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MIDDLE TENNESSEE 
1-HOUR OZONE MAINTENANCE PLAN UPDATE 

FOR THE COUNTIES OFDAVIDSON, RUTHERFORD, SUMNER, 
WILLIAMSON AND WILSON 

SECTION 1 .0 INTRODUCTION 
This report was prepared in accordance with Section 175A(b) of the. Clean Air Act as 
amended in 1990, and in accordance with EPA's current guidance on maintenance 
plans. Additionally, in accordance with 40 CFR 93 (i.e., the Transportation Conformity 
Rule) motor vehicle emissions budgets were developed as a part of this maintenance 
plan . 

The Metro Nashville Public Health Department, Pollution Control Division (local program) and the Tennessee Department of Environment and Conservation, Air 
Pollution Control Division (state program) prepared this report. These two programs represent the original Middle Tennessee five county 1-hour ozone nonattainment area. The local program is responsible for Davidson County and the state program is 
responsible for Rutherford, Sumner, Williamson and Wilson counties . 

In 1978, Davidson County was designated noriattainment by the Environmental 
Protection Agency (EPA) for the 1-hour ozone National Ambient Air Quality Standard 
(NAAQS). In 1987, the counties of RutherFord, Sumner, Williamson and Wilson were 
also designated as nonattainment of the 1-hour~ozone NAAQS by EPA. During the 
period of. 1992 - 1994, based on measured air quality data, the Middle Tennessee area 
was able to demonstrate attainment with the 1-hour ozone NAAQS due to numerous 
control measures implemented in the area. As ~a result of the measured air quality data, 
the area petitioned EPA for redesignation . In 1996, EPA redesignated the area to 
attainment based on the measured air quality data and a ten-year maintenance plan 
submitted by the area. The maintenance plan set out the steps the area would take to 
maintain attainment with the 1-hour ozone NAAQS. One of the requirements of the 
redesignation process was that eight years after redesignation (2004), the Middle 
Tennessee area would be required to submit another ten year maintenance plan 
demonstrating that the area would continue to attain the 1-hour ozone NAAQS through 
2016 . This document satisfies the requirement to submit the second ten-year 1-hour 
ozone maintenance plan . 

The remainder of the document is organized as follows . 
Section 2.0 Current 1-hour ozone air quality data . 
Section 3 .0 Emissions inventory from 2002 to 2016. 
Section 4.0 Motor Vehicle Emissions Budget. 
Section 5.0 Contingency measures. 
Section 6.0 Conclusion . 
Section 7.0 Appendices . 



SECTION 2.0 CURRENT 1-HOUR OZONE AIR QUALITY 
The following tables summarize air quality data taken from the EPA AIRDATA website. 
The data in these tables represent the seven ozone monitors in the Middle Tennessee 
area. Table 2.1 presents the annual maximum 1-hour ozone concentrations measured 
for the three-year period of 2000 - 2002. Table 2.2 presents the annual maximum 
ozone concentrations measured for the three-year period of 2002 - 2004. The 2000 -
2002 time period was chosen to represent the status of 1-hour ozone in Middle 
Tennessee at the time of the 2002 emissions inventory base year. As shown in the 
tables, there have been no exceedances of the 1-hour ozone standard in the Middle 
Tennessee area during the time period . Therefore, these data document that the 
maintenance area continues to attain the 1-hour ozone NAAQS as projected in the 1996 
maintenance plan . The maximum 1-hour ozone values are shown in parts per million 

(ppm)~ . 

County site 2000 Max. 2001 Max. 2002 Max. Exceedances 
Davidson 470370011 0.104 0.088 0.087 0 
Davidson 470370026 0.109 0.106 0.100 0 
Rutherford 471490101 0.102 0.088 0.121 0 
Sumner 471650007 0.123 0.113 0.118 0 
Sumner 471650101 0.110 0.109 0.106 0 
Wiiliamson 471870106 0.122 0.097 0.124 0 
Wilson 471890103 0.118 0.096 0.124 0 

County site 2002Max. 2003 Max. 2004 Max. Exceedances 
Davidson 470370011 0.087 0.085 0.084 0 
Davidson 470370026 0.100 0.092 0.096 0 
Ruiherford 471490101 0.121 0.090 0.098 0 
Sumner 471650007 0.118 0.100 0.095 0 
Sumner 471650101 0.106 0.098 0.104 0 
Wiiliamson 471870106 0.124 0.091 0.081 0 
Wilson 471890103 0.124 0.099 ~ 0.098 ~ 0 I 

Table 21 2000 -20021-HOUR OZONE AIR QUALITY DATA 

Table 2.2 2002 - 20041-HOUR OZONE AIR QUALITY DATA 

The Metro Nashville Public Health Department, Pollution Control Division (local 
program) and the Tennessee Department of Environment and Conservation, Air 
Pollution Control Division (state program) Will continue to monitor ozone in the five-
county area throughout the maintenance period . 



SECTION 3.0 EMISSIONS INVENTORY FROM 2002 - 2016 
Tables 3.1 and 3.2 show VOC and NOx emissions from 2002 - 2016 along with the 
safety margin based on 2002 (base year) emissions. The 2002 emissions were 
calculated based on actual emissions for 2002 as used for the 2002 NEI, VISTAS, 
MOBILE6.2.03 and NONROAD2004 (draft). The safety margin is calculated by 
subtracting future year emissions from 2002 emissions. The safety margin represents 
the total expected emission reductions for each milestone year. The emission units are 
in tons per ozone season day. 

Area 
Non-Road 
Mobile 

On-Road 
Mobile 

' 
Point Total 

Safety Margin 
Based on 2002 
Emissions 

2002 80.63 27.53 51 .21 19.97 179.34 na 
2006 85.56 24.01 37.28 13.05 159.90 19.44 
2009 . 89.03 20.30 31 .03 14.02 154.38 24.96 
2012 92.75 18.45 24.91 15.09 151420 28.14 
2016 98.87 16.77 19.18 17.02 ~ 151 .84 27.50 

Area 
Non-Road 
Mobile 

On-Road 
Mobile Point Total 

Safety Margin 
Based on 2002 
Emissions 

2002 21 .13 47.85 136.00 53.29 258.27 na 
2006 23.48 44.74 97.89 61 .01 227.11 31 .15 
2009 24.45 41 .18 77.65 61 .57 294.~85 53.42 
2012 25.69 37.71 56.02 64.21 183.63 74.64 - 
2016 ~ 26.53 ~ 32.97 r 36.01 65.21 160.72 97 .54 

3.1 SUMMARY OF BASE AND FUTURE YEAR EMISSION INVENTORY 
PREPARATION PROCEDURES 
This section presents information regarding sources of input data, and the 
methodologies and procedures for preparing base year and future year emission 
inventories for the Middle Tennessee 5-county area for the 1-hour ozone maintenance 
plan update . 

3.1 .1 BASE YEAR EMISSIONS . 
Base year emissions were developed for 2002 for the Middle Tennessee 5-county area 
from a variety of information sources and using the latest available versions of EPA's 
emission estimation tools. Following is a summary of the procedures used to develop 
the 2002 base year emissions inventory. 

3.1 .1 .1 POINT SOURCES 
Point source emissions were based on the EPA's preliminary NEI 2002 data base, 
except for TVA's Gallatin facility located in Sumner County, and three gas compressor 
stations located in Sumner and Wilson Counties . Day-specific emissions for TVA's 
Gallatin facility were supplied for the ATMOS June 2001 episode. The emissions for 
June 18, 2001 (weekday) were used as representative fo.r the 2002 base year inventory . 
Emission estimates for 2001 provided by the companies for three gas compressor 

Table 3.1 VOC .Emissions Invento 2002 - 2016 

Table 3.2 NOx Emissions Inventory 2002 - 2016 



stations (Tennessee Gas Pipeline Station 87, Midwestern Gas Transmission Co., and 
Texas Eastern Transmission Gladeville) were used for the 2002 base year. ~ Appendix A 

lists point source emissions by facility . Appendix B lists point source emissions by 
source, classification code. Appendix C lists the TVA and gas compressor station 
emissions . 

3.1 .1 .2 AREA. SOURCES 
Area source emissions were based on 2002 data obtained from the VISTAS group. The 
methodologies followed in preparing the VISTAS 2002 inventory are summarized in 
Appendix D . 

3.1 .1 .3 NON-ROAD MOBILE SOURCES 
Emissions for aircraft, commercial marine vessels, and railroads were based on the 
VISTAS 2002 database as described in Appendix D. Emissions for other non-road 
source categories were estimated using the EPA draft NONROAD2004 model, using 
June maximum, minimum and average temperatures . The month of June was selected 
as being a representative month in the mid portion of the ozone season . Please see 
Appendix I for an example options input file used for NONROAD2004. 

3.1 .1 .4 ON-ROAD MOBILE SOURCES 
Emissions for 2002 were estimated uSing MOBILE6.2.03 with June temperatures and 
absolute humidity data (30-year historical average), and county-level 2002. DVMT data 
provided by the Nashville Area Metropolitan Planning Organization (Nashville MPO). 
Details about the application of MOBILE6 for the base and future years are presented in 
Section 3.1 .2 .4 and Appendix J. 

3.1 .2 PERMANENT AND ENFORCEABLE EMISSION REDUCTIONS 
Implementation of the following Federal, State and Local programs, along with 
automobile fleet turnover, results in permanent and enforceable emission reductions 
that contribute to continued maintenance of the 1-Hour Ozone NAAQS in the Middle 
Tennessee five-county area. 

3.1 .2.1 FEDERAL MOTOR VEHICLE CONTROL PROGRAM (FMVCP) 
Permanent and enforceable emission reductions have been and continue to be 
achieved each year through this program . In recent years, stricter federal requirements 
have been imposed on automobile manufacturers for improved fuel-efficiency and 
extended warranties for emission control devices. The projected emission reductions 
due to this program are reflected in the output from the MOBILE 6.2 model. 

3.1 .2.2 LOWER REID VAPOR PRESSURE OF GASOLINE 
The 1990 CAAA mandated that the Reid Vapor Pressure (RVP) of gasoline decrease 
from 9 .5 pounds per square inch (psi), to the current value of 7 .8 psi during the ozone 
season. The projected emission reductions due to this program are reflected in the 
output from the MOBILE 6.2 model. 



3.1 .2.3 TIER 2 MOTOR VEHICLE EMISSIONS AND FUEL STANDARDS 
Permanent and enforceable reductions will occur through this program. Beginning in 
2004, this program will phase in a single set of tailpipe emission standards that will 
apply to all passenger cars, light trucks, and larger passenger vehicles operated on any 
fuel . To enable~the control technology to be introduced and to maintain its effectiveness, 
this program. also requires reduced gasoline sulfur levels nationwide . The reduction in 
sulfur levels will also contribute directly to cleaner air in addition to its beneficial effects 
on vehicle emission control systems. The Tier2ISulfur standards are to be phased in 
during the 2004 - 2009 timeframe. The projected emission reductions due to this 
program are reflected in the output from the MOBILE 6.2 model. 

3.1 .2.4 HEAVY-DUTY DIESEL ENGINE AND FUEL STANDARDS 
Permanent and enforceable reductions will occur through this program. This program 
will result in NOx emission levels from new heavy .duty diesel engines that are 
significantly below the levels in effect today. The rule mandates a 97 percent reduction 
in the sulfur content of diesel fuel beginning in 2006. The projected emission reductions 
due to this program are reflected in the output from the MOBILE 6.2 model. 

3.1 .2.5 POINT SOURCE NATIONAL EMISSION STANDARDS FOR HAZARDOUS 
AIR POLLUTANTS (NESHAP) 
Permanent and enforceable reductions will result from the implementation of several 
federal regulations promulgated to control the emission of Hazardous Air Pollutants, 
many of which are also Volatile Organic Compounds. The projected emission 
reductions due to this -regulatory program -are --reflected in the point source emission 
growth projections. 

3.1 .2.6 AREA SOURCE EMISSION REDUCTIONS 
Although there are many beneficial Federal programs directed at reducing volatile 
organic compound (VOC) emissions from things such as architectural coatings, traffic 
paints, autobody refinishing and commercial and consumer products, the VOC emission 
reductions from these programs are very hard to accurately quantify . Therefore, no 
specific area source VOC emission reductions were quantified for the Middle 
Tennessee five . county area for purposes of this 1-hour ozone maintenance plan 
update. 

3.1 .2.7 NON-ROAD MOBILE SOURCE EMISSION REDUCTIONS 
Tier 2 and Tier 3 diesel engine standards will be phased in for various sized nonroad 
diesel engines from 2001 - 2008. These standards along with mandated fuel sulfur 
level reductions will allow similar results as obtained in the onroad diesel engine and 
fuel sulfur program. The projected emission reductions due to this program are reflected 
in the output from the NONROAD 2004 model . 

3.1 .2.8 FLEET TURNOVER OF ON-ROAD VEHICLES 
Permanent and enforceable emission reductions have been and continue to be 
achieved each year as a result of fleet turnover of on-road vehicles . As older, less 
efficient on-road vehicles are replaced by newer, more efficient models, the emissions 



decrease on a per mile basis. The projected emission reductions due to this program 
are reflected in the output from the MOBILE 6.2 model. 

3.1 .2.9 STATE AND LOCAL VEHICLE INSPECTION PROGRAM WITH THE 
ADDITION OF THE HDGV2B WEIGHT CLASS VEHICLES 
There is an existing IM Program in the counties of Davidson, RutherFord, Sumner, 
Williamson and Wilson . This program tests light duty gas vehicles up to 8,500 pounds 
GVWR. On April 1, 2005, the program was expanded by the addition of light duty gas 
vehicles up to 10,500 pounds GVWR and light duty diesel vehicles . The projected 
emission reductions due to this program are reflected in the output from the MOBILE 
6.2 model. 

3.1 .3 EMISSIONS GROWTH PROJECTIONS 
This section describes how the future-year emissions for the Middle Tennessee five-
county area, presented in Tables 3.1 and 3.2, were derived for point, area, non-road, 
and on-road mobile sources. The future-year emissions for the Middle Tennessee five-
county area were projected forward from the 2002 base year emissions estimates. 

The development of future-year emissions estimates for point and area sources follows 
a two-step process. First, base-year emissions are projected to a designated future 
year using growth factors. The growth factors are derived from economic projection 
models, which take into account expected changes in economic conditions by source 
sector and include expected changes in population and workforce. The growth factors 
used in this assessment were those contained in EPA's Economic Growth Analysis 
System, Version 5.0 (EGAS-5.0). This database is based on economic modeling 
conducted in 2004 and provides growth factor information by source category for every 
year up to 2025. The growth factors, by Source Category Code (SCC), that were used 
to project area and point source emissions for the Middle Tennessee five-county area 
are presented in Appendix F. 

After the emissions are "grown" (in some cases reduced), energy adjustments are made 
on various fuel combustion sources using information provided by the Department of 
Energy (DOE, 1998.) . . The energy adjustment factors used in preparation of the Middle 
Tennessee five-county inventories are presented in Appendix G . In addition to these 
adjustments, applicable national controls are applied in the specified future year on 
certain sources using information provided by EPA (EPA, 2000). For example, certain 
sources emitting VOC's are required to install MACT controls to comply with existing 
national regulations . The list of controls for the Middle Tennessee five-county area is 
provided in Appendix H. The net of growth and control of emissions results in the 
estimate for the applicable future year. 

The following presents details of the future-year emission estimates for point, area, non-
road, and on-road mobile emissions .for Nashville area counties . 



3.1 .3.1 POINT SOURCES 
The future-year emission estimates for point sources are based on the projection of the 
base year inventory (2002) to the future years using economic growth factors contained 
in EPA's EGAS-5.0 databaseltool, which contains economic growth factors by point 
source category code. Energy adjustment factors, as-obtained from the US Department 
of Energy, were applied to applicable non-electric generation unit (non-EGU) fuel 
combustion point sources in each of the counties . The following procedures were used 
for the Middle Tennessee five-county area. 

The emission changes from 2002 to 2003 for CITGO and DuPont supplied by Metro 
Nashville Public Health Department (MNPHD) were applied to the 2002 base year. The 
emissions for the future years were projected from the revised 2002 base year level. 
Controls included in the CAA and MACT assumptions were applied to the applicable 
point sources. 

EGAS-5.0 growth factors were applied to the 2002 base year emissions except for 
TVA's Gallatin facility located in Sumner County, and three gas compressor stations 
located. in Sumner and Wilson counties . Emissions for 2007 and 2012 for TVA's 
Gallatin facility as supplied for the ATMOS 2007 and 2012 inventories were 
incorporated. It was assumed that the combustion turbines ~ only operate for four (4) 
hours per day (noon to 4pm). The 2007 TVA emission estimates were used for 2006 
and 2009, while the. 2012 estimates provided by TVA were used for 2016. 

Energy adjustment factors were applied Afl the -non-EGU fuel .-combustion sources. NOx 
SIP Call Phase I controls were applied to the non-EGU source, DuPont located in 
Davidson County. . 

A 6% growth rate assumption was used to project the emissions for gas compressor 
stations from base year level to 2006 (the emissions were then kept at the 2006 level for 
2009, 2012, and 2016). 

An example of applying an EGAS growth rate to estimate emissions for 2012 for a 
particular point source (Rhodia Inc., located in Davidson County) is provided in the 
following: 

Based on the preliminary NEI 2002 data, the 2002 NOx emissions from this 
facility are 8.29 tons/year, i.e., annual average daily emissions are 0.0227 tpd. 
The SCC for the facility is 10200602 (External combustion, Industrial ; Natural 
Gas). The EGAS-5.0 growth factor for the SCC from 2002 to 2012 is 1 .2017. 
Therefore, the NOx emissions for the facility after applying the 2012 growth rate 
are as follows : 

0 .0227 tpd * 1 .2017 = 0.0273 tpd 

Following the projection to 2012, an energy adjustment factor is used to account for 
expected future energy efficiencies . 



From the projection above, the NOx emissions for the facility are 0.0273 tpd . 
The energy adjustment factor for the SCC is 0.8831, so the NOx emissions after 
applying the adjustment is as follows: 

0.0273 tpd * 0.8831 = 0.0241 tpd 

3.1 .3.2 AREA SOURCES 
The base year emissions for area sources were based on VISTAS estimates for 2002 . 
The future year estimates for area sources are based on EPA's EGAS-5.0, which 
contains economic growth factors by area source category code. Energy adjustment 
factors were also applied to fuel combustion sources. The projection and energy 
adjustment factors contained in Appendices F and G were applied to specific area-
source categories, as applicable, for sources located in the five-county Middle 
Tennessee area. 

3.1 .3.3 NON-ROAD MOBILE SOURCES 
The future-year emission estimates from non-road mobile sources 'are based on EPA's 
draft NONROAD2004 model, which includes estimates for growth based on expected 
future economic conditions and other factors, as well as any national controls that apply 
to these sources in the future years. In applying the NONROAD2004 model, June 
maximum, minimum and average temperatures were used. Following is a summary of 
the inputs to the NONROAD2004 model for the Middle Tennessee area. The EPA 
NONROAD2004 default input data were used in the following packages: 
IRUNFILESI 
/POP FILES/ 
/GROWTH FILES/ 
IALLOC FILES/ 
IEMSFAC FILES/ 
/DETERIORATE FILES/ 

The FIPS codes for the Nashville 5-county area were specified in the, /REGION/ 
package. In addition, the following inputs were used for 2002, 2006, 200, 2012 and 
2016. 



Table 3.3 NONROAD2004 Local Parameters 
Year 2002 2006 2009 2012 2016 
Month June June June June June 
Weekday or Weekend Weekday Weekday Weekday Weekday Weekday 
Fuel RVP for as 8 8 8 8 7 8 
Oxygen Weight % 0 0 0 0 0 
Gas sulfur % 0.0339 0.0339 0.0339 0.033 9 0.0339 
Diesel sulfur for Land- 
base Equipment % 0.2283 0.2249 0.0348 

_ 

0.0031 0.0011 
Diesel sulfur for 
Recreational Marine % 0.2638 0.2616 0.0408 0.0123 0.0056 
CNGILPG sulfur % 0.003 0.003 0.003 0.003 0.003 
Minimum temper. F 62 62 62 

_ 
62 62 

Maximum temper. F 85 85 85 85 85 
Average temper. F 73 73 73 73 73 
Altitude of region Low Low Low Low Low 

An example NONROAD2004 input file for Middle Tennessee five-county area for 2006 
with diesel fuel sulfur level set for land-based equipment is presented in Appendix I. For 
this assessment for non-road sources, future-year emissions for aircraft, commercial 
marine vessels, and locomotives were based on - 2002 information projected to the 
future years using EGAS-5.0 factors. 

3.1 .3.4 ON-ROAD MOBILE SOURCES 
To estimate future-year on-road mobile source emissions, EPA's MOBILE6 emission 
factor model (MOBILE6.2 .03) was used along with county-specific estimates of future 
DVMT. In applying MOBILE6, June temperatures and absolute humidity data (30-year 
historical averages) were used. Following are the summer-time base year and future 
year DVMT estimates for the Middle Tennessee five-county area, which were provided 
by the Nashville Area MPO for each of the counties . 

Table 3.4 Middle Tennessee DVMT Used to Estimate 
On-Road Mobile Emissions 

Year Davidson Rutherford Sumner Williamson Wilson Total DVMT 
2002 22,310,893 6,902,149 3,662,699 4,870,814 3,591,017 41,337,572 
2006 23,672,279 8,380,123 3,695,161 5,721,576 3,777,766 45, 6,905 
2009 24,870,495 9,488,238 3,906,984 6,359,980 3,918,299 48,543,995 
2012_ 26,068,711 10,596,353 4,028,969 6,998,383 4,058,831 51,751,247 
2016 1 27,666,332 1 12,073,839 1 4,162,581.1 7,849,587 1 4,246,2081 4,246,208 _ 55,998,547 _ 

To provide more detail about the assumed on-road mobile inputs used for this analysis, 
Appendix J contains the following tables : 

Table J-1 . DVMT by Facility Type and County for the Nashville 5-County Area. 
Table J-2 . Vehicle Mix by Facility Type and Vehicle Type Davidson County 



Table J-3. Vehicle Mix by Facility Type and Vehicle Type Rutherford County 

Table J-4. Vehicle Mix by Facility Type and Vehicle Type Sumner County 

Table J-5. Vehicle Mix by Facility Type and Vehicle Type Williamson County 

Table J-6 . Vehicle Mix by Facility Type and Vehicle Type Wilson County 

Table J-7. Example speed input file for Davidson County 

Table J-8. IM Program Input Files for Davidson County 

Table J-9. IM Program Input Files for Rutherford, Sumner, Williamson and 
Wilson County 

In estimating the future-year emissions, the effects of the Inspection and Maintenance 
(I&M) program . currently operating in Davidson County, which is run and overseen by 
Davidson County, and a slightly different program in the other four -counties, which is 
administered by the State of Tennessee, were accounted for with MOBILE6.2 .03. 
Based on information from the Tennessee Department of Transportation (TDOT), it was 
assumed that 76 percent of the VMT in Davidson County is from cars .subject to the 
Davidson County I&M program and 24 percent of the VMT is subject to the State's I&M 
program. An example MOBILE6 input file for Davidson County for 2006 is presented in 
Appendix K and an example output -file for Davidson County for 2006 is presented in 
Appendix L. 



4.0 MOTOR VEHICLE EMISSIONS BUDGET ~ 
Section 176(c) of the CAA, 42 U.S.C. 7506(c), states that transportation plans, 
programs, and projects must conform to an approved implementation plan . Pursuant to 
40 CFR part 93 (i.e ., the Transportation Conformity Rule) a specific emissions budget is 
defined for VOC and NOx for the Middle Tennessee five-county area. The Motor 
Vehicle Emissions Budget (MVEB) is to be used by the local metropolitan planning 
organization and transportation authorities to assure that transportation plans, 
programs, and projects are consistent with, and conform to, the long term maintenance 
of acceptable air quality in the Middle Tennessee five-county area. 

4.1 2006 MOTOR VEHICLE EMISSIONS BUDGET 
The 2006 emissions budgets for VOC and NOx were established in the 1996 
maintenance plan . The area is currently meeting transportation conformity with the on-
road mobile VOC and NOx emissions budgets. The MVEB for 2006 remains the same 
as defined in original 1996 maintenance plan . Following is the budget as presented in 
the 1996 plan for the Middle Tennessee five county area . The values are in tons per 
ozone season day. 

Table 4.1 2006 MOTOR VEHICLE EMISSIONS BUDGET 
2006 

VOC 53.17 
~ NOx. 96.60 

4.2 2016 MOTOR VEHICLE EMISSIONS BUDGET 
The MVEB is defined for the Middle Tennessee five-county area, for 2016, in this 
section. The values are equal to the 2016 on-road mobile source projected level of 
emissions plus an allocation from the safety margin . This allocation from the safety 
margin accounts for uncertainty in the projections and is available because of significant 
reductions of VOC and NOx that have occurred, and are projected to occur, primarily 
from mobile sources. The MVEB is constrained to assure that the total emissions (i.e., 
all source categories) do not exceed the 2002 attainment year emissions. In no case 
are the projected total emissions (i.e., all source categories and including the allocation 
from the safety margin to the on-road mobile source category), for any year, greater 
than the attainment year emissions totals for either VOC or NOx. 

Under 40 CFR 93.101 the term safety margin is the difference between the attainment 
level (from all sources) and the projected level of emissions (from all sources)in the 
maintenance plan . The attainment level of emissions is the level of emissions during 
one of the years in which the area met the NAAQS for the pollutant of concern . The 
safety margin (or a portion of the safety margin) can be allocated to the transportation 
sector. However, the total emission -level must stay below the attainment level . Table 
4 .2 presents the previously defined 2006 MVEB and defines the new 2016 estimated 
on-road mobile emissions, without the safety margin, for the Middle Tennessee five-
county area. 



Table 4.2 2006 MOTOR VEHICLE EMISSIONS BUDGET and 2016 ESTIMATED 

2006 2016 
VOC 53.17 19.18 
NOx 96 .60 36 .01 

The Nashville Area Metropolitan Planning Organization, (NAMPO), is currently in the 
process of developing a Long Range Transportation Plan (LRTP) update for the Middle 
Tennessee area. Because of timing issues between the 1-hour ozone maintenance 
plan update and the LRTP update, an effort was made to coordinate the 2016 MVEB 
with the emission totals from the MPO's travel demand model. Having this coordinated 
effort allows the NAMPO to develop a conforming LRTP simultaneously with the 1-hour 
ozone maintenance plan update . Without this coordination, the NAMPO would be 
forced to develop a new conforming LRTP within 18 months of the approval of the 1-
hour ozone maintenance plan update. 

Due to the submission schedule of the 1-hour ozone maintenance plan update, final 
emission values will not be available from the LRTP update. Therefore, it was decided 
by interagency consultation to add emissions equal to 10% of the VOC and NOx safety 
margins to the modeled 2016 VOC and NOx on-road mobile emissions estimate . This 
reallocation of emissions would provide the likelihood that the NAMPO LRTP update 
would conform to the 2016 MVEB and still maintain 2016 total VOC and NOx emissions 
less than the 2002 base year. 

For 2016, the safety margins were 27.50 tpd for VOC and 97.54 tpd for NOx. ~ It was 
determined that 10% of the VOC and NOx safety margins would be applied .to the 2016 
calculated on-road mobile emissions . For VOC, this would be 2.75 tpd taken from the 
2016 safety margin and added to the calculated 2016 on-road mobile emissions . For 
NOx, this would be 9.75 tpd taken from the 2016 safety margin and added to the 
calculated on-road mobile emissions. After the 10% allocation of the VOC and NOx 
safety margins to the calculated on-road mobile emissions, the remaining safety 
margins in 2016 are 24.75 tpd for VOC and 87.79 tpd for NOx. The 2016 MVEB then 
becomes 21 .93 tpd for VOC and 45.76 tpd for NOx. Table 4.3 illustrates the application 
of 10% of the 2016 safety margin to create the 2016 MVEB. All units are tons per 
ozone season day. 

TABLE 4.3 2016 MVEB WITH SAFETY MARGIN INCLUDED 
2016 Estimated 2016 MVEB 

2016 10% of On-Road Mobile with Safety 
Safe Marg in Safety Margin Emissions _ Margin 

VOC 27.50 2.75 19 .18 21 .93 
NOx 97.54 9.75 36 .01 45.76 

ON-ROAD MOBILE EMISSIONS 



5.0 CONTINGENCY MEASURES 
Following is a description of each activity that will be considered as a contingency 
measure should the Nashville MSA fail to maintain the 1-hour ozone standard while the standard remains in effect for the area . These measures are: . 

D High Occupancy Vehicle (HOV) lane expansion ; 
D Rideshare and trip reduction programs; -
D Traffic signal synchronization ; 
D New pedestrian facilities (greenways) and bikeways; 
D Improve bus ridership; 
D New rail service (Nashville - Lebanon corridor); 
D Land use planning that reduces driving; and, ~ 
D Clean Air Partnership (air quality action days). 

In order to determine if contingency measures will be implemented, the MPHD and TDEC will periodically assess the assumptions used to develop the point and on-road mobile emissions inventory. An assessment will be made on the triennial cycle of the Consolidated Emissions Reporting, Rule (CERR). Point source emissions and on-road daily vehicle miles traveled (DVMT) will be assessed to verify that they are in basic agreement with the assumptions made in the Middle Tennessee one-hour ozone 
maintenance plan update . If the basic assumptions made in the plan update prove to be erroneous, the MPHD and TDEC will initiate discussions on whether there appears 
to be enough difference to warrant the recalculation of the emissions in the remaining 
years of the plan and/or -the implementation of any of the contingency measures . ., 

Monitored air quality data will be an additional trigger used to initiate discussions on the 
implementation of any of the contingency measures . If a monitor in the five-county 
Middle Tennessee area shows a violation of the one-hour ozone NAAQS (an average of more than one exceedance per year over a consecutive three-year period), the MPHD 
and TDEC will initiate discussions to determine the most effective way to return the area 
to attainment. 

In the event that a 1-hour ozone violation occurs, the agencies will assess the need for additional control measure(s) within 6 months. If it is determined that additional control measure(s) are needed, they will be selected and developed within 12 months. Within 
18 months, any .needed rulemaking and adoption . of the control measure(s) will be completed and the SIP submitted to EPA. Implementation of the selected -control measure(s) will occur no later than 24 months after the violation is discovered . 

5 .1 HIGH OCCUPANCY VEHICLE (HOV) LANE EXPANSION 
The MPO and the Tennessee Department of Transportation will continue to explore 
ways to improve the system of interstate High Occupancy Vehicle (HOV) lanes 
throughout the Nashville MSA. Funding has been programmed into the Long Range 
Transportation Plan (LRTP) for HOV lanes in the Nashville MSA during the next 3 years 
totaling more than 11 miles of laneage, and additional laneage would be considered if 
contingency measures are needed . 
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5.2 RIDESHARE AND TRIP REDUCTION PROGRAMS 
The Regional Transportation Authority and the TMA Group in Williamson County will 
continue activities to promote an increase in the number of persons using their 
rideshare programs, including carpools, vanpools, and inter-county express bus routes. 
As a contingency measure, the State and Local governments and the Nashville MPO 
would encourage and participate in these efforts to build new infrastructure to promote 
trip reduction and rideshare programs . 

5.3 TRAFFIC SIGNAL SYNCHRONIZATION 
Traffic signal synchronization is an on-going activity in several Nashville MSA.counties. 
Expanding this effort would be considered if contingency measures are needed . 

5.4 NEW PEDESTRIAN FACILITIES (GREENWAYS) and BIKEWAYS 
There is a current program to build a system .of pedestrian facilities and bikeways in the 
Nashville MSA. Expansion and acceleration of the existing program would be 
considered as a contingency measure. Also, every effort would be made to increase 
the use of the existing system by improving its safety and functionality. 

5.5 IMPROVE BUS RIDERSHIP 
Davidson County has already programmed funding in the regional Transportation 
Improvement Program (TIP) to make several key enhancements to its transit service. 
These projects include: 

D Building a new transit facility in downtown Nashville to provide passengers, with a 
safe, clean indoor location to transfer buses; 

D Adding new express bus routes to previously unservicedlunderserviced areas of the 
county; 

D Replacing older buses, and expanding the total bus fleet with new, lower emission 
buses; and 

D Improving existing bus stop facilities and adding shelters at key locations. 

If contingency measures are needed, the State and Local governments will work with 
the Nashville MTA to accelerate plans for these activities and to explore other methods 
of improving bus ridership. 

5.6 NEW RAIL SERVICE (Nashville - Lebanon Corridor) 
The region is establishing a commuter rail line between Nashville and Lebanon, much of 
which is being funded through Congressional earmarks. However, significant portions 
will also be funded by local governments in Davidson and Wilson counties . The 
following local governments are contributing local matching funds for the project's 
capital costs: 

Metro Nashville/Davidson County; 
D City of Mt. Juliet ; 

City of Lebanon; and 
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D Wilson County. 

In addition, all the local governments of the five-county Nashville MPO have jointly 
programmed $1 .2 million to help operate the commuter rail line for its first three years. 

If needed as a contingency measure, the State and Local governments would work with 
the Nashville RTA to promote commuter rail service and assist in the location of funds 
to maintain and expand commuter rail service in Middle Tennessee . 

5.7 LAND USE PLANNING THAT REDUCES DRIVING 
Local governments in the Nashville MSA counties have received training in the past two 
years through regionally sponsored workshops on creating ~ "walkable communities" . 
New mixed-use projects are beginning to appear which will help reduce the number of 
vehicle trips made by area citizens . Several cities have -adopted changes to design 
standards and zoning that promote pedestrian activity, . and others are currently 
considering such changes. 

Changing travel habits through land use planning is a cumulative effort that typically 
takes years to show full results. As a contingency measure, the State and Local 
governments in the Nashville MSA will continue to promote and encourage land use 
planning that will ultimately reduce vehicles miles traveled . 

5.8 CLEAN AIR PARTNERSHIP (AIR QUALITY ACTION DAYS) 
Air.quaTity forecasting is an on-going program in Middle Tennessee. Currently when air 
quality is forecast to be at or worse than the unhealthy for sensitive groups category, as 
determined by the EPA air quality index; an Air Quality Action Day (AQAD) will be 
called . The intent is to alert area residents the day prior to a forecast AQAD so that 
actions can be taken to reduce ~ emissions and protect the health of sensitive 
populations. This requires air quality to be forecast at least one day in advance. In the 
case of weekends and holidays, a two or three day forecast will be issued . 

Forecasting for the Nashville EAC area is performed by meteorologists with the State of 
Tennessee Air Pollution Control Division (TNAPCD). A two-day forecast is prepared 
Monday through Thursday and a three-day forecast is prepared .on Friday to cover the 
weekend. Longer forecasts are made to cover long weekends . The forecast is 
distributed via email by approximately 2:00 PM CST (or DST). The forecast includes 
PM2.5 throughout the year, and ozone from March 1 through October 31 . 

The forecast is subsequently made available through EPA, state, and local websites, 
local and national news and weather media, and by recorded telephone message . The 
websites and recorded telephone message give the air quality forecast and define the 
appropriate sensitive groups, cautionary statement and health effects . 

The Clean Air Partnership of Middle Tennessee was one of the initial participants in the 
voluntary EnviroFlash alert program . The program began on October 23, 2004. An 
EnviroFlash alert will be issued on days when the air quality is predicted to be in or 
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worse than the unhealthy for sensitive groups category as determined by the EPA air 
quality index. For those who have signed up for an EnviroFlash alert, they will be 
notified through emails or text messages before the end of the work day. Others will be 
notified through their employers, drive-time radio weather and traffic reports, on freeway 
variable message boards; by TV news and weather programs, and in morning print 
news media. The EnviroFlash alerts will include the AQI health-based activity 
advisories, and will also have messages encouraging people to avoid or postpone 
activities that generate air pollution until the air quality improves. Examples of actions 
people will be asked to take include: 

D bringing their lunch to work; 
D planning a short trip on foot or bicycle rather than by car; 
D postponing errands, especially during rush hour; 

postponing use of gas-powered lawn and garden tools; 
D carpooling ; 
D taking the bus; and, 
D telecommuting or flexing work schedules to avoid rush hour. 

Employers will be reached through, Chambers of Commerce in the Nashville MSA 
counties, as well as other direct contacts . Employers will be encouraged to not only 
distribute the EnviroFlash alerts to their employees, but also develop programs to 
encourage their employees to participate in the activities that would minimize air 
pollution on EnviroFlash alert days. Companies will also be asked to reduce their own 
contributions to air pollution on EnviroFlash alert days by postponing certain activities 
where possible. Employers will be encouraged to track and report their participation 
through awards and recognition. Participating employers on the Clean Air Partnership 
steering committee include: 

D Vanderbilt University; 
D HCA Healthcare; 
D Tennessee Department of Environment and Conservation ; 

Metropolitan Transit Authority; 
D Regional Transportation Authority ; 
D Metro Public Health Department; 
D Tennessee Department of Health ; 
D Tennessee Department of Transportation ; and 

Tennessee Valley Authority. 

Participation in the EnviroFlash alert program will continue. As a contingency measure, 
the activities already in place will be enhanced in order to encourage more participation 
in Middle Tennessee counties . 



SECTION 6.0 CONCLUSION. 
This document presents an update to the Middle Tennessee A-Hour Ozone 
Maintenance Plan . The original Maintenance Plan demonstrated maintenance with the 
1-hour ozone NAAQS for the period 1996 - 2006. This update demonstrates continued 
maintenance during the period 2006 - 2016. 2002 is the base year chosen .for the 1-
hour ozone maintenance plan update and the emissions inventory for the base year 
represents an attainment period, as shown by the lack of exceedances of the 1-Hour 
Ozone NAAQS during the period, as summarized in Tables 2.1 and 2.2. Total VOC and 
NOx ozone season day emissions are shown in Tables 3.1 and 3.2. Emissions in each 
of the out years (2006, 2009, 2012 . and 2016) are less than the 2002 base year 
emissions as indicated by the safety margin in each of these years. Therefore, the 
combination of attainment with the 1-hour ozone standard in 2002 and all out year 
emissions being less than the 2002 base year, demonstrates that the Middle Tennessee 
five-county area has been and will remain in attainment with the 1-hour ozone standard 
for the additional 10-year period of 2006 - 2016. 



SECTION 7.0 APPENDICES . 
The following Appendices are included for support and additional explanation of the 
emissions inventory procedures 
D Appendix A - Five-County Point Source Emissions by Facility Name 

Appendix B - Five-County Point Source Emissions by Source Classification Code 

D . Appendix C - TVA and Gas Compressor Station Emissions 
Appendix D - VISTAS Emissions Preparation Summary . 

> Appendix E - Five-County Area Source Emissions by Source Classification Code 
D Appendix F - EGAS-5.0 Growth Factors for State of Tennessee from 2002 to 2006, 

2009, 2012, and 2016 for Point and Area Source Categories 
Appendix G - Energy Adjustment Factors for Area and Point Source Type 
Combustion Sources 

D Appendix H - Point Source Control Factors 
D Appendix I - Options Input File the NONROAD2004 Model for the Middle 

Tennessee 5-County Area 
D Appendix J - DVMT, Vehicle Mix and Example Speed Files 
D Appendix K - Example Input File to MOBILE6.2.03 for Davidson County for 2006 
D Appendix L - Example Output File from MOBILE6.2.03 for Davidson County for 

2006 



APPENDIX A 

FIVE-COUNTY POINT SOURCE EMISSIONS 

BY 

FACILITY NAME 
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Future Year Emission Inventory Development to Support Fine Particulate Mass 
and Visibility Modeling in the VISTAS Region 
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gms@alpinegeophysics.com 
Patricia Brewer 
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ABSTRACT 
The United States Environmental Protection Agency (EPA) has issued ~regulations to 
improve visibility, or .visual air quality, in 156 national parks and wildemess areas across 
the country. The regulations require States to develop long-term strategies including 
enforceable measures designed to meet reasonable progress goals. The first long-term 
strategy wi11 cover 10 to 15 years, with reassessment and revision of those goals and 
strategies in 2018 and every 10 years thereafter . States strategies should address their 
contri6ution to visibility problems in Class I areas both within and outside the State. 
Through a memorandum of understanding the eight SESARM states (Alabama, Florida, 
Kentucky, Georgia, Mississippi, North Carolina, South Carolina and Tennessee) plus 
Virginia, West Virginia, and participating Tribes have agreed to collaborate in planning 
activities associated with the management of regional haze, visibility, and other air 
quality issues. This collaboration is known as Visibility Improvement - State and Tribal 
Association of the Southeast (VISTAS). 

The purpose of this paper is to describe the production of a set of comprehensive future 
year annual emission inventories for the VISTAS States to support the modeling and 
assessment of speciated particulate matter with an aerodynamic diameter less than or 
equal to a nominal 2.5 micrometers (PM-2.5). We briefly describe the VISTAS 2002 
inventory, assumptions for 2018 projections, similarity of VlSTAS projections to EPA's 
recent projections, and our procedures for collecting and manipulating inventories for 
other regions. 

INTRODUCTION 
The United States Environmental Protection Agency (EPA} has issued regulations to 
improve visibility, or visual air quality, in 156 national parks and wildemess areas across 
the country. These areas include many of our best known and most treasured natural 
areas, such as the Grand Canyon, Yosemite, Yellowstone, Mount Rainier, Shenandoah, 
the Great Smoky Mountains, Acadia, and the Everglades. .More than 280 million visitors 
come to enjoy the scenic vistas and unique natural features in these and other park and 
wilderness areas each year. 

The regulations require States to develop long-term strategies including enforceable 
measures designed to meet reasonable progress goals. The first long-term strategy wilf 
cover 10 to 15 years, with reassessment and revision of those goals and strategies in 
2018 and every 10 years thereafter . States strategies should address their contribution 
to visibility problems in Class I areas both within and outside the State. Through a 
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memorandum of understanding the eight SESARM states {Alabama, Florida, Kentucky, 
Georgia, Mississippi, North Carolina, South Carolina and Tennessee) plus Virginia, 
West Virginia, and parEicipating Tribes have agreed to collaborate in planning activities 
associated with the management of regional haze, visibility, and other air quality issues. 
This collaboration is known as Visibility Improvement - State and Tribal Association of 
the Southeast (VISTAS). Figure 1 represents the ten VISTAS States and identifies the 
Ciass I areas within the domain. 

In identifying the emission reduction measures to be included in the long-term strategy, 
States should address all types of manmade emissions contributing to impairment in 
Class I areas, including those. from mobile sources, stationary point sources (such as 
factories and electric generating units (EGUs)), area sources (such as residential wood 
combustion, gas stations, and agriculture), and fires. Emissions from these activities 
generally span broad geographic areas and can be transported great distances, 
sometimes hundreds or thousands of miles. Consequently, haze occurs regionally 
throughout the natio~ . 

Figure 1 . Class I areas within VISTAS domain. 



The Technical Analysis Workgroup (TAWG) of VISTAS is charged with overseeing the 
regional haze and fine particulate modeling that will be required for developing State 
Implementation Plans (SIPs) . These plans are in response to the federal regional haze 
rules promulgated by the EPA. Through work conducted by VISTAS and its contractors, 
we generated a comprehensive set of future year emissions inventories for the VISTAS 
States to support the modeling and assessment of the atmosphere processes that result 
in particulate matter in air and its effect on visibility. Additionally, as our modeling 
domain covers all of the continental U.S. and much of ~Canada and Mexico, future 
scenario emission inventories for these domains were obtained or prepared for our 
modeling. 

The purpose of this paper is to describe the production of a set of comprehensive future 
year emission inventories for the VISTAS States to support the modeling and 
assessment of speciated particulate matter with an aerodynamic diameter less than or 
equal to a nominal 2.5 micrometers (PM-2.5). We have included a brief discussion of 
the VISTAS 2002 inventory with a focus on assumptions for its projection to 2018, how 
similar or dissimilar our results are from EPA's recent projection assumptions, and our 
procedures for collecting and manipulating inventories for other regions. 

BASE YEAR 2002 EMISSION INVENTORY 
Through other contracts, VISTAS had previously funded the development of base year 
2002 emission inventories for all anthropogenic sources. In early 2004, these annual 
inventories of VOC, NOX, CO, S02, PM-10, PM-2.5, and NH3 were completed and 
delivered to VISTAS for the categories EGU, non-EGU point, stationary area, onroad 
and nonroad mobile, and fires (MACTEC 2004a, 2004b; Pechan 2004). 

The data sets used to develop these initial base year inventories originated from the 
U.S . EPA's 1999 National Emission Inventory and were augmented and updated with 
State, local and Tribal (SLT) agency emissions from the 1999 through 2002 time period 
(where available) . Included with these submissions were recommendations and input on 
how to utilize non-2002 data to make them representative of the 2002 calendar year. 

The VISTAS base year contractors then reviewed the methods and data as collected 
and provided recommendations on how to integrate these data into a single 
comprehensive 2002 inventory. Part of these recommendations included the 
augmentation of emissions and sources using the latest versions of emission factors, 
models, and methods. Examples include missing PM emissions (for sources previously 
only required to submit ozone precursors), ammonia (where coverage from the 
Carnegie Mellon University (CMU) ammonia model was now available), and attainment 
area emissions (where States previously did not have to submit inventories) . Additional 
recommendations involved the forecasting of emissions from a historical year (e.g., 
1999 or 2000) to the current year of study (2002) using SLT activity data or growth 
rates, U .S. EPA changes in emissions, or alternate methods of projection . 

Each step of the process was quality assured by VISTAS stakeholder workgroups and 
State emission inventory developers . These emissions data are intended to both 
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support the regional modeling exercises planned by VISTAS and its States, and to 
serve as the starting point for State, and local inventory submittals under the ~ EPA's 
Consolidated Emission Reporting Rule (CERR) . As such, the data were prepared in a 
form (NIF 3.0) and a time period (annual) necessary to fulfill this reporting obligation . It 
is anticipated that much of the data prepared for this 2002 base year inventory wili be 
submitted to EPA for the CERR requirements, particuiarly for area and non-road 
sectors. Some states wifl incorporate data unavailable by January 2004 (e.g . 2002 point 
source surveys and 2002 highway activity data} prior to the CERR submittal. 

The remainder of this paper references the early 2004 base year inventories when 
mentioning "base year" or "2002" emissions and not to any improvements made by 
VISTAS or it's State, local and Tribal agencies for CERR submittal purposes. 

EMISSION PROJECTION PROCESS 
Because the VISTAS domain contains two States (North Carolina and Virginia} who 
have regulatory approval processes of two years, VISTAS is in a position where 
recornmendations to participating States need to be. finalized by Decernber 2005. This 
date would allow these States the full two years necessary to complete a formal SIP 
submitta! to EPA. 

EMISSION PROJECTION METHODOLOGY 
The initial 2018 projections will be used in emissions sensitivity modeling in the summer 
of 2004 to provide guidance to VISTAS' Planning Workgroup for ernissions control 
strategy design . Because the schedule to draft the initial 2018 emission projections was 
relatively short, VISTAS used interim assumptions to prepare this initial set of projection 
data . For this application, ultimate accuracy of the inventory was not required . Instead, 
VISTAS' initial focus was to prepare these emissions to closely represent what a 
subsequent, more thorough emission projection process might produce. For this reason, 
existing information (growth rates, control factors, modeling parameters) that was 
available in early 2004 was used. The EPA's Interstate Air Quality Rule (IAQR) future 
year forecasts had recently been released and after review of these data, VISTAS 
decided that these ,files were the most relevant available in the required timeframe. . 
Since VISTAS state and stakeholder review teams were to review and comment on the 
appropriateness of these factors, there was little concem that the recycled data would 
generate unsuitable emission estimates. 

To completely fulfill the requirements of the projection and to define the basis of the 
sensitivity runs, the VISTAS Planning Workgroup developed a list of "Base Case" 
assumptions to be included in the future year inventories. These cases would be based 
on recently promulgated emission reduction strategies and would include Federal, 
State, local, and site-specific ernission control information . The final list of cases defined 
by the Planning Workgroup is presented iri Table 1 . 

Table 1 . Control Programs lncluded in Emission Projection Inventories . 
Base 1 (As of January 1, 2004) 
" Atlanta / Northern Kentucky J Birmingham 1-hr SIPs 
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" Gulf Power (Crist 7) SCR application 
" Heavy Duty Diesel (2007) Engine Standard (HDD) 
" Large Spark Ignition~and Recreational Vehicle Rule 
" North Carolina Clean Smokestacks Act 
" NOx RACT in 1-hr NAA SIPs 
" NOx SIP Call {Phase I- except where states have adopted II already e.g. NC) 
" Petroleum Refinery Initiative (October 1, 2003 notice ; MS & WV) 
" RFP 3% Plans where in place for one hour plans 
" TECO & VEPCO Consent Agreements 
" Tier 2 Tailpipe 
" Title IV for Phase I and ll EGUs 
" VOC 2-, 4-, 7-, and 10-year MACT Standards 
" Combustion Turbine MACT 
Base 2a 
" 8-hr attainment plans (e.g., NOx RACT) 
" Industrial BoilerlProcess HeaterIRICE MACT 
" Nonroad Diesel Rule (Tier 4) 
" NOx SIP Call (Phase II - remaining States & IC engines) 
" TVA scrubber application . 
" Interstate Air Quality Rule (IAQR) 
Base 2b 
" Base 2a assumptions 
" Excludes Interstate Air Quality Rule 

~ Beyond Base (Not included in any projection) 
" C(ear Skies Act (Phase I implementation through 2009) 
" Clear Skies Act (Phase II implementation through 2018) 
" Ear1y Action Compact Plans 
" PM SIPs 
" Best Available Retrofit Technology (BART) Guidelines 
" Utility Mercury MACT 

VISTAS Base 1 was designed to represent control strategies that were known to exist 
and had been promulgated as of January 1, 2004. Included in this list of programs are 
the federally promulgated CAAA regulations (Title I and IV, NOx SIP Call Phase I, 
Heavy Duty Diesel (HDD) and Tier-2 Tailpipe onroad rules, and 2-, 4-, 7-., and 10-year 
MACT standards) and VISTAS-specific State (North Carolina Clean Smokestacks Act) 
and facility plans (e.g . Southern Company's Crist plant) and consent agreements (e.g. 
Tampa Electric, VEPCO). Base 2a closely resembles the U.S. EPA IAQR inventory 
assurnptions and includes additional MACTs, Nonroad Diesel Rule (Tier 4), Phase II of 
the NOx SIP Call, and IAQR as proposed by EPA, as well as VISTAS-specific facility 
plans (e.g ., TVA scrubbers). - 

Base 2b reflects all Base 2a programs with the exception of the IAQR. Table 1 also 
presents those strategies that VISTAS is currently considering beyond our base case. 
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These have not been included in any of the 2018 initial projection calculations and are 
listed for reference purposes only. 

Because of the source specific nature of the planned base cases, a few of the major 
source categories required multiple base case inventories. Examples include both a 
Base 1 and Base 2 nonroad mobile source inventory to account for the .inclusion of Tier 
4 reductions, a Base 1 and Base 2 for non-EGU sources to account for MACTs and 
additional IC engine reduction from Phase II of the NOx SIP Call, and a Base 1, Base 
2a, and Base 2b for EGUs to account for the application of NOx SIP Call, and forecasts 
with and without the IAQR. Stationary area and highway mobile sources required ority a 
single forecasted inventory as the control programs applicable to these categories did 
not change from scenario to scenario . 

Additionally, as two exclusive methods were chosen by VISTAS for forecasting EGU 
emissions, two sets of emissions for each str"ategy were developed to account for each 
individual technique. These are described in more detail in following section. 

SPECIAL INTEREST WORKGROUP PROCESS 
Special Interest Workgroups (SIWG) were assembled to review and assess initial 
emission forecast data and were presented with as much of the existing forecasting 
inforrnation as possible during the timeframe available for review . These data included 
growth rates, control technologies, reduction potential, and affected sources. The 
fundamentai purpose of these Workgroups during the initial emission projection process 
was to assess, review, and modify "base case° assumptions that would allow VISTAS 
contractors to provide timely fles for air quality modeling sensitiviiy runs. 

Throughout the emission projection process, VISTAS emission projection contractors 
provided the Workgroups with these data in user-friendly or other Workgroup defined 
formats. These data and the initial emission projections were then refined with 
stakehofder input. Upon completed review of the projections, final emission inventories 
were provided with emission summaries for one final examination . The results of these 
final reviews are presented in this paper. 

Each Workgroup also identified a List of issues which it would attempt to address during 
the initial emission forecast development process taking notice of the fact that the 
largest issues may have to wait for resolution during the final forecast process. 

COMMON FORECAST ISSUES 
While each Workgroup developed a unique list of concems, each one had to deal with a 
common set of issues before beginning the projection process. These issues involved 
the methods for projection, growth data and control assumptions, model specific input 
data, and other source specific data applicable to the emissions categories. 

The method for projecting emissions can be as important as the projections themselves . 
For a number of major source categories, models are readily available to project 
emissions to a future year. However, equally viable ad hoc methods lend themselves to 
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the preparation of these inventories. VISTAS Workgroups reviewed each availabfe 
method or model and made determinations based on existing data, available time; and 
historical perFormance. 

The availability of recent and timely growth factors and control information was reviewed 
by the VISTAS emission projection contractors and proposals were made to each 
Workgroup for their approval . These factors included federal, state; or local regulatory 
reductions and domain-specific growth rates and methods. Where factors were 
Identified which were not yet available, these data were tabled for future review and 
possible inclusion in the longer term forecasts. 

Model specific data were identified for the Integrated Planning Model (IPM®), MOBILE6, 
NONROAD, and the CMU ammonia models . Data for each model were reviewed and 
updated by the Workgroups prior to application . Similarly, source speciftc data and 
projections we.re submitted to the Workgroups for review and upon approval were 
included in the forecasted emissions. 

SOURCE SPECIFiC FORECAST ISSUES 
Complementing the common issues identified by each Workgroup, the individual SIWGs 
also identified source specific issues related to projecting emissions from their 
categories . These issues are presented in Table 2 and are discussed in more detail in 
the following sections . 

EGU 
Two options for developing the three base case inventories were approved by the EGU 
SIWG and provided complementary data to refine the final "Base Case" decision 
making process. These options were modifying EPA's IAQR 1PM® runs and projections 
calculated from VISTAS 2002 base year inventories. 

Under Option 1, VISTAS contractors reviewed data and documentation (EPA, 2004a) of 
the development of the IAQR projection inventories. Although the inventories were 
generated using the proprietary IPM®, we were able to extract VISTAS sources from the 
final parsed files and integrate data modifications provided and approved by VISTAS 
States and EGU SIWG. Additionally, although these files were identified as 2015, EPA 
documentation on the development of these projections indicate that they are 
representative for a range of years around 2015 and therefore for purposes of our initial 
projections were considered applicable for 2018 . 

Since multiple base cases were identified for the EGU sector by the VISTAS Planning 
Committee, we needed to anaiyze and modify multiple IAQR files (base and control 
cases) with stakeholder provided data . After providing the EGU SIWG with the data files 
and summaries created with EPA's IAQR projections, participating stakeholders 
provided comment on revisions or refinements to these forecasts . 
lncluded in these comments were planned emission rates and emissions for sources 
covered by North Carolina's Clean Smokestacks Act, scrubber application for a number 
of sources at TVA operated facilities, SCR application at Florida Power's Crist 7 unit 
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and hour specific emissions, heat input, and stack flow and~ temperature data for many 
sources owned and operated by Southern Company. Upon State and/or SIWG approval 
of these submitted data, they were incorporated into the Base 1, 2a, and 2b estimates. 

Option 2 involved the use of VISTAS 2002 planning year inventory (e.g., "typical") as 
the basis of its emission projections. These files were generated through the application 
of growth factors from the EPA's Economic Growth Analysis System (EGAS) 4.0 or the 
Energy Information Administration (EIA), estimates of reduction percentages as 
calculated from EPA's IAQR files, and refined future emission rates from stakeholder 
input regarding utifization rates, capacity, retirements, and new unit information . 

Table 2. VISTAS Special Interest Workgroup source specific issues. 
EGU 

- method for projection 
- growth rates I energy efficiency 
- assumed control programs I emission rates 

-base and future year 
-BART identification 

- shared generation demands 
- planned units I capacity I retirements 
- utilization rates 
- "typical" operation for base & projection year 
- usage of CEM 
- stack parameters 

-houriy stack parameters 
-changes in stack parameters due to scrubber application 

Mobile (Onroad and Offroad) 
- VMT or engine growth 
- control programs 

-IIM, LEV, RFP, fuel characteristics 
- Vehiclelfleet mix 

-Hybrid introduction 
- Speed data 
- Temperature application 
- 3-D aircraft emissions 
- nonroad distribution issues 
- shipping lane information 

Non-EGU Point 
- growth rates / energy efficiency 
- assumed control programs 

-base and future year 
-BART identification 

- stack parameters 
- planned units / retirements . 

Fires {Wild, . Managed, Rx, and Agricuttural) 
- temporal and spatial distribution in base year 
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- "typica!" fire inventory for use in base and projection year 
- changes~in fuel loadings I forest types 

Agriculture 
- improved NH3 estimates from animal Icrop operations 
- growth rates / moratoriums . 
- temporal schedule for SE states 
- CAFOs 

Stationary Area 
- growth rates I energy efficiency 
- assumed control programs 

-base and future year 
- PM transport factor application 
- Paved I unpaved road estimate improvements 
-Urban sprawl 

Because of anomalous operating conditions during any single year of operation, it was 
determined that instead of utilizing actual 2002 emissions from EGU sources in the 
projection process, we would first estimate a planning base year inventory. This 
inventory is also sometimes referred to as a "typical" year inventory and is a normalized 
version of historical activity at sources in the domain. In 2002 a number of VISTAS EGU 
sources were not in operation for parf or all of the year due to reguiar maintenance, 
equipment failure, or control technology installation . 

To prevent these abnormal activities from being can-ied into the future year, the EGU 
SIWG decided that a historical average of operations at each unit would be used 
instead. After obtaining, reviewing and processing historical operational data from 
EPA's Clean Air Markets Division, VISTAS .contractors developed NOx, S02, and heat 
input average profiles using data from 2000, 2001, and 2002. Additional reconciliation 
was completed with the VISTAS 2002 base year inventory to identify units that operated 
in 2000 or 2001 but did not operate in ~2002. These profiles and resulting emissions 
were reviewed by the EGU S1WG and after approval were incorporated as the planning 
base year inventory. 

Using input provided by the EGU SIWG and other participating stakeholders, we then 
incorporated known facility shutdowns, outages, and other relevant data to generate a 
future year forecasted inventory . These data were integrated with ele.ctric generation 
demand projections prepared by the Energy lnformation Administration (EIA} in their 
2004 Annual Energy Outlook (DOE, 2004) and energy efficiency factors developed by 
EPA and used for the IAQR (EPA, 2002) to complete the emission forecast steps . 
These energy efficiency factors account for the CCAP programs, like EPA's Energy Star 
and U .S . Department of Energy's Motor Challenge Programs, which EPA, estimates will 
effectively lower the reference case projections by 6.7% and 10.3% for the years 2010 
and 2020, respectively . 

Unlike the IPM~based Option 1, Option 2 does not account for any trading program 
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within the VISTAS domain. Source classification codes (SCCs) for the industrial sector 
were ident~ed from the Tier categories and each SCC was assigned to one of the fuel 
categories . Appropriate energy adjustment factors were applied to growth-factor based 
emissions projections for all pollutants for each SCC to develop the revised emissions 
projections. Similar adjustments were made to the projected emissions for combustion 
sources in the commerciallinstitutional sector included in the inventories by assuming 
increases in fuel efficiencies for future years. 

NON-EGU POINT AND STATIONARY AREA 
The EPA's EGAS Version 4.0 was used to develop projection factors by county and 2-
digit SIC or 8- or 10-digit SCC. These factors were then applied to the VISTAS 2002 
inventory to estimate changes in activity between 2002 and 2018 for the non-EGU point 
and stationary area source sectors . For each record in the VISTAS 2002 non-EGU 
inventory, a link was established between the State and county FIPS code, the standard 
industrial classification (SIC} or SCC code, and the applicable growth factor to be used 
for projecting emissions. 

The adjustments made to account for energy efficiency increases in the industrial sector 
assume increases in fuel efficiencies for future years. Efficiency adjustment factors were 
developed from data on energy consumption per unit output from the EIA in their 2004 
Annual Energy Outlook (DOE, 2004). 

Using 2002 as the base year, these factors were calculated for each fuel (e .g ., natural 
gas, stear~+ coal, {esidual fuel, etc.) as the ratio between the base year consumption per 
unit output and the projection .year consumption per unit output, as shown in Equation 1 . 

Equation (1) EAFzo~a = C18 / C02 
where . 
EAF2o~s = efficiency adjustment factor for 2018 
C18 = consumption per unit output for projection year 2018 
C02 = consumption per unit output for base year 2002 

Although not reflected in the mass emission inventories prepared for the 2018 cases, 
the application of a fugitive dust transport fraction is recommended by EPA to account 
for the amount of fugitive dust matter which enters a transport layer and disbursed 
within the domain. For the modeling ~file preparation, county-specific fugitive dust 
emission adjustment factors based on land-use categories were applied to the fugitive 
dust emissions within the area source inventories (EPA, 2003a) . 

The initial intent of the agricultural SIWG was to collect readily available information on 
animal and crop operations that would have an impact on future year estimates of 
ammonia emissions. However, due to the . shortened timeline for the preparation of 
these initial estimates, no new information was collected on control strategies or 
technologies that were appropriate to these calculations . For growth factors, in addition 
to EGAS-based rates, where non-matching SCCs or more current data were 



available, factors generated from- U.S.. Department of Agriculture sources or interpolated 
from EPA projections in recent publications (EPA, 2004b) or the IAQR inventories were 
utilized . 

ONROAD MOBILE 
For purposes of estimating onroad mobile source emissions in the 2018 forecast year, 
we are running the MOBILE6 module of the SMOKE emissions processor. Relevant to 
the development of these emissions using this module are the projected vehicle miles 
traveled (VMT) and MOBiLE model input files by county . 

Initial 201.8 VMT estimates were developed at the vehicle class (i.e., LDGV, LDGT1, 
LDGT2, etc.) level of detail since the base 2002 VMT were provided at that level of 
resolution. In effect, the county and vehicle class specific growth factors derived from 
linear growth estimates of VMT from EPA's Heavy Duty-Diesel Engine Rulemaking 
inventories (EPA, 2000) were applied to the 2002 VMT estimates for each vehicle and 
road c(ass. 

Overall county-specific VMT estimates for 2018 (developed by summing the vehicle and 
road class specific forecasts) were then compared to the overall county-specific growth 
targets from the previously estimated growth factors. Since overall county growth is . a 
more appropriate controlling factor as it includes the combined impacts of all vehicle 
classes, the initial 2098 vehicle and road class specific VMT forecasts were normalized 
so that the overall county VMT growth matched that of the previously provided growth 
spreadsheet using Equation -2 . 

Equation (2) Est nr f = (Est rv_i) * (C 2018 I Sum(Est_rv_i)) 
where 
Est rv_f = the final road/vehicle class-specific estimates, 
Est rv_i = the initial roadlvehicle class-specific estimates, and 
C 2018 = the county-specific growth target . 

Through coordinated efforts and review by the Mobile SIWG, the MOB(LE input files for 
2002 were revised to reflect appropriate factors (i.e ., I/M, fuel programs, etc.) in the 
forecast year. These input files were then submitted to the modeling contractor and run 
using episode specific meteorologic~l conditions. 

With the exception of the diesel sulfur content, for 2018, all other input parameters were 
set to MOBILE defaults or retained 2002 values. The sulfur content of diesel fuel was 
set to 11 ppm, down from the 500 ppm value assumed for 2002 modeling. The 11 ppm 
value is based on data developed by EPA for the 2007 Heavy Duty-Diesel 
implementation and includes a small (4 ppm) compliance margin relative fo the 
applicable 15 ppm standard . 

Since the initial emission projection data sets generated for the VISTAS domain in this 
analysis were not required for. an eritire annual period but only for meteorological 
episodes in January and July of 2000 and 2001, no annual emissions are available at 
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this time. Future work to support the final regional haze recommendations will be 
completed by VISTAS in late 2004 and will generate these annual data sets . 

NONROAD MOBILE 
For NONROAD model categories, emission estimates for projection years were 
devefoped using a method comparable to that for the base year (Pechan 2004). Four 
seasonal NONROAD model runs were performed at the county level for each of the 
scenarios and for each State in the VISTAS domain . Seasonal nans account for 
differences in average seasonal temperature, as well as RVP. 

The NONROAD model actually required three i.ndependent sets of runs to properly 
model the Tier 4 program. Two of the three sets included a diesel fuel sulfur content of 
11 ppm (representing a 15 ppm standard and a 4 ppm compliance margin, as compared 
to a Base 1 sulfur level of 2500 ppm) and applied to all equipment with the exception of 
recreational marine engines . The first run properly modeled all- engines with the 
exception of diesel engines between 50 and 75 hp, while the second properly modeled 
all engines -except diesel engines between 75 and 100 hp. The two runs were 
subsequently aggregated . using weighting factors of 57 percent 75-100 hp and 43 
percent 50-75 hp (EPA, 2003b) . The third set of nrns applied to recreational marine 
engines, which are subject to a higher diesel fuel sulfur limit of 500 ppm. However, 
because a fraction of these engines are assumed to use the lower 11 pprn fuel, the 
actual modeled sulfur content is 233 ppm. The outputs from this third set of runs (for 
recreational marine engines only) were subsequently appended to those from the two 

1 aggregated runs. All other inputs are retained at their Base 1 inventory values. 

The method used to estimate 2018 . non-NONROAD model based emissions 
(locomotives, raifroad, commercial marine vessels) was similar to that used to generate 
VISTAS 2002 emissions (Pechan 2004). We started with the 2002 estimates and 
forecast those to 2018 using growth rates developed at the county-SCC-pollutant level 
from EPA's Nonroad Diesel and IAQR modeling inventories. These forecasts are 
described as already considering economic growth and in-ptace control measures . In 
those cases where VISTAS SCCs did not directly match EPA's inventories at the 
county-10-digit SCC level, State generated values were applied based on the fi-dig~ . 
SCC (e.g., 227502~oooc for aircraft) . . 

Since the IAQR baseline emissions already include the impacts of the proposed Tier 4 
diesel rules, which implement a low fuel sulfur requirement that will afFect future 
NONROAD and non-NONROAD based emissions, ~a complimentary. set of emissions 
were collected from the pre-controlled inventories of the Nonroad Diesel Engine 
Rulernaking. These two sets of emissions were required to appropriately model the 
VISTAS Base 1 and Base 2 forecasts. 

Finally, using factors derived frorn the engine population and horsepower estimates of 
the NONROAD model, we applied reductions from the Nonroad Diesel Rule Regu(atory 
Impact Analysis (RIA} to calculate emission changes due to the large spark ignition and 
recreational vehicle (LSIRV) rule . These additional reductions were reqirired as the 
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LSIRV reductions are not currently available for modeling in the latest public version of 
the NONROAD model. 

To develop an application factor (similar to ru(e penetration) for those SCCs which had 
both large and .small engines, we assigned an additional factor based on the average 
horsepower {HP) from the._model's fife to determine small vs. large engines (small < 25 
hp). We then multiplied the average horsepower for each SCC by the total population in 
each SCC/HP range bin and came up with a weighted contribution of large to small HP 
engines . ~Using this factor, we scaled the percent reduction from the RIA published 
reductions by this adjustment to -account for the small population of engines which did 
not receive control under this regulation. 

Fires 
Several unique issues are involved with the forecasting of emissions from the fires 
categories. Not only is there a level of uncertainty associated with the magnitude of 
emissions (i .e ., acres bumed and fuel loading), but associated temporal and spatial 
uncertainty in predicting where many fires (especially wildfires) might occur. Through 
consultation with fre experts participating in the VISTAS Fire SIWG, an agreed upon 
method was developed to generate the initial forecast of fire emissions for 2018. 

To comply with the timing of the near-term projections requirements of VISTAS, we 
based the initial forecast of fire emissions on a planning baseline or "typical year" 
acreage of fires at the State or county level of aggregation. VISTAS contractors 
collected these acreage estimates for recent time periods that were thought to be 
representative of the conditions of the "typical" base year or were readily avaiiable to 
stakeholders participating in the process. The goal was to try and obtain a minimum of 
five years worth of data where possible in order to develop an average number of acres 
per State for each fire type. 

Although this was not always the case, many of the VISTAS States did have data for a 
number of historical years ; some going back as far as 1984. These data were then used 
to "normalize" the 2002 base year inventory to "typical" conditions. Seven VISTAS 
States were able to provide a historical set of wildfire data, while six States have 
prescribed fire data readily available for this purpose. The process for estimating 
emissions from these sources in the initial project'ion is much like that employed in the 
development of a planning base year for EGU sources. We multiplied the current 2002 
base year emissions by the estimated normalization factor to account for deviations 
from "typical" in the acreage bumed for each fire type. This method assumes that: 
" fuel loadinglcharacteristics of the base year are representative of the "iypical" year; 
" spatial distribution of the emissions in the base year is representative of a "typical" 
year and; . 
" temporal variabiiity of emissions in the base year is .representative of a "typical" year . . 
Although an attempt was made to . collect specific information related to easiiy 
impfemented contro! or fire management programs that take efFect between 2002 and 
the future base case year, no data were available in time to include in the initial 

78 



forecast . In particular, we were investigating strategies or changes in prescribed bum 
programs which may result from smoke management plans or other associated agenda. 

If significant increases in the acres bumed under prescribed bum programs are 
identified then the "typical" year approach applied above may not be appropriate for that 
fire category in future work ,and an alternative approach {perhaps implemented as 
control program) may be considered . In fact, such a program would effect both 
prescribed and wildfires since the increase in prescribed buming would potentially effect 
wildfire emissions in future years. These changes and any associated data will be 
considered in future forecast analyses. 

RESULTS AND COMPARISON TO RECENT EPA PROJECTIONS 
It is not expected that this initial emission projection to 2018 should exactly replicate 
those previously completed by other agencies. In fact, due to the regionally-specific 
information provided through VISTAS stakeholder groups, this projection should be 
unique. Not only has VISTAS chosen to use a set of growth factors slightly different that 
EPA's recent set, we have attempted to incorporate regional, State, local, and facility-
based responses to recent Federal, State, and local pollution reduction actions 
into the forecast. 

Figure 3 and Table 3. Relative emission change comparison between VISTAS and 
EPA reductions . 
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Despite this, the resulting emission changes track very closely on a percentage and 
tonnage basis to most pollutants and source sectors when compared to recent EPA 
projections . Figure 3 presents the relative emission change comparison between 
VISTAS 2002 base year to 2018 Base 2a and EPA's 2001 to 2015 IAQR control case 
scenario . Exceptions to the nearness of reductions include PM and CO emissions 
increases in the VISTAS domain which are resultant of the inclusion and change in fire 
emissions. The EPA assumptions hold fires consta~t between their base and future 
year and exclude wildfires altogether. Option 1 generated emissions from the EGU 
sector are presented in this section . Additionally, as no annual onroad mobile source 
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emissions from the VISTAS prajection were available at the time of this pubtication, 
emissions and comparisons exclude the contribution from these sources. 

Figure 4 presents a comparison of NOx emissions from the ten VISTAS States between 
the 2002 base year and 2018 Base 2a . Figure 5 represents annual S02 emissions from 
these same States and categories during the projection timeframe. As expected and 
seen in these figures, emissions from EGU sources dominate these pollutants in most 
States . However, under the strategies applied in Base 2a, they also contribute the 
majority of the 37 and 46 percent reduction, respectively from all represented 
categories . These pen;entages correspond to annual emission reductions of 1,265,000 
tons NOx and 2,237,000 tons S02 in the VISTAS domain and compare to the 37 and 
41 percent (1,336,000 tons NOx and 2,141,000 tons S02) estimated by EPA in the 
latest IAQR modeling inventories for these same categories . 

Figures 4 and 5. NOx and S02 emission changes resulting from 2018 Base Case 2a in 
VISTAS States. 

a 

Figure 6 exhibits the actual emission changes for the four major regional haze and 
visibility inhibiting pollutants (NOx, S02, PM-2.5, and NH3) as comparisons of VISTAS' 
2002-2018 and EPA's 2001-2015 forecasts for the entire 10 State VISTAS domain. As 
indicated earlier, these reductions track quite closely. 

Figure 6. Actual annual emissions change comparison between VISTAS and EPA 
projections . 

80 



NON-VISTAS DOMAIN PROJECTIONS 
Since the modeling domain chosen by VISTAS covered an area much larger than the 
ten States represented by VISTAS, emission inventories for the U.S., Canada, and 
Mexico were required for each of the future year scenarios. Using emission inventories 
initially prepared by other RPOs, States, and EPA, VISTAS contractors generated a set 
of future year emissions used to represent the remaining modeling dornain. 

Westem State base year point and area source emissions for 2002 were provided by 
the WRAP RPO and forecasted to 2018 using EGAS growth rates and similar control 
strategies as modeled by EPA in the IAQR rulemaking . .Additionally, an inventory of 
point source resolved agricultural fire emissions were provided by WRAP and utilized in 
the projection . The CENRAP RPO provided VISTAS with an inv~ntory of 2002 area 
source ammonia emissions which were also forecasted using EGAS growth rates 
and EPA control sssumptions. 

For the remaining U.S: domain, point source projections were based on EPA's 2001 
modeling platform inventories and area source and fire emissions were based on EPA's 
preliminary 2002 NEI . These emissions were forecast to 2018 using EGAS 4.0 growth 
rates, DOE energy efficien.cy factors for combustion sources, and other control 
strategies as modeled by EPA in the IAQR inventories . Onroad and nonroad mobile 
source emissions were developed using interpolation of annual, county-level inventories 
developed and made pubficly available through the Heavy Duty Diesel and IAQR 
Rulernakings . 

Emission projections for Canadian nonpoint sources were based on interpolated 
inventories of Canadian area and mobile sources available and modeled by EPA during 
the Clear Skies Act analyses. Because confidentiality issues invo(ved with Canadian 
point sources and the lack of Mexican emissions forecasts data, these emissions were 
held constant from base year to future year. 

CONCLUSIONS 
The goal of this analysis was to generate a set of comprehensive and complete 
emission inventories for the VISTAS States to support the modeling and assessment of 
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speciated particulate matter with an aerodynamic diameter less than or equal to a 
nominaf 2.5 micrometers (PM-2.5). To compound the difficulties associated with the 
generation of these data, VISTAS schedule compressed the analysis to a period of only 
a few months wherein data collection, review, . analysis, comment, revision, and 
application occun-ed with the assistance of stakeholder Special Interest Workgroups. 

The delivery of these projection inventories was met within the timeframes provided and 
the resulting inventories were of a qua(ity and coverage more than acceptable to meet 
the needs of the planned sensitivity runs application. In fact, direct comparison to recent 
EPA projections in support of the IAQR show significant continued improvements to the 
base year, growth rates, and control factors are already underway and are expected to 
produce more robust future year inventories for control strategy application and air 
qua(ity modeling runs . These improvements are largely based on the lessons leamed 
from the initial projection and valuable input and data review efforts of the contractor 
teams and stakeholders. Ultimately those who have contributed to this process will 
benefit from their contributions in the form of regional haze and visibility 
recommendations based on the latest state-of-knowledge data, methods, and 
models. 
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Appendix F 

EGAS-5.0 Growth Factors for State of Tenn~essee 

from 2002 to 2006, 2009, 2012, and 2016 
for Point and Area Source Categories 
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Appendix G 

Energy Adjustment Factors 

for 

Area and Point Source Type Combustion Sources 



Table G-1 
Energy Adjustment Factors applied to the Area Combustion Sources from 2002 Base Year to 2006, 

2009, 2012 and 2016 for the Categories included in the Middie Tennessee 5-County Area 

Sector Industry Sector Fuel. ASC 2006 2009 2012 2016 
Industrial Total industrial Steam Coal 2102002000 0.9319 0.8836 0.8496 0.8262 
Industrial Totallndustrial Distiliate 2102004000 0.9819 0.9490 0.9308 0.9079 
Industriai Totallndustrial Residuai 2102005000 0.9625 0.9173 0.9065 0.8739 
industrial Total Industriai Natural Gas 2102006001 0.9419 0.9030 0.8831 0.8611 
Industrial Total .lndustrial LPG 2102007000 0.9507 0.9206 0.9018 0.8791 
Industriai Totallndustrial Renewabies 2102008000 0.9678 0.9474 0.9347 0.9163 
Commercial Coal 2103002000 0.9973 0.9959 0.9949 0.9937 
Commercial ~ Distillate 2103004000 0.9028 0.8565 0.8218 0.7812 
Commercial Residual 2103005000 0.9793 0.9649 0.9506 0.9299 
Commercial Natural Gas 2103006000 0.9896 0.9880 0.9871 0.9825 
Commercial LPG 2103007000 0.9938 0.9925 0.9899 0.9859 
Commercial Kerosene 2103011000 0.9894 0.9826 0.9761 0.9669 
Residendal Coal 2104002000 0.9161 0.8582 0.8124 0.7588 
Residential Distiliate 2104004000 0.8767 0.8089 0.7539 0.6885 
Residential Natural Gas 2104006000 0.9687 0.9546 0.9478 0.9311 
Residential LPG 2104007000 0.9259 0.8852 0.8433 0.7828 
Residentiat Renewables 2104008001 0.9608 0.9343 0.9141 0.8873 
Residen8al Renewables 2104008010 0.9608 0.9343 0.9141 0.8873 
Residential Renewables 2104008030 0.9608 0.9343 0.9141 0.8873 
Residential Renewables 2104008050 0.9608 0.9343 0.9141 0.8873 
Residential iCerosene 2104011000 0.9098 0.8617 0.8224 0.7715 

Source: Provided by E. H. Pechan 8~ Associates, lnc, February 2002. The infonnation were used to 
develop the base year and future year inventories for the Heavy=Duty Engine and Vehicle Standards and 
Highway Diesel Fuel {HDD) Rulemaking . 



Tabie G-2 ' 
Energy Adjustment Factors applied to the Point Combustion Sources from 2002 Base Year to 

2006, 2009, 2012 and 2016 for the Categories included in the Middie Tennessee ~ 5-County 
~ Area 

Sector Industry Sector Fuel SCC 2006 2009 2012 2016 
Industrial Total Industrial Steam Coal 
Industrial Total Industrial Steam Coal 
Industria( Total Industrial Steam Coal 
Industriai Totallndustrial Dist111ate 
Industrial Total Industrial Natural Gas 
Industrial Total Industrial Natural Gas 
Industrial Total Industrial Natural Gas 
lndustrial Total Industrial Total Dellvered Energy 
Industrial Totallndustrial Renewables 
Industrial TotaIIndusMal Renewables 
Commercial . Coal 
Commercial Coal 
Commercial Coal 
Commercial Distillate 
Commercial Distjllate 
Commercial Natural Gas 
Commerciai Natural Gas 
Commercial Natural Gas 
Commercial Renewables 
Commercial Renewables 
IndusMal Total industrial Natural Gas 
industrial Totallndustrial Distillate 
Industrial Totallndustrial Distillate 
Industrial Totallndustrial Distillate 
tndustrial Total Industrial Motor Gasoline 
Commercial Distillate 
Commercial Distillate 
Industrial Bulk Chemicais Heat and Power-Total 
Industrial Bulk Chemicals Heat and Power-Natural Gas 
Industria! Iron and~Steel Natural Gas 
Industrial Refining Natural Gas 
Industrial Mining Natural Gas 
Industrial Paper Natura! Gas 
Industrial Total Industrial Total Coal . 
Industrial Total Industrial Natural Gas 
Industriai Total Industriai Naturaf Gas 
Industrial Tota! Industrial Natural Gas 

10200202 0.93.19 0.8836 0.8496 0.8262 
10200204 0.9318 0.8836 0.8496 0.8262 
10200206 0.9319 0.883fi 0.8496 0.82fi2 
10200501 0.9819 0.9490 0.9308 0.9079 
1020060t 0.9419 0.9030 0.8831 0.8611 
10200602 0.9419 0.9030 0.8831 0.8611 
1020U603 0.9418 0.9030 0.8831 0.8611 
10200799 0.9433 0.9054 0.8819 0.8552 
10200903 0.9678 0.9474 0.9347 0.9163 
10200906 0.9678 0.9474 0.9347 0.9163 
10300207 0.9973 0.9959 0.9949 0.9937 
10300208 0.9973 0.9959 0.9949 0.9937 
10300209 0.9973 0.9959 0.9949 0.9937 
10300501 0.9028 0.8565 0.8218 0.7812 
10300503 0.9028 0.8565 0.8218 0.7812 
10300601 0.9896 0.9880 0.9871 0.9825 
10300802 0.9896 0.9880 0.9871 0.9825 
10300603 0.9896 0.9880 0.9871 0.9825 
10301201 1 .0152 1 .0208 9 .0210 1 .0149 
10301202 1.0152 1 .0208 t .0210 1 .01~9 
10500106 0.9419 0.9030 0.8831 0.8611 
20200102 0.9819 0.9490 0.9308 0.9079 
2020010T 0.9819 0.9490 0.9308 0.9079 
20200401 0.9819 0.9490 0.9308 0.9079 
20201706 1 .0015 0.9788 0.9658 0.9488 
20300101 0.9028 0.8565 0.8218 0.7812 
20300107 0.9028 0.8565 0.8218 0.7812 
30190004 0.9557 0.9244 0.9091 0.8959 
30190013 0.9445 0.9102 0.8882 0.8702 
30390013 0.8430 0.9239 0.9124 0.9162 
30500206 1 .0633 1 .0648 1 .0946 1 .1221 
30590003 0.9688 0.9586 0.9551 0.9487 
30790013 0.9064 0.8420 0.7954 0.7543 
39000199 0.9192 0.8574 0.8139 0.7792 
39000689 0.9419 0.9030 0.8831 U.8611 
39000699 0.9419 0.9030 0.8831 0.8611 
40201001 0.9419 0.9030 0.8831 0.8611 

Source : Provided by E. H . Pechan & Associates, Inc, February 2002 . The information were used to 
develop the base year and future year inventories for the Heavy-Duty Engine and Vehicle Standards and 
Highway Diesei Fuel (HDD) Rulemaking 
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Appendix H 

Point Source Control Factors 



Table H-1 . Point Source CAA Baseline VOC Controt Assumptions 

Source Category Contro! Efficiency (%) 

National Rules 

Marine vessel loading: petroleum liquids 80 
Treatment, storage, and disposal facilities {TSDFs) 96 
Municipal solid waste landfills 82 

Source : Provided by E. H. Pechan & Associates, Inc, February 2002. The information were used to 
develop the base year and future year inventories for the Heavy-Duty Engine and Vehicle Standards and 
Highway Diesel Fuei {HDD) Rulemaking , 



Table H-2. Point Source MACT Control Assumptions 

VOC Control 
Source Category EfFiciency (~.)* 

Benzene National Emission Standards for Hazardous Alr Pollutants (NESHAP) (natlonal) 

By-product coke mfg 85 

By-product coke - flushing-liquor circulation tank 95 
By-product coke - excess-NHa liquor tank 98 

By-product coke mfg . - tar storage 98 . 
By-product coke mfg . - light oll sump 98 

By-product coke mfg . - light oil dec/cond vents 98 

By-product coke mfg . - tar bottom flnal cooler ~ 81 
By-product coke mfg . - naphthalene processing 100 
By-product coke mfg. - equipment leaks 83 

By-product coke manufacbure - other 94 
By-product coke manufacture - oven charging 94 
Coke ovens - door and topside leaks 94 

Coke oven by-product plants 94 

2-Year MACT (national) 

Synthetic Organic .Chemical Manufacturing Industry (SOCMI) Hazardous Organic NESHAP (HON) 

-SOCMI processes ~ 79 . 

-Volatile organic liquid sfiorage 95 

-SOCMI fugitives (equipment leak detecdon and repair) 60 

-SOCMI wastewater ~ 0 

- Ethytene oxide manufacture 98 

-Phenol manufacture 98 

-Acryionitrile manufacture 98 

- Polypropylene manufach~re 98 

- Polyethytene manufacture ~ 98 

- Ethylene manufacture 98 

Dry Cieaning 

- Perchloroethylene 95 

- Other 70 

4-Year MACT (national) 

TSDFs (offsite waste operations) 96 

~Shipbuilding and repair 24 

Polymers and resins II 78 

Pvlymers and resins IV 70 

Styrene-butadierte rubber manufacture (polymers & resins group I) 70 
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Source Category 

Wood fumiture surface coating 
Aircraft surface coating (aerospace) 
Petroleum Refineries: other sources 
- Fixed roof petroleum product tanks 
- Fixed roof gasoline tanks 
- F~ctemal floating roof petroleum product tanks 
- Extemal floating roof gasoline tanks 
- Petroleum refinery wastewater treatment 
- Petroieum reflnery fugitives 
- Petroleum refineries - Blowdown w/o control 
- Vacuum distillation 

Halogenated Soivent Cleaners 
- Open top degreasing - halogenated 

- In-line (conveyorized) degreasing - hafogenated 

Printing . 

- Flexographic 

- Gravure 
Gasoiine Marketing 

- Storage 

- Spiash loading 
- Balanced loading 
- Submerged toading 
- Transit 
- Leaks 

7110-Year MACT (national) 

Paint and vamish rnanufacture 
Rubber tire manufacture 
Green tire spray 

Automobile surface coating 

Beverage can surface coating 

Paper surface coating 

Flatwood surface coating 

Fabric printing 

Metal surface coating 

Plastic parts surface coating 

Pulp and paper producfion 

Agriculturai chemical production 
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Source Category 

PharmaceuNcal production 
Polyesters 

Fabric coating 

Petroleum refineries - fluid cataly4c cracking 

Oii and natural gas producti~on 

Explosives 
Plywood/particle boani 

Reir~forced plastics 
Publicly-Owned Treatment Works (POTWs) 

Phthalate plasbcizers 
Polymers and resins III 
Rayon production 

Polyvinyl chloride 
$pandex productton 

Nylon 6 production 
Alkyd resins 
Polyester resins 
Chelating agents 

VOC Control 
EfficienCy (°/a)" 

79 
70 

70 
70 

90 

70 
70 

70 
70 
TO 

78 
7Q 

70 
70 
70 

70 
70 

70 

NOTE: *From uncontrolled levels . 
Source : EPA "Procedures for Developing Base Year and Future Year Mass and Modeling Inventories for 
the Heavy-Duty Engine and Vehicle Standards and Highway Diesel Fuei (HDD) Rulemaking 



Table H-3. Non-VOC Related MACT Assumptions 

Source Category Pollutant Percentage Reduction (°~)* 

Medical Waste Incineration NOx 20 

NOTE: *From uncontrolled levels . 
Source: Provided by E. H . Pechan S~ Associates, Inc, February 2002. The information were used to 
devetop the base year and future year inventories for the Heavy-Duty Engine and Vehicle Standards and 
Highway Diesel Fuel (HDD) Rulemaking 



Table H-4. NOx Reduction Levels from Uncontrolled Emissions for Non-EGU Sources 
Source Category ' Percentage Reduction (%}" 

Percentage 

ICI BoiEers - CoaUFBC 60 

ICI Boilers - Distillate Oit 60 

Internal Combustion Engines - Gas, Diesel, LPG 

, 
IndustriaUCommerciaUlnstitutional Boilers 

Source: Provided by E. H . Pechan & Associates, Inc, Febnrary 2002. The infonnation were used to 
develop the base year and future year inventories for the Heavy-Duty Engine and Vehicle Standards and 
Highway Diesel Fuel (HDD) Rulemaking 



Appendix I . 

Options Input File the NONROAD2004 Model 

for the Nashville 5-County Area 



This is the options file for the NONROAD program . 
The data is separated into "packets" bases on common 
information . Each packet is specified by an 
identifier and a terminator . Any notes or descriptions 
can be placed between the data packets . 

------------------------------------------------------ 

PERIOD PACKET 

This~is the packet that defines the period for 
which emissiona are to be estimated . The order of the 
records matter. The selection of certain parameters 
will cause some of the record that follow to be ignored . 
The order of the records is as follows : 

1 - Char 10 - Period type for this simulation . 
Valid responses are : ANNUAL, SEASONAL, and MONTHLY 

2 - Char 10 - Type of inventory produced . 
Valid responses are : TYPICAL DAY and PERIOD TOTAL 

3 - Integer - year of episode (4 digit year) 
4 - Char 10 - Month of episode {use complete name of month) 
5 - Char 10 - Type of day 

Valid responses are : WEEI~AY and WEEI~ND 
----------------------------------------------- 
/PERIOD/ 
Period type : Monthly 
Summation type : Typical Day 
Year of episode : 2006 
Season of year . 
Month of year : Juae 
Weekday or weekend : Weekday 

D 

------------------------------------------------------ 

OPTIONS PACRET 

This is the packet that defines some of the user 
options that drive the model . Most parameters are 
used to make episode specific emission factor 
adjustments . The order of the records is fixed . 
The order is as follows . 

1 - Char 80 - First title on reports 
2 - Char 80 - Second title on reports 
3 - Real 10 - Fuel RVP of gasoline for this simulation 
4 - Real 10 - Oxygen weight percent of gasoline for simulation 
5 - Real 10 - Percent sulfur for gasoline 
6_ - Real 10 - Percent sulfur for diesel 
7 - Real 10 - Percent sulfur for LPG/CNG 
e - Real l0 - Minimum daily temperature (deg . F) 
9 - Real 10 - maximum daily temperature {deg . F) 
10 - Real 10 - Representative average daily temperature (deg . F) 
11 - Char 10 - Flag to determine if region is high altitude 

Valid responses are : HIGH and LOW 
12 - Char 10 - Flag to determine if RFG adjustments are made 
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Valid responses are : YES and NO 
-----=------------------------------------------------ 
/OPTIONS/ 
Title 1 . 
Title .2 . 
Fuel RVP for gas : 8 .0 
Oxygen Weight ~ : 0 .0 
Gas sulfur ~ : 0 .0339 
Diesel sulfur ~ : 0 .2249 
CNG/LPG sulfur ~ : 0 .003 
Minimum temper . (F) : 62 
Maximum temper . (F) : 85 
Average temper . (F) : 73 
Alti.tude of region : LOW 
/~/ 

------------------------------------------------------ 

REGION PACKET 

This is the packet .that defines the region for which 
emissions are to be estimated . 

The firat record tells the type of region and 
allocation to gerform . 

Valid responses are : 
US TOTAL - emissions are for entire USA without state 

breakout . 

505TATE - emissions are for all 50 states 
and Washington D.C ., by state . 

STATE - emissions are for a.select group of states 
and are state-level estimates 

COUNTY - emissions are for a select group of counties 
and are county level estimates . If necessary, 
allocation from state .to county will be performed . 

SUBCOUNTY - emissions are for the specified sub counties 
and are subcounty level estimates . If necessary, 
county to subcounty allocation will be performed . 

The remaining records define the regions to be included . 
The type of data which must be specified depends on the 
region level . 

US TOTAL - Nothing needs to be specified . The FIPS 
code 00000 is used automatically . 

50STATE - Nothing needs to be specified . The FIPS 
. code a0000 is used automatically . 

STATE - state FIPS codes 

COUNTY - state or county FIPS codes . State FIPS 
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code means include all counties in the 
state . 

SUBCOUNTY - county FIPS code and subregion code . 
------------------------------------------------------ 
/REGION/ 
Region Level : COUNTY 

: 47037 
: 47149 
: 47165 
: 47187 
: 47189 

/END~ 

SOURCE CATEGORY PACICET 

This packet is used to tell the model which source 
categories are to be processed . It is optional . 
If used, only those source categories list will 
appear in the output data file . If the packet is 
not found, the model will process all source 
categories in the population files . 
-------------------------------=---------------------- 
;/SOURCE CATEGORY/ 

:2270000000 
:2282020000 
:2285002015 

All Equipment. - just put semicolon at start of packet name line 
or use the following SCC list - 

, :2260000000 
:2265000000 
:2267000000 
:2268000000 
:2270000000 

~ :2282000000 
:2285000000 

Diesel Only - 
:2270000000 
:2282020000 
:2285002015 

Spark Ignition Only - 
:2260000000 
:2265000000 
:2267000000 
:2268000000 
:2282005010 
:2282005015 
:2282010005 
:2285004015 

v :2285006015 

------------------------------------~------------------
This is the packet that lists the names of output files 
and some of the input data files read by the model . If 

131 



a drive :\path\ is not given, the location of the 
NONROAD .EXE file itself is assumed . You will probably 
want to change the names of the Output and Message files 
to match that of the OPTion file, e .g ., MICH-97 .OPT, 
MICH-97 .OUT, MICH-97 .MSG, and if used MICH-97 .AMS . 
--------------------------------------------------,--- 
/RUNF'ILES/ 
ALLOC XREF 
ACTIVITY 
TECHNOLOGY 
SEASONALITY 
REGIONS 
MESSAGE 
OUTPUT DATA 
EPS2 AMS 
~END~ 

: C :\nonroad\DATA\ALLOCATE\ALLOCATE .XRF 
: C :\nonroad\DATA\ACTIVITY\ACTIVITY .DAT 
: C:\nonroad\DATA\TECH\TECH .DAT 
: C:\nonroad\DATA\SEASON\SEASON .DAT 
: C:\nonroad\DATA\SEASON\SEASON .DAT 
: C:\nonroad\T1~T_6cty\tn06d15c .msg 
: C :\nonroad\TN_6cty\tn06d15c .out 
: C:\nonroad\TN 6cty\tn06d15c .ams 

------------------------------------------------------
This is the packet that defines the equipment population 
files read by the model . 
------------------------------------------------------
/POP FILES/ 
POPULATION FILE : c :\nonroad\data\POP\TN .POP 

/ 

------------------------------------------------------
This is the packet that defines the growth files 
files read by the model . 
------------------------------------------------------ 
/GROWTH FILES/ 
Natianal defaults :C :\nonroad\data\growth\nation .grw 
/END/ 

------------------------------------------------------
This is the packet that defines the spatial 
allocation files read by the model . 
------------------------------------------------------
/ALLOC FILES/ 
Air Transportation :c :\nonroad\data\allocate\tn airtr .alo 
Contruction empl . :c :\nonroad\data\allocate\tn_const .alo 
Havested Cropland :c :\nonroad\data\allocate\tn_farms .alo 
Wholesale establis . :c :\nonroad\data\allocate\tn_holsl .alo 
Family housing :c :\nonroad\data\allocate\tn_house .alo 
Logging empl . :c :\nonroad\data\allocate\tn_Ioggri .alo 
Rec Marine outbrd :C :\nonroad\data\allocate\tn_wob .alo 
Rec Marine inbrd :C :\nonroad\data\allocate\tn_wib .alo 
Snow Blowers comm :C :\nonroad\data\allocate\tn_sbc .alo 
Snow Blowers res :C :\nonroad\data\allocate\tn_sbr .alo 
Snowmobiles :C :\nonroad\data\allocate\tn_snowm .alo 
Coal Mining . :C :\nonroad\data\allocate\tn_coal .alo 
Landscape empl . :c :\nonroad\data\allocate\tn_lscap .alo 
Census population :c :\nonroad\data\allocate\tn_pop .alo 
Manufacturing empl . :c :\nonroad\data\allocate\tn_mnfg .alo 
Oil & Gas employees :c :\nonroad\data\allocate\tn_oil .alo 
RV Park employees :c :\nonroad\data\allocate\tn_rvprk .alo 
Golf :c :\nonroad\data\allocate\tn golf .alo 

- 

132 



-------------------------------------------- 
This is the packet that defines the emssions 
files read by the model . 
-------------------------------------------- 
/EMFAC FILES/ 
THC EXHAUST . 
CO EXHAUST . 
NOX EXHAUST . 
PM EXHAUST . 
CRANKCASS . 
REFUFLING . 
SPILLAGE . 
DIURNAL . 
BSFC . 

RUNINGLOSS . 
RESTNGLOSS . 

factors 

C :\nonroad\data\emsfac\exhthc .emf 
C:\nonroad\data\emsfac\exhco .emf 
C:\nonroad\data\emefac\exhnox .emf 
C:\nonroad\data\emsfac\exhpm .emf 
C:\nonroad\data\emsfac\crank .emf 
C:\nonroad\data\emsfac\displace .emf 
C:\nonroad\data\emsfac\spillage .emf 
C :\nonroad\data\emsfac\diurnal .emf 
C :\nonroad\data\emsfac\bsfc .emf 

C :\nonroad\data\emsfac\runloss .emf 
C:\nonroad\data\emsfac\restloss .emf 

-----------.-------------------------------------------
This is the packet that defines the deterioration factors 
files read by the model . " . 
------------------------------------------------------
/DETERIORATF FILES/ 
THC EXHAUST 
CO EXHAUST 
NOX EXHAUST 
PM S%HAUST 
/END/ 

: C :\nonroad\data\detfac\exhthc .det 
: C :\nonroad\data\detfac\exhco .det 
: C :\nonroad\data\detfac\exhnox .det 
: C :\nonroad\data\detfac\exhpm.det 



APPENDIX J 
DVMT, Vehicle Mix and Example Speed Files Used 

With MQBILE6.2.03 

for the 5-County Middle Tennessee Area 



e-
I 

C~ 
l0 ~ 

C 
1 
0 

7r0 
~~IS 
0 W e 

~ 
3C 
t I 

01 
O~ 
n t 

~ 
' 
0 

~ 
N 
'O 

CM 
1~ 

~ ~ 

f 
O 

' N 

~~ 
t 
m 

'O 
flr 

C O 

~ 

` 

~ 

i 

r 
~ 

D 

M 
l 

a 
~O 

D [~ 
r 
1~O 
e 

I~ 
t~ 

N 
D 

In 
DO 

~r 
f~ 

O 
N 
DC0 
M 
0 
tC 

00 
CO 

e 7 tA c 
tAr 

7 ( 
N 
D N 
~ 

Cp 
lp 
M 
Lp 

f 
r 
~ c 

C 
7 LA 
DtA 

~D c0 
C 
t 
~ ~ 
p f 

0 
p e 

0 
j 

4 
CO 
~ C 
~ 
O t~ N 

M 
M 
V ' 

ln 
C 
~ 

~ I~ 
c0 
I~ 

ch 
CO 

C~ 
cD 

~J ~ etc~ M N ~ 1n M C ~N 
r 
~ 
N 
CD 
M 
C 
N 

~~ 
i 
N 
o f~ 

~ 

' 

~ 
tG ~ 

(p 
~ 

ti 
N 

ap 
~ 

p 
1~ 
~~ 
ch 
N 
t[ 

ap 
~N 

c ! 
O 

c 
~ 
p ~ 

~ ~ 

O 
r 

~ ~ 

~ O 

N 

~ 

~ 

~ 

p CO 

~ 

I~~p N 

d 

p 

~ 

p 1~ 

N 

tp n 
~ 

ecc pD t tn O 

N 

eN~ M 
M 

00 Cr l lA r 

M 

r 
. a 

~ 

0e t 

~M 

t C 

~ 

f 

c~O ~ 

c r 

C 

lt 

Mr 

~ c' 
m 

.O~ ' 
~ ~ 

O 

~ ~ 

aO 
~ 

t~ 

ti 

~ ct~~ C O 
M 

O cN 
~ 

ti 

~ 

a ept O 

ti O r 10 0 <O ~ C G t p c O c'7 0 1 0 O C O e r 
r 

O 
~ 
(~ 
47 

l~ 
I~ 
N 

f'CD 
OD 
r 

N 

~ 
CD 
M 
C D 

r 
tO 
O 

pp 
LA 
N 

~ 
f~ 
M 

Op 
r 
O 

~y 
N 
N 

r 
r 
1~ 

l~ 
~ 
1~ 

r 
C7 
p 
0 
r 
<D N.~ C~~7 0 0ND 

p 
0 ~ N ti 

~p 
1A C~D 

m 
00 
M 

0 
O 
0 O) tC 

N 
C 
1` 

~ 00 
1~ 
d 
ti 

' c'7 
tn 

~O 
~O 

C1 
CD 

. 1~ 
CrJ 

c~l 
N 

(p 
C9 
1~ 

f~ 
~A 
~ 

N 
t0 
~ 

CO 
!~ 
O> 

N 
M 
I~ 

r 
~ 
0 

M 
1C~ 
M 
M 

OO 
<O 
N 
~ 
O 
00 
~ 
~ 

(C 
N 

C O M ~ N r ~ M CO N r ~ ~t eO N r N et 
0 
Cq 
N 
t'rJ 
O 
N 

f~ 
C~ 

ch 
~ 
W 
C~ 

~O 
cO 
r 
N 

r r 

d 
r 
tp 
'~ ln 

N 
~O 

r 
N 
r 

<C 
f~ 
aD 

N 
Ol 
C0 
~ 
CO 
~ 
~ 

OD 
N 
1f~ 

~D 
CC 
r 

lQ 
ua 
G 

~ 
l~ 
tO 

O) 
r 
f~ 

M 
Op 
O 

W 
r 

O 
N 
N 
CV 

~p 
CO 

OO 
M 
N 
In 

tA 
O 
M 
r 

C7 
r 

1A 

~ 

N 
tp 

O~ O N tC) O tA M r 
~ 

ti 0D OO C7 ti CO 
et 
f~ 

f~ 
N 
~ r 

f~ 
~0 
OD 

~0 
CO 

~p 
lf~ 
~ 

CO 
M (O 

W 
CO 

C m 
I~ 
M 

CO 
CO 
r 
Ch 
C 
1A 
M 
N 

d~ 
O 

I~ 
O 
r 
C'O 

OD 
tp 
~ 
N 

'd' 
N 
r 
~ 

C7 
ch 

tA 
<O 

tl~ 
N 

ln 
et 

ln 
~ 

et 
M 
r 
I~ 

CD 
N 

N 
~ tC~ 

M 
M 
O 
CO 

f~ 
N ~ ~ 

M 
el' 
r 

I~ 
pp~~ 
p 

O 
I~ 
O 

r 
tA 
OD 

tA 
f~ 
N 

r 
N 
O 

r 
f~ 
N 

Of 
C7 
~0 

tl~ 
r 

(O 
N 

~O 
pp 
< 

N 

~ 

~ 
N 

f~ 
C7 

O! 
CD 

r 
lA 
M 
~ 

<O 
I~ 
~ 
CD 
N 
M 

I~ 
M 

f~ 
O 
W 
I~ 
M 
N 
N 
O _ 

N 
O 

'~Q~ IA 
fC 

C7 
OD 

1n 
O 

~ 
~ 

<D 
O~ 

t0 
I~ 

~ 

<O 

~ 

N 

O 
r 
N 
O 
pp 

<O 
N 
M 

CD 
r 
N 
N 

C7 tA 
IA 

tf~ 
r 
N 
1n 
r 
pp 

N 
r 

f~ 
r 
r 
0 

GO 
~ 

CO 
01 

.~ ~ r W ~ ~ ~ ~ O) tO `d' ~ ~A O 
C7 
<O ~ ~ 

~O 
~ 

~p 
O 

G) 
~O 
~ 
~' 

~ r O 1~ 
f~ 

i~ 
d' C 

�, r ~C N ~ ~ 

m M 
OD 
M 
OO 

~O 
tC~ 

CO 
(G 

CO 
N 

N 
I~ 

fD 
I~ 
O 
N 
N 
M 

~Q NO (Q ~ It~ 
In 
~ 
f~ 

N Cp r Gp N 

_ 

Of O N N 47 
e~ ~. t0 1~ ~ N r M C7 N 

~' 
f~ I~ 

~" 
r el' p r 

M 
N 
r 
'~ 
M 
CD 
~ 
OD 

CO 
IA 

Ch 
O~ 

r- 
I~ 

CC 
O 
~ 
CO 
N 
r 1A 

O 
~ 

O 
OO 
O 
CO 

IA 
~ 
O 
O 

fD 
CD ~ 

If! 
OD 

Ch 
~ 

<O 
M 

CO 
~ 

00 
~ 

I~ 
O ~ 

~ 
fO 

I~ 
O 
r 
~ 

CD 
r 
~ 
r 
r 
C~ 

I~ 
OD 

tA 
r ~ 

N 
fO 

00 
N `d IA !O f~ S t~ C~ C~ i~ lt~ 

O 
f~ ~ r 

r 
1~ r 

~ 
OD th N 

r 
1~ 1~ 

r 
O 
r 

eh M 
r 

C~ 

N 
O 

N O 0 r1 ~ p 

<O 
O 

N 

r 

~ O m r D 

O~ 
O 
V D '7 r C . O 

r 

_ 
~ O~ I~ cO tA t~ O a0 W O I~ T~ fA O ~t 

~ 
G1 N t~ ~ tMO ti ~ N t~ 6 ~ ~r r V Q~ 

f~ 
~A 
N 
N 
tO 
O 
N 
M 
~I' 

C9 
O~ 
r 
O 

GO 
f~ 
r 
~O 
~ 
M 

N 
O 
M 
CO 

CD 
tC 
r r N tA OD r ~ tC~ N ~ 

t 1 
N 

c 7 
O 3 

Q:J r' ~ M ~ 00 r ~ M Of ~ N ~ 
) 

~' 
M 
N 
r 
O 

r 
N 

~p 
tn 
~ 
el' 
N 
<D 

CO 
O 

N 
N 

V' 
M 

~Cl 
tC~ 

lO 
O 

GO 
r M r N r r N r ~ r C9 N tn r C7 N (O r ~' N 

L 
_ ~ 

CO 
1~ 

OO 
N 
~ 

tn 
OD 

IA 
~ 

C! 
C! 

O 
Op 
N 
IL> 

1C~ 
<p 

<O 
N 
~ 
I~ 

N 
M 
r 
f~ 

OD 
~G 
r 
r 
~ 
M 

d' 
00 

Q) 
~p 
M 
CO 
~ d1 
~ 

I~ 
OD 

d' 
r 
N 
tf) 

I~ 
1~ 

00 
1~ 

O 
O 
dp 

C O 
r 
~ 
~p 

et 
r 
~ 
~ 

1~A 
pp 
M 
C~ 
~ 
1` 
~ 
O 
N 
f~ 

Mo 
Q~ 
~ 
N 

O~D 
O 
N 
f~ 

~ 

tO ~ 
~ 

tO 
~p 
O 
N 

t~ 
W 
N 
O ~ 

M 
r 

t0 
O 

1~ 
~ 

1~ 
OD 

CO d' M M ~ et CO M ~ 
l 

d' CD 
00 
Ch 

lA 
N 
r 
tn 
M 
l~ 
O 
el' 

O 
r 
M 
~ 
M 
tn 
N 
CO 
r 
~ 

r r 

C 

r 
CO 
N 

1n 
M 
~O 

~ 
lO 
f~ 

C3 

~ 

ln 
~O 
O 

lC~ 
M 
CO 

OO 
M 
~ 

I~ 
N 
O 

N 
O 
it 

IC~ 
I` 
N 

~O 
Cp 
~O 

M 
fO 
<0 

R~ 
~ 
1~ 
N 
~ 
M 
Op 
r 

I~ 
~ 
~C 

N 
~ 
C7 

~O 
~ 
0l 
N 
~p 
et 

r 
pf 
O 

N 
ti 
O 

tD 
~ 
(O 

C0 
r 
CO 

1p 

~ 

r 
O 
M `` ~'' ~' 

1~ 
f~ 
01 
r 
t~ 
r 
0 

C7 
00 

' 

~ 
I~ 
M 
M 

1n 
f~ 
r 
d' 

O0 
p 

M 
CD 
r 
t~ 
0 
~ 
~ 

1` 
N 

I~ 
GD 
M 
O 

CD 
M 
r 
M 
m 
~ 

M 
M 
~ 

~ 

~ 
0 
r 
~ 
r 
1~ 

~ 
r N CO d N N G~ t~ N N IA Cq N ~ M N M 

i, 
O 

r 

C _ 

V O C'7 
~ N 

0 
CO 
~ 

1f~ 
l0 
tO 

0 
f~ 
CD 

O CO 
O 
r 
N 
r 
1A 

O 
~ 

lC~ 
(O 
eP 

0 
< 
0) 
D 
M 
~ 

lA 
~ 
O 
r 
00 

O r 
M 

Cp 
N 
r 
lt7 

~p 
lC~ 

O t0 
~ 

1` 
O 

(n 
N 
0 
1p 

!0 f~ 
C7 

V' 
CO 

~. 
OD 

I~ 
00 

tL) 
O) 
r 
1~ 

tp f~ ~ 
~ 
r 
r 
r ~. 

OO 
r 
~ C7 
M 
r 
N 

(p 
~ 
N 
CO 

CO 
f~ 

G> 
r 

yyymrrr 
` ~ 

f~ ~- r e- OO r 
r 
N r 

r 
O 
r' 

00 
r 

eF 
N 
O 
N 

M 
r 
r 

CO 
e- 

CO 
N 
r 
N 

CO 
N 
r 

~ 
r 
M 
N 
N 
N 

Q: 

+~+ ~ cN O ~ GrO ~ Nt l~ O ~ ~ ti tit ~D t~O ~ Nt tf Mf D ~ r ~ et 
r 

aD 
M lE C 

~ 
O 
+ 

ln 
N 
~ 
r 
O 
f~ O 

NC 
D i 

C 
n 1 

CO 
'~ C 
r 
fl t 

rC 
0 

O 
O 
M 
~ 
~ 
f~ 

rt 
d' 
` 
CO 
ri 
r 

~ 
G~ ' 

ti 
d' 
NC 
~ C 

O 
D 

O O 
CO 

m: M N C ~O ~ f 

~ 
C 

O 
O I 
Nf 
~ a 
~t 

0 
n 

C 
C 
D a 
O 

0 C 
NO 

D 
O 
O 
ID 

C D a 
N 

0 t 
N 

C1 
O)< 
N 
O 

t ~ 
N 

O~ C 
N 

C 
Ol 

u~ 
O C r ` ~ r 

r C 
°~' 
O 
t m 

C 

~ 
E c 

C 

°a' 
0 

t ̀m 
~ 

~ 
C 

° ' 
0 

C `m 
~ 

E 
C 

a' 
0 

t ® 
~ 

~ 
C 

o ' 
0 

t ` 
O 

~ 
`° ~ ~ > c ~ 

c 
w 

a 
~ r c ~° 

c 
° a t c `° 

c 
° 

v i 
~ ~ 

m 
c m 

c 
o u . > w E ' w 

3 ' - ~ ~ - 
a 
' 3 - 

d , 
" 

, _ 
a c > ~~ > n 3 3 a c ~ ~v ~ ~ 3 e o c~ ~ v ~ 3 3 ~ c ~ ~ m 3 - 3 c ~ n 3 

Q 

U 

~L 

Z 

Q 

C 
O 

,~ 

'0 
C 

tQ 

3 



C 
7 
O 
V 
C 
O 
a 

G 

H 
m 
_v 
Z 

C 

H 

C~ 

x 

m 
_v 
t 

N 
7 
m 
a 
F~ 

O S ~ O ~ O S O 0 0 ~ 0 S O~ O O S g O ~ 
S 

Np 
O 

Np 
O 

Np 
O 

Mp 
O 

Yl 
S 

Np 
O 

Np 
O 

C O C O G G G O C C C O O O O G G O C O C O C C C O O C O C 

F 
m 
G 
= o 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H 
m 
G 
2 O O O O O O O o O O O O O o O O o O O O O O O o O O O O O o 

m 

, ~ M ~ O S O O O 

~p 

O O S O O O p O O O O O O O O O O O O O O 
S C O O C G C O O C C C C C O C G O C O O C G C C C O C C O G 

a 
p 

N 
O 

p~ 

0 
e~ 
0 

~ 

0 

p 

0 
N 
O 0 

r 
0 0 

~p 

0 
N O ~ 

r 
O ~ 

~p 

O 
N 
O ~ 

~ 
O S O 

N 
O 

p~ 

O 
r 
O S ~ 

S 
, 
O O C 

, 
O O 

, 
O O O C C O C O C G C C C O O O O C C O 

, 
O O C O 

G 
~ O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

m 

p 
Z O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

N 

p 
S O O O O O O . O O O O O O O O O O O O O O O O O O O O O O O O 

= O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
C 

N N N N N 

p 
o 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m 
~A N 01 l 'O 0 0 ~ N W M C O ~[1 N Gf M O D M N Ol M 0 0 tA N Ol M CO 
O O O 

p 
O O O O O 

p 
O 
p 
O O O O O 

p 
O O O O S 

p 
O O O O 

p 
O S 

O O G O C C C O O C C C C O C O C C C O C C C O O O C .C C C 

O O O O O O C O ~ O O ~ ~ ~ ~ ~ ~ ~ ~ O J C O C C C C G O C G O O C O C O C C O O O C O, O Q O C O O C O C O O G 
0 

p 

O 

n 

0 

tn 

0 

Q~p 

0 

~ n 
n 

t0 
CD 

c0 
CO 
~ 
C~ 
n 
Cp 

n 
CD 

n 
~ 

e~ 
Q 
r 
O 
~ 
~ 

N 
~ 

c0 
0 

p~ 
0f 
n 
0 
M 
0 

n 
~ 

aD 
O ~ N r O r 

O O 0 0 0 0 O '-' v r 0 O r O r r O ~- r r- ~- 
J O O C C O C C O O C O O O O G O C C O O C C C O G O O C C C 

~V 
i- 

n 
~ 

G1 
N 
N 
N 

C0~CV 
NN 

Il ) r 
N 

tO 
N 
~ aO CMO ~ O N N O M N ~ 

~ 
r~ e~- 1n 

+ 
M (~O L~ 

pJ C O C C C C 
N 
O O O O 

N 
C 
N 
C 

N 
O O 

M 
O 

cO 
C 
M 
C 
M 
C 

c0 
C O 

M 
C 
M 
O C 

Rf 
C 

M 
C O 

t 1 
C 

C7 
C 
M 
C 
M 
C 

r 
1- 

~ 
~ ~ ~ Ofn ~o ~o 

~ 
n e~ rn ao ao 

~A 
m 

~ o ~r a, a, ~ p~ n p~ ~ O n o 
~ N 

~ 
tA N O n 

p o 0 00 0 0 00 0 0 00 0 0 0 o ~ o O r o r o o ~ o r r r o r 
.1 0 0 0 0 0 o c o c c c c Y o 0 o c c c o 0 0 o c c o c o 0 0 

0 ~ 

N 

~ 

r 

~ 

Cp~ 

~~ 

r 

' 

~ 

~ 

N ~ 

~~ 

O 

~ 

M 

M 

l70 
~ ~ 

0 

~ 

C9 

~ 

~ 

N 

r 

~~' 

~ 

~ 
fD 
M 
O 
~~ 

. ~ 

N 

lO 

~ 

r 

M 

ne~ re~ 

J O O C C C C 
vt 
O O O O O O C O 

C 7c 9 
C C O C 

C O 
C O 

C ) 
O O O 

( ! 
C C O C C 

M 
C 

CO 
O 

~ ~ W y w A !0 ~ ~ ~ ~ ~ y ~' ~ i ~0 _ y a. . ̀  _ 
!0 ~Q 

m V 

_ 

a 

. a ~ W _ (~ _ w W _!0 ~ ~ _!0 {~ 

C C 
~~..++ 

~ 
~~~''''' 
~ 
J O C = 

yy++ 

~ 
J 

~ 
O C C 

yy++ 

~~ 
J O 
J 

C w C ~ 
~ 
~ 

~ J O C w C ~ 
~ 
~ 

~ J O 
_~ 
v 

C _ C~ C - C ~ G ~ 
C C ~ C J C ~ C J 



w 
c 
O 
V 

m 

m 
V 

m 

'a 
C 

A 
F 

t~ 

_K 

m 
v 

m 

M 
7 
_m 

H 

C~ 
pNppp 
OO 

ep'O 
O 

~pff 

O 
N 
S 

Np 
O 

Np 
O 

OO 
O 

pCO 

O 
tA 
S 
N 
S 
N 
g 

pN 
O 

~pp 
O 

ep'O 
O 

iA 
S 

Np 
O 
N 
~ 

Np 
O 

CpD 

o 

pM 

O 

~ 

S 
N 
S 
N 
S 

pN 
O 

OD 
S 

eo 
S 

~ff 
S 
N 
S 

Np 
O 

O C G 
, 
O O C O G O C G O 

, 
O G O O O C C 

, 
O G G C C C O C O C 

, 
O 

m 
p 
S . O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

y 
m 
p 
S O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

m 
m 

p 
rN 
tptn 
r~- 

Iff 
N 
O 
N 
l7 
O 

OD 
S 

Of 
r 
O 

r 
tC1 
r 
N 
4~ 
r 

1p 
N 
0 

N 
!'O 
0 

C~ 
p 
0 

Of 
r 
0 

r 
1~ 
N 
~A 

I!) 
N 
O 
N 
C9 
O 

C0 
S 

01 
r 

r 
tn 
N 
N 

1n 
N 
N 
~'f 

~p 
Q 

Of 
e- 

r 
1~ N I~ ~ N 

N 
M 

~p 
Q 

S C G O C G O O O G C G C 
r 
C 
r 
C O C C 

O 
C 

r 
G 
r 
C 
O 
C 
O 
C 
v 
C 
O 
C 

r 
C 
r 
O 

O, 
O 
O 
G 
v 
G 
~ 
G 

m ' ~ ' tn t.0~ p1~ 
~ 

p~ ~pp teC~f (p 
~ 

1p~ pOf C q ~pp ~s~! .t0~ 1p~ pp~ l7 ~pp 4 f f0 tp~ pp~ l'O ~pp ~ ~eO~ Ip~ pp~ M ~pp 
C ~ O O O O O O O S O O O O O S O ~ ~ O O S O ~ O O O S O 
Z O C C O O O O G O C C C 

, 
O 

, 
O O O C C O C G C O C C C C C O G 

s 
p 

oo o c o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o c o 

> 
p 

oo o o o c o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o c o o o o 

> 
p 

o0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

> 
= g oo o o o 0 0 

N 

0 0 0 0 0 0 ~ 0 0 0 0 0 0 ~ 0 0 0 0 0 0 ~ 0 0 0 0 0 0 
N N N N 

p - 
= o0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m 

Q 

~p 

~ff ~ 
OO 

~ 
O 
~ 
O 
O 
O 

~p 

CS 
C 

~ 
O 
~ 
O 
~ 
O 
~ 
O 
~ 
S 
~ 
S 

~ 
O 
~ 
O 
~ 
O 
~ 
O 
M 
S 

pCD 
O 

pp 
't'f 
0 
~ 
0 
O 
0 
~ 
0 

cp'9 
0 

ap0 
0 

ID 
10A 
~ 

O 
O 
O 
T 
O 

C'~ 
S 

aD 
S 

Z C C O C C O 
, 
O O 

, 
O C O O 

, 
O C C G O G C C G G C C C C C C O O 

H NN C'aA C7 ~ M e~ M M e'~9 ~ ~ ~ c'~ ~ 0 
J 

O O o O O O O O O O O O O O ~ O 0 0 ~ ~ 0 0 0 ~ 0 0 0 
C C C C O C O C G C C C C C O C O C C O C C G C C O O C C O 

tAN fO f^O h ~p ~ t~p 
f~ 
~p 

~p 
CO 
~ 
CD 
~ 
EO 

f~ 
CO 

CO 
1~ 

fO 
1~ ~ 

I~ 
Of 
r 
O 
~ 
~ 

r 
~p 
r 
CD ~ 

~ 
O 

1~ 
O 

1n 
O 

y~ 
~0 

~. 
4! 
~ 
O 

OO 
O 
N 
r 
O 
r 

OO O O O O O O O O O, O O O, O O r O O O r r r ~ O v r r r r 
J C O G C C C C C C C O C ' G O G C C C C C C C C C C O C C C C 

S~1 MrN 
I~I~CV 
re-N 

Of 
r 
N 

oD 
N 
N 

~!' 
N 
N 

Of 
~ 
N 

h 
r 
N 

r 
Op 
N 

C0 
i~ 
N 
~ 
N 

C0 
N 

~ 
N 

V~' 
N 

~r 
c7 
~ 
M 
N 
C9 
N 
~ 

t~O 
N 

tO 
N 
~ 
M 

c'~O 
' 
~ 
~ 
r 
~ 

n 
~ 
ti 4~ ~ 

~ 
fO ~A 

J C C C C C G C C G O C C C C O C C C~ C 
, 
O C 

f O 
O C O 

N 
C 
N 
C 
M 
G C 

M 
C 
M 
C 

r N r 1~ 
tnl~<D 
ooo 

~p ~ 
<OtQ 
o 

!~ 
CQ 

CO 1 
CO 
o 

A 
ID 
0 

.~ . 
0O 
0 

[~ 
00 
0 

1~ 
OD 
0 

49 
OD 
0 

. 
1n 
I~ 
0 
~ 
1~ 
0 
~ 0 
~ 
~ 
0 
~ 
QI 

I~ 
~ 

~ 
1~ 
o 

CO 
1~ 
r 
O S 

1p 
O 
N 
O 

M 
00 
N 
GD 

f0 
O 

tn 
O 
O 
r 

1~ 
O 

p 
iJ C C C 

~+ 
C G~ 

~ 
C ~ C O G G G G ~ G C O O 

"'---+++ 
C G C 

o 
C 
~ 
C 
~ 
C 
r 
C 
r 
O 

o 
G 
o 
O 

~- 
C 
r 
G 
r 
C 

~- 
C 

NC~7f~D 
~ ~ 

~~p0~O 
4~~ 

ti 
tn 

CCVO ~C) 
c'700 

tO b 
e 

ti 
V' 

ti 
e 

~ 
C7 
0 
C9 

0~f 
C'O 
~ 
C' 
~ 
st 
O C~D 

N 
O~ 
N 

C^O 
M 

CO 
M 
~ ~ CND4~'f M ~ f~~ 

' 
r 
~ p 

J 
~ 

C O C G o G C O 
~ 
O 

t 
O C 

t 
O O O C 

7 
O C 

~ 
O C O C G 

M 
C 

C9 
C 

NN 
O O 

~ 
O 

C7 
C 

c 7 
C C 

_~ w ~ 
ya~ ~ 

_M 
10 

w +m" 
~ ~ 

~ 
~ 

_fA 
!a ~ 

`~ 
~ . 

+~m' 
~ 

b 

~ 

M 

RI ~ 

w' 

~ 

~ 

w~ 

q 

R 

W 

fC ~ 

'~ +m+ 

v~ 
~ 

R 00 ~ 

C 'm" 
C 

C 
J J 

~! 

C 'm'' 
C 

~ *j 

V 

1¢ 
- 

J 

_ 
� , 

~O 
J 

~ 

C 

~ 

"m' 
C 

~ ~ 
l~ 
- 

J 

_~p 
~ 

J 

~ 

C 

~fl 

" 
C 

~ ~ ~ 

~ 

l~ 
lp 

407 
J 

_ 
O 

J 

~ 

C "m' 
C 

~ ® 

~ 

~ - 

J 

_~p 
O 

J 
_ 
V 

C - C _ C ~ 
_ 

C C ~ C ~ C ~ C ~ C ~ C 
_ 

C ~ C _ 
_ 

C C ~ C ~ 

~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ c~ 



C 
7 
O 
V 
V 
m 
C 

N 

F 
m 
_v 
_ 

C 

_" 
_V 
L 

7 
m 
.C 

C~ 
NCp 
~O 

OMp 
O 

~pCI 

O 
NNp 
SO 

N 
S 

ppp C 
O S 
9~ 
g 
NpN 
o S 

Np 
O 

C~Cp9Np 
SO0 

Np 
0 
N 
0 

Np 
O 

CO 
S 
M 
S 

tpff Np 
O 0 

Np 
0 

p~p M 
OS 

~pN 
OS 

N 
O 

S' C G C C C C C 
, 
O C O 

, 
O O C O O C 

, 
O C C O C 

, 
O O C O C O C C 

H 
m 

= o0 0 0 00 0 00 0 00 0 000 0 0 0 0 0 00 0 00 00 0 

N 
m 
G 
,S o O O O o O O O o O o o O O O o O O o 0 o O o 0 0 o O O O 

m ~p ~p 

(O~O e~~ N ~p~ 

~p 

C~ f~00 
~ 
N 0p001 <O 

~O 
f0p 
fD d 

CO 
g 

CD ~ ~ 
~p 

tO .~~ N 
~ 
~ tO~.~ N<O W Q 

S 
r~- 
G O 

o 
O 
o 
C 
p0 
C O 

~- 
C 

e~ 
G C 

0 
C 
00 
O G 

~ 

C 

~ 

C OG C 

$ 
O r ~ 0 0 0 ~0 0~ 0 

O G C C C C G C C C C C G 

a 
Q O O ~~ O ~ O S O 0 ~0 0 

~p 

00 O OO O S 

cp 

O O O O SO O QO ~O 
= C C C 

, 
O 

, 
O C O O C C G C C C G C 

, 
C O C C 

. O C 
O O O O O O C G O 

G 
S o 0 o O O o o O o b o 0 0 o O o 0 o O o O o O O o 0 o O o 

m 

0 
= O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

7 
= O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

> 

~OO O O O OO O OO O OO OO OO O O O O N- O O O OO ~ 
N N 

e O O O OO O 
N N H 

M 

0 
S O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

m 

p ~ ~ O O S O ~ ~ O O S S 

a 

~ O O O O O ~ ~ O O O O ~ O O ~ O 
S O C C C C C C C O C C C O C O G C C C O O C C O C C G C G 

~ M 
O 

c9 
O 
0 
O 
0~ 
O O 

~- 
O 

O~O 
Q O 

f A 
O 
GOO 
O ~ 

Of 
O 

MM 
O O 

ef+~f 
O 
M 
~ 

lep~ 

~ 
tf! 
O O 

IA 
~ 

yfp~ Cp 
~ 

l~ 
~ 

~ 
O 
ptiae 
~ 

p~~p 
O 
W 

J O O O O O O O .O O C C O C O C G 
O 
C O O O C 

O 
C O C 

, 
C 

O 
C C C 

~ 
O 

f ~ 
0 ~ 

~- 
0 ~ 

CC ~ 
0 ~ 

ppp O 
O 0~ 

O~pl 
O 

tAs~p 
0 

~ 
~ 
IOO 
~~ 

f 1~~p acO 
~n 

tO 
'~ 

a0 
~ 
~0 
0~ 

1 OD 
P 

t~ 
I~ 
~ 
0 
MI~ 
00 

~ 
0 

r 
C 
-fO0 
OOO 

0N 
CO 
0 
r 

J C C O C C G 
0 

C C 
0 
C 
00 
C C 

0 OO 
C 

O O r-O 0 0 ~ ~-~ ~ o ~~ -p ~ 
O C C G C G C O O O C C O C C O C 

t~ 

~ 
In 

~ 
CO 

C 
N 

~ ~ 
V CV 
NN 

~ 

N 
N O 

NN 
f d' 

N 
O O 

NN 
e~ O CD 
O~ ~t !~ 
CV NN 

~ 
e- 
M 

GO ~ 
7 
~ CV 
N 
~ N 

a- 

N 

~ 

N' 
CO CD 
~ 

~ 

~ 
~ 

' ~ 
~A N 
~ 

f~ 

N 
~p 
M I O O O O O O O O O O O O O O O 

e 
O 
MC 
O O O 

C 
O 

~ ) 
O 

t9 
O O 

c 9 
O O O 

c~ 
O O O O 

O O I 
~~ 
n ( 
p C 
D Of 
OfO 

I~ 
GO t 

~ M 
D(O 

N 
~D 
~ I~ 
COCO 

tCf N 
CO t~1~ 

ch 
~ 

~Cf 
~ 

Of t~ 
W ~ 

( 
I 
O t 
~f 

l~ 
~ ~ 

~- 1n 
OO 

N 
O 

l0 ~ 
Oh 

.~ ~p 
OO 

O I 
40 

~ 
O 0 0 0 00 0 00 0 00 0 OO q 0 00 O O O ~~ i- ~-O ~-~ O r- 

C C C C G C C O G C O C C O O C C C G C G O C C C G C C O C 

!~ 
N 
~ 

'd'c 
N 
d'~ 

Ot 
~t 
At 

O~ 
GaD 
n4~ 

~ 
l~ 
~ 

~f~ 
~~ 

N 
~ 
MC1 
~~ 

~ ~ ~I~ 
~ 

NN 

a01 

M 

~ 

M 

~c~7 

~~ 

~i 

N 

At 

N 

Ot 

~ 

p<0 

M~ 

0 

~ 

I ~N 

MN 
aOt~ 
~M 

M ~~ 

O O G C G O O C O O C O G O C C O O G G C C C G G C 
C 
C C 

NC 
O 

'O 
G 

R 

`~ 

~ y b ` 

' 

~am+ R ~ !A y~ _ 'm'' ..m. 

~ 
M 
R 
H 

m ~ 
~ 

`~ ,m, M m_ ~+ Af 

~ 

M _ R 
+' 

d 

W l 

R R 

0 

V 

_ 

~ 

. . 

m m 

'i ~ 

R 

0 

R ~ 

'~ _ 

w d R' 

N 

m V 

I A ' 

m 

H !~ 

~ m 
!0 ~ 
~ Ci 

+~ 
m ~ 

!a ~0 
m ~ 

~ 
ti 

G C ~ ~ J J C C 
~ 
~ ~ 1 

~ 
J C = 

~ 
Q ~ J ~ ~ C ~ 

~ 
~ J ~ C C 

~ 
~ ~ J 

C 
R ~ 
~ 
~ 
C ~ 
R i f 

C 
R '~ 
~ 
~ 

C 
~ rR. 

C 
R 
~ C 
~ R 

~ C ~ 
~ ~ ~ 

C 
a 
~ 
~ 
C ~ 
~ ~ 

C 
~ 

C 
~ R 

~ _ 
~ IE 

~ 
R~ 

C 
N ~ 

C ~ 
Ip ~ 

C 
Ip 
~ 
` ~ 3 ~ L 3 'e ~f ~ L ~ .. o . . ~ ~ ~£ ~f ~ ' ~' ~ i 3 a 3 ~ ~ ~ ~~ ~ R ~oG ~ ~ ~GC 

0 

~+ 

Q 

N 

Q 

~ 

J 

J 

. 



C 
3 

. 
C 
O 

E w 

T 
H 
m 
~i 

m 

a c w 

r 

_K 

m 
t~ 

" 

N 
7 
O 

r 

C ~ 
Np 
O 

aO 
S 

pMp~ 
O O 

Np 
O 
N 
S 

Np 
O 

0 
~ 
0M 
S 

il 
S 
fpN 
O 
N 
S 

N 
S 

~p 
O 
p eh 

S 

~ 

S 
lNp 
O 
N 
S 

Np 
O 

Cp 
O 
OpM 
O 
~N 
O S 

ppp Np 
O 

~pp Mp 
O O 

pif1 
O 

Np 
O 

~op 

Z C C C O C C C C C G C O C O C G G C G O C C C 
O 
O C G C C C 

O 
C 

m 
G 
2 O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

N 
m 
G 
S O o O o O o O O O O O o O O O o O O O O O O o O o o O O o O 

m 

c0 ~ 
~ 
N 
~ ~ 0 ~ 0 

N 

0 

~p 

O ~ 0 0 0 ~ 0 

N 

0 ~ . ~ ~~ ~ Q O O O 0 0 - e 0 0 0 O O O e - 
S O O C C G O O O O C 

, 
O q O C C O C C G C C C C C O G O C C C 

a 
G O ~ 

~p ~p 

O O ~ 

~p 

o 0 ~ 

pp 

0 

~p 

0 ~ 

~p 

0 O ~ 

~p 

O 

tp 

O S 

~p 

O 0 ~ 

p~ 

0 

~p 

0 ~ O ~ S ~ x c o 
, 
oo o o o c c 

, 
o o o o o o o o c o o c 

0 
cc d c 

O, 
oo 

O 
o o o 

s n 
x o 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 00 0 0 0 

~o 
G 
S o 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 00 0 0 0 

H 
> 
C 
= o 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 oo o o o b 

. . . . - 

= S o O O O O O o o O O O O O ~ O O O O O O ~ O O O O O O ~ a - O O O O O O 
N N N N N 

G 
x o 00 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 000 00 0 0 0 0 

10 
O 
1~0 
~O 

ppp 
O 
MCp 
SO 

D R1 
O 

t~ 
O 
O 
O 

dpD 
O 
M 
S 

00 
S 

Nf 
O 

I~ 
O 
O 
O 

CpO 
O 

l9 
S 

00 
S 

Nl 
0 
~ 
0 
O 
0 

C~C91~ 
000 

MP 
OO 

~O 
O 

pCO M 
S 

I~ 
O 

O O O O O O O O O C O O O C O O O O O O O O O C O O O 
O, 
O O O 

V I~ 
N 
O 
NC 
CV N 
O O 

OCD 
N 
O 

Cf ~ 
NN 
O O 

~ 
t~l 
O 
O 
C9 
O 

OD 
~ 
O 

Of 
C0 
O 
O 
~ 
~ 
Ch 
O 

Of 
M 
O 
~ 
O 
~ ~ 

O ~ ~ 0 ~ ~ 0 ~ ~ 0 
J C C C C O C C C C C O O C C O C C O C O G 

0 
C C G 

00 
G O C O C 

0 
O 

p ~ ~~ ~ ~~ o ~ o o o °c~ S o o ~i ° o - ~' °c~ ~ $~o o~ ° ° ~ o 
J O O O C O o C G C C O C C C C C G C C C C O G O O q C G C C 

~ 
I-~ 

a0 
Q~ 

~- !~ 
t00 

~p 
0 

C~ O 
~0 

f N 
iCl 

01 
~ 

~- 
a0 
N 
C0 
C 
Of 

e~ 
OD 

~L'f 
aD 

CD 
~f 

Q~ 
~ 
O 
N 
~ 
N 

CV 
N 

N 
O 

eh 
tO 

t~ 
Ch 

O> N e~ 
MOCC 

1~ <O 
~1~ 

. . ~ 
~l 

tf~ 
~A 

tfl 
CD 

tD 
1~ 

~ ~N N, NN N N, N N N N N N, ch M C~1 M M N M C~MN cOCV M C~ c~ N 
C C C O O C C O C C O C C O C G1 C O G C G G G G C O C C C O 

` 
O 
S 
O~N 
~~ 

N 
C 

~ 
~cO 
O t0 
oo 

t 
t 
0 ; ~ 0 ~ ~5 OO 0 G~D 

0 
ati0 0 G~0 0 CO 

0 
r 0 ~ 0 ~ ~ O~f ~ ti 0 0~ti ° ' ~ ~~ O O ~ CO p 

J C~ C C O C ~ ~ Oi C ~ C O C L~- ~ O C. G~ C ~ 
0 
C~ 
0 
C ~ 

0 
O ~ 
0 
Cd 
~ 
G ~ 
~ 0 0 
C C~ G 

00 
O C 

~ 
G 
~ 
C 
~ 
C 
0 
C 

0 
C 

I 
pO 
!) 

N~ 

~~ 

I~ 

~C 

NO 

~OI~ ' 
_~ ~ 

~ 

~ < O 

~ 

W 

~' 

~ 

d 

l O 

M 

OC 
O 

O ~ 
~ 
~ 

' 

~ M 

~ 

f ~ p 

'N~ 

~ p f 01 
~ i 

~1~~pp 
~M 

Ne- 

~N 

f~ 
M 
~ 
~ 

f.~y~ r- 

N CI D. ~f c ~ ef , c C ~ et ~t C f N c 9 N C 7 c'~ 
1 C O p O O O O O G C O O C C C C O O C O O C C C O C C C C O 

~ + ~ ~0 ~ ~IA ~ ~ W ~ ~ 
" 
~ M " '~ a~ ~ f0 ~Y}Q R y 

C C 

_ 

~ 

_ 

J ~ C + 

m 

~' ~ ' ~~ 

j~ 
t7 
~ 

_ 

~ C ~ 
~ 
m'' 

~N 
~" 
~ 
m 

~(p 
~,y b 

_ 
~p 
C1 v 

~ 
~+ 
~ 
w 
m 
~ 

_ 
~ ~ ~ 
m Q t1 

C 

~ ~ 
w _m 

m 
~' 

10 
~ m 

~ 
~ Y 1¢ 

- J 
C 

- Q J~ 1 C 
- 
a ~~ l J S C ~J J ~ C a ~ J oJ 

I~ 

c 
ld 

c 
~ 14 

_ 
` 
a_ 
W ~0 o N ~ e W _ ~0 c l0 _ ~0 l 

r 0 ~ 1 
e p _ ~ c !p _ ~p e ~p = ~ c Ip 

_ e_ ~ ~q Lp c- pr ` e ~p _ ~ e ~p _ 
I R ~ 7 '~ 7 " ~ 3 ' ~ ~ ' ~ 3 ' e 7 ~ 7 ' P ~ ' ~ 7 ' e ~ ' ~ ~ '~ 7 ' e 7 "~ 7 ' e 7 It ~~ C~ O: ~'~' ~ ~ ~ ~' ~' ~' ~ ~ ~ ~` ~ ~ ~ ~' ~ ~~OL 



Z 
H 
a rr 
C 
3 

V 
C 
O 
_a 

m 
V 
L 

C 

H~ 

L' 

k 

_m 
_V 
L 

m 
7 
_m 

H 

No dD ~p piA N N Np ppp l'O ~If N Np N 
S 

CO M 
S 

~p Np pN N 
S 

OpD ~p tpD Np N 
S 

N 
S 

CO 
S 

Cp~ ~Y~ 
S 

Np Np 
C~ O S O O S O O O O O S O S O 0 0 o 0 0 0 O O O 

C C C C C C O 
, 
O G O C G O C ~ G G C C C C C C O G O O O O O 

m 
G 
S O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

m 

S O O O O O O O O O O O O O O O O O O O O O O O o O O O O O O 

m 
m n 

O 
~ 
fD 
~ 
~ 
N 
I'9 

a0 
p 

0f n 
O 
~ 
fO 

~ff 
I'9 
N 
C'9 

aD 
p 
~ n 

O 
~ff 
<O 

~ff 
M 
N 
CO 

aD 
p 

d) 
r 

n 
O 

K'f 
ID 

~f1 
M 
N 
M 

aD ~ 
r 

n 
O 
~ il'f 
M 
N 
M 

a0 
p 

0f 
r 

Q r r O O O 
r 
O r r O O O 

r 
O r r O O O O r r O O S O r r O O O O 

S C C G C 
, 
O C O O C C G C C C G O C O O G G C O G G C O O C G 

a 
0 

~p 

0 

~p ~p 

0 

~p 

O 0 0 0 0 0 0 0 0 0 0 O O O O S O 0 0 0 S O O O O S S 
s o o o o o c o o o c c 

, 
o o o c o o o o c o c o o o o c o o o 

O 
= o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

ro 
G ,x o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

G 
Z o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

=o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N N N N N 

M 

p 
= O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

N N 
~ ~ 

CO 
r 

eO 
r 

R~ 
p 

aD 
S 

N 
a 
~ 

eq 
r 
M 
r 

N1 
p 

C0 
S 

N 
~ 

e~ 
~p 

t~ 
r 
M 
r 
M 
p 

CD 
p 

N tn 
~p 

t~ 
r 

l'1 
r 
M 
p 

OD 
p 

N 
~ 
M 
r 
M 
r 
M pp 
p 

p O O O O O O O 0 0 0~ 0 0 ~ 0 0 0 0 0 ~ O O S O 
S O C C O O C C C O O C O C C C G 

, 
O O C C C 

, 
O C G C O C O C C 

O 
H 

<O 
N 

C7 
N 
0 
C~ 
0 
c+] 
r 
C~ 
r 
M ~ ~ p~ N ~p M ~ M c~ C~ cO 

~ ~ ~ 
e+f 

~ 
c'J ~fl O O O O O O O O O O 

~ 
O 0 0 0 0 0 ~ ~ ~ 0 0 ~ 0 0 0 

J O C C O G C C C C O O C C C C C O C C G O O C O C O O C 
, 
O O 

I- °~ o 
r 
~n 
0 
n 
~c 
0 
n 
co 
0 
0 
n 
0 

0f 
~c 
0 

st 
n 
0 

~C1 
cc 
0 

~C) 
ao 
0 

a~ 
0 

Of 
ao 
0 
n 
ao 
0 

~ o 
M 
n 
o 
n 
o 
o 
n 
oo 

c9 
0 

r- 
o 

Of 
ao 
n 
n 
N 
o 
N 
o 
~ 
n 
o 

4'7 
o 

!'~ 
~ 
r 
ao 
n 
o 
n 
o 
N 
r 
O 
r 

p 
J O C C G O G O O C C C C O O G G 

r 
O 
r 
O 

o 
C 
o 
C 
r 
G G 

r 
C 
r 
C C 

o 
C 
r 
C 
r 
C 
r 
C 
r 
C 

O 
~ 

tn 
CO 

OD 
N 

CDOO 
NLV 
N 

eF 
N 
N 

r 
'd' 
N 

0 
r 
N 

n 
n 
N 

n 
n 
N 
~ 
N 
~ 
a0 
N 

C9CD 
nc~) 
NN 

~ 
r 
M 

e~- 
l'7 

CO 
C7 
M 

O 
C0 
'7 

~ 
OO 

~- 
Ln 
N 
f7 
N 
C7 

OeD~ .r~ M 

M 

t~p Cp 

~ 

W~ 

' 

1n 

'~ 

Op 

~ 
. .i G C C C C G O O C C C C C C C 

O 
O C 

~ 
C 

N 
C 

N, 
O 

e0 
O 

C0 
C 

C9 
C 

C7 
O C 

N 
C C 

( 9 
C 

f ~ 
C 

F 9 
G 

r ~ 
O 
~ 
O 

CO 
O 

~(pp ~ 
O O 

~~p 
O 

ti fMOCMD C~OGnD E~D CDti 
O O 

r 
~ 
~ 0 0 ~ S ~ e~- 

~ 
O O 

~ O 
~ 
O 
O 
~ 

f~ 
O 

J C O C C C C 
O 
C 
O O 
G C 

O O 
O O 

O 
C 

O O 
C 

O 
~ C O C C C O O C G C O C C C C C 

9 
<Dt 
CD 
d 

~7 
NI 
~f ~ 

CO 
ql 
A ~ 

~~fi 
nOO 
A u9 

d' 
f~ 
tn 

n 
O1 
CO 
ne~ ~fpp 
M~ 

n0~ 01 O~ CO 

' 

rN 

~ M 

n 

~ 

O 

~ 
Nt n ~ 

M 
O 
~ 

t0 
^ 
0 
n ~ 

CDM 

~ 

r 

~ 

ent r 

M 
~J 

~ 
O 

, 
O O O O O O O O 

~~ 

O O 
~F, 
O 

l ON, 
O O 

C ~ 
O O 

q c 
O 

c 0 
O 

M 
O 

N, 
O 

C 
G 

O 
O 

C~ ] 
O 

C ~ 
O 

NN 
O O O O 

M 
O O 

w _m y ~ _m_W w EI 

`~ ~ 

_y 

~ 

~~.._df 

'~ 

_y 

~ 

r _O 

~ 

y 

~ m ~ 

;~ 

m ' 

~p 

1 m "~ 

;~ 

m - 

_~p + ' 

d m 

A 

~ m 

,~ 

- 

_ 

~ 

~ 

m m ~ " 

R 

m 

~,~ _~p 

- 

' ~ 

~ ~ 

~ 

~ 

A 

m 

((lQQ~ _~ 

w 
C ~ 
~ 
~ ~J 

t~ 
J C 

01 
~~ ~J 

t1 
J 

' 
C C 

C 
~~ J 

~ 
" C C ~ ~' 

a 

t~ 
J p 

. r ,~ Cl 

v 
C 
~ ~ 

C _ C C ~ C C C ~ C _ C C ~ C C J C ~ C _ C J 



000000000°0°0°0°0°0°0°°°°00°°°°0°°0000000000 so~~~g.osg~goo$ao~~sg~goggo~ggo~~g°so 
~r~`~'r`"'rr`"'~'e-rr-rre-r re-r rr e-r-rC 0000000000 O O 

0 

m 

a 
c 

m 
a 

W 
ti 

" 

~~a°oo°g°ooo~~g °o°o ° o°~o°o°° g ~o° Qc~ °o 
oo~°o,~0~~5ooc~,~$o°,~~~~o°,o°o,°o,~g$c5~~~~~o°$°o,o°, 
000000000000000000.00000000000000000 
°op o°°o~$ p°o~p °o°o

poooo$oogoooogoo 00000 pp 000 
OOOOOOOOOO00000000000000SNNN~NNNNNN 

OOOOCCOOCO NNNN NNNN 
ooo©oooooooaaoaoaoo 
00000 0 00000 00 0 0000000~°0000 

00~~0 °oooo~o ooooo~ooooo 0000000 0 
cooococoooooccoooco 
o°°°oo°°°o°o°°o°o°oo°°o°oo°o°o°o° 
8$$o$oS$gSSSooSooog 
cccooococoooocccccc 
oSooSoSooooBogSgooS 
$oooooooSoSSoBoSooo 
o°o°°oo°ooccocooooo° 
00ooooocc °$a°ooooggo 00000ooo.ogooooo0000 $$$$$$$$$ooooooooooc°~ 

ooooo.oooooooocoo 
°o°o°o°o°ooooo000000 
00 0$00000000000 oogoo~~~~~~~~~^~a., 
0000000000000000 
00000000000000°0°0 

°°gg~~~ogggogogSo 
cococoooocoooo~o 
oSoS~BSooSooSogo oo$oo°gooooo00 
oooo° o.ccc°coco 

cocccccccoc 
ooSoooo$o$ooo°°o 
ooooo°o 0 oco 
0000 0 00000000 c~,ogooooo000 ooooo,cooooo000000000000000ooooocooo 

°o°o~°o°o°o°oo°o°°$o°o~o°°og°o°°o°o$°oo~°o°o~o°o°°ogo°o°°o$o 
~°o,o°,~o°,o°,o°,°o,o°,gooooo~gooo,gooo°°°ooooo000 00ooooocooooo00000000000 000000000 00000000000 
00ooooogo$°o°o°oo°$°o°o°oo°o°°o°o°o°oa°o°o°°o~o°°o°o°oo°°o 0000000 00000000000000000000000 000000000000000000000000 00 000000000 00000000$00 cooooo000000ooooocoooocoooooococ °° 00000000000000000000000000000000 00000000000000000000000000000000 00000000 00000000000000000000000 00000000$00000000000000000000000 
0ooooocooooo000000ooooocoocooooo 
00000000000000000000000000000000 00000000ooooogaooooo000000000000 
000 000000000 000000000000000000 ooo~ooooo000000000000000°0000000 
00000000000000000000000000000000 
O $ O O O O O O O O O O O O O O O p$ O $p ° ° ° ° ° g O O O g O O O O O O O O O O O O O O O O ~ O O O O O O O O O O O O O O O O O O O O O C O O O O O O O O O O 
C C O G O C C C C O O O O O O O O O O O O C O O C C C O C C C O 

F-

W 
W a orNM~Lf~CC1~00~OrNM~' 
rNMtttnCCf~CO~rrrrrrrrrrNNN NNrNMsfLt7~p1~" 00 
r r r r r r r r r r r r r r r r r r r r r e- r ~ N N N N N N N N 

O O O O O O O O O Op O Op O O Op O Op pO O O O O O O 
O O O O O O O O O O O O $ ° 

pO O O O O.O O O Op O O O O O O ° O O O O O O O O 

O O O O o O O O O 

O O 
O O O O O O ° O O O O O O O O O O O O O O ° " ~ ̀-' O O O O ,O O O O O O O O O O, O o 

O O C C O C C C C C C C C C C p p O C O C C C O C 
Op O Op O Op O O Op 

C C C O C O O G O 

O O O O O .O O O O 
O O O O O O O ~ ~ S ~ O O O O ° ° gv ° O O O O O O O O ~ ~ g O O O S O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O, O O O O O O O o-oaooooooooocooocooooo00 000000-000 00 

0 

oo°°o °oo 
000 

°o°o, 
000 

° O O 
~ O O 
~ C C 
O r 
r r 

N N N 



0000000 00000 

o°o,$~go"8,~~°0,°0°0,°0, 
0000000000000 
0000000000000 
°o~°o°o°og°o~~°o°o°o°o 0000000000,000, ~, , 
occoooooooo+oo c~ 
°o°o °o°o o°°ooooo m 
ooo~ooo~ooggo ~ o 0 ooooo,o,oo,o,oooo 
0000000000000 0 

oo°°0~~25~~0250°0°~ r o 0 
0ooooocoooooo ~ o~ 
°oo°°o°o°o~~°o~°o°o°o~ 
N N N N N N N N N N N N N C O O 
N N N N N N N N N N N N N ~ ~j 
C C O O C C C C C C C O C '9 . 
O O O O O O O O O O O O O 0000000000000 0, o 0 
ao ao ao ao a~ ac ao ao a~ ao 0o ao ao ~ u°' 
titititi~~tititititititi m 
000000000000o w 
0000000000000 ~ o 0 

~r °o°o~oZ5~°o°025~°0°0°0°0 0 0 
oocooooooocoo c o 0 
oSSoSooooSSSo 0000 0000000o w ~ '°' oooogooooo000 0 
oocoooocoococ 'o -~ o 0 

Op O O O O o O O O O O O O t 
O O O O O O O O O O O O O ~ t O O 
O O O O O O O O O O O O O ~ '~ M M 
O O O O O O O O O O O O O ~ C 
O O O p O O o O O O O O O m t O O 
O O O O O O O O O O O O O 
C G C O G C G C C C C C O ~ 3 . N N 
O O O O O O O O O O O O O 
O O O O O O O O O O O O O ,O ~ O ~O 
O O O O O O O O o O _ O O O ~ ; 
O O O O O O O O O O O O O 
C O C C O O O C O C C O C ~O 
OOOOOOQO00 00 N ~ '" . O ~O 
0000000000~00 3 H ~ o,ri 
0000000000000 0 _m r 
0000000000000 
ooooocooooooc ~ ~~ o ~.o 
0000000000000 0 0 0 
o°°o°oo°°o°o°o°oo°°o°o°o°o o ~ ° 

o c~o 
0000000000000 ~ L' 
cocooooooccco o >~ o 0 
r~ ~r~~ ~~r, r~ r~~r,~r, ,°..~ OL 

~ ..~ C .~~ 
O O O O O O O O O O O O O C 
O 0000 00 000000 G~ 
O 000000000000 ~ ;~~ 3CV 'LN C C O C C C C C C C C C C ~ U ~ ~; 

~~~~~a~--~~NNNNN U LL~- IL2 Q 
N N N N N N N N N N N N N s s t +e ~ ~ a t ~ s ~ . 



O 
O 
N 

~O A ~ . o 
y C3~ o 

ri ~I GI 

C7 
a 
O w 
0 
M 
0 
N 

c' c 

v~ O 
tA U r-I 

V 1~ ~ O 

v° c~ o 

, 
a 
Q 

.i..~ w 0 0 0 -a 
a~ 

"o ~ . -" 

1,1 '~ N (y 
N 

> ~ ro ~ c~ 

~2 

0~ UI O 
H 01 S-I "~ O " ''Cj . H 

C ~ S-I ~ W 1~ N aS ~l ~ A , f~ 

V ~ w c~ m O ~ ~ A , a~ O a, a~ w cn ~ ~ H ,~ 
C ~ ~ ?~ ~ ~+ ~ ~ ~ 

~ ~ ~ N 

'c N~ 3 H ~ ,-~ ~ a ~ '~ O °' ' ,-~ ~-+ . 

0 C m ~ ~ ~ ~,. .~ ~ M ~ ~ ~ M M ~ o 

~., ?~ co~t~~ o `a N~~ o w 

N F-1 "rl N Rf iQ', N O ~I N O 
A bi 3 0 ~ ~n ~n c~ o o O cv ~o ro o o 

_~ ~ O o~o tx N ao~c~ " " o w oa~c~ " " o 
d O ~I TJ N ~ O 'd 01 01 N O GO " Ln O O~ N O GO " tJ1 

J-7 a N ~l Ls+ O ~ ~ N M 01 O N rl ~ N ~-1 N M G1 O O 

7 `Lj ,~' ~ "rl ~ ,'~+ ~ rl rl rl ri e-I rl rl rl S-I N N N CV N N 
C ~ ~. .i H +~ co ~ a O . . . " . . . . . " . . . . . . p .. . . . . . . . . . . 

e~o U 
c 

O ~ G m ~ ~ N -~r ~ .~ o A b " .~~mo~n 
a~~ao~~ 

-rl "rl ~ ~ll ri w 

-' n R'Na U~ °' 
m ' ~~Aa~a~~ 

U W m ~ rts ~ w 

~,+ W Cw-~ ~ O H Cl~ 
~ W Cw-~ "U 

c~ ~°+ ~~nz~~aow aAn ~cnzu~ o a ~~+ww~ Ha o ~~ww~ rx a o H a H a u H a~] A 
H ~r W H H a ~ ~ u m L.7 W H H fW ,'~ O 

O A .74' Ri .~..' H W ~ O A '.ti a' `~'. . E"~ cwn w ao Ho~C~c~a ~ xo Ho~ a a~~cnu~wc~ ~ a~~v~u3 
.Q ~ U ~ H A y H H H ~ £ ~ ~ £ ~ ~ ~ W £ ~ ~ ~ ~ ~ W 

t 
E"" f - i~ ~k ~k ~k ~k ~ ~k ~ H H H H H H H H ~k H H H H H H ~k 



,p ~ .~ 'i3 c~ 

> ,u a~ 
o o b ~ 

bx ~ o 
c ~ " ~ ~ u, 

o 
=~ o -~ ~ o 

, 
m o 

m ( }' H 01 f~-I " rl O ~ " 

,('_'~, i~ ~ w .u N a~ W 

w ~ ~ ~w v Nv~ Cj O ~ ~ ~ ',+ ,~r ~ " !~ tH ~-1 
,~ W~+ ~O 

> o 'd ~ 3 H ~ ~ ~ -
0 0 ~ 

-~ ~ m ~ ~ ~ ~,.~ N M ~ ~ 
E aC rd 'rs ~ ~ o o~ c~ o N N ~ ~ ~ O fd J~ ~,' N rl 

N l0 N O O ~ ~ J~ A Ol -S O ~ ~ N Lll Ln ri O O O O1 N " " O ~ "rl O O ~O 11i ,7 O L~ rl " " o 0 0~ cv o ao " a "d O 3~ ~d c~ o~ O C7 o a~ ~ o ao " ~n NriNc'~a10 ~ ~,~ aa~.~ w Q Nr-IriC~1 OloNrl 
M M M M M ~'~1 '~ ,'~,' G2, -rl ,'~+ ,'t', N (V N N N N N N . . . . . . . " ~ .N ~ .u w ~ a .. . . . . . . . . . . . . . 

0 3 ~ a ~ ~ v ~ ``~ " 
U ~ A ~ ~ ~ ~ w cn ~ ~n~~ 

~+wH o s~C~r~'� m~ ~ ~. ~' . . ._,W~o 
r~ ~n z a~ -v ~~ -~ ~~ ~ ~ ~v " a o u r~ z x 
~ww~ -~ o .~ ~+oo o m o ~ ~v~zz~a~ow ~-1 L12 J..1 Q, C7 ~ 11 ('1 ft . t" A. . r ~ r_~ 

aauzaw o . . . ar~H~H~ 
c~wHHa~ ~~ Gz a~ a~ ~ a ~-~-~+H m~w H ~WUza aw 

0 
O 
N 

- 
Q 
Q 

e~ 0 0 0 c d+ ~ w 

"c w -~ 
o o, 

c 
a~ 

c~ ~ . 

'7 

Q.~ U r1 

O o 

' .~ N H O co a Sa 

0 

oAxx~H ocaxa~Hwu H a~w ~-~ v ~ w xo Ho~s~~ a~~cHn~~ v 3~ oa o,~ w a a~~cnu3w~ 
z ~ ~AA ~H H 

H H H H H H f- ic ~c ~k ~c ~c .k .K ~c ~c H H H H H F-! H H 



A 
N 

C7 

O 
M 
O 
N 

0 
0 
N 

m 

A 
N 

\ 
H 

O 

O ' 

Ei 

O O ~-i 
M M rl 
O O N O 
N N 

e-I O 
O in tio ~ o 0 
a-i o o~ ~ " " o 

om~oao 
N r-1 rl M 01 O 

S-i d~ d' d~ d+ d' d~ o~ . . . . . . .. . . . . 
a 

m 
t-i c1~ W 

~+ W E+ 

o ar~Ha 

a°owHO~ 

W 
~K H H H H H H 

O 
4a 

0 
M 
o U 
N U' 
ri 

A 

0 

W 

O 
'd E-\a 
O rl 

i-1 O O r-I 
O M M rl 
W O O fV O 

(V N 
ri O 

in~~ .oo 
oo~~ " o 

tT o o~ ~ o .ao 
N r-1 r-I c'~1 01 O 

a 
.. " . . . . . . . . . 

H 

u 

'd ~+ W E-~ 

o ~ w H H a ~ oAxa~H 
a~~cEn~3 

W 

# H H H H H H 

W 



O O 2 q 

C t 

N 
cv 
U 
t 
. 

3 
.o 
N 

+-" -rl " ri 
- O 

0 
u 

o a~ 
V A 

C C ,~.~'' 'd . 
C 

H ~ ~ ~d U O 

J 

o ~r-I 
d' 
N Lf1 

0 H d1 S-1 ~ V ,~ o~~ 

~ N t~ a. ~+ 

~ a~ 
c ~ "d cd 3 

G ~ (~ ~1 ro ~.," 
N S-I " ~-1 N f~ 

H =_ A ts3o 
m 

~_ 
'tj ~-. ~i "~ 

ri 

Q" 

C ~ N~ U W m ~ rtS 

O ~ "L W ~ ~-I ~ rI O 

-~ -°° o A b " 
L C .~ S-~ al O m o ~~c~o~ c.~ ~~~a~wa~ 

a; ~ -v -~~~H m~w 
' ; `° a~ a U ;~ °' 
d ~ ~ cn A v N 
R .~ .~ U ~ H A r~ 

1-- F- ~ 

O 
M 
O 
N 

A 

tO. 
~Y 

Y 

N 
O 
O 
N t11 W 

U1 1.1 *i 
r-~ 

RS M 01 rl . 
, ~ O 01 rl O 
,a'7..,, ~r N ~ 

N u1 

a a~ a~~cv " " o 
GG ~ r-I +-~ N M 01 t11 N rl 

a o .. . . . . . . . . . . . . " . 

O a a 
w 
w 
H 
~k i~ 1-t H H H H H H H 

rn q 
rl H 

O 
H 

rl Lfl L~l N O O 

~+W H ~O 
s°~ ~cnzu~za 
a ~~ww~ °a ac~HaH 
~wHHa~~u ocaxa~Hw~ 
a~~c~n~3w~7 

£ ~ 

O 
M 
O 
N 

N 0 
0 
N 

W 

r-I ~ ` 

'd H e-

E ~A 
O 

a H 

O O rl O 

N U1 
O N l0 N O O 
4a O al N " " O 

O a1 N O t11 
N r-i N M O\ tn 

N N N N N N 

.. . . . . .. , . . . . 
a 

H CJ~ 
~+wH 

r~~nz~o 
a~Ha 

~ o A ~x1 a,~ ~ 
a~DcEn~U3 

W ~ ~ ~ ~ ~ £ 

~K H H H H H H 

N N 



N 

_ 
N 
t 

O 
C 

~ _o .~.~ w 
;v . ~ o 

m 
- 

L JJ 
'L7 "~ ~ ~ ~ -

E U 
E 
v ri 

O 

C ~. b M 
O ~..~ o 
w E _z3 cv 

> M, 
o U . 

U 
-ri 

A 
N 

N U" 

S-1 O . i ~ 4-~1 

O c ~ ~ o~ an o 
p Ra H o~ S~ -~ o 
c H O ~ w ~' ~ ~ q 
o w ~d an o ~ ,- 

~+ ~' ~? . v a~ v~ 

~d ~ H o 
E ~ ~ ~ ~ 'd rt 3 r-~ ~ ,-i 

O M M ri ~ N ~ ~ .~', ~ ~ fd M 01 ri 

w N N ~ o E C7 ~ ~ 1-1 ~ t+'' ~,~~' ~ N r~l N 
Rf N ~O N O O ~ ~ q N ~1 "rl N f~ ~Q', ri 

_~ xA b~3o ~ ~n~.n~oo 
ornNO~no ~O tr~0 ~~tiN~ Oo b o~ ~o~n 
N i-i N M 01 Lf1 ` N . -~ .1-1 a N~ ~ ~ W ~ ~ N rl ri M G1 

M M M M M M C r' ~ ~ H O -rl ~ a ~ ~ N N N N N 
. . . . . . . . . . . . E-a ro~ .um~ a~ o 

U 
U 
'd 

A 
0 

w 
ac 

~ W C°w-+ 

~z~~ 
a~Ha 

xHO~ 
cn U 3 

H H H H 

oo a w~ c 

cnQ a~~a~~~ ~~ w 
'ac -~~A ~~ ~ u~ O 
p ~ w m ~ m. ~ S~ h 

y -p ~ -~ -~ O A 'L " U: w O~ ~~̀' U U 
-p H ..~ ~+ GU O ~ C7 A S~ G~ ~n Z ~a~ ao ~~ oc~ a ~ww 

~ ~ ~~ a~ a~ a a~ ~ ~auza 
-ri "ri -r-~ H W rl w H ~ W H H a ° w o ~ v w w ~x ~ o A x x ~ -~ a ~ w ~ -~+ a~ cn w a o H o b~ a~a v .~ w ~ a a~~~nu 

"~ ~ U ~ A A ~ H H W 
s 'N 

'k -k 'k 'k -k ic ~K ic -k -k H H H H H 



A cv 

x 

i N ~ . 

O r1 c?J 
O 

N 
~A \ 
F-1 H 

a . 
pAq v 

b ~ ~+ ~' w ,~ . 

O 
W 

0 
M O 
O M 
N O U ' 

Ei ~ 2i Ei 

0 0 ~ o 
A ~ O 

Ch o o ~ S~ o o *-t 
O , .A'T'., O O N O W O O N O 

N N ~ ~ N N " 

O t11 l0 ri O O ~ fd tf1 \O rl O O 
O W O 01 r-1 " O ~-I O dl rl " O 

" Ln O O~ ri' O L11 tr1 O O\ r1 O Lf? 
lf1 N r-1 . ~ N rl r-1 ~"1 01 tf1 ~ N ~-1 rl M 01 Ln 

N N N ~1 ~M d~ V~ d~ d' d~ a lfl l0 l0 t0 l0 l0 
.. . . . . ~ .. .. .. .. .. . . _ 

S-1 H 

V A ~r ~ V (f] 

Hza A ~ ~u~' ~ ~ uuH ~oa 
o ~ww~a~ ~s ~ww~a~ 

aH a~Ha A auHa w a w ~ ~ a u z a a~ ~ a u z a 
H W U ~ ~ A x a ~ ~ ~ O A x G~ o~owE+o~ a aO HO 3w~ ~ a~~rr~u3 ~ az~~nu3 

w ~ ~ ~ ~ ~ ~ w 
H H H ic H H H H H H it H H H H H H 



Appendix K 

Example Input File to MOBtLE6.2.03 ~or 

Davidson County for 2006 



MOBILE6 INPUT FILE : 

* Special file run for Middle Tennessee counties : Davidson, Rutherford, 
Sumner, Wilson and Williamson only 
* Used June Temperatures and Relative Humidity 

RUN DATA 

EXPRESS FiC AS VOC . 
FXPAND EXHAUST~ . 
EXPAND EVAPORATIVE : 
NO REFUELING . 
MIN/MAX TEMPERATURE : 
ABSOLUTE HUMIDITY . 
REG DIST . 
SPESD VMT . 
VMT BY FACILITY . 
VMT FRACTIONS . 
0 .442 0 .081 0 .268 
0 .000 0 .000 0 .000 
FUEL RVP . 
ANTI-TAMP PROG . 
I/M DESC FILE . 

scn.vARIO REC . 
CALENDAR YEAR . 
EVALUATION MONTH . 

END OF RUN 

EXPRESS HC AS VOC . 
EXPAND EXHAUST . 
EXPAND SVAPORATIVE : 
NO REFUELING . 
MIN/MAX TBMPfiRATURE : 
ABSOLUTE HUMIDITY . 
REG DIST . 
SPEED VMT . 
VMT BY FACILITY . 
VMT FRACTIONS . 
0 .000 0 .000 0 .000 
0 .000 0 .000 0 .000 
FUEL RVP , 
ANTI-TAMP PROG . 
I/M DESC FILE . 

SCENARIO REC . 
CALENDAR YEAR . 
EVALUATION MONTH . 

END OF RUN 

64 .7 86 .5 
94 .012 
c:\projects\atmos\tnm6n\RDavreg .d 
c:\projects\atmos\tnm6n\RDav .spd 
c:\projects\atmos\tnm6n\Art-only .vmt 

0 .083 0 .037 0 .019 0 .000 0 .000 
0 .015 0 .050 0 .000 0 .000 0 .005 
7 .8 . 
95 75 30 22222 11111111 1 11 098 12211112 
c :\projects\atmos\tnm6n\DIM02-30 .d 

Scenario Title Text - Arterial RURAL DAVIDSON CO 
2006 
7 

64 .7 86 .5 
94 .012 
c:\projects\atmos\tnm6n\RDavreg :d 
c:\projects\atmos\tnmsn\RDav.spd 
c :\projecta\atmos\tnm6n\F-only .vmt 

0 .000 0 .000 0 .000 0 .000 0 .000 
0 .000 0 .000 0 .000 0.000 1 .000 
7 .8 . 
95 75 30 22222 11111111 1 11 098 12211112 
c :\projects\atmos\tnm6n\DIM02-30 .d 

Scenario Title Text - Freeway RURAL DAVIDSON CO 
2006 . 
7 

EXPRESS HC AS VOC . 
EXPAND EXHAUST . 
EXPAND EVAPORATIVE : 
NO REFUELING . 
MIN/MAX TEMPERATURE : 64 .7 86 .5 

j~~ 



ABSOLUTE EiUMIDITY . 
REG DIST . 
VMT BY FACILITY . 
VMT FRACTIONS . 
0 .000 0 .000 0 .000 
0 .000 0 .000 0 .000 
FUEL RVP . 
ANTI-TAM_P PROG . 
I/M DESC FILE . 

SCENARIO REC . 
CALENDAR YEAR . 
EVALUATION MONTH . 

END OF RUN 

EXPRESS HC AS VOC . 
EXPAND BXHAUST . 
EXPAND EVAPORATIVE : 
NO RFFUELING . 
MIN/MAX TEMPERATURE : 
ABSOLUTE HUMIDITY . 
RF3G DIST . 
VMT BY FACILITY . 
VMT FR.ACTIONS . 
0 .470 0 .085 0 .284 
0 .000 0.000 0 .000 
FUEL RVP . 
ANTI-TAMP PROG . 
I/M DESC FILE . 

SCFNARIO REC . 
CALENDAR YEAR . 
EVALUATION MONTFI . 

94 .012 
c:\projects\atmos\tnm6n\RDavreg .d 
c :\projects\atmos\tnmsn\R-only .vmt 

0 .000 0 .000 0 .000 0.000 0 .000 
0 .000 0 .000 0 .000 0.000 1 .000 
7 .8 
95 75 30 22222 11111111 1 21 098 12211112 
c :\projects\atmos\tnm6n\DIM02-30 .d 

Scenario Title Text - Ramp RiJR.AL DAVIDSON CO 
2006 
7 

64 .7 86 .5 
94 .012 
c :\projects\atmos\tnmsn\RDavreg .d 
c :\projects\atmos\tnm6n\L-only .vmt 

0 .087 0 .039 0 .008 0 .000 0 .000 
0 .006 0.019 0 .000 0 .000 0 .002 
7 .8 
95 75 30 22222 11111111 1 11 098 12211112 
c:\projects\atmos\tnm6n\DIM02-30 .d 

Scenario Title Text - Local RURAL DAVIDSON CO 
2006 
7 

END OF RUN 



Appendix L 

Example Output File from MOBILE6.2.03 
for Davidson County for 2006 
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TENNESSEE AIR P4LLUTION 
CONTR.OL B4ARD tJRDER NU. 05-007 

DA~'ED AUGUST 10, 20Q5, 
INCORPORATING THE PLAN UPDATE 
INTD THE STATE IMPLEMENTATIUN 

PLAN 



TENNESSEE DEPARTMENT OF ENVIRO~ & CONSERVATION 
BUREAU OF ENVIRONMENT 

DIVISION OF AIR POLLUTION CONTROL 

IN THE MATTER OF 

PR4POSED AMENDMENT TO THE 
i41mDLE ~SSEE PORTION OF 
THE STATE I1VIP~ATION PLAN 
T4 INCORPURATE NON - REGULATORY 
REVISIONS TO THE 11~DLE TENNESSEE 
1 HOUR OZONE MAINTENANCE PLAN 

} 
) 
) ORDER NO.OS-007 
) 
) 
) 

BOARU ORDER 

The following matter came before the Tennessee Air PollutYOn Coutrol Board on August I0, 
2005 . 

In Octaber 30, 1996 (61 FR 55903), the Mtddle Tennessee area (Davidsoq Rutherford, Sumner, 
Williamson and Wilson counties) was redesignated from moderate nonattain~nent to attainmern of 
the 1-hour ozone primary National Ambieut Air Quality Standard (NAAQS). Along with the 
redesignatioq the EPA approved a revision ta the State Implementation Plaa (SIP) for the 1Vfiddle 
Tenn~essee area providing for the maintenance of the 1~hQUr ozone primary NAAQS for at least 
ten years after the redesignation, that is, through the year 200b (the original maintenance glan) . 
Section 175A of the Federal Cl~n Air Act required the submi.ttal of the original maintenance plan 
along with the redesignation request . 

Section 175A of the Federal Clean Air Act also requires the submittal to EPA of an additional 
revision to the SIP for the Nfiddle Tennessee area for maintaining the 1-hour ozone primary 
NAAQS for ten years after the expiration of the 10 year period referred to in the previous 
paragraph, that is, through the year 2016 (the maintenance plan update) . 

The 1Vfiddle Tennessee 1 Hour Dzone Maintenaaae Plan Update has been jointly pregared by the 
Pollution Coatrol Division of the Metro Public Health Department of Nashviile/Davidson Gounty, 
the Nashville Area Metropolitaa Planniag Organization, and the Division.of Air Pollution Control 
of the Tennessee Departmem of Environment and Conservatioq with assistance from the EPA 
This documern is the maintenance plan update prepared to compIy with the requirement described 
in the preceding paragraph, and has been prepared in accordance with EPA's current guidance on 
maintenance plans. 



A Legal Notice of Public Hearing for a draft of the maintenance plan update, was published in the 
June 10, 2005, issue of The Tennessear~ soliciting comments and providing an opportunity for 
public participation . 

Attachment I of this Board Order includes the 1Vfiddie Tennessee 1-Hour Ozone 1Vlaunena.nce Ptan 
Update, and a copy of the Legat Notice of Public Hearing . 

The Public Hearing was conducted an July 11, 2005 . No oral comments were received at the 
Public Hearing. Onty one commenter provided written comments. Attachmem II of this Board 
Order includes the written comments received, and a Response to Comme~s documem with 
comments received and responses. 

Upon the Tennessee Air Pollution Control Board's approval, the Nfiddle Tennessee area portion 
of the State Implementation Plan shall therefore be amended, and the non-regulatory revisions and 
adoptions identified in the Nfiddle Tennessee I Hour Ozone Maintenance Pla.n Update included in 
Attachment I incorporated. 

Approved by the fallowing members of the Air Pollution Cornrol Board of the State of 
Tetmessee, and entered on this i Oth day of August 2005. 

/~..i_~a~,o~ ~',~'°'~R 



LEGAL NOTICE (JF PUBLIC HEARIN~ 
FUR THE PLAN UPDATE, PITBLISHED IN 
THE ~E 10, 2405, EDITION OF THE 

TENNESSEAN 
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P~TBLIC HEARING D4CUMENTATI4N 
FOR THE JULY 11, 200~ HEARING 



4APT-APB 

REGlON 4 
ATLANTA FEDERAL CENTER 

. B1 FORSYTH STREET 
ATLANTA; CEORQIA 3ai03-8960 

,~ 1 1 2005~ 

Ban~r; Stephens, P.E., Director 
Division of Air Pollution Control 
Tennessee Deparlment of Environment 
and Conservation . 
9m Floor, L & C Annex 
401 Church Street 
Nashville, Tennessee 37243-1531 

~ Dear Mr. Stephens : 

. 
si 

. ~ 
. r~ ~"_~ ' ~, ~ 5~ 

~'~~0,~~ ~ , 

r 

Thank you for the opportunity to review the proposed State Implementation Plan {SIP) 
revision dated Juae 7, 2005, which is the subject of a public hearing oa July 11, 2005. The 
package requests approv.al for the update for the Middle Tenaessee 1-hour ozone maintenance 
area,, and was submitted by the Tennessee Deparlment of Environment and Conservation on the 
behalf of the Metro Nashville's Air Pollution Control Division. This plan update is a . 
requirerrient of Section 175A{b) of the Clean Air Act. ~ " 

~' H. 

We have completed our review of the draft submittal and compiled the following . 
comments. Iri conversations with you and your staff on Ju1y 7, 2005, we clarified aad resolved 
the following : , . 

A commitment to support continued monitoring, throughout the maintenance 
period, for the 1 hour standard is required . Please provide a statement in the 
submittal to commit to this . ' 
A verification of cont~ued attaiament section aeeds to be developed. 
A copy of the actual article that was published in the Tennessean - Nashville 
newspaper needs to be submitted to show that a public hearing was provided to 

. the public for the maintenance request review. ' 
Please provide more discussion on how the area and nonroad mobile source. 
emissions were developed for the maintenance area : Simply referencing the 
"VISTAS group" or "VISTAS 2002" database is not sufficient and does not 
provide tlus discussion . If a VISTAS report or memorandum exists that discusses 
the procedures used to develop these emissions for the Middle Tennessee 
maintenance area, it should be referenced and submitted in an appendix in the 
maintenance SIP documentation. 

UNITED STATES ENViRONMENTAL PAOTECTION AGENCY 

internet Addross (URL) " httpalwww.apagov 
RacycladiRa~yrolabla . Prlnted wqh Vegetable Od Based Inks o~ Re~yrded.Paper (Mlnimum 30% Po~consumer) 



.2 

Please consider providing a list of the specific point and area sources, if 
applicable, to correspond to the,~ource eategories in the tables . including in 
Appendix C. ' ~ . . 

We look forward to continuing to work with you and yo~ staff If you have any 
questions, please contact AnneMarie Hoffman at (404) 562-9074. . 

Sincerely, 

~ Kay T. Prince 
Chief 
Air Planning Branch 

cc: Rob Raney, Metro Nashville APCD 
Hernan Flores, TDEC 
Fred Huggins, Me6ro Nashville APCD 



Public Hearing 

July 11, 2005 , (Monday) 

Sign In Please 
Name 

1 . ~~ 

2. ~l~rnan ~~ ~s 

3 . 

4. 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 
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RESPONSE TO COMMENTS DOCUMENT 



RESPONSE TO COMMENTS 

ON THE 

MIQDLE TENNESSEE 
1-HOUR OZONE MAIIVTENANCE PLAN UPDAtE 

F©R THE COUNTIES OF 
DAVIDSON, RUTHERFQRD, SUMNER, WILLIAMSON AND YViLSON 

The legai notice of pubiic hearing is attached and made a pa;rt of the ~nal 
pian. ; The Environmental Protection Agency, Region IV pcovided the oniy 
comments on the plan update. Five formai comments were received, and 
the response to each of ths comments follows. 

Comment 1 . A commitment to suppdrt continued monitoring, throughout the 
maintenance pQriod, for the 1-hour standard is required. Please provide a 
statement in~the submittal to commit to this . 
Response: A statement was added to Section 2.0 committing the Metro 
Nashville Public Health Department, Pbllution Controt Division (local program) 
and the Tennessee Department of Environment and Conservation, Air Pollution 
Control Division (state program? to continuing to monitor ozone in the five-county 
area throughout the maintenance ~riod. 

Comment 2. A verification of continued attainment section needs to be 
developed. 
Response: A discussion was added to Section 5,0, Contingency Measures, to 
specify how a verification of continued att8inment would be conducted, as welt as 
triggering mechanisms to be used to determine the application of contingency 
measures. Emission inventory and air quality data will be used as triggers . If 
emission inventory or air quatity data indicstes a need to consider the 
implementation of a contingency measure, there is a speafic timetable for 
selection and implementation. 

Comment 3. A copy of the actual artide that was published in the Tennessean-
Nashville newspaper needs to be submitted to show that a public hearing was 
provided to the public for the maintenance request review. 
Response: On June 10, 2005 the legal notice of public hearing was pubiished in 
The Tennessean newspaper. The 30-day comment period expired on July 11, 
2005. A public hearing was held at the Tennessee Departrnent of Environment 
and Conservation, Air Pollution Control Division office on July 11, 2005. The 
legal notice of public hearing has been made a part of the finat plan . 

Comment 4. Please provide more d'acussion on how the area and nonroad 
mobite source emissions were developed for tkte maintenance area. Simply 
referencing the "VtSTAS group" or "VISTAS 2002" database is not sufficient and 
does not provide this discussion . If a VISTAS report or memorandum exists that 



discusses the procedures used to develop these emissions for the Middle 
Tennessee, maintenance area, it should be referenced and submitted in an 
appendix in the mairitenance SIP documentation. 
Response: The VISTAS report outlining their emission inventory preparation 
procedures has been induded as Appendix D. Appendix E contains a listing of 
area source emissions by source dassification code. _ 

Comment 5. Please co~sider providing a list of the speafic point and area 
sources, if applicable, to correspond to the source categories in the table 
induding Appendix C. 
Response: Appendix C referenced in Comment 5 is Appendix H in the fina! 
document. Appendices B and E have been added that shows point and area 
source emissions by source dassifrcation code. 


