJECT NUMBER

SWR N23A-05AQ-00
5e. TASK NUMBER

5f. WORK UNIT NUMBER

MA00

11. SPONSORING/MONITORING
      REPORT NUMBER

SSTI-2220-0031 (Modified)

16. SECURITY CLASSIFICATION OF:

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing 
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or 
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate 
for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that 
notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.


	Addendum to Air Quality: Decision Support Tools, Partner Plans, Working Groups, Committees 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


