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fOREWORD

This volume summarizes the historic emissions of sulfur dioxide
and nitrogen oxides on the national, regional and state level from 1900
to 1980. It describes the methodology used to estimate the historic
emissions of all point and area sources. Volume Il of this series
presents the individudl state emission estimates by individual source
category. A computer tape containing the data has been prepared to
allow changes to be made to historic data as work in this area continues
and as methods are further refined (see Volume II, page ii). The data
base in these volumes is consistent and complete from state to state
from 1950 to 1980. For earlier years consistent assumptions were made
when state-level data pertinent to th development of emission estimates
could not be obtained directly. As a result, the historic ewission
estimates provide the best basis at this time for comparing the spatial
and temporal changes in emissions on the state level and for studying
.heir relaticnship to trends in acid deposition, visibility, materials
damage, and terrestial and aquatic effects observed and measured over
past years, These trends and relationships are being studied by the
National Acid Precipitation Assessment Program (NAPAP). This project
was administered by the U.S. Environmental Protection Agency (EPA} with
funding from NAPAP's Task Group B - Man-Made Sources. Under this
program, Task Group B has the responsibility to provide a sinjle consis-
tent source of historic emission trends data. These data will be used
by other Task Groups in their assigned studies. The report has been
reviewed and approved for publication by appropriate EPA and HAPAP

Moo,

David J. Beecy, Chalrﬁgn
NAPAP Task Group B - Man-Mad~ Sources
U.S. Department of Energy

personnel,
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ABSTRACT

Historic emissions of sulfur dioxide (SO2) and nitrogen oxides
(NOx) were estimated for Task Group B, Manmade Sources, of the National
Acid Precipitation Assessment Program for each state of the conterminous
Unfted States. The emissfons were estimated by {ndividua) source
category on the state level from 1900 to 1980 for every ¢ifth year
and for 1978. The source categories included power plant, indust=ial
boilers, industrial processes, commercifal and residential heater;,
natural gas pfpelines, highway vehicles, off-highway diesel engines and
a1l other anthropogenic sources. These emissions were calculated from
salfent statistics indicative of fuel consumption or industrial output,
estimations of average statewide fuel properties and estimations of
emfssion factors specific to each source category over time. The emfssion
estimates were then aggregated to show the emission trends by state,
region and ail states combined. Total state enissions for each year
were tnen estimated using an interpclation procedure based on national
annual fuel consumption.

ACKNOWLEDGEMENT

The authors are greatly indebted to Charles 0. Mann, Nationa}l
Air Data Branch, U.S. Environmental Protection Agency who provided
much guidance and assistance throughout this assignment and who served
as technical advisor. Sincere apprecfation is also extended to
Rudolf B. Husar and to frederick Lipfert for sharing information
with us and for consultation and valuable suggestions. The authors are
also indebted to many individuals in many agencies who provided copies
of relevant historic data and to the staff of Duke University Library
Reference Department for assistance in locating fnformation. Suggestions
and comments of the technical reviewers of the draft document are
appreciated and hereby acknowledged. This assignment was supported by
funding from Task Group B, Nationa) Acid Precipitation Assessment
Program, through the U.S. Environmental Protection Agency.

xi



CHAPTER 1
PROJECT SUMMARY

1.0 INTRODUCTION

Sul fur oxides and nitrogen oxides are considered primary
precursors of acidic precipitation. The anthropogenic emissions of
these pollutants are suspected causes of many biological and chemical
effects observed in recent years. Understanding the historic emission
trends is important to understanding the development of acid
precipitation-related problems and causes of observed environmental
effects.

Annual quantities of emissions of sulfur oxidcs and witrogen oxides
are presented for each of the contiguous 48 states includ-ng the District
of Columbia. Emissions of each pollutant were estimated for every fifth
year from 1900 to 1980 and for 1978, 7he time span fom 1900 through
1980 was selected to allow study of early alkalinity measurements and
also to allow comparison with the 1980 national emission inventories
being developed under the National Acid Precipitation Assessment Progran.
Five-year intervals were s2lected to provide an indication of the
emission trends sufficient for most effects studies and to develop a
methodology that could be applied to all other years. The state level
was selected because it provides the most complete and consistent body
of information on a historic basis and collectively covers all geographic
regions of the country,.

For each state the estimates are based on the apparen?! annual
consumption rate of fuels. The fuels include bituminous ccal, antucacite,
lignite, residual and distillate oil, natural gas, wood, gzsoline,
diesel fuel and kerosene. The consumers of these fuels, which are also
the emitters of sul fur oxides and nitrogen oxides, are catejorized
according to electr:c utilities, industrial boilers, commercial and
residential furnaces, pipelines, highway vehicles, railroad., coke
plants, smelters, vessels and other major sources. Emissions were
also estimated for industrial processes based on production rates, wild-
fires and a miscellaneous source category. Collectively, these source
categories account for all anthropogenic emissions in each stite.



These emission estimates are tmprovements over previous estimates
reported by Gschwandtner, et. al.l:2.3:4 They are the resuli of
refinement in methodology and further research. The original data file
included only 33 eastern states and the District of Columbia and was
limited to the time period between 1950 and 1978. This file provided
the best estimates of the emission trends for these states available at
the time, but it was recognized that the estimates for 1950 and 1955
were fncomplete and inconsistent with later years and that further
improvements in the methodology were needed. The present report
incorporates many technical improvements, additional details and an
expansion of the data file in both time and space.

The state-level emission estimates for point and area sources
contained in the present report, supplement the national hiccoric emis-
sion estimates of the U.S. Environmental Protection Agency® available
for every tonth year from 1940 to 1970 and yearly since 1970, The
state-level emission estimates in this report provide greater spatial
resolution for the study of acid precipitation trends over a longer
time period. These latest estimates also incorporate some information
provided by other historic emission researchers. Informatton on emission
trends for residential sources and highway vehicles inferred by Lipfert
et. al. have been incorporated.§ For years prior to 1250, estimates
of state coa) consumption estimated by Husar, et. al. have also been
included in the data fiie.?+8,9 Husar, et. al. used regional, state, and
sub-state level coal consumption to indicate the emission trends of
sulfur oxides in the early part of the century and late 1800's.10

This chapter summarizes the general methodology and the results of
the current historic emissions data file available for each pollutant.
Sulfur oxides are expressed as sulfur dioxide (502) and nitrogen oxides
(NO,) are expressed as nitrogen dioxide to be consistent with the
emissions reported by the U.S5. Environmental Protection Agency. The next
chapter describes specific methods of data production for each source
category, compares the estimates with other emission inventories and
discusses ways to further improve the estimates. Volume II of this
series,1l which replaces an earlier version (Reference 4) contains the
historic S0, and NOy emissions data file for each state by source category
and the underlying fuel consumption and sul fur content data bases.



2.0 METHOD

Average emission rates for each study year were calculated for
individual source categories for each state. The source categories are
listed in Table 1 according to the type of fuel consumed. These cate-
gories represent all types of boilers, furnaces, engines, processes and
other manmade emission sources. The basic steps involved in calculating
state emissions are listed below:

1. Obtain state level information on fuel use.

2. Allocate fuel quantity used by each source category.

3. Develop source category emission factors.

4. Determine fuel sulfur content by state for each category.

5. Calculate emissions, after emission controls.

The actual procedure varied somewhat depending on the usefulness and
availability of information. It can generally be described in more detail
for two time periods; 1) 1950 to 1980, and 2) 1900 to 1945.

2.1 Approach for 1950 to 1980

2.1.1 Fuel Consumption

For electric utilaties, state consumption rates of fossil fuels
were derived by individual power plant from the Bureau of Census,lZ the
American Petroleum Institute,13 the U.S. Department of Energy,l4 and
the National Coal Assocration.l5 The consumption rates were determined
according to boiler type. For all other categories except smelters and
miscellaneous sources, annual fuel consumption rates were obtained for
the source category as a whole from various publications cited in
Chapter II. When fuel consumption data were not available other salient
statistics such as fuel sales, demand, distribution or shipments were
used, For the highway vehicles category, vehicle miltes traveled were
used for 1970 to 1980 because these provided a better estimate according
to the mix of vehicle types. For earlier years, gasoline consumption
by state was used. For ihe wildfire category, total forest area burned
in each state was used.l6 For smelters and miscellaneous industrial
processes, estimates were based either on individual plant or state
production rates. Ffor 1950 to 1920, state-level fuel consumption data
were available for most source categories,



TABLE 1.

Bituminous Coal:

Anthracite coal:

Residual 0i1l:

Distillate 0i1:

Natural Gas:

Wood:

Gasoline and Diesel:

Other:

FUEL TYPES AND EMISSION SOURCE CATEGORIES

Electric Utilities

Industrial Boilers ard Space Heaters
Commercial and Residential Uses
Steam Railroads

Coke Plants

A1l Uses

Electric Utilities

Industrial Boilers and Space Heaters
Commercial and Residential Uses
Yessels

Electric Utilities

Industrial Boilers and Space Heaters
Commercial and Residential Heating
Railroads

Vessels

Electric Utilities

Industrial Boilers and Space Heaters
Pipeline Compression Stations
Commercial and Residential Uses

Electric Utilities

Industrial Boilers and Space Heaters
Commerciat Heating

Residential Wood Stoves and Fireplaccs

Highway Vekicles
Of f-Highway Vehicles
Vessels

Wildfires

Cement Plants

Copper, Lead and Zinc Smelters
Miscellaneous Industrial Processes
Miscellaneous Cther Sources



2.1.2 Emission Factors

The state-level data were then multiplied by specially derived
emission factors to yield estimates of uncontrolled emissions, First,
the most recent emission factors of the U.S. Environmental Protection
Agency reported in AP-42 and Mobile 2 were obtained.17.18 These factors
are based on actual emission tests of each type of combustion process or
emission source represented in each source category. They arz most
appropriate when applied to a large number of sources such as on the
state ltevel. Periodically, they are revised by the Agency to include
new, additional or improved test data.

The factors for each pollutant were then adjusted to represent
each source category as a whole. This procedure involved mcthematically
weighting each factor according to the amount of fuel consumed by
various types of boilers, furnaces, engines, processes or other emission
sources comprising the category. For highway vehicles, NO, emissicn
factors were state specific and were weighted according to the amount of
urban and rural traffic and state elevation, vehicle mi. and pollution
controls in use. These adjustments provided the most representative
factors for 1970 to 1980 for which vehicle miles travs.ed were available.
For earlier years, vehicle miles traveled are wn.t available and the
factors were based instead on gasoline consumption and on estimated
average miles per gallon for both urban and rural traffic. These
factors yield generally the same results as those of Lipfert derived
from the trend in internal compression ratios of vehicle motors.19

S0, emission factors were also weighted according to fuel consumption
by individual emission sources within each category. However, these
factors are more dependent on fuel properties than on combustion sources
and include a fuel sulfur content variable. The emission factors
account for the fraction of the fuel sulfur that would be emitted as
uncontrolled emissions and the remaining fraction that would be
captured in the solid residue. These fractions are determined on the
basis of source emission tests ard materials balance analysis involring
various coal ranks that are commonly used by each source. The average
statewide values of sul fur content of coal on the consumer level were
obtained from the Bureau of Mines for 1965.20 Ffor the earlier years,
average statewide values were calculated from fuel distribution

5



reports and information on fuel properties by originating district.21.22
The calculation techniques are described in Chapter I1. The average
values of sulfur content of fuel o0ils were obtained from information
published by the Bureau of Mines and the U.S. Department of Energy,
Bartlesville Energy Technology Center for demestically produced fuel
oils. These references are also cited in Chapter 11,

2.1.3 Emiscion Controls

The amount of emissions controlled by certain control devices was
then subtracted frum each source category. This step pertained to 30,
which is controlled by flue gas desulfurization systems at power plants
and by-product sulfuric acid plants at smelters. Controls applied to
sources of NOy emissions have generally had little effect in reducing
emissicns through 1980.5

Estimates were then compared with EPA nationa® emission estimates,
with the NAPAP emission inventory for 1980,23 and wiik the estimates of
Pechan, et. al. for electric utility emissions,24.25 This provided an
indication of the precision of estimates for common years and a basis
for establishing the precision for earlier years.

2.2 Approach for 1900 to 1945

For this time period, state-level data on actuzl fuel consumption
by source category were not always available, especially for the earlier
years., Also, the method for collecting and reporting early data was not
always consistent with the method for more recent years. Depending on the
type of information found, either one of three approaches was taken.

1. State-level data were used when available,

2. National data were apportioned to the states, or

3. HNo estimates were made when state and national data were
unavailable and when the emissions wer~ so small as to be

considered negligibl .

These approaches help account for most of the early S02 emissions which
were dominated by coal usage and for which consumption data arc available
either on the state or national level, Most NO, emissions are also
accounted for by this approach, but in terms of quantity are comparatively
less than S0, because of the low consunption rates of fuel oils ana
natural gas in the early study years.



2.3 Assumptions

The same sulfur conteat values derived for 1955 were assumed to
apply to the earlier years. This assumption was necessarily made
because no evidence was found to suggest a general trend in sulfur
content. Available information indicates that sulfur content of coal
as mined did not change significantly and most coal was consumed in or
near the producing states. Analysis of coal distribution patterns also
suggests little change compared to the changes in the middle or recent
part of the century.

It was also assumed that the emission factors used for 1955 applied
to earlier years. No evidence was found to suggest a change in either
the emission characteristics of coal-fired sources or the population
mix of types c¢f boilers and furnaces. As research in histovic emission
patterns and trends continues, this general assumption may be replaced
by specific state-level data if such data can be developed.

Other assumplions which were made are more specific to certain
years and source categories and are described in Chapter Il.

2.4 Aggregation of Emissions

Historic fuel consumption data were ti%ulated for each :tate
according to source category and stu s year. Corresponding fuel sulfur
content values were also tabulated for each source category according
to state and year. A third tabulation contained the weighted emission
factors for S0, and HO, by source custegory and in some cases by state.
These three matrices were multiplied to produce two new matrices, one for
50, emissions and one for NO, emissions. The emissions of each state
were then totaled by year to provide an estimate of overall national
emission trends. They were also totaled by fuel type and by source
category to show the effects of fuel switching and changes in consumer
sectors., State emissions were also agqregated to show the trends in
broad geographic regions of the country.

The national emissions were then analyzed by season and olso by
stack height ranges. For the seasonal analysis, the percentace distri-
bution of the emissions by season was estimated for each major
source category based on engin2ering judgment and knowrn histor.c
characteristics of each source category to give a general indica-
tion of the trend since 1900. The total national emissions of 2ach



source category were then multiplied by these oercentages. As a result,
the estimated seasonal emissions reflect both the trend ir total
emissions by source category and the general change in the seasonal
distribution of emissions by source category.

For the release height analysis, the percentage distribution of
national emissions was estimated for each source category according to
four broad ranges of stack heights, In the case of electric utiltities,
fndividual power plant emissions and stack height data were used to
determine the national distribution by height from 1950 to 1980.2 For
earlier years and for other sources, the analysis was based on the
general trena in the stack heights for the category as a whole. Both
the seasonal and stack height analyses provide an approximate indication
only of the trend on the national level. The emission trend by season
is shown graphically in Appendix B and by stack height in Appendix C.
However, these results should not be considered as reliable as other
information presented in this report.

2.5 Yearly Estimates

State total emissions for the intervening years were interpolated
from the state emissions estimated for the study years and the annual
national energy consumption reported by fuel type. The interpolation
was performed individually for each major fuel category by state. Ffor
each intervening year, the emissions of each fuel category were then
added., The interpolation proceaure is described in Chapter 1II and the
resulting state total! emissions are presented in Appendix A.

3.0 RESUBLTS FOR 1800 TO 1980

National and regional trends of each pollutant are presented here
by fuel type and by source category. The trend in tota)l emissions of
individual states are also shown while the individual state estirates
for individual scurce categories are presented in Volume I1.

3.1 Fuel Consumption, Overall and for Categories

Figure 1 shaws the total mineral fuel consumption for the United
States in terms of energy consumed by major source as obtaired from the
Bureau of Census.26,27 Total coal consumptinn has remained retatively
constant over time since 1900 compared to the consumption of other fuels.
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Figure 1. Total mineral fuel consumption of the United States by major
source: 1900 to 1980.

(Note: The numerical form of the data is provided in Volume I,
Appendix A. Also, the petroleum category shown in the figure
includes crude petroleum and petroleum products as consumed,
minus the consumption of gasoline and diesel fuel which is
shown separately. 1 Btu = 1.055 kJ )



Since 1960, coal consumption has steadily increased on the national
level by 30 percent. Crude petroleum and natural gas consumption (the
primary sources of NO, emissions) have increased most rapidly since the
1930's. Wood and anthracite accounted for a large portion of the total
energy consumption in the early part of the century but not in the
Yatter part. Until 1930, per capita energy consumption remained
nearly constant, declined during the Great Depression and has increased
since, except during the oil shortage in the mid-1970's.

3.2 S0, Emissions, Overall and for Categories

Figure 2 shows a plot of the total quantity of 50, emissions for the
contiguous United States by fuel type and for each study year. (It
should be noted that the emission levels for consecutive study years
are interconnected only to highlight the historic trend. They do not
necessarily represent the trends between study years.)} Overall, the SO,
trend follows the general trend of coal consumption except th:t total
emissions appear to have decreased by 10 percent from & maximum around
1970. 7This decrease is somewhat due to the yeneral decrease in sulfur
content of fuels and emission reductions brought about by natinnal and
state environmental control requlations.28 Sulfur contert has decreased
to a large extent as a result of coal cleaning and mixiny easturn coal with
cleaner vestern coal while in the early years coal was mostly bhurned as
received from the nearest coal-producing district.

Figure 3 shows the overall trend by source category. This plot
reflects the growth of major fuel-consuming sectors and changes in
fuel demand. For example, electric utility emissions appear tc have
increqsed sharply by the 1950's and 60's. In contrast, SOp emi;sfons
from steam locomotives almost completely disappeared by 1950 with the
advent of diesel-powerad railroads.

3.3 NOy Emissions, Qverall and for Categories

In contrast to SO, total NO, emissions appear to have increased
corstantly throughout most of the study period as shown in Figure 4, The
total quantity of ~missions is plotted on the same scale as 50; to
allow a direct cowparison. T7This upward trend is primarily a result of
greater use of natural gas and petroleum products and a conversiin away
from coal, Figure 5 shows that tne increase is largely due to the

10
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Note: The bars in these figures are interconnected only to highlight
the overall trend. 1 ton = 906.18 kilograms )
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Figure 6. Map of the EPA Administrative Regions '

( Note: This study does not include Alaska,
Hawaii nor territories of the United States.)
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growth in the number of highway vehicles, natural gas-fired power
plants and many other sources related to a large extent to a growth in
population and changes in technology and lifestyles.

4.0 ANALYSIS BY KEGION

The total state emissions were aggregated according to the
Administrative Regions of the U.S. Environmental Protection Agency
shown in Figure 6. These regions represent various broad geographic
regions of the couuntry. It should be noted that the regions vary fn
size and in the number of states and that these two factors will also
affect the total regfonal emissions. By selecting a different combination
of states other than these Federal regions, different emission trends
may be shown, Recognizing this fact, the regions were selected to
provide only a general findicatiorn of irends in various regions oV the
country.

The overall emission trend of each pollutant and the trend by
category are plotted in Figure 7 fur each region. These plots provide
resolution of the national trend and allow the historic emission trends
of each region to be compared. For exanple, Regions 3, 4 and 5 appear
to have historically emitted more $S0; thin other regions in terms ot
total quantity. The total S0, emissions of Regions 1 and Z combined have
historically remained constant., In Region 6, NO, emissions have increased
more rapidly than 1n any other region due to the growth in the natural
gas production industry and the numoer of pipeline compression stations,
In all other regians, highway vehicles and electric utilities together
have accounted for more than half the total NOy in the past several
decades,

In 1950, the regions east of the M.ssissippi River emitted 75
percent of the total national S0y emissions and 67 percent of the total
NO, emissions. 1In 1980, the eastern regions emitted 77 percent of the
total SO, and 60 percent of the total NOy. Ouring this time period,
tota) national SC; emissions increased 140 percent while total NOy
emissions increased 280 percent, or twice as much. While most of the
emissions have historically originated in the east, the western regions
have begun to emit a greater shire ot the tots] nationa) NOy in recent
years,

14



5.0 ANALYS1S BY STATE

Figure 8 shows graphically the total emissicn level of each
state for every tenth year since 1900. The totals were obtained by
aggregating the emissions of all source categories on the state level.
The figure provides a general indication of the emission trend in each
state and is useful for comparing one state to another. generally, the
figure shows that S0; emissions have historically been the greatest in
the northeast, especially in the heavily industrialized states. T[he
predominant emitters have been I1lincis, Ohig, Pennsylvania and New
York, among others, but the emissions have significantly increased in
other states, especially those in the southeast and mid-Atlantic reglon.
NOx emissions have historically increased in all states. especially in
those undergoiné a rapid economic and population growth, The total
state emissions are numerically presented in Appendix A. The emission
estiates for each source category comprising the total state emissions
are presented in Yolume II of this series.12

6.0 ANALYSIS BY EMISSION RELEASE {STACK) HEIGHT

Analysis of emissions by release height (actual stach height)
is important to studying the potential for long-range tran;port.
The total national emissions asscciated with four ranges o7 emission
release height are presented in Appendix €. It should be noted that
the potential for long-range transport increases with each higher
range. This analysis does not include stack exit velocities nor
atmospheric mixing heights which are also important considerations.
The analysis in this study suggests that more $0, emission; were released
into the atmosphere from stacks above 240 feet* than from stacks below
this height since about 1945, By 1980, approximately 30 prrcent of the
302 emissions were emitted above 480 feet, for examplc, compared to
only 5 percent above this height in 1950. Kot only have the percentages
increased, but total rational S0, emissions also increased and peaked
around 1970. The percentage of the total S0; emissions relzased below
120 feet has generally decreased over the study period. The distribution
of NO, emissions has historically remained constant, althouch on the
national level the total emissions have steadily increased. Approximately
60 ~ercent of the total NO, emissions in 1980 were released from
ground level sources; predominantly from transportation sources.

{*} 1 foot = 0.3048 meter 15
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Analysis of the electric utility category suggests that in the
1950's and 50's, most of the S0; and NO, emissions from this citegory were
released below 480 feet - mostly between 240 to 480 fecet. By 1980, about
50 percent of the total S0; emissions and 40 percent of the N0y emissions
from this source category were released above 480 feet as a result of the
trend towards taller stacks. Since the emissions from electric utilities
constitute a large portion of the total national emissions in recent
years as shown in previous figures, they have a significant effect
on the overall distribution of emissions by release height.

7.0 DISCussION

This chapter hes described the basic approach used to develop historic
emission estimates for SO; and NO, on the state level. The emissions
were derived for individual source categories which collectively account
for all manmade emissions. It has presented the trends in total emissions
for the contiguous United States, for sub-regions and for individual
states. The spatial and temporal trends were shown in five-year iterations.
The emission trends of both pollutants vary according to the quantities
and types of fuel used and the types of combustion sources. To varying
degrees, the trend in emissions has been affected by a growth in popula-
tion, the level of industrialization, the availability of fuels, and
changes in the use of fuels. The troend of SOy emissions has also been
affected by trends in the sulfur content of coals and oils consumed,
especially during the past decade.

When comparing the trend of one state to another or one region to
another, it must be remembered that the emission estimates do nnt
represent emission density. {(Emission density refers to the total state
emissions divided by the area of the state.) Large states may have the
highest total emissions but this does not necessarily mean that smalle:
states do not have the same or even higher emission densities. For
example, I1linois, Ohio, Pennsylvania and New York have historically had
the greatest S0; emissions of all states, but at various times their
emission densities were comparable to many other smaller states such as
Delaware, New Jersey, and Kentuckv among others.

The historic emission estimates derived by this study are consistent
in methodology from state to state and from year to year. These state-
level estimates may provide sufficient spatial resolution to determine
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a general relationship between emissions and observed environmental
effects. The estimates provide a basis for studies cf tree-ring growth
patterns, material damage and erosion, and aquatic effects presently
underway as part of the National Acid Precipitation Assessment Program.
In other studies, Hidy, et. al. investigated the relationship between
the SO, emission trends on a regional scale and historic deposition
monitoring data.29,3C In another study, Smith, et. al. investigated
the relationship between historic emissions and stream chemistry data
collected at various sites throughout the country.31 The historic
emission estimates also provide a basis for studying the implications
for public policy regarding acid rain.32 The present emission data file
represents the best estimates to date on the state level. As research
continues, further refinements in the methodology can be made,.

further improvemeants wuuld involve completing the data bases on
state fuel consumption and sulfur content values for the earlier
yea»s and development of state-cnecific emission factors. However, the
greatest obstacle to further improvement is the lack of information.
Based on the findings of an .xt-~sive literature search during this
study, it is unlikely that any additional state-specific data can be
obtained. The completion of the data base will require that additironal
assumptions be made regarding unavailable data.

The aggregat~1 state emissicns derived by this study were compared
to the national total emissions reported by the U.S5. Environmental
Protection Agency® and the total state emissions of electric utilities
estimated by Pechan, et. al.25 The comparisons indicate close ~greement
with these other estimates for all common years. The aggrega‘ed
state totals are within 5.8 percent ¢f the total national emissions
estimated by the U.S. Environmental PFrotection Agency. The argregated
emissions of electric utilities are within 8.4 percent of the estimates
by Pechzn, et. al. These differences are due to differences 1n
methodology, calculaticon procedures and numerical round-off. The close
agreement adds some reassurance to the historic emission estimates.

Estinates of the probable errors associated with the total state
emissions will be based on the results of the uncertainty analysis
presently being plarned for the 1980 NAPAP emission inventory.23 The
percentage differevce between this inventory and the historic enission

21



estimates is 5.9 percent, When the uncertainty analysis of the

NAPAP emission inventory is completed, it will serve as a benchmark
from which the probable errors of historic estimates can be interpreted
after adjustment for assumptions in the methodology.

8.0 CONCLUSION

The current historic emissions data file presents the best estimates
available on the state level. The emission trends of each state vary
over time reflecting changes in a variety of economic and technological
factors. While the national and regional scale emissions data provide
general indications of trends, it is recommended that the reader refer
to the state-specific estimates presented in volume 11 for studies
concerning the historic relationship between emissions and environmental
effects. These emission estimates can serve as the basis for future
studies of the relationship between emissions and environmental effects
associated with acid precipitation phenomena.
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CHAPTER [1
METHOD OF DATA PRODUCTION

This chapter presents detailed information on how the emission
estimates were derived for each source category. First the source
categories are defined and the sources of information on fuel censumption,
fuel sulfur content and emission factors are identified. Then the method
of data production is described for each source category. Included 1in
this chapter is a discussion of quality control procedures and a comparison
of the emission estimates with other available estimates. Hethods for
further improving the historic emission estimates are also described,

1.0 DEFINITION OF SOURCE CATEGORIES

The definition of each source category is given in Table 2. The
definition for each source categcry was the same for all years with only
some minor deviations from the definition for some years. Ffor example,
the industrisl category from 1970 through 1980 does not include natural
9as used in lease operations as gas processing plant fuel. Instead
this source is inciuded under the pipelines category for these years.
This and other exceptions are noted in the fuel consumption tables
contained at the end of Section 1.0 of Volume II. Most deviations from
the definitions resulted from changes in data reporting procedures fin
the references. However, they have a negligible effect on the total
emission estimates at the state level.

2.0 SOURCES OF DATA

Relevant data were collected from publications and files of the
institutions and Governmental agencies listed beiow:

American Petroleum Institute

Federal Power Commission

National Coal Association

U.S. Department of Comwerce, Bureau of Census

U.S. Cepartment of Agriculture, Forest Service

U.S. Department of Energy

U.S. Department of the Interior, Bureau of Mines

U.5. Department of Transportation, Federal Highway Administration

U.S. Environmental Protection Agency

U.S. Geological Survey
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TABLE 2. DEFINITION OF SOURCE CATEGORIES

Eiectric Utilities Power plants using coal, ofl or gas to produce electricity for public consumption.

Industria) Boflers Manufacturing snd ainfng cstadlish=ents which use fuel for heat, power and chemical
feedstock, and natural gas lesse and plant operations.

Comzerci al Mormarufacturing organizations such as hotels, restaurants, retail stores, taundries,
and other enterprises which use fusl and sgricultural, forestry and fisherfes estadlish-
. ments which use ges.

Resido..i 101 Private dwellings, Including apartents which use fuel for heating, cooking, water
heating, and other household uses.

Pipelines Transportation of nsturs) gas by compression through pipelines. Internal cambustion
engines and turbines are used L0 compress the 9as.

Highway Yehicles Autosodile, Tight duty trucks and motorcycles which require gasoline and trucks,
bus:l and sutomobiles which require diesel fuel and are used in transportation or
public roads.

Ret) roads Yrains, operated railroad equipzent, space heating of buildings, cnd other related
operations.

Coke Plants Furnace and merchant plants which produce cote.

Soelters Pricery copper, lead and zinc smelting facilities.

Yessels Commarcial or grivate boats, such as pleasyre craft, fishing boats, tugboats and
ocean-going vessels including vessels operated by oil companies.

off Highway Diiesel Engines used 1n construction, 109ging #nd road buflding equipasnt.

Cement Plants Portland cexent manufacturing plants.

Wilafires Protected and unprotected forest land burned.

Mscel aneous A catch-4)1 category Including all {ndustrial processes not included

ebove and all ather afscel lancous anthropogenic sources.
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The specific publications that were used are identified in the following
sections,

2.1 Salfent Fuel Statistics

The references for state-level fuel consumption data from 1950 to
1980 are identified in Table 3 for each source category. The table
also shows whether the reference reported actual consumption or an
fndicator of consumption such as fuel demand, distribution, sales or
deliveries. An indicator was used whenever actual fuel consumption was
not reported. The Energy Statistics Branch of the U.S. Department of
Energy {DOE)} has adjusted some of these data by various means so that
the data more closely refiect actual state consumption., The data are
reported annually in State Energy Data Reports which are available
beginning with the year 1960.59 Since 1960 is the earliest year for
which DOE data are ﬁvai\ab\e, it was decided to use the original data
sources for all study years {n order to maintain cortinuity in the
emission trend. For most source categories, especially the lairger
ones, there is little or no difference on a percentage basis usetween
the DOE values for fuel consumption and those used in this study. The
percentage difference is usually greater for the smaller source categories.
The difference in the total state emissions that could occur &5 a
result of using one set of data or the other, is estimated to ne less
than 6 percent for either pollutant for any year between 1960 and 1980.
To avoid introducing a discontinuity of 6 percent in the emfssion trend
around 1960, the original unadjusted data from the Minerals Yearbook

vere used instead.

For the time period from 1900 to 1945, the references for the
state fuel consumption data are presented in Table 4. Again, fuel
consumption was not always reported as is noted in this table, However,
state-level data could be finterpolated from national fuel consumption
data which are available for most source categories, Fuel consumption
was estimated by multiplying the reported national consumption by the
ratio of the state to national consumption available for the earliest
study year. The national consumption values that were used for this
procedure are shown 1n Table 5. This procedure was also used by
Husar to obtain state coal consumptian by category and who provided
these results for inclusion in this study. For electric utilities,
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TABLE 3. REFERENCES FOR STATE | EVEL FUEL CONSUMPTION DATA, 1950-1980
YEAR
Source Category 195¢ 195§ 1960 1965 1970 197§ 1578 1580
Reference Wunber
Bituminous Coal
Electric Utilftfes 46 55 428 420 md 16> ad 5gd
1ndustristl Bollers 41%,63 41® 424 4@ 350 360 430 580
Commercial-Res tdential 41b,¢3 b Qe @ »nd b 4b sgb
Anthrecite Coal
Totsl Shipments k4 3 Q2 42 59 59 $9.60 58
Resfdual D11
Electric Jtidities 49¢ 49 434 418 ¢ ko3 “ue 560
Industrial Bollers 49¢ 49 4]0 418 39¢ 39¢ ¢ 564
Commercia) -Residentta) 49¢ 49¢ 4 440 »< 9¢ 48c 56¢
Distitlate OF)
Electric Utitittes .0c a8t L 40 39¢ 39¢ a“c s¢d
Industrisl Bollcrs &8¢ 48¢ «r 438 39 b asc s69
Coomercial-Resident!s) 4g¢ 48¢ 40 40 ¥9¢ e “c 569
Matural Gas
Electric Utiiities 34 33 Qe &0 18 8 a5 57
Industrial 71 3 02 @ 13 8 ' 57
Pipelines 34 13 e @ 38 33 & 57
Cazmercia)-Res fdentfal i 33 Qe 408 33 8 ' s?
Yood
AN Uses o4 &4 64 64 o [ 2] 64 64
Highway Vehicles
Gasoline 54 54 54 54 e [ e [ ]
Diesel Fuel 48,49 48,8 45,49 18,49 »¢ ¢ “c 569
Rural Yehicle Miles Travelled f f t t 0 s1 52 $3
Urban Yehicle Riles Travelled ¢ f f [4 & 61 52 53
Other
Ratlroads - Cual 41 n n n n n n n
- o 6,69 48,49 48,89 8,4 39¢ ¢ o< 5564
Coke Plants 61 62 0?2 Qe bt 360 43b 589
Yeisels - Distillate asc 48¢ 48¢ ¢ < 39¢ 4c sed
- Resfdusl 49< 49¢ 49¢ 49¢ 39¢ »i 44c 569
Oft-Highway Diesel 48,49¢ 4g¢ 48c< 48¢ M ne “uc 56d
Cewent Plants 66 66 66 66,68 66.6) 66,67 60,67 66,67
wildfires 1nr 17z nz nz 17 n 1.7 12

Sgeports annua) fuel demand.

beports annual fued distribution.

CReports annual sales.

dreports annual fuel delfvertes.

Ctatssion estimates were based on vehicle miles travelled.

f wot avatlable.
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TABLE 4. REFERENCES FOR STATE LEVEL FUEL CONSUMPTION DATA, 1900-1945

YEAR
Source Category 1500 1905 1910 1915 1920 1925 1930 1935 1340 1945

Reference Mumber

Bftumtnous Coal

Al) categories 69 6% 63 69 69 69 69 69 69 69
Pnthracite NA NA NA 70 NA NA NA NA 71 12
Res idust 04} '

All categortes KA RA RA NA NA NA NA 45 45 45
Distillate 011

Al categories NA RA NA RA NA KA HA 44 44 14
Natural Gas

Electric Utilitfes NA NA NA RA MA NA 80 A 74 75

Industrial NA NA 76 17 78 79 /0 W 74 15

Cosmercial-Residential NA RA 76 77 78 79 13 .78 81 82
Highway Yehicles

Gasoline NA NA HA HA 54 54 54 54 51 sS4

Diesel RA NA NA NA NA RA NA NA En NA
Miscellaneous

Ratiroad - Coai 69 69 69 69 69 69 69 69 69 69

- 0t KA HA NA NA NA NA NA 48 48 48

Coke Plants 69 69 69 69 69 63 69 6% 69 69

Vessels - 011 HA NA NA HA NA 43 48 43 48 ag

Cement Plants 83 84 35 86 87 88 89 90 91 92

Wildfires NA HA NA NA NA 117 117 117, 117 117

NA a Not Avaflable. !

Note: State consumption estimates for bitumfnous cral were provided by Husar, These ertimates are based on
state coal consumption reported Ffor 1889 in Report on Mineral Industries in the . 1ited States at the
Eleventh Census. 1890, Department of the Interior, Lensus OFfice, and for 1917, 1327 and 1957 reported
Tn WHinerals Vearbook.
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TABLE 5.

NATIONAL FUEL CONSUMPTION BY SOURCE CATEGORY, 1900-1945

YEAR
Source Category 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945
Rational Consumption
Bttuatnous Coal @
{1,000 tons)
Electric Utilities 7,600 14,540 19,798 26,527 33,411 42,541 42,900 30,937 49,126 71,510
Industrial Bofllers 67,200 101,790 127,419 153,907 161,827 168,818 141,830 114,637 127,595 145,007
Commercial-Residential 28,100 44,061 57,582 75,965 719,701 90,911 98.563 80,442 84,685 119,300
Anthracite Coal b
(1.000 tons) 55,515 75,201 81,110 85,033 85,786 64,061 67,628 51,100 49,000 51,600
Res1dua) and Distillate 0v) €
(1,000 bbl)
Electric Utflities HA NA KA nA HA 33,652 26,749 23,647 31,164 38,289
Industrial Boflers A NA KA KA NA 118,037 112,816 111,692 123,688 162,457
Commercial-Residential NA N 1Y NA HA 36,835 62,572 100,414 191,153 290,892
Matural Gas &
(106 cu.ft.)
Electric Utflftiles RA RA NA NA 22,000 46,000 120,000 125,239 183,156 326,190
Industrial @ KA HA 339,332 412,000 512,000 916,293 RA 1,227,380 1,893,213 3,062,980
Pipelines NA NA RA NA NA NA KA NA KA NA
Commercial-Res idential RA KA 169,823 217,203 286,001 272,146 376,407 310,200 578,290 837,499
Highway Vehicles ©€.f
Motor Fuel (1,000 gal) 4 3s 227 1,164 4,068 8,749 14,754 16,345 22,001 19,149
uood b
AVl uses combined
(1,000 cords) 100,00 95,000 91,000 87,000 83,000 79,000 75,000 72,000 70,000 65,002
Other
Railroads -
- {1,000 tons) Coal2 57,200 91.760 115,282 129,037 142,779 118,455 101,899 79,790 88,122 128,317
- {1,000 bb1)- O11C NA NA KA NA KA 72,218 67,900 55,651 66,260 114,719
Coke Plants2 30,201 41,082 57,841 62,239 75,922 69,860 69,805 50,514 81,384 95,348
Yessels -
- (1,000 bb1) of1¢ RA NA NA A 1) 719.288 94,131 74,581 61,824

8Reference Mines, Mineral Yearbooks and

bReference 109, p. 508-509.

CReference 109, p. 113,
renge oil,

dincludes petroleua refineries, po

uses.”

CReference 54,

ffor 1900 to 1920, national fuel consumption 1s estimated on the basis of automobile registrations.

Geological Survey, Resources of the U.S.

Includes resfdual, distillate, and gas ofl-but excludes diesel oil and kerosene sold as

Includes a'l highway use of motor fuel,

an

~tland cement plants, natural gas lease and plant operations, and “other industrial

Does not include exports or Federal purchases for oflitary use,

Reference 54, p. 23.



industrial, commercial and residential sources, state coal consumption
ts reported for 1889, 1917, 1927 and 1957. For railroads it is reported
for 1889, 1917, 1937, 1947 and 1960. The ratio of state to national
consumption for these years was then multiplied by the natiocnal consumption
reported for the in*- ~vening years.

The categories for which this approach could not be used because
national consumption was not reported are listed below.

a. All fuel oil burning categories, 1900 to 1920

b. Natural gas-fired electric utilities, 1900 to 1915

c. Natural gas-fired industrial, commerical and residential

categories, 1900 and 1905

d. Pipelines, 1900 to 1945
These categories either did not exist in some states or were so smali
that records were not kept. For this reason, the exclusion of these
categories from the estimations is considered to make 1ittle difference
to the total emission estimates.

2.2 Fuel Suifu, Content

The soui.2s of state sulfur content data for coal and oil are
1dentified in Table 6. Sulfur content values vary from one state to
another depending on the quality of the fuel and in recent years on the
state environmental requlations that limit the amo' ~t of permissible
sul fur content. It was possibie tc obtain sulfur content values on the
state level for most source categories beginning with 1965. For the
oil consuming categories, average state sulfur content was derived from
samples of heating o0il manufactured by domestic refineries and marketed
in 16 districts across the United States as reported by the Bartlesville
Energy Technology Center. For coal-fired electric utilities, state
values were derived from individual power plant data available from the
Federal Power Commission. The derivation involved weighting the average
sut fur content of individual power plants by the reported annual fuel
throughput of each plant on the state level.

For 1955, average state sul fur conten: was estimated for each
coal-consuming category from information on the quality, guantity and
distribution of coal. The first step in this procedure involved

LIBRARY
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TABLE 6. REFERENCES FOR SULFUR CONTENT DATA
YEAR
Source Category 1950 1955 1960 1965 1970 1975 1978 1980
Reference Number
Bituminous Coal
Electric Utilities a 107,108 b 95 94 % 94 94
Industrial Boflers [ 107,108 b 95 100,101 96,99 98,43 98,43
Commercial-Residential a 107,108 b 95 100,101 98,99 98,43 98,43
Residual 011
Electric Utilities b b b b 94 94 94 93
Industrial Boflers a 102 103 104 96 97 105 106
Commercial-Residential a 102 103 104 96 ” 105 106
Distillate 01}
Electric Util{ties c [ c c c 94 94 93
Industrial Boilers a 102 103 104 96 97 105 106
Commercial-Residential a 102 103 104 96 9 105 106
Coke Plants a 107,108 c 95 190,101 98,79 98 98

3Same references and data were used as for 1955.

bsame reference and data were used as for 1965.

CSulfur content was assumed to be 0.300% on average for lack of a specific reference.
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tabulating the average sulfur content of the coal by coal seam or coal
field as reported in the Keystone Coal Industry Manuai.l07 Secondly,
the quantity of coal shipped from each mining district was noted. In

addition, the state of destination and consumer category was noted as
repcrted in the Mineral Yearbook. Then for each state receiving coal,

an average sulfur content value could be calculated for each source
category. The same procedure was applied to 1965 to compare the results
with the values reported by the Burecau of Mines.95 The results were
generally within 110 percent of the reported values with few exceptions,
thus adding some confidence to the 1955 sulfur content estimates. The
sulfur content values used in this study are presented in Volume II,
Appendix A,

2.3 Emission Factors

The emission factors for the stationary sources originated from the
EPA pullication entitled, Compilation of Air rollutant Emission Factors,
AP-42, Third Edition.111 This document contains emission factors for

each type of emission source. Periodically, AP-42 is updated to
incorporate new or improved emission test data. The emission factors
used in this study were current to Supplement No. 14 of AP-42,

The emission factors used in this study were specifically derived
to represent the category as a whole. This was done by mathematically
weighting the factors reported in AP-42 for each source type according
to the total quantity of fuel consumed by each source type. The resuvit-
ing factors are shown in Volume I1, Appendix B,

For the higk.iay vehicles category, emission factors were obtained
from the EPA's MOBILE 2 model.l12 The factors are based on the yearly
mix of vehicle types, VMT mix, and automobile emission controls, These
factors are state-specific and in the case of NOx, take into account
the amount of urben and rural YMT's and VHT's at low and high altitudes
as well as several other assumptions.

3.0 CALCULATION PROCED!RE

For each source category, the annual fuel consumption (FC) was
multiplied by a representative emission factor (EF) for each pollutant.
For 502, the emission factor was scaled by the average sulfur content
(S) of the fuei consumed wy the given category. The calculation
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rrocedv.e can be expressed for most categories by the following
equations,

SO0, Emissions = FC; ok X [EFSOZ X Sy ,j,k] (eq. 1)
NOx Emissions = FCi,j,k x EFnoy (eq. 2)
where, { = year
J = source category
k = state

In the case of coke plants, cement plaats and highway vehicles,
the emission factors varied by state. For the highway vehicles category,
the calculation can be expressed as foliows:

Emissiong VMTi kX EFj (eq. 3)

where, i = year from 1970 to 1980. For earlier years VMT
were estimated for each state from state gasoline
consumption and an assumed fuel efficiency value,
k = state

The resulting estimates represent uncontrolled emissions except for the
highway vehicles category where the emission factors account for the
effect of automobile emission controls. For electric utilities and for
smeiters, the anount of S0z controlled was subtracted from the calculated
uncontrolled emissions., A1l other categories, with few exceptions, are
considered uncontrolled on a historic basis.

The calculation procedure is described in the following secticrs
for each source category. Any additional assumptions or computations
are also discussed.

3.1 Electric Utilities

Annual emissions for this category are a function of the quantity
of fuel burned, fuel qQuality and controls applied to the fuel-basea
emssions. The quantity of fuels burned implicitly account: for the
capacity utilization of power plants., The quantity of fuel burned was
assumed to be equal to either the quantity distributed, demanded, or
sold to power plants whenever actual fuel consumption was pot available
(as is noted in Table 5). This assumption was necessary because it
ts unknown how much coal was left over from one year to the next. The
assumption, however, has little effect on the long term trend of emissions.
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For the period 1970 to 1980, average state sulfur content was
calculated using average sulfur content values reported for individual
power plants,93:94 These values were weighted by the fuel throughput
of individual plants on the state level. For 1965, the average state
values for coal-fired electric utilities were obtained from the
Minerals Yearbook,9% and for 1955, were calculated as described in
Section 2.2 of this chapter.

Nationral S0, and NOy emission factors were used for coal-fired and

for oil-fired power plants. Since the formation of NOy is highly
dependent on boiler type and firing configuration, the average emission
factor was based on the reported generating capacity of the various
bofler types, assuming that generating capacity was proportional to fuel
throughput. The boiler types vary depending on the source category.
For example, boiler types used in the electric utility source category
include pulverized coal-fired, cyclone, spreader stoker, and
tangentially-fired and other boiler types. For SO, the enission
factor for coal-fired power plants was weighted by the quantity of
bituninous and subbituminous coal and lignite burned. This weighting
was based on the information contained in the National Emissions Data
System (NEDS) for the years 1975, 1978 and 1980, and tne generation and
fuel consumption file, Form 4 of the Federal Power Commission.l2l The
same national emission factors derived on the basis of recent fuel
throughput data werc used for all states regardless of the actual
boiler population or coal type used in the state. This assumption may
fntroduce some error in the emission estimates for some states, but
does not affect the tota) national emission estimates,

Uncontrolled emissions were calculated using equations 1 and 2.
The total amount of SO0y removed by FGD systems in each state, shown in
Table 7, was then subtracted. The first study year during which FGD
systems reduced emissions at power plants was 1975, althougH at some
plants these systems existed as early as 1971.

3.2 Industrial Boilers and Space Heaters

This source category includes all industrial boilers and space
heaters that consumed either bituminous coal, residual and ¢istillate
ofl, natural gas or wood. It also includes the operation of 0il drilling
equipment and other field or refinery operations.
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TABLF 7.

POJER PLANT EMISSION REDUCTIONS2

Emission Reductions (1,000 tons)

State 1975 1978 1980

Alabama 0 2.2 9.8
Arizona 2.4 5.6 33.7
Colorado 0 0 6.5
Il1linois 0 12.9 148.1
Indiana 0 54.7 95.0
Kansas 103.9 68.6 78.1
Kentucky 1.4 36.5 169.7
Minnesota 0 32.4 49.4
Mississippi 0 2.2 12.8
Missouri 1.7 25.1 36.6
Montana 1.4 17.6 20.6
Nevada 5.0 9.5 8.2
New Mexico 0 14,7 42.0
North Dakota 0 10.5 26,3
Ohio 0 89.6 113.6
Pennsyl-ania 40.7 213.1 325.9
South Carolina 0 6.5 13.6
Texas 0 64.6 134.5
Tennessee 0 A.0 24.0
Utah 0 4.5 23.3
West Virginia 0 0 5.2
Wyoming 0 0 13.1
A1l Other States 0 o 0

Total 162.5 704.9 1,390.0

9Data extracted from Reference 110 on a plant by plant basis by Charles 0.
Mann, National Air Data Branch, U.S. Environmental Protection Agency. The
reductions are due to the use of flue gas desulfurization (FGD) by at
Teast one plant in each state. A zero indicates no reduction in the given
year because FGD systems had not become operationatl,
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For the oils, sulfur content was reported by domestic ofl marketing
districts. However, the perimeter of a marketing district did not
always border state lines. The states that overlapped two or more
marketing districts were divided according to the state area contained
in each district. The average sul fur content of different ofl grades
in each state was then estimated by wefghting the reported sulfur
content by the area of the state in each marketing district.

For bituminous coal, average sulfur content was derived for 1955
by the method described in Section 2.2 of this chapter. For the other
years, an average st:te value was calculated from the sulfur content
reported by district of origin and the reported distribution of coal.
This procedure involved weighting the reported sulfur content values
according to the amount of coal consumed in each state,

National emission factors for the coal and oil-fired components of
this category were established in a manner similar to that of electric
utilities. Emissions were calculated using equations 1 and 2. The
natural gas-fired industrial source category includes boilers, heaters
and also field sources associated with the production of natural gas.
Field sources include ariliing, pumping and processing ngerations
which primari]y used reciprocating engines and turbines. Field sources
were included under the industrial Category because for certain years
the fuel consumption of these sources are not provided separately,

This necessitated including them fn this category and applying a weighted
average emission factor to account for their contribution to the NOy
emissions. It should be noted that for the years 1970 to 1980 these
sources are included under pipelines, but for earlier years are included
under natural gas-fired industrial.

3.3 Commercial and Residential Uses

The procedure for this source category was similar to the procedure
for industrial boilers except that the NOy emission factor was varied
to accourt for changes in the composition of this category. For 1980,
the NO, emicsion factor represented an average for both the residential
and commercial heater populations, weighted according to the fuel
consumption by each group. For earlier years, the factor was adjusted
to represent a proportionally greater fuel consumption by the residential
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sector. For 1950 and prior years, the factor alrost entirely represents
the residenttal sector.

3.4 Anthracite - All Uses
This source category represents all uses of anthracite coal
combined. The SO; emissions for each state were calculated using the
following equations.
S0, Emissions = Total Shipments X [EFsop x 0.8) {eq. 4)
where, 0.8

average sulfur content expressed as
percent weight

EF = emission factor for SO;
Total Shipments X EFnoy {eq. 5)
Most references report only total shipments of anthracite to each state

NOy Emisstons

and further segregation of consumption according to consuming sector was
not possible. An average weighted emission factor was estadlished to
represent all anthracite-consuming secters combined. In the case of
anthracite, which originates mostly in Pennsylvania, the chemical
composition as mired and as consumed is relatively constant over time,
thus allowing one factor to be used for all years. An avercge sulfur
content of 0.6 percent by weight was assumed.

3.5 Pipeline Compression Stations

This source category includes internal combustion enginres and
turbines used to transport natural gas through pipelines by means of
compression. Most compression .tations are located in the ratural gas
producing states., For the years prior to 1970, lease and natural gas
plant operations are included in the industrial category. For the
years 1970 to 1980, these operations are included in the pip2lines
category. This difference does not, however, affect the total emissions
of the two categories combined.

An average NO, emission factor was derived for the catejory by
wefighting the factors for natural gas-fired reciorocating enyines and
turbines according to the reported fuel consumption of each, Emissions
were than calculated on the basis of fuel consumption reportid for the
category as a whole.

3.6 Lighway Vehicles
This source category includes both gasoline and diesel-powered vehicles.
Each was treated separately for the purpose of calculating emissions.
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3.6.1 Gasoline-Powered Vehicles

For 1970 to 1980, emission estimates for gasoline-powered motor
vehicles were based on vehicle-mile tabulations and state-specific
emission factors. Four vehicle categories were considered: 1light duty
gasolire vehicles (passenger automobiies), l1ight duty gasoline trucks
(trucks less than 6,000 pounds in weight, and trucks 6,000 to 8,500
pounds in wefght), heavy duty gasoline trucks and buses, and motorcycles.
The KO, emission factors were obtained from the MOCILE 2 model developed
by EPA to calculate emissfon factors on an annual basts. 112 The SOZ
emissfon factors were taken from AP-42,

To derive the NO, emission factors, assumptions were made regarding
vehicle speeds, ambient temperature, vehicle miles traveled (VMT) mix
and vehicle mix, These assumptions are shown in Table 8. Only two
average vehicle speeds were used. Greater accuracy can be achieved by
using more than two vehicle speed categorfes but this would greatly
complicate the emission calculation procedure. The NO, emission factors
were then mathematically weighted to reflect the VMT in low elevation
states, high elevation states and in California. For each state,
Separate NOy emission factors were derived for urban and rural traffic
and NO, emissions were then calculated using equation 3 for both reported
rural and urdan VMT, S0z emissions were calculated on the basis of total
VT,

For 1965 and eariier years, VHT data were not available on the
state level. 1Instead, emissions were calculated using state fuel
consumption, MOBILE 2 emission factors based on reported vehicie mix,
and an average national fuel efficiency values shown in Table 9. The
percentage of urban and rural VMT were assumed tu be the same in each
state as for 1970. This is a reasonable assumption considering that on
the national level, the ratio of urban to rural VMT remained about the
same (15 percent) from 1936 to 1970. It is possible to estimate vehicle
emissions based on state fuel consumption back to 1925; the earliest
year of record. Since NOx emissions from vehicles were sfgnificant in
these early years, vehicle emissions were estimated on the basis of
vehicle population.
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TABLE 8. ASSUMPTIONS REGARDING THE NO, EMISSION
FACTORS FOR HIGHWAY VEHICLES

Variable Assumptions
Vehicle Speeds: 19.6 mph for urban roads

45.0 mph for rural roads

Annual Ambient Temperature?: 57°F for low altitude areas
54°F for high altitude areas
65°F for California

VHT Same VMT mix by vehicle type for all
areas
Yehicle Mix by Model Year: For each study year, the actual

natfonal model year age distribution
is used based on vehicle registration
records. The same distributfon is
used for all areas.

aS*Ince average temperature fo~ individual low elevation states pay vary
considerably from the national average, some error may be introduced
by using a national average value. NO, emissions for warmer states
wiltl be overestimated and emissions for colder states will be
underestimated. These errors, however, are considered to be minor,
compared to only assuming two-vehicle speeds.
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TABLE 9. ASSUMED VALUES FOR MILES PER GALLON

Source: Federal Highway Administration54

- —cen

- L 2]

Year National Average Miles Per Gallon
1965 12.48

1960 12.44

1955 12.60

1950 12.87

1945 13.40

1940 13.83

1935 13.98

pre 1935 14.0
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3.6.2 Diesel-Powered Vehicles

For all the study years, three diesel-powered vehicle categories
were considered: 1light duty vehicles, light duty trucks, and heavy
duty vehicles, Calculations are based on reported diesel fuel consump-
tion. It was also decided to use an average national emissfon factor
for SO; and one for NO, to simplify the emission calculatfon procedure.
This is considered a reasonable approach because the emissions fron
diesel -powered vehfcles have been predominantly released by heavy duty
vehicles for which there have been no emission standards.

3.7 Raflroads

This source category is divided into steam-powered locomotives
burning bituminous coal and diesel-powered locomotives. Stecm engines
using anthracite are fncluded in the anthracite-all uses category
discussed in Section 3.4 of this chapter. For both types of ratlroad
engines, the reported state fuel consumption was multipifed by a
natfonal average emission factor for cach poliutant using equations 1
and 2. On the state level, where therc is a mixture of varfous classes
of raflroads, the use of an average emission factor is reasonable,

3.8 Coke Plants

tmissions from coke manufacturing originate from the process of
heating coal in an atmosphere of low oxygen content. About 67 percent
of the total sulfur in the coal charged is emitted by combustion stacks
and about 33 percent is transferred to the coke oven gas. The S0,
stack emissions were calculated using equation 1 on the basis of coal
charged at the state level. Average state-ievel sul fur content of the
coal charged was obtained for most of the recent years except for 1955
where it was calculated from individual ccke plant data. The state
sul fur content vaiues are presented in Appendix A of Volume 11, This
method accounted for most of the S0, emissions from coke plants. The
remaining SO, emissiors transferred to the coke-oven gas and emitted in
other parts of stes! manufacturing operations, are accounted for in the
miscellaneous category. NO, emissions are comparatively minor, but
were calculated using equation 2. All emissions were c¢ssumed to be
uncontrolled for the purposes of this study.
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3.9 Primary Smelters

This source category is composed of primary copper, zinc and lead
smeiters, whose predomii ant emis,ions are 507. Estimating emissions
from these sources on the national level is straightforward, First
uncontrolled emissions are calculated by multiplying the total national
production of primary slab by the average emission factor obtained firom
AP-42, The total S0, removed to produce by-product sulfuric acid is
then subtracted from the uacontroliled emissions to give an estimate of
controlied SO0, emissions,

On the state level, the emission calculation is complicated by the
fact that state production of primary slab is not reported. Instead,
the Bureau of Mines reports mine production in terms of recoverable
metal for years prior to 1950. This does not necessarily mean that the
recoverable metal reported for a state was smeited in the same state.
Further complications are created by the lack of information on a
plant-by-plant basis of by-product sulfuric acid production. Instead,
only the total national quantity of by-product sulfuric acid is reported.
As a result, state emissions for each type of smelter were calculated
individually on the basis of the following assumptions.

1. Mine output is smelted in the same state if the state was
reported to have a primary smelter in operation in the given
study year. \

2. If the state was not reported to have a primary smelter, it
was assumed that mine output was smeited in the nearest state
that was reported to have a smelter operating.

3. 507 used to produce sulfuric acid is proportional to the

estimated smelter state output.

These assumptions applied 10 the emission estimates for copper
smelters prior to 1950 and for . ost zinc smelters and lead smelters
prior to 1960.

For vears after 1950, the Bureau of Mines reports the’ tonnage
of copper ore concentrate produced by most smelter states. These ton-
nages were multiplied by an emission factor of 2 tons S0yp/ton concentrate
to yield the estimated S0, emissions, This method did not yield estimates
for Texas because the quantity of ore concentrate produced there was
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not reported. For the major copper smeiter states of Arizona, Nevada
and Utah, the quantity of emissions for the period from 1950 to 1975
was obtained from a study of emissions and visibility.122 The Arizona
copper smelter emissions for 1978 and 1980 were taken from smelter
information provided by the U.S. Environmental Protection Agency.65
For 1980, state emissions for nonferrous smelters was taken from the
Work Group 3B report.l13 These estimates also provided a basis for
estimating the emissions for 1975 and 1978 by apportionment of the
total national emissions. The estimates for zinc and lead smelters
after 1960 are based on a study of individual smelters and national
production figures.l18 The information used to calculate state-level
emissions for this category is presented in Volume II, Appendix C.

3.10 Vessels

This source category is divided into vessels using either diesel
fuel or residual oil., The category includes all commercial and private
boats and ocean-going vessels that operated in the inner and coasteal
waterways of the contiguous United States. Gasoline-nowered motorboats
are included under the miscellaneous category.

The emissions were calculated by multiplying the reported state
fuel consumption of each fuel by national average emission factors.
For the years 1950 to 1980, AP-42 emission factors for vessels were
weighted according to the fuel consumed by each class of vessel. For
the earlier years, the factors were weighted mostly by the vessels
using residual oil since this was the predominant fuel. These vessels
were usually large ocean-going vessels compared to diesel-powered
vessels which were smaller vessels or tugboats.

3.11 Off-Highway Diesel Engines

This category includes the diesel engines used in construction,
logging and road building. The emissions were calculated by multiply-
ing the reported fuel consumption on the state level by emission
factors obtained from NEDS. The emission factors for off-highway
diesel engines represent the category as a whole.
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3.12 Cement Plants

Enicsions of S0 and NO, are products of the coal and oil used to
supply heav for the kiln in the manufacture of portland cement. S0, is
also emitted by the raw minerals feed to the kiln which contains various
amounts of sulfur,

The emissions of both pollutants were calculated on the basis of
the total quantity of portland cement produced in each state. For S0p,
state average emission factors were calculated. These factors represented
the sum of the emission factors for coal and 0il combustion and mineral
sources. The coal and oil factors were derived on the basis of the
type of fuel used at each plant and an approximate quantity based on
plant production capacity. For NOy, a national average emission factor
was used. NO, emissions are much less than the 302 emissions from this
industry. ’

3.13 Wildfires

The wildfires category includcs any fire that burned uncontrolied
in protected or in unprotected lands. Statistics on wildfires, such as
the total area of each state burned eacn year are provided by the U.S.
Forest Service.l17 This information is available for all states beginning
in 1940 and for most states since 1925. It is not known whether these
fires were started by natural causes or by man, but are included in
this study anyway. The emissions vary from state to state depending
on the size and type of vegetation of each state.

Emissions were estimated for each study year and state, by using
total area burned and the appropriate emissicn factors obtained from
AP-42. The factors were state-specific, depending on the fuel loadings
which are a function of the general type of vegetation feund in each
region of the country. The wildfire statistics used in this study are
presented in Volume II, Appendix D. Wildfire statistics indicate a
general decrease in the total area burned in each state over time,
partly as a result of fire prevention programs of the past 40 years.
The statistics generally indicate that prior to 1940, total area burned
in each state was higher than in more recent years. The same states
consistently had the highest number of acres burned. On this basis, it
was assumed that the 1925 statistics were representative of the earlier
years.



TABLE 10. MISCELLANEOUS INDUSTRIAL PROCESSES

Pulp and paper

Petroleum Refineries

Iron and steel manufacture (sintering, open "earth, roll and finish)

Primary aluminum

Secondary lead (reverberatory and bilast furnaces)

Glass manufacturing

Chemicals manufacturing (sulfuric acid, carbon black, petrochemicals,
ammonia, nitric acid, TNT)

TABLE 11. MISCELLANEOUS OTHER SOQURCES

Aircraft

Vessels (gasoline powered and coal-powered)
Miscellaneous off-highway gasoline

Fuel combustion (LPG, coke-oven gas, bagasse)
Solid waste disposal

Agricultural burning

Coal refuse burning

Prescribed burning
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3.14 Miscellaneous

This category consists of two groups, a) miscellaneous industrial
processes, and b) miscellaneous other sources not included in the
preceding categories. The procedures used to estimate the emissions of
both pollutants on the state level for each group are described below.

3.14.1 Miscellaneous Industrial Processes

The industrial processes contained in this category are listed in
Table 10, Generally, these processes account for a small percentage
of the total emissions of S0z and NOy in each state. They are too large
in number to be able to reasonably account for each one separately and
are treated as a group for the purposes of this study.

First, tota)l state emissions of this group were obtained from the
National Emissions Data System for 1980. Then, the 1980 state emissions
were adjusted by a national growth factor. (The factor was obtained by
dividing the national emission estimates for each study year by the
estimate for 1980. The emissions for study years not reported hy the EPA,
were estimated by linear interpolation.) For study years prior to
1940, state emissions were estimated by adjusting the state emissions
estimated for 1540, by growth factors based on national resident
population. This approach is considered reasonable since industrial
production is generally proportional to overall population. A more
refined approach would require historic production figures for each
type of process. However, this information was not available on the
state level,

3.14.2 Miscellaneous Other

The individual sources contained in this part are listed 1n Table 11.
The total national emissions of S0z and NO, for each of these sources
was obtained from the National Emission Data System for 1980, regarded
as the most reliable source for this infermation.12l  These estimates
were then apportioned to the state level by population for the base year
1980. The calculation procedure is outlined below.

1. State population was estimated for each study year from
population census data available every tenth year by state and
nationally using the following equation:
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Sitj = (Sisr0 - S5 Mg - N 45y (eq. 6)
Nis10 - Ny

where, S = state population

N = national population
1 = census year (1900, 1910, 1920, ... 1970)
J 5, for the year between two census years, and 8
for 1978
2. Growth factors were derived by dividing the estimated state
population for each year by the state population in 1978,
3. Emissions were calculated by multiplying the state growth
s;actor by the 1978 national emissions for this group.

These state estimates were added to the estimat-s; for miscellaneous
industrial processes and the totals for each state a.a shown in volume I1.

4.0 FURTHER IMPROVEMENTS

The historic emission estimates mdy be improved by improving the
fuel consumption, sulfur content and emission factor data bases. Specific
improvements that would affect the overall quality of the estimates are
described below for each of these variables,

4.1 Fuel Consumption

The fuel consumption data base can be improved by including state
consumption data for the years prior to 1950. Presently some fuel
consumption data are not available for these years. This improvement
requires additional research of historic statistics for certain cate-
gories and the use of indirect methods for calculating fuel consumption.

For example, vehicle emissions prior to 1925 could be estimated
from the number of registered vehicles or from automobile sales figures,
However, such indirect meth:ds are not necessarily as reliable as
the present method since these would inherently require additional
assumptions. For the years prior to 1960, additional improvement would
involve adjusting the reported fuel sales, demand, distribution or
shipments to more accurately reflect acual consumption. These adjust-
ments would require techniques similar to those used by the Energy
Statistics Branch of the U.S. Department of Energy. This agency has
adjusted similar data for the time period between 1960 and 1980,
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4.2 Sulfur Content

The S0, estimates for the coal and oil-fired source categories can
be improved for the years prior to 1959 by using specific sulfur content
values instead of assuming a constant 1955 value. This improvement
requires further study of historic fuel distribution patterns, fuel
properties and consumption during the first half of the century. Based
on extensive research during this study, such information is very limited,
It is unlikely that further research would provide more definitive data
on sul fur content at the state level.

In this study, sulfur content values of heating oils are represen-
tative of domestic refined petroleum. However, imported heating oil is
a major component of total oil consumption in many states, particularly
in the east. Recently, a report by the U.S. Bureau of Mines has been
obtained that may provide useful inforaation on the sulfur content of
imported o0il around 1970.123 This report yives the quartity of oil by
sul fur content ranges and port of entry around 1970, but does not give
distribution patterns. The final link to end-use categories and states
will require further research and more assumptions, but would provide a
more precise estimate of sulfur content than is presently available,

4.3 Emission Factors

The emission estimates can be further improved by using state-
specific emission factors instead of national factors. This improvement
requires that information on the dist~ibution of various fuels at the state
level going to the different source types comprising a suurce category
be located. Average state emission factors can then be calculated from
the fuel distribution data and from the emission factors reported for
individual sources in AP-42. This improvement w.uld affect the estimates
for states where the source distribution significantly dcviates from
the national distribution. Usually, these are the states with the
fewest emission sources.

5.0 QUALITY CONTROL

Control over the quality of the emission estimates wis maintained
by ensuring that no errors were made during data compilation and that
the data bases agreed with other available data. Transcription errors
in the fuel consumption data base were located by comparing the total
of all state consumption as entered into the data file to the reported
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national consumption. The continuity of the consumption data and the
emission estimates were checked from one study year to the next for each
state. Any irreqular numbers or discontinuities were checked agajnst
the references. Another check involved comparing the total national
emissions generated by this study to the historic national “otals
estimated by the U.S. Environmental Protection Agency.115 This check
helped identify errors in the calculation procedure and in the categori-
zation of emission sources and helped ensure the integrity of the data
file.

5.1 Comparison with Other Emission Estimates

The aggregated state emissions derived by this study were compared
to the national total emissions reported by the U.S. Environmental
Protection Agency (EPA) for 1940, 1950, 1960, 1970 and yearly since
1970.115 The total state emissions of the electric utility category were
compared to the totals estimated by Pechan, et. al. for 1975, 1978 and
1980.119 The state totals of all categories were compared to the state
totals obtained from the NAPAP emission inventory for 1980.122 These
comparisons provide some indication of the precision of the estimates
associated with different methods or different approaches. FEach
comparison is described below.

5.1.1 National Comparison, 1940 to 1980

Table 12 compares the results of this study with the EPA national
emission estimates for major source categories., The estimates are
similar, but are not identical due to differences inherent in method-
ologies and differences created by the additional assumptions required
for state-level estinates, as described in this report. Other
differances stem from numerical round-off and differences in calculation
procedures. For example, the EPA national estimates were obtained bty
applying an emission factor to the sum of state-level fuel consumption
as is illustrated Ly the following equation.

National Emissionsj =(a+b+c+....) x EF; (eq. 7)

where, a, b, c ... = fuel consumption by each state
by a source category
EF = emission factor

J

source category
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TABLE 12. COMPARISON BETWEEN AGGREGATED STATE TOTALS AND EPA NATIOgAL ESTIMATES

NOTE: Numbers in brackets are EPA Nationsl Totals
: SULFUR OXIDE EMISSIONS (1,000 Toms)
YEAR
Rajor Source Cateqory 1540 1950 1960 1970 1975 1978 1980

Electric Uttiftfes 2,384, 4,526. 9,250, 17,692, 19,489, 17,261. 17,986,
(2.425.) (4,519,) (9.259.) [ (17.417.) | (18.253.) (17,417,) (17.086.)

Industrial 6,690, 3,811, 3.569. 3,348, 1,995, 2,465, 1,314,
(6,063.) (5,732,) (3,858.) (4.521.) (2,916.; | (2,976.) (2.646.)

Commerfcal Residential 3.241, 2,873, 2,096, 1,933, 1,343, 1,239, 926,
(3,638.) {3.968.) (2.315.) (1,543.) (1.103.) | (1,213.) (992.)

Highway Vehicles s3, 101, 144, 208, 366. 4ss, 480.
t (110.) (110.) (331.) (231,) (441.) (441.)

All Others 7,566, 9.882, 7.210. 8.679. 6,575, 6,060, 6.491.
(7.826.) (8,158.) (6.614.,) (7,495.) (s.621.) | (s,070.) (4.519.)

Total 20,519, 2:.203, 22,269. 31,946, 29,520, 27,249, 21,137,
(19,952.) (22.487.) | (22.156.) | (31.306.) (28,329.) | (27,117.) (25.684.)
Percent Difference® -2.88 5,73 -0.58 -2.03 8.2 -0.53 -5.88

NITROGE® OX(DE ENISSIONS (1.000 tons)
YEAR
Hajor Source Category 1940 1950 1960 1970 1928 1978 1980

Electric Utiiftles . 646, 1.312. 2,580, 5,169, 6,257, 6.742. 7,924,
{661.) (1.323.; (2.535.) (4,960.) (5.732.) | (6,504.} (7,955.)

Industrial plus pipel fnes 2,210, 2,821, 4,227, 4.265. 3,724, 6,152, 3,494,
(2,425.) (3.1%7.) (4,079,) (4,299.) (3.748.) | (4.079.) (3,307.)

Commercial-Restdential 259.¢ 613.¢ 688.¢C 831. 748, 769. 113.
(551.) (661.) (772.) (772, (172.) (172.) (772.)

Highway Vehicies 1,45, 2,286, 3,469, 6.206. 7.35) 8.055. 7,656,
(1,433,) (2,205.) {3.858.) (6.614.) (7,932 | (3.598.) (8.377.)

All Others 3,098.4 3,275, 2,646, 2.803. 2.189. 2.697. 2,471,
(2.3:5.) (2,7%5,) (2.755.) (3,307.) (2.975.) | (3,416.) (3,307.)

Totai 7.5%8, 10,309, 13.610. 19,402. 20,501, 22,414, 22,259,
(7,385.) (20.1410) | (13,999.) | (19.952.) (21,164.) | (23,369.} (22,318.)
Percent Otfferencee -2.38 -1.61 +2.8% oz.sx; °3.1% .13 02,43

e
The EPA natfona) totals faclude Alaska and Hawatf. The estinates are reported in Reference 115 ang Are reported in
units of teragrems/year signlll:ant to 0.1 teragrams/year. These unfts were cor.erted to units of 1,000 tons by
rultiplying by 1.1023 x 103, but are stgnificant oniy to 10C,000 tons,

b
Reported as 0.0 teragrams. This converts to less than 55,000 tons.

tize to reflect the
based on the same

3
Signtficant differences occur because in this study, emission factors varie¢ as s function of
predozinance of residentiel sources in the earlter part of the century while £PA estimates are
average factor for all year,

d
Includes 80,000 tons frov ~00d-811 uses category. for Subsequent years, thig
dre Included under the first three major categories listed,

category s subdivided and enfssions

EPA Mational Total - Study Total
Study Total

.Calculcted as fallowns. x 100
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In this study the total national emissions were derived by
aggregating individual state emissions as is i1lustrated below:

National Emissionsj = {a x EFJ) + (b x EFj) + (c x EF;) + ... (eq. 8)

These two methods can yield slightly different values due to
numerical round-off. Theoretically, the methods can result in as
much as a 2.5 percent difference in the national estimates from round-
off alone when the state-level emissions calculated in equation 8 are
rounded to the nearest 1,000 tons. The total 507 emissions estimated
by this study are within 5.8 percen: of the EPA estimates for all years
compared and the total NOx emission estimates are within 4.1 percent.

5.1.2 Comparison of Electric Utilities, 1975 to 1980

Table 13 compares the state SO, emission estimates of this study
with those of Pechan, et. al. for coal-fired electric utilities for
comparable years. The principal difference between the two sets of
estimates lies in the level of detail. Pechan, et. al. estimated the
SO, emissions after centrols on a plant-by-plant basis and aggregated
the plant emissions to the state level. Their estimates were based on
the average quality of all types of coal combined at the power plant
level. In this study the same basic data on fuel consumptica and fuel
quality were used, but the estimates were based on the averaqje quality
of bituminous coal. This approach was necessary because on a historic
basis individual plant data on fuel quality are generally not available.
Dirferences n the sul fur content values used by each study nay alsn
account for some difference, but is estimated to be less thab about
2.0 percent on the state level. Additional differences may occur due
to different numerical round-off and calculation procedures. On the
state level, the estimates are close, but on a percentage basis they
are higher for states with the lowest emissions or fewer pow2r plants.
For all states combined, the S0, emissions estimated by this study are
within 8.4 percent of the estimates by Pechan, et. al. for coual-fired
electric utilities.

Table 14 compares the SO0, emissions for ofl-fired electric poer
plants. Pechan also estimated these on a plant-by-plant basis after
controls, but applied one emission factor to the total amount of oil
burned. In this study, emissions were calculated separately for residual



TABLE 13. COMPARISON BETWEEN COAL-FIRED ELECTRIC UTILITY SO,
EMISSIONS OF THIS STUDY AND THOSE OF PECHAN, et. al.

S0z Emissions (1000 tons)
YEAR

State 1975 1978 1980
Ihis StudyT™ Pechan [This Study ] Pechan JThys Studyl Pechan

Alabama 884.6 734.9 49] .2 52e.1 560.2 542.4
Arizona 31.6 35.3 55.4 47.3 81.0 82.8
Arkansas 0.0 0.0 13.2 5.9 25.1 10.6
California 0.0 0.0 0.0 0.0 0.0 0.0
Colorado 51.8 56.0 79.2 74.8 92.9 76.2
Connecticut 0.0 0.2 0.1 0.6 0.0 0.0
Delaware 13.3 43.5 15.3 30.4 34.0 31.9
District of Columdia 3.3 1.5 0.0 0.0 0.0 0.0
Florida 199.4 299.2 192.8 268.9 €96.7 361.9
Georgia 537.6 439.7 556.6 580.1 704.5 730.4
1daho 0.0 0.0 0.0 0.0 0.0 0.0
I inois 1,752.8 1,403.2 1,275.2 1,262.6 1,161.8 1,093.8
Indfana 1,598.1 1,462.5 1,321.3 1,346.1 1,643.4 1,5637.2
Iowa 212.8 185.5 288.1 262.6 231.6 230.7
Kansas 122.0 83.4 155.3 143.6 221.7 147.¢
Kentucky 1,276.7 1,360.4 1,243.4 1,209.8 1,052.1 1,006.8
Loufsfana 0.0 0.0 0.3 0.0 24.2 0.0
Matne 0.0 0.0 0.0 0.0 0.0 0.0
Maryland 130.0 120.7 132.9 137.8 211.9 184.6
Massachusetts 4.8 12.2 0.0 0.0 7.1 14.9
Michigan 1,030.5 973.7 762.9 759.4 583.2 540.9
Minnesota 192.2 199.1 135.4 181.3 121.2 174.8
Mississippi 50.8 71.7 73.1 67.0 101.3 84.6
Missoury 1,066.9 1,073.6 1,040.2 1,009.0 1,099.4 1,138.6
Montana 14.9 13.2 22.1 21.8 30.7 23.2
Nebraska 25.6 21.9 44.2 34.0 49.7 48.5
Nevada 30.5 29.7 31.0 32.1 39.1 33.4
New Hampshire 48.1 45.3 33.3 32.3 46.4 52.3
New Jersey 86.0 78.4 62.5 70.7 88.0 78.6
New Mexico 82.8 73.7 99.3 80.7 112.2 83.7
New York 249.8 2.5.4 211.3 204.8 210.9 225.8
North Carolina 437.2 373.4 415.6 391.0 429.7 433.5
North Dakota 46.9 41.5 70.9 1.6 93.2 82.3
Onio 2,649.9 2,703.0 2,253.9 2.449.9 2,344.6 2,163.
Oklahoma 0.0 2.0 10.1 12.7 59.3 37.4
Oregon 0.0 0.0 0.5 0.0 11.9 2.9
Pennsylvania 1,418.8 1,418.6 1,089.5 1,267.5 1,377.6 1,417.0
Rhode Island 0.0 c.0 0.0 0.0 0.0 0.0
South Carolina 114.6 108.9 156.8 165.8 190.2 196.6
South Dakota 32.0 20.9 46.4 31.8 38.2 28.4
Ten..essee 1,349.3 1,027.2 891.8 1,021.0 1,002.6 932.3
Texas 75.2 81.4 174.2 167.6 294.3 297.2
Utah 19.5 19.6 25.4 29.8 27.6 21.8
Yermont 0.3 2.3 0.0 0.2 0.0 0.3
Virginia 64.8 62.7 88.6 79.6 94.9 95.7
Washington 37.0 34.8 89.9 69.8 81.2 63.2
West Yirginia 1,299. 1,029. 1,091.2 894.0 1,059.1 942.0
Wisconsin 552.5 464.8 588.0 468.4 522.9 483.6
Wyoming 76.3 58.9 113.5 95.6 167.6 120.4
Total 17,871.0 16,489.4 | 15,441.1 15,597.7 | 16,625.2 15,859.1
Percent Differencea -8.4% +1.0% { ~-4.8%

a
Calculated as fullows: Pechan's Total - Study Total x 100
Study Total
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2

YEAR

COMPARISON BETWEEN OIL-FIRED ELECTRIC UTILITY SO
SO, Emissfons (1000 tons)

EMISSIONS OF THIS STUDY AND THOSE OF PECHAN, et. al.

TABLE 14.

x 100

Pechan's Total - Study Total
Study Tctal

Calculated as follows.
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TABLE 15. COMPARISON OF TOTAL STATE SC AND NOx EMISSIONS OF THIS STUDY
AND THE NAPAP EMISSION INVEN%ORY FOR 1980

Entssfons (1000 tons)

State <0, NO.
Ts Study] WAPAP [This Study]  WOXP

Aladbama 788. 850. 509. 525.
Arizona 793. 844 326. 294,
Arkansas 88. 89. 222. 232.
Calfforria 574. 533. 1.404. 1,323.9
Colorado 150, 134. J10. 292.
Connecticut 6. 69. 142. 143.
Delaware 101. 127. 6. 69.
District of Colurdia 6. 17. 22. 27.
Florida 997. 1,202. M02. 629.
Georgia 818. 877. 560. 587.
1dano 28. 55. 111. 90.
Ninols 1,579. 1,459, 1,017. 1,118.0
Indfeana 2,076. 1,880. 857. 860.
lowa 338. 390. 3i2. 349,
Kansas 231, 231. 4439, 592.¢
Kentucky 1,184, 1.158. 566. 604.
Lovisfana 415. S01. 880. 821.
Maine 66. 133. 62. 64.
Maryland 359. 296. 284. 278.
Massachusetts 346. 3s2. 267. 272.
Michian 05. 878. 7. 746.
Minnesota 187. 263. 9. 456.d
Mississippf 264. X06. 276. 295.
Missourd 1,283, 1,297. 541. 607.
Montans 163. 168. 130. 129.
Nebraska 72. n. 172. 216,
Nevada 220. 146. 110. 123.
New Hampshire 87. 107. 5S. 60.
New Jersey 329. 203. 411. 434,
New Mexico 284, 258. 327. 7.
New York 934, 864. 709. 748.
North Carolina 583. 653. 560. 570.
North Dakota 121. 114, 141. 168.9
Ohio 2,R14. 2,705. 1,181. 1,219.
0k 1ahona 147. 102. 486. 462.
Oregon 61. 55. 202. 227.
Pennsylvunia 2,011. 1,851. 1.172. ¢ 1,082.
Rhode Island 13. 14. 36. 36.
South Carolfna X4. 42, 271. 2.
South Dakota 47. 41, 78. 77.
Tennessee 1,177, 1,134, 581. 573.
Texas 1,312. 1,34]. 2,549. 3,486.€.¢
Utah 114. 116. 175. 175.
Yermont 7. 10. 5. 4.
Yirginta a13. ass. 411. 411.
Mashington 280. 325. 298. 350.
West Virginfa 1,205. 1,104, 500 . 473.
Wisconsin 677. 688. 438. 426.
Wyoming 243. 249. 327. 29Y.
Total 27,196. 27,:11. 22,260. 23,667.
Percent Difference® 0.3% +5.9%

4The difference in total NO, euissions stems mostly from the transportation categorfes.

dThe higher value reported by NAPAP s due to a preponderance of powsr plants with
higher entssion factors.

CData fn the NAPAP emfssion inventory that was obtained f-om NEDS are not consisteat
with the national sverage emission far.or used in this study.

%he difference 1n total NO. emfssions ctems mostly from the #1sctric uti“ities category.
This study assumed that alf coal cons.umed by this catcgory in “fnnesota, North Dekota,
and Texas, while 1n reality ft is a mixture.

€Calculated as follows: !APAP Total - Study Total , 10
study TYotal
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and distillate oil. On the state level, the estimates of both studfes
are in general agreement and overall are within 7.2 percent faor alil
three years that were compared.

5.1.3 Comparison with the 1980 NAPAP Emission Inventory

Table 15 compares the state total emissions estimated by this
study for 1980 with the results of the NAPAP emission inventory. It
should be noted that the methodologies to derive each data base are not
comparable. NAPAP is based on a “bottom-up® approach where point and
area sources are fnventoried on an indfvidual <ource basis, while this
study was based on a "top-down" approach where generalizations are made
regarding broad categories of sources. The NAP..P data base for 1980
represents the most detafled account of sources ard emissions available
to date. It is expected to undergo further refinement and imprcvements
fn the future, Considering the fundamental differences in methodology,
it is interesting to note the general similarity in the total state
emissions, For all states combined, the percentage dffference was 0.3
percent for SO0, and 5.9 percent for NOx. Major differences in total
state NOx emissfons are explained in footnotes to Table 15.

5.2 Probable Error of Estimates

These compariscns give dan indicatfon of the precision of the esti-
mates derived by independent studies using various methodologies,
calculation procedures and assumptions, The comparisons do not give an
indication of accuracy because this would require knowing the actual
emissiont . This is impossible to determine on the state and natfonal
levels or even at a smaller scale and, therefore, estimating procedures
are required,

The comparisons indicate that the results of this study are similar
to those of more detailed studies for the recent years. The uncertainty
of the estimates may be determined by computing the probable error of
the estimates. Such an analysis is planned for the NAPAP inventory and
the results may provide a basis for estimating the uncertainty of the
historic emission estimates for 1980. Once the uncertainty of the 1930
estimates is known, the uncertainty for earlier years can be estimated
by assigning uncertainty bounds to each assuaptior fntroduced over time.
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6.0 AVAILABILITY OF DATA ON COMPUTER TAPE

A1l emission estimates resulting from this study are available on
computer tape. These estimates are presented on tape in the same format
as they are presented in Volume II. The data tape contains the annual
fuel consumption of each state presented by scurce category and study
year. It also contains the average sulfur content values and emission
factors used and also shown in Volume II. In addition, the tape
contains all SO, and NO, emission estimates for each state by source
category and by study year. It also contains special data files
such as the smelter emissions, wildfires and miscel laneous category
from 1900 to 1980 which were calculated separately.
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CHAPTER 111
METHOD OF ESTIMATING YEARLY EMISSIONS

1.0 POSSIBLE APPROACHES

Emission estimates for every fifth year may be adequate for most
studies requiring only a general indication of emission trends. However,
for studies of material damage and aquatic and biological effects, yearly
estimates may be needed. To provide yearly estimates of total state emissions
one of two approaches may be used. Each has advantages and limitations.

One approach involves proportioning the emissions derived in this
Study for every fifth year by major fuel type to the intervening years
on the basis of the change in the national consumption of the fuel.

For example, if the national fuel consumption of coal increased, then

the state level emissions attributed to coal will increase by a proportionate
amount. A more refined version of this approach involves proportioning

on the basis of fuel consumed by each individual source category.

However, historic fuel consumption data are not available for all

source categories so this approach would provide incomplete results.,

The other approach involves applying the methodology as described
in Chapter Il to the intervening years. This approach would produce
the best results because it incorporates actual fuel consumption and
sulfur content on the state level to the greatest extent possible.
However, this approach is more complicated and would best be used only
after improvements have been made to the existing methodology regarding
emission factors and sul fur content values as described in the previous
chapter. This approach would be most appropriate for the time period
1960 to 1980, for which annual fuel consumption data are available for
most source categories on the state level from State Erergy Data
Regorts.59 For years prior to 1950, this approach may be limited to
the availability of information on certain source categories.

In order to provide yearly emission estimates on the state level
in this study, the first approach was selecter. It provided a reasonable
alternative pending further improvements to the presenc version of the
emissions data base.
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2.0 INTERPOLATION PROCEDURE

The basic interpolation procedure is based on the following
. assumed proportion.

SEi+k+l - SEisk o NEjape) - NEje (eq. 9)
SEjs+g - SEj4k NEj 45 - NEj4x
where, SE = state emissions of each fuel type category
NE = national energy consumption
i = study year (i.e., 1900, 1905, . . ., 1975)
k = integer (0, 1, 2, or 3) to represent each intervening

year.
Solving this relationship for SEj+ke1» yields the following equatfon.

SEitkel = (SEq+5 - SEjsk) NEjype) - NEjar o SEitk  (eq. 10)
NEjes - NEjay

This equation is based on the ratio of changes in the national
fuel consumption to changes in the state level emissions by fuel type
category on a year-by-year basis. For example, state emissions for
1942 (i = 1940, k = 1) are calculated using the national and state data
for 1945 and 1941 and the national data for 1942, The calculation
procedure begins with 1901 and the results for 1901 are then used for
estimating 1902 and so on. For each year, the equation was applied to
each major fuel type category; bituminous coal, antn-acite, distillate
and residual o0il (combined), natural gas, wood, and gasoline and diesel
fuel combined. The state emission values (SE) for each category were
obtained from Volume Il, Section 4.0. The national energy consumption
(NE) by fuel type was obtained for each year from 1900 to 1980 from
various references. The fuel data and the references are presented in
Appendix A.

The equation produces reasonable results except in a few cases
when the national fuel consumption either increased or decreased by a
large amount from one year to the next, or over the time period
reflected in the denominator of the equation. These special situatifons,
which result in anomalies, occur in 1912 and 1913 when the nationgl
consumption of bituminous coal increased and in 1971 when it decreased
sharply, and in 1931, 1932, and 1933 when the consumption of natural
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gas decreased. In these cases, the emissions of the affected category
were estimated using the method of linear interpolation described below,

Annual emissions of the categories not included in the above
procedure, were estimated using linear interpolation. These categories
included smelters, cement nlants, wildfires, miscellaneous industrial
processes and miscellaneous othes. The emissions of these categories
were added for each state and the following equation was applied to
their sum:

SEi+j = SEf + (SEj45 - SEj) x j 4 5 (eq. 10)
where, SE = total state emissions of these other categories
t = study year
j = integer (1, 2, 3 or 4) to represent each tntervening
year.

1
1

The interpolated emission estimates for each major category were
then added to yield total state emission estimates for each consecutive
year,

3.0 TOTAL AWHUAL STATE EMISSION ESTIMATES

The total state emissions for each study year and the intervening
years are plotted in Figure 9 and are presented in numerical form for
each state in Appendix A. It should be remembered that the emissions
for each study year were derived by aggregating estimates for {ndividual
source categories. The emissions for the intervening years were fnter-
polated using the procedure described in the previous section. The
resulting numbers which are also displayed in Appendix A are available
on computer tape.
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TABLE A-1. TOTAL NATIONAL FUEL CONSUMPTION
BY MAJOR SOURCE: 1900 TO 1980

(Tri111on Btu's)

BIMMI'GS  ANTVARCITE (A€ PETROLEM TR B GSILIE,
YERR o 8 o e  pETPIAM® PREWCTS 80D as wom € piesa 9
100 €31 1419 @9 . =2 2430 °
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1927 13093 1897 827 4% 1465 1648 1S
1928 12069 1871 A7 -m 1288 1829 1289
1929 13612 1813 539 600 1942 1810 1818
1939 1921 178 6148 4% 1969 1791 1897
1931 913 1484 530 -339 ins 1 1987
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1933 8373 1268 513 29 1608 1748 1845
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1939 9654 1262 n -85 =39 1681 %63
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1948 18651 Q21 119 -<38 3973 175 b2

Table continued next page.
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TASLE A-1 continued

(Tril1fon Btu's)
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i

Refe;ence 24 (crude petroleum category includes gasoline and diesel
fuel).

Minus sian denotes exports exceeded imports. These figures were
added to th: crude petroleum figures for eacn year less the figures
for gasoline and diesel, to provide the basis for tnterpolating
emissions for residual and distillate oil.

Reference 64 for 1949 to 1980. Consumption expressed fn oven dried
tons was converted to energy units assuming 17.2 mitlion Bty per ton.
For 1900 to 1948, fuel wood consumption reportea tor every fifth
year in Reference 27 was normalized to the 1950 value reported in
Reference 64. For intervening years, consumption was estimatad by
1inear interpolation.

Reference 54. Gasoline, diesel category is a subset of crude
petrolecum category. Consumption exoressed in gailons was ccaverted
to energy units assuning 138,095 Btu/gal (5,800,000 Btu/bbl). for
years prior to 1919, consumption was estimated based on the number
of registered vehicles and the 1920 average consumption per vehicle.

Net petruleum products are include¢ with crude petroleum for '971 to
1980.
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TABLE A-2. SUMMARY OF SO, EMISSIONS BY STATE

STATE 1900%
ALABAMA 102.
ARIZOYA 135.
ARKANSAS 8o.
CALIFORNIA 140.
COLORADO 73.
COMNECTICUT 100.
DELANARE 5.
DISTRICT OF COLUMBIA 19.
FLORIDA 58.
GEN®SIa 87.
JOAHO a2.
ILLINOIS 1459.
INDIANA 451,
I0HA 458.
KAHSAS 261.
KENTUCKY 208.
LOUISTANA 141.
MAINE 55.
MARYLAND 111.
MASSACHUSETTS 226.
MICHIGAN 381.
HIIMESOTA 202.
MISSISSIPPI 81.
MISSCURI 449,
HONTANA 310.
NEBRASKA 192.
NEVADA 7.
NEH HAMPSHIRE 49,
NEW JERSEY 274.
NEW MEXICO al.
NEW YORK 694,
NORTH CAROLINA s2.
NORTH DAXOTA 15.
OHIO 982.
OKLAHOMA 67.
OPEGON 13.
PEI2ISYLVANIA 745.
RHUDE ISLAMD 49.
SCUTH CAROLINA 32.
SOUTH DAKOTA 15.
TEMNESSEE 149.
TEXAS 389.
UTAK 61.
VERLONT 34.
VIKGINIA 93.
HASHINSTON 36.
WEST VIPGINIA 84.
WISCOMNSIH 255.
UYCHING z28.
THE U.S. 9988.

Footnotes at end of tuable.

1901

108.
160.
84.
142.
75.
108.
5.
20.
61.
9l.
G6.
1543.
484.
479.
282.
217.
147.
61.
118.
238.
419,
217.
&5.
q79.
325.
201.
8.
49.
302.
42.
757.
55.
17.
1035.
76.
14.
826.
5a.
34,
16.
158.
403.
70.
39.
99.
39.
92.

272.

10681.

72

1902

120.
185.
¥5.
149.
e0.
110.
4.
2l.
66.
101.
50.
1713.
558.
527.
317.
240.
163.
57.
122,
249.
478.
236,
95.
538.
342.
219,
9.
43.
297.
a5,
725.
63.
18.
1158.
96.
16.
8la.
48.
39.
17.
177.
431.
8l.
32.
113,
a5,
108.
298.
29.
11535,

1903

128.
210.
102,
152.
83.
128.
5.
23.
69.
107.
S4.
1850.
610.
560.
333.
254.
173.
72.
13e6.
276G,
529.
263.
101.
582.
358.
234,
10.
56.
366.
<8.
886.
68.
22.
1242.
109,
18.
1011.
61,
Q2.
20.
189.
450.
90.
a4.
123.
q9.
119.
329.
29.
12785.

1904

126.
234.
101.
151.
82.
127.
5.
22.
69.
106.
56.
1822.
598.
552.
349,
2s51.
171.
70.
134.
270.
541.
258.
100.
579.
369.
231,
10.
55.
359.
48.
870.
¢8.
22.
1221.
106.
18.
989.
60.
42.
19.
189.
451,
98.
43,
121.
49.
118.
323.
28.

12681,

1905 *

138.
259.
112.
157.
87.
139.
6.
24.
75.
116.
6l.
2012,
676.
602,
385.
273.
187.
77.
145.
<92.
605.
287.
109.
641.
387.
251.
11.
60.
398.
51.
949.
6.
6.
1249,
127.

1103.
65.
a7.
21.

208.
479.
103.
47.
136.
55.
134.
358.
. 29.
13959.



TABLE A-2. Continued

‘+ SUMMARY OF S02 EMISSIONS BY STATE(1000 TONS)

STATE 1906 1907 1903 1909 1910* 1911
ALABAMA 148, 164. 145. 160. 173. 147.
ARIZONA 277. 295. 309. 327. 344. 367.
ARKANSAS 120. 134. 117. 130. 141. 121,
CALIFORNIA 168. 181. 183. 195, 207. 201.
COLORACO 89. 94. az. 91. 95. 84,
COMMECTICUT 143, 160, 145. 155. 165. 152.
DELANARE 5. 6. 6. 6. 6. 6.
DISTRICT OF cOLUMBIA 264, 25, 24. 25. 25. 26.
FLORIDA 79. &es8. 80. a8. 96. 83.
GEORGIA 123, 135, 121. 132. 142, 124,
IDANO 64. 67. 64. 68. 71. 69.
ILLINOIS 2135, 2371. 2100. 2313. 2488. 2146,
INDIANA 737. 849. 713, 817. 901. 716.
JONRA 630. 683. 618, 667. 706, 626.
KANSAS 401, 428. 399. @25, Q46. 426.
KENTUCKY 287. 312, 282, 305. 323. 289,
LOUISIANA 198. 217. 195. 213, 228. 203,
HMAINE 79. 9. 1. 8z7. 94. 84,
HARYLAND 150. 164, 150. 16C. 169, 158.
HASSACHUCETTS 3o01. 325. 301. 319. 335. 315.
HICHIGAN 639. 705. 624. 634, 733. 611.
MINNESOTA 304. 344, 300. 333. 361. 306.
HISSISSIPPY 116. 129. 115. 126. 135, 119.
HISSOURI 679. 746, 670. 733. 7&4. 681.
HCNTANA 385. 386. 373. 373. 373. 358.
NEBRASKA 261. 280. 257. 274, 288. 272.
NEVADA 26. a2. 53. 68. 84. el.
HEH HAMPSHIRE 59. 67. 63. 65. 68. 66.
HEW JERSEY q14. 481. 422, 462, 502. 440.
HEH MEX1CO 53. 57. 53. 57. 60. 67.
KEH YCPRK 965. 1091. 995. 1054. 1121. 1045,
HORTH CAROLINA a3. 6. 8l1. 93. 103. 79.
HORTH DAKOTA 26. 32, 27. 31, 34. 27.
OHIV 16431, 1584, 1397, 1539. 1654. 1427,
CKLAHOMA 154%. 196. 160. 200. 234, 174,
OREGO4 22. 25. 21. 26. 26. 21.
PEIZISYLVANIA 1159. 1367, 1174. 1305, 1632, 1197,
RHODE ISLAND 64. 72. 68. 69. 73. 72.
SCUTH rAROLINA 51. 60. 50. 58. 64. 49.
SOUTH DAKOTA 23. 25. 23. 25. 27. 23.
TEIPIESSEE 219, 239. 216. 235. 250. 222,
TEXAS 495. 521. 501. 525. 546. 538.
UTAH 128. 149. 160. 181. 201. 20S.
VERMONT 46. 53. 49. 50. 53. 52.
VIRGINIA 146, 166. 142, 161. 175. 162,
HASHINGTOY 59. 68. 59. 66. 73. 59,
WEST VIPGINIA 149. 174. 147. 171. 1%0. 151,
HISCCHSIN 379. 427. 373. 613. 446. 378.
WHYOHMING 30. 31. 30. 31. 32. 33.
THE U.S. 14721. 16400, 14722. 16083, 17274, 15237.
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STATE

ALABAMA
ARIZONA
ARKAHSAS
CALIFOPHIA
COLORADD
CO*MECTICUT
DELAKNARE

DISTRICT OF COLUMBIA

FLCRIDA
GEORGIA
I0AHO
ILLINOIS
INSIAMA

IONA

KANSAS
KENTUCKY
LOUISIANA
MAINE
HARYLAND
HASSACHUSETTS
HICHIGAN
NINNESOTA
HISSISSIPPI
MISSOURI
HONTANA

NEBR/ SKA
NEVACA

HEW HAMPSHIRE
NEW JERSEY
HEW ? ZXICO
HEH YORK
NORTH CAROLINA
HORTH DAKOTA
OHIO0
OXLAHOMA
CREGON
PERNSYLVANIA
RHODE ISLAND
SOUTH ZAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERMONT
VIRGINIA
WASHINGTCON
HEST VIRGIMNIA
HISCONSIN
HYOIING

THE U.S.

TABLE A-2. Continued

SUMMARY OF S32 EMISSIONS BY STATE(1000 TONS)

1912 1913
186. 193.
3%6. G622,
151. 156.
209. 211.
98. 99.
172. 178.
6. 6.
25. 25.
101. 105.
150. 155.
79. e3.
2671, 2766.
991. 1037.
744. 764.
466, 446,
340, 348.
241, 248.
99. 105.
175. 179.
344, 352.
794. 826.
387. 402.
145, 149.
838. 866.
367. 364.
296. 301.
85. 86.
70. 73.
534, 561.
a7. 101.
1164. 1212.
115. 121.
38. 40.
1761. 1816.
280, 303.
29. 30.
1550. 1639,
74. 77.
71. 75.
208. 29.
266. 270.
563. 571.
229. 243.
55. 58.
192. 200.
80. 83.
215. 228.
479. 498.
22. 3.
18446 19132.

74

1914

211.
449,
17¢.
21S.
105.
183.
6.
25.
114.
168.
89.
3020.
1168.
820.
454.
372.
267.
113.
188.
366.
913.
441.
162,
94l.
365.
313.
e6.
76.
609,
117.
1279.
138,
45.
1974,
356.
34.
1817.
79.
85.
32.
299.
585,
<61.
60.
c23.
93.
260.
547.
32.
20726.

1915 %

205.
474,
16S.
213.
102.
185.
6.
25.
112,
164.
91.
2749.
1127.
802.
“a7.
364.
262.
110.
185.
361.
887.
428,
158.
919.
357.
309.
88.
76.
592.
129,
1251.
132.
44.
1923.
348.
33.
1753.
77.
82.
31.
284.
588.
271.
59.
216.
90.
253.
531.
32.
202%).

1916

218.
491.
174.
211.
100.
lgs.
6.
25.
120.
174.
89.
2985.
1238.
788.
a42.
384.
263.
113.
186.
3e2.
937.
652,
167.
921.
340.
307.
86.
75.
629,
129,
1299.
154,
46,
2006.
373.
35.
1834.
77.
92.
32.
298.
393.
257.
59.
233,
96
275.
579.
32.
21020.

1917

<27,
539,
l82.
208,
93.
19S.
6.
25.
127.
1g2.

3018.
1328.
779,
436,
400.
26S.
120.
191.
369.
974.
474,
174.
922.
321.
3o08.
84.
80.
678.
128.
1186.
171,
50.
2073,
393,

2046,
82.
101.
33.
309.
597.
242.
66,
267.
100.
294,
621.

21769.



STATL

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
COIMNECTICUT
DELAKARE

DISTRICT OF COLUMBIA

FLORIDA
GEQRGIA
IDAHO
ILLInoIS
INDIANA

10HA

KANSAS
KENTUCKY
LOUISTIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MIKNESOTA
HISSISSIPPY
MISSOURT
MONTANA
HEBRASKA
HEVADA

NHEW HAMPSHIRE
HEW JERSEY
NEW MEXICO
NEH YCRK
HORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHCDE 1ISLAKD
SOUTH CAROLINMNA
SOUTH DAKOTA
TEHMNESSEE
TEXAS

UTAH

VERNONT
VIRGINIA
HASHINGTON
HEST VIRGIMIA
HISCONSIN
HYJ4INS

THE U.S.

TABLE A-2.

SUITIARY OF S02 EMISSIONS BY STATE(1080 TONS)

1918

234,
525.
187.
206,
96.
197.
6.
25.
131.
187.
84,
3032.
1383,
772.
629.
4l0.
266.
122,
192.
370.
990.
487.
178.
922.
3oz,
307.
8l.
80.
699.
127.
1415.
182,
5.
2115,
404.
38.
2118.
a2.
106.
33.
316.
599.
227.
65,
255.
103.
304.
645,
32.
22117.

1919

211,
537.
176.
194.
92.
182.
6.
25.
11e.
166.
77.
2921.
1164.
797.
413.
372.
264.
111.
186,
361.
833.
437.
162.
913.
275.
308.
75.
74.
605,
119.
1265.
141.
45.
1955.
51,
35,
1816.
77.
86.
32.
287.
S591.
203.
58.
223.
93.
252.
549,
32.
202¢8.

75

Continued

1920%*

224.
§55.
l1es.
192.
90.
187.
6.
25.
126.
179.
76.
2964.
12¢€6.
782.
403.
393.
266.
116.
188.
365.
890.
464,
172,
915.
258.
307.
73.
76.
653,
120.
1337.
164.
48.
2046.
378.
37.
1939.
78.
97.
32.
303.
597.
189.
60.
241,
100.
276.
603.
3.
21144.

1921

329.
580.
32.
109.
49.
138.
6.
3s5.
66.
131.
44,
2358.
2184,
25.
70.
722.
59.
6l.
LT
256.
2026.
369.
40.
772,
207.
19.
58.
35.
322.
95.
1433,
492,
14,
2371.
91.
il.
4333.
66.
192.
7.
509.
270.
229.
40.
173.
18.
493,
1358,
2l.
23406.

1922

301.
625,
34,
199.
63,
148.
7.
33.
s2.
190.
45.
2542,
1926.
leo.
179.
625.
73.
52.
9%,
298.
1689.
391.
4l.
819,
249,
56.
69.
39.
435,
109.
1337.
395,
21.
2282,
189.
2l.
3552.
71,
164,
14.
469,
351,
259.
37.
197.
?28.
Gul.
1125.
26.
22566,

1923

229.
687,
219.
575.
99.
216.
15.
32.
197,
192.
85.
3078.
1252.
866.
466,
369.
367.
134.
254.
451.
&23.
478,
194.
948.
329.
345,
9.
84.
910.
142,
1465.
139.
52.
2C64.
465.

1917,
1T6.
93.
26.
290.
£80.
287.
63.
266,
156.
282.
533.

23380,



STATE

ALABAMA
ARIZQNA
ARKANSAS
CALIFORNIA
COLORADO
CO'NECTICUT
DELAHARE

DISTRICT OF COLUMBIA

FLCRIDA
GEORGIA
IDAHO
ILLINOIS
INDIANA

I01A

KANSAS
KENTUCKY
LOUISIANA
MATIMNE
MARYLAND
MASSACHUSETTS
HICHIGANM
MINNZSOTA
HISSISS1PPI
MISSOURI
HONTANA
HEBRASKA
HEVADA -

NEN HAMPSHIRE
NEH JEPSEY
HEMW MEXICO
NEW YORY
ROPTH CAROLINMNA
HORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PCIZISYLVANIA
RHODE IStLAND
SOUTH CAROLIMA
SOUTH DAKOTA
TEKNESSEE
TEXAS

UTAH

VERMONT
VIFGINIA
HASHINGTON
NEST VIRGINIA
RISCCu:SIN
NYCHING

THE U.s.

TABLE A-2.

Continued

SWRMARY OF SO2 EMISSIONS BY STATE(1000 TOMNS)

1924

256,
712.
138.
400,
86.
188.
11.
32.
1s.
190.
70.
2882,
1508.
604,
355.
G466.
203.
104,
188.
385.
1148,
447.
134.
902.
32s.
236.
1.
68,
710.
137.
1423,
237.
61,
2144.
370.
51.
2555,
101.
120.
28.
352.
663.
320.
55.
238.
100.
351.
766,
3s.
23060.

1925 *

246.
755.
175,
504.
93.
194.
12.
31.
175.
191.
78.
2967.
1401.
717.
406.
425,
277.
110.
214.
411.
1005.
a56.
161.
925.
356.
282.
100.
¢8.
777.
148,
1376.
196.
44,
2112,
a26.
67.
2212.
106.
109.
31.
326.
779.
352.
52.
251.
126.
330.
665.
38.
23263.
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1926

261.
721.
190.
518.
101.
186.
12.
37.
179.
203,
e2.
3081.
1474,
769.
440.
436.
303.
95.
208.
424,
1020.
467.
168.
9a83.
358.
306.
103.
50.
821.
150.
1259.
189.
3.
2230.
444,
69.
2106.
8.
107.
30.
310,
8l10.
342,
32.
249,
135.
333.
669.
40.
23629.

1927

246.
683.
172.
495.
96.
172,
z.
3s.
182,
193,
8l.
293s.
1392.
715.
403,
626,
279.
88.
200,
389.
927.
a37.
162.
921.
347.
276.
102,
45,
778.
146,
1228.
196.
ql.
2110.
“09.
69.
1947,
&a.
110.
29.
319.
779.
329.
e9.
250.
127,
320.
65%6.
38.
226468,

1928

247.
647,
170.
507.
98,
171,
13.
35.
184,
193.
w2,
2932,
1387.
713,
400,
426.
281.
87,
201,
390.
997.
437,
162.
919,
343,
276.
103.
a5,
782,
145,
1744,
193,
41,
2108.
399,
68,
1944,
83,
111,
29.
317.
784,
37z.
29.
251,
128.
315.
646,
39.
22418.

1929

257.
611,
179.
530.
103.
180,
13,
3s.
186,
200,
85.
3027,
1435,
748,
“20.
433.
300.
92.
207.
%13,
1012.
456,
167,
958.
342,
296,
10S.
«“8.
81s.
147,
1325,
194,

2186,
“06.

2047,
&4.
110.
30.
33s.
€09,
306.
31.
252.
134.
315.
661.

23146,



STATE

ALABAMA
ARIZOYA
ARKANSAS
CALIFORNIA
COLORADO
COMNECTICUT
DELANARE
DISTRICT OF COLUMBIA
FLORIDA
GEORGIA

I0AHO
ILLINOIS
INDIANA

I0HA

KANSAS
KENTUCKY
LOVISIAHA
MAINE
MARYLLKD
MASSACHUSETTS
MICHIGAN
MININZSOTA
HISSISSIPPY
HISSOURI
HONTAMA
NEBRASXA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
HEW HEXICO
HER YORK
NOPTH CAROLINA
NOQTH DALOTA
OHIO
OXLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOJTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEYAS

UTAH

VERMONT
VIRGIHNIA
KASHINSTON
REST VIRGINIA
RISCONSIN
WYOIING

THEC V.S,

TABLE A-2.
SUNMMARY OF SO2 EMISSIONS BY STATE(1000 TONS)

1930%

230.
571.
146,
5lw.
92.
160.
12.
30.
187.
179.
82.
2740.
1276.
640.
348.
a2,
256.
8s.
200,
353,
968.
399.
155,
836.
326.
236.
102,
48,
735.
140.
1245,
208.
38.
1949.
344.
64.
1842.
82,
114.
27.
327.
757.
291.
33.
256.
119.
293.
619,
36.
211cs.

1931

194.
522.
119.
456.
79.
135,
12.
25.
172,
151,
76.
2328.
1063.
515.
271.
353.
207.
74.
176.
298,
841l.
322.
144,
685.
3l0.
l82.
96.
ql.
597.
122.
1032,
192.
32.
1666.
280,
55.
1478,
71.
104,
23,
312.
644,
268.
28.
238.
101,
256.
525.
32.
17900,

77

Continued

1932

167.
473,
97.
630.
68.
115.
12.
22.
165,
129.
71.
2004,
896.
4l8.
212.
306.
177.
64.
1€2.
254,
740.
261.
134,
556.
297.
140.
92.
35.
510.
105.
874.
i76.
27.
1443,
231.
51.
il197.
63.
96.
20.
300.
581.
246.
23.
226.
99.
226.
451.
29.
15474,

1933

186.
634,
97.
572.
69.
115.
l2.
26.
202.
136.
68.
2054.
927.
434,
228.
315.
<31.
64.
192,
259.
744,
270.
132.
578.
256.
146.
L
35.
684.
9%.
961.
179.
<8.
1476.
25¢C.
70.
1271.
74.
97.
21.
306.
773.
234.
23.
239.
112.
229.
463,
31.
16531.

1934

1€2.
384.
107.
G27.
73.
126.
12.
26.
168.
140.
68.
2175.
989.
473.
241.
332.
193.
70.
169.
277.
767.
295.
141,
620.
296,
163.
92.
38.
555.
83.
958.
184.
3o0.
1566.
252.
53.

+ 1358,
\ 67.
99.
22.
317.
613.
221.
26.
232.
v 96.
240.
“92.
31.
16535.

1935 %

189.
340.
109.
454.
78.
128-
12,
26.
176.
145,
66.
2231,
1021.
491,
252.
361,
209,
71.
177.
286,
772.
306.
142,
636,
295.
171,
93.
38.
594,
72.
983.
186.
31.
1607,
261.
57.
1410,
70.
100.

-~
“C.

324,
660.
208.

26.
236.
105,
244,
505.

16978.



STATE

ALaBAMA
ARIZONA
ARKANSAS
CALYFORNIA
COLORADO
COtMECTICUT
DELAUARE

OISTRICT OF COLUMBIA

FLORIDA
GECRGIA

ICAKO
ILLINOIS
INDIANA

I0HA

KANSAS
KENTUCKY
LOUISIANA
HAINE
MARYLAND
MASSACHUSETTS
HICHIGAN
MIIESOTA
HISSISSIPPI
MISSOURI
MONTANA
HEBRASKA
HEVADA

NEW HAMPSHIRE
MNEW JERSEY
NEN HEXICO
HEN YORK
HORTH CAROLIMA
HORTH DAKOTA
O 10

OKLAKCHA
OREGOM
PEITISYLVAMTIA
RHODE 1SLAND
SCUTH CAROLINA
SCUTH DAKDTA
TEKNESSEE
TEXAS

UTAH

VEPHONT
VIRGINIA
HASHINGTON
NEST VIAGINIA
HISCCHSIN
HYCHING

THE U.S.

Continued

SUMMARY OF SO2 EMiISSIONS BY STATE(1000 TONS)

TABLE A-2.

1936 1937
207, c15.
406, “72.
113. 116.
Q66. a74.
78. 82.
136. 147.
11. 12.
24. k7.
187. 192.
150. 153.
73. 79.
2491. 2608,
1128. 1176.
520. 532.
255, 256.
3s2. 400.
209, 208.
70. 73.
196. 211.
294. 305,
873. 921.
312. 316.
157. 163.
675. 694.
326. 358,
172. 173.
112. 131.
37. LN
578. 658,
102, 132.
965. 1126.
215. _27.
33. 34.
1817. 1909.
267. 273.
58. 57.
1449, 1566.
69. 76.
114, 120.
25. 26.
333. qlo.
672. 678.
292. 376.
23. 29.
276. 295,
103, 106.
278. 291.
552, 57S.
13. 33.

18366, 19542,

78

1938

181.
538.
119.
q62.
84.
138.
15.
28.
172.
144,
82.
2150.
990.
480.
253.
325.
208.
81.
182.
2%1.
746.
303.
136.
634,
389.
171.
150.
50.
719.
162,
1214,
174,
30.
1525,
277.
55.
1554,
8l.
95.
21.
307.
[-1-3
457.
37.
223.
108.
223.
492,

17948,

1939

195.
603,
123.
470.
87.
137.
13.
26.
180.
148.
89.
2348,
1071.
502.
254,
357.
208.
75.
191.
293.
822,
308,
147,
665.
420,
172.
169.
43.
639.
192.
1067.
196,
3.
1685.
284.
55.
1512.
75.
106.
23.
353.
670.
541.
29.
253.
112,
248,
524.
33,
18742,

1940 %

214,
670.
126.
484.
91.
151.
13.
28.
192,
154.
95.
2623.
1185.
532.
257.
401.
208.
81.
216.
309.
930.
316.
163.
705.
451,
173.
lss8.
47.
689.
221.
1180.
226.
34.
1907.
290.
56.
1626.
79,
121.
26.
Ql5.
683,
626.
32.
255.
115,
284.
576.
34.
20519.

1991

24S.
669.
134.
559.

9.
169.

15.

30.
222.
172.

3053.
1360.
597.
279.
470.
224.
90.
255.
334.
1049.
352.
194,
779.
4al19.
187.
178.
52.
771.
220.
1259,
270.

2210.
309.
64,
1756.
82.
162,
31.
502.
761.
618.
35.
359.
128.
330.
6S57.

22857.



STATE

ALABAMA
ARIZOHA
ARKANSAS
CALIFORNIA
CoLorADO
CONNECTICUT
DELANARE

DISTRICT OF COLUMBIA

FLORIDA
GEOFGIA
10AHO
ILLINOIS
INDIANA

10MA

KANSAS
KEHTUCKY
LOUISIANA
MAINE
MARYLAND
HASSACHUSETTS
HICHIGAN
HINNESOTA
MISSISSIPPI
MISSOURE
MONTANA

H. BRASKA
HEVADA

NEH HAMPSHIRE
NEN JERSEY
HEW MEXLICO
HEW YORK
HORTH CAROLINA
HORTH DAKOTA
OHJO
OKLAHOMA
OREGON
PERNSYLVANIA
RHODE ISLarD
SOUTH CAROLINA
SOUTH DA%OTA
TEMMESSEE
TEXAS

UTAH

VERMONT
VIFGINIA
HASHINGTON
KEST VIRGIMNIA
HISCONSIN
HYOMING

THE U.S.

TABLE A-2.
SWRTURY OF 502 EMISSIONS BY STATE(1000 YONS)

1942

269.
668.
140.
577.
90.
182.
17.
32.
242,
186.
96.
3387,
1495,
646,
296.
523,
236.
97.
284,
353.
1140,
381.
218.
836,
384.
199,
167.

42,
24541,

1943

300.
667.
147,
736.
91.
196.
18.
33.
278.
205,
97.
3765.
1655.
703.
316.
584.
256.
1064,
320.
376.
1243,
613,
245,
902.
3s5.
212,
158.
59.
918.
216.
1406.
344,
46.
2716,
339.
el.
1968.
84.
176,
37.
647.
924.
600.
39.
a67.
156.
408.
790.
51.
26846.

79

Continued

1944

303.
664,
14S5.
875.
87.
196,
19.
32.
297.
207.
93.
3754,
1656,
700.
316.
581.
266.
105,
339,
377,
12390,
al2.
245.
902.
320.
212.
149.
59.
956,
213,
13e3.
344,
46.
2708.
339,
9.
2010.
80.
175.
3z,
643,
101S.
s87.
40,
Q71.
169.
“06.
789.
58.
27092.

1943 %

291.
661.
139,
es2.
el.
187.
14.
32.
294.
199,
37.
3544,
1578.
669.
305.
548.
264,
99.
307.
364.
1164.
394.
233.
869.
278.
205.
136,
55.
928.
208.
1409.
325.
64,
2566.
330.
90.
1918.
76.
165,
35.
€00.
1624,
571,
37.
442,
164.
385.
747.
58,
26006,

1946

275.
749.
106.
1061.
68.
126.
19.
a3,
262,
174.
85.
3026.
1349,
584.
245,
459.
245,
68.
289.
221.
1023.
287.
170.
668.
276.
145,
161.
37.
868.
207.
1235,
304.
5S.
2329.
271,
91.
17772,
50.
135,
29.
@81,
1094.
$70.
27.
392.
173.
372.
576.
59.
23297,

1947

294.
837.
137.
896.

82.
188.

15.

33.
306,
201.

3528.
1561,
667,
306,
547.
271.
8.
307.
369.
1164,
391.
234,
856,
3o1.
203.
149,

9l6.
21S.
1407.
328
45.
2564.
341.

1625,
75.
166,
3s.
588.
1079,
573.
34,
444,
193,
308.
746,
60,
26298,



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORHIA
COLORADO
COMNECTICUT
DELAWARS
DISIRICT OF CoLUMBIA
FLORIDA
GEOPGIA

IDAHO
ILLINOIS
INDIANA

ICHA

KAHSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICYIGAN
MINMESOTA
MISSISSIPPY
HISSOURI
HONTANA
NIERASKA
HEVADA

HEH HAMPSYIRE
HEW JERSFY
HER MEXICO
HEN YOPK
NORTH CAROLIMA
{0ATH DAKOTA
OHIO
OKLAHOMA
OPEGCH
PEINSYLVANIA
PHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENMNESSEE
TEXAS

UTAH

VEPHONT
VIRGI:'Ta
HASHINGTON
KEST VIRGINIA
NISCONSIN
HYCHING

THE U.S.

TABLE A-2. Continued
SUMMARY OF S02 EMISSIONS BY STATE(1000 TONS )

(I

1948

276,
918.
117.
07,
75.
201,
23.
40.
301.
1%8.
101.
3229.
1439,
616,
261.
494,
220,
9.
274,
368,
1112,
332.
1$S.
731.
297.
166.
149.
52.
771.
216.
1352,
324.
53.
2452,
297.
81.
1853.
92.
167.
33.
511.
843,
593.
30.
433.
187.
383,
638,
59.
24284,

1949

257.

1007.

76.
878,
56.
120.
28.
51.
258.
165.
97.

2568.
1146.

508.
185.
380.
199.

6l.
249.
201.
932.
195.
1185,
478.
290.

91.
154,

17.
654.
213.

1135,

297.

65.

2147,

222.
82.

1732,

45,
121.
25.
362.
959.
578.
8.
366.
196.
365.
“29.
53.

20801.

80

1950%

256.
1091.
e1.
593,
61.
164.
3.
S1.
279.
179.
105,
2666.
1191.
523.
191.
397.
180.
S6.
239.
279.
979.
217,
126.
597.
200.
100.
157.
29.
602.
218.
1231,
308.
65.
2210.
233.
76.
17s5.
73.
142,
27.
375.
790.
598.
12,
388.
200.
I71.
«56.
e7.
21203.

1951

208,
1118.
90.
600.
64.
147,
27.
53.
321.
172.
111.
2727.
1183,
569.
214,
338.
191.
62,
263,
262,
939,
23,
143,
504.
321.
114,
172,
32.
617,
222,
1227.
316.
70.
2272.
264,
79.
1769.
66,
147,
28.
333.
813.
563,
12.
409,
218.
357.
«57.
46.
21477,

1952

389.
1140,
57.
584.
56.
173.
a2,
48,
321.
198.
99.
252%.
1205.
@l1.
137.
536.
159.
48,
227.
283.
1013,
172.
90.
516.
3a1.
64.
181.
26.
533.
214,
1079.
305.
55.
2073.
215.
70.
1750.
84.
127.
264.
493.
824.
518.
11.
341.
193,
405,
a4q9.
45.
20826.

1953

354,
1167,
62.
586.
57.
lé61.
40.
4S.
341,
193,
103,
2567.
1200,
436.
153.
504,
166.
50.
228,
268.
1021.
182,
100.
516,
340.
72.
196,
27.
53,
217.
1045,
309.
58.
2106,
223.
71.
1748,
79.
130.
26.
472,
846,
“82.
10.
351.
202.
397.
646,

20920:



STATE

ALABAMA
ARIZONA
APKANSAS
CALIFORNIA
COI.ORADO
CCorHECTICUT
DELAKARE
DISTRICT OF COLLIBIA
FLORIDA
GECRGIA
10AHO
ILLINDIS
IKDYIANA

ICRA

KANSAS
KENTUCKY
LOUISIANA
HAINE
HARYLAMD
HASSACHUSETTS
HICHIGAN
HINNESOTA
RISSISSIPPY
M’ SSOURTY
HONTANA
HEERASKA
KEVADA

HEWR HRAMPSHIRE
HEW JERSEY
NEW MEXICO
HEW YORK
HCPTH CAROLIMA
NORTH DAKOTA
OHIO
CKLAHOMA
OREGON
PEIQISYLVANIA
PHOJE ISLANLD
SCUTH CAROLINA
SOUTH DAKOTA
TEIRIESSEE
TEXAS

UTAH

VEFHONT
VIRGINIA
HASATNSTON
NEST VIPGINIA
HISCCHSIN
HYC!MILG

THE U.S.

TABLE A-2. Continued
SWICMARY OF S02 EMISSIONS BY STATE(1000 TONS)

1954

572.
1188.
37.
564,
“6.
198.
59.
34.
326.
228.
a7.
2321.
1229,
23S,
51.
756.
137.
a3.
208.
298.
1C47.
101.
7.
528.
343.
19.
207.
21.
al7.
211,
872.
294.
39.
1853.
165.
59.
1720.
102,
104,
18.
675,
8s2.
435,
8.
265.
169.
400,
436,
44,
20181.

1955 %

387.
1219,
55.
s5a2.
54.
159.
3.
42,
367.
198,
102.
2536.
1203.
@06.
13S.
540,
162.
4R,
224.
262.
1047,
170.
91.
516.
370.
62.
223.
26.
506,
219.
974.
309.
56.
2071.
224,
70.
1751,
81.
126.
23.
509.
880.
%06,
9.
338.
203,
406.
643,
5.
20683.

81

1956

379.
1263.
54.
515.
55.
181.
44,
50.
33s.
19,
92.
2648,
1200.
418.
133,
535.
161.
56.
237.
340,
1059.
les.
9.
512.
365.
64,
222.
28.
532.
214,
1134,
328.
6V,
1979.
223.
65,
1755.
67,
123.

859,
€4a9.
389.
12,
327.
200.
395,
445,
a2,
21039,

1957

402,
1309.
46.
531.
62.
186.
57.
4eS.
62,
200.
as.
2491.
1238.
«01.
1¢8,
547,
159,
S3.
2446,
309.
1084.
203.
a9.
526.
3s1.
63.
220.
28.
508,
211,
1074,
310.
56.
2162.
202.
64,
1739.
76.
126.
23,
Seq,
850.
3s8.

341,
194,
425.
487.

21272.

1958

aé3.
1359,
31.
464,
86,
251.
l01.
Q6.
8.
214,
73.
2209,
1360.
367,
107.
581.
143.
56.
292,
373.
1195,
291,
76.
568.
342,
62,
218.
33.
516,
208.
1253.
278.
52.
2597.
161,
55.
1761.
90.
132,
19,
899,
799,
319,
9.
370.
176,
503,
634,
61.
22634,

1959

Qq6S.
1403.
28.
459.
87.
253.
102.
66,
382.
214,
66,
2199,
1364.
367.
106,
S582.
144,
57.
294,
377.
1200.
295.
76.
569.
331.
62.
216,
33.
516.
205,
1262,
279.
51.
2607,
153,

1751,
90.
132,
19.
908.
795.
296.

370.
173.
506.
639,

22654,



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFOPNIA
CoLoRADO
COIMECTICUT
DELALARE

DISTRICT OF COLUMBIA

FLORIOA
GEORGIA
IDAHO
ILLINDIS
ItDIANA

JOHA

KANSAS
KENTUCKY
LOUISIANA
MAIHE
HARYLAYD
MASSACHUSETTS
HICHIGAN
MINNESOTA
MISSISSIPPY
NISSOURY
HONTANA
HEERASKA
HEVADA

HEW MAMPSHIRE
NEW JEPSEY
HEH MEXICO
HEW YORK
NORTH CAROLINA
HORTH DAXOTA
OHIOD
CKLAHOMA
OPEGCH
PEINISYLVANIA
RHODE 1SLaMD
SOUTH CAROLIMA
SOUTH DAKOTA
TEIMESSEE
TEYAS

UTAH

VERMONTY
VIRGINIA
HASHINGTON
REST VIPGIMIA
HISCONSIN
HYOMING

THE L.S.

TABLE A-2.
SWISURY OF S02 EMISSIONS BY STATE(1090 TONS)

1960 %

448,
1446,
28.
461.
82.
240,
91.
q7.
373.
209.
59.
2285,
1333,
377.
110.
572.
149.
538.
284.
373.
117S.
275.
sl.
556.
320.
62.
21S5.
32.
511.
200.
1232.
293.
53.
2478.
156,
S5s.
1730.
83.
139.
20.
820.
800.
278.
9.
360,
175.
~84,
6CI.,
58.
22259,

82

Cont fnued

1962

467,
1618,
28.
461,
9.
247.
3.
S56.
a28,
224.
90.
2295.
1354.
378.
107.
593.
1352,
63,
291.
wll.
1202.
275.
82,
636.
7.
63.
210,
32.
525,
232.
1289,
295.

2699,
139,
S3.
1707,
77.
128.
20.
820.
794.
325,
10.
369.
167.
5¢c6.
607,

22955,

1963

547.
1705.
27.
L112%
104.
265.
98,
57.
467,
257.
106.
2376.
1440.
392.
103.
672.
153.
66.
327.
a37.
1302.
282,
8l.
700.
330.
69.
2¢c8.
36.
574.
c60.
1356.
318,
52.
2573.
131.
s52.
1725.
6.
131.
20.
812.
786.
347.
11.
385,
163.
506.
635,
7.
24133.

1964

671,
1792,
26,
486.
115,
281.
103.
51.
a76,
287.
123.
2468,
1531.
“03.
101.
754%.
156.
67.
358.
437.
1414,
292.
e2.
767.
337.
76.
207.
39.
624.
2es.
1376.
343,
50.
2662,
128.
54.
1742,
59.
137,
21.
£03.
786.
348.
11,
.
165,
é8.
665S.
79.
25301.

1968 *

734.
1879.
26.
@85,
127.
304.
110.
53.
527.
330.
139,
2573.
1643,
425.
95.
a56.
157.
71.
814,
473.
1541.
3o2.
81.
840.
340.
83.
206.
3.
685.
320.
1455,
373.
a8,
27¢5.
116.
sz.
1761.
@5,
141.
22.
792.
?773.
384.
12.
422,
160,
771.
701.
90.
26752,



STATE

ALABAMA
ARIZCNA
ARKLKSAS
CALIFCPNIA
COLORACO
CopIsCTICUT
DELAKZPE
OISTPICT OF COLWRBIA
FLORIDA
GEORGIA

102HO
ILLINOIS
IHDIANA

IOKA

KANSAS
KEHTUCKY
LoUISIANA
HAINE .
MARYLAND
MASSACHUSETTS
MICHIGAN
HITMESOTA
HISSISSIPPI
MISSOURE
HONTANA
HECRASKA
HEVADA

HEW HANPSHIRE
NEW JERSEY
HEW HEXICO
HEH YCFK
KORTH CAROLINA
NORTH DAKQTA
OHIO
OKLAHOMA
OREG3H
PEIDISYLVANIA
RHODE 1SLAMD
SOUTH CPOLINA
SOUTH DAKOTA
TENMIESSEE
TEXAS

UTAH

VERKONT
VIRGINIA
KASHINSTON
WEST VIRGIHIA
HISCOMNSIN
HYOMING

THE U.S.

TABLE A-2.

Continued

SWTHARY OF SO2 EMISSIONS BY STATE(1000 TONS)

v
1

1966

842,
1954.
27.
453,
116.
254,
92.
80.
$68.
366.
115.
2605.
1850.
402,
114,
1132,
159.
73.
430.
446,
1676.
356.
102.
42,
356.
oel.
227.
66,
595.
374,
1383.
482,
59,
3043,
104,

2122,
“2.
170.
45,
933.
784,
367.
13.
409.
163,
és1.
819.
85.
28849,

1967

806.
2034.
28,
507.
111.
289.
99.
76.
576.
359.
9.
2599,
1782,
410,
108.
1034.
164.
76.
a32.
490.
1630.
339.
98.
8%0.
371.
63.
246.
61.
649,
400.
1436,
447,
52.
2941,
105.
55.
19%¢.
49.
164.
37.
885.
806,
347,
12.
435,
164.
849.
778.
88.
28493,

83

1968

&61.
2110.
31.
Ss30.
102,
279.
87,
102,
627.
3s9.
76.
2630.
1626.
3%S.
121,
1219,
170.
82.
“54.
£19.
1724.
277,
i19.
55,
389,
83.
267.
8o0.
621.
@46,
1629,
523.
57.
3122.
96.
57.
2257.
53.
189.
s2.
981.
8c3.
325.
13.
«57.
169.
930.
&s87.
€5,
302e3.

1969

901.
21¢8.
33.
545.
95.
2€8.
5.
113.
65S.
401.
56.
2643.
1963.
391,
125.
1267.
175,
86.
G65.
550.
1749,
388.
120.
964.
a03.
8%,
2R7,
87.
628.
«83.
1645,
5464,

3167.
92.

2326.
53.
198.
56.
1009.
842,
305.
13.
482.
172.
956.
878.
86.
30962.

1970 %

933.
2266.
36.
560.
87.
288.
79.
127.
6e6.
418.
35.
2659,
2033,
383.
131.
1358.
179.
Q0.
477.
573.
1795.
407,
12s.
$89.
ql19.
84.
37.
97.
622.
523.
1449,
582.
60.
3254.
87.
6l.
2453.
62.
211.
664,
1055.
860.
284,
13.
500.
175.
§98.
917,
(s,
31%40.

9n

99S.
2111.
59.
544,
9.
170.
79.
78.
766.
470.
36.
2559.
2048.
369.
153.
1367.
222.
82.
448,
370.
1723.
381,
188.
1047,
373.
77.
299.
0.
470.
519.
17460,
582.
63.
3266.
86.
53.
2314,
36.
216,
59.
1142.
944,
250.
10.
484,
171.
1074.
867.
9S.
31266,



STATE

ALABAMA
ARIZCHA
ARKANSAS
CALIFCFNIA
COLORAD0
CONNICTICUT
DELAKARE

UISTRICY OF COLLMBIA

FLORIDA
GECRGIA
IDAHD
ILLINOIS
IDIANA

104A

KANSAS
KENTWCKY
LOUISTANA
MAINE
MARYLAND
MASSACHUSETTS
NICHIGAN
MINNESOTA
HISSISSIPPX
nIssowm1
HONTANA
NEBPASKA
NEVRDA

NEM HAHPSHIRE
HIH JERSEY
MH NEYICO
HEW YORK
HORTH CAROLINA
HORTH DAKOTA
OHiO
OKLAROHA
OREGON
PEIPISYLVANTIA
RHOOE JISLAND
SOUTH CAROLINA
SOUTH 0AYOTA
TEtRIESSEE
TEXAS

UTAN

VEFHONT
VIRGINIA
NASHINGTON
KEST VINGINIA
HISCOMSIN
WYORINS

THE U.S.

TABLE A-2.

Continued

SMARY OF S02 EMISSIONS BY STATS(1000 YOMS)

1972

1063.
1655.
74,
S28.
10S5.
79.
72.
37.
825,
559.
3s.
2613.
2062.
345.
174.
1377.
247,

39.
241,
1602.
344,
222.
1173,
328.
67.
.
84,
367.
S512.
1230.
578.

3264.
es.
@9,

2171.
19.

217.
S51.
1295.
1023.
218.
a.

-
.o

177,
124).
789.
111.
30692,

1973

1164,
1810.
86.
5ce.

84

1978

1123.
1616.
70.
5Ce.
112.
$6.
57.
0.
835.
669,
33.
2239.
2047,
b 3 DN
189.
1333,
237.
717,
3.
254.
1432,
3¢0.
219.
1322.
231.
S6.
278.
el.
238.
492.
1c82.
587.
13.
3239.
78.

2062.
2.
210.
).
1485,
ic54.
152.
6.
3.
193.
1479,
693.
1.
29901.

19784

1117,
1639.
66,
498,
111,
67.
56.
25.
623.
665,
31.
2278.
2064,
314,
186.
1331.
229.
77.
310.
276,
1420.
301,
214,
1295.
182.
56.
260.
2.
347,
«83.
1080.
45,
73.
3234,
18.
“9,
272,
25.
209,
61,
1476,
1035,
11S.
6.
374.
192.
1677,
694,
129.
29520,

1976

983.
1300.
35.
637.
315.
57.
103.
7.
93.
663.
26.
1955.
2670.
nz.
192.
1318.
594,
40.
226.
629,
1196,
3.
226.
31275.
201.
5S5.
260.
95.
306.
443,
9.
601.
87.
3065,
96.
ab.
31975.
2.
233.
2.
1392.
1207.
107.
7.
«65.
25S.
1397.
671,
176.
206€2.



TABLE A-2. Continued

SUMMARY OF S02 EMISSIONS BY STATE(1000 ToONS)

STATE 1978 % 1979 1980%
ALABAMA 781. 804. 788.
ARIZONA 915, 852. 793.
ARKANSAS 123. 123, 8s.
CALIFORNIA 532, 538. 574.
COLORADO 142. 153, 150.
COMNECTICUT 73. 71. 62.
DELANARE 62. c2. 101.
DISTRICT OF COLUMBIA 14, 12. 6.
FLORIDA 824. 919, 997.
GEORSIA 705S. 803. a1s.
IDAHO 33, 32. 28.
ILLINOIS 1717, 1632, 1579.
INDIANA 1792. 2004. 2076.
10MA . 398, 358. 338,
KANSAS 230. 278. 281.
KENTUCKY 1366. 1241. 1184.
LOUISIANA 323. 355, 415,
MAINE 7¢. 75. 66.
MARYLAND 329. 376. 359.
HASSACHUSETTS 492. 396. 366.
HICHIGAN 1160. 1009. 905.
HIIMESOTA 223. 205. 187.
HISSISSIPPT 325, 325, 266.
MISSOURY 1269, 1290. 1283.
HONTAMA 168. 166. 163.
NEBRASKA 8. 81. 72.
HEVADA 236, 230. 220.
NEW HAMPSHIRE 69. 79. 87.
NEW JEPSEY 325. 337. 329.
HEW MEXICO 288. 289. 2a4.
NEW YORK 1021. 1013. 934.
HORTH CAROLINA 589. 593, 583.
HORTH DAKOTA 99. 114. 121.
OHIO 2846. 2839. 2814.
OKLAHOMA 105. 138. 147.
OREGON 50. s8. 61.
PEMNSYLVANTA 1797. 1962. 2011.
RHODE ISLAND 22. 20. 13.
SOUTH CAROLINA 296. 321. 306,
SCUTH DAKOTA 57. s0. 47.
YEKHESSEE 1143, 1174, 1177.
TEXAS 1255. 1323, 1312.
UTAH 122. 119. 114,
VERMONT 9. 9. 7.
VIRGINIA 3664. 369. 313,
RASHINGTON 292. 279. 280.
HEST VIRGINIA 1258. 1223, 1205.
WISCONSIN 764, 695. 667.
HYONING 189. 228. 243,
THE U.s. 27249. 27653, 27197,

* Estimated by the method described 1n Chapter II. For the intervening jyears,
the state total emissions were estimated Dy the procedure described 1n chapter [I1.

1
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TABLE A-3. SUMMARY OF NOx EMISSIONS BY

STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFCPNIA
COLORADO
COrHECTICUT
DELAWARE
OISTRICT OF coLuMBIA
FLORIDA
GEORGIA
10AHO
ILLINDIS
INDIANA

I0KA

KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPY
HISSOURY
MONTANA
NEBRASKA
NEVADA

NEH HAMPSHIRE
NEW JERSEY
NEH MEXICO
NEW YORK
NORTH CAROLINA
NGRTH DAKOTA
OHIO
OXLAHOMA
OREGON
PEMHSYLVANTA
RHODE 1sLanpD
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTaH

VERMONT
VIRGINIA
NASHINGTON
NEST VIRGINIA
HISCONSIN
RYOMING

THE U.S.

Footnotes at end of :able.

1900 *
92.

158.
49.
26.
33.

3.
7.
53.
72.

206.
73.
57.
33.

43.
24,

77.
74.
49.
48,
81.
2l1.
29.

19.
93.

251.
33.

173.
13.
20.

276.
21.
22.

9.
42.
60.

7.
16.
40.
19.
26G.
59.

2610.

30.

104.

277.
33.

182.
16,
21.

308.
23.
22.

a3,
61.

19.
Q2.
20.
26.
62.

2764,

86

5o0.
89.
23.
31.

18.
91.
6.
242.
3s.

200.
16.
21.

275.
20.
23.
10.
a5,
64.

14.
q5.
22.
30.
62.

2766.

STATE

52.
9%.
26.

11.
Q7.
66,

9.
21.
48.
23.
32.
70.

3127.

1904
98.

160.
55.
32.
40.

3.

5S5.
76.

251.
93.
67.
38.
4q3.
q7.
29.
LT
91.
90.
59.

26.
24.
11.
47.
66.

20.
a7.
23.
32.
69.

3091.

1905 *
100.
161.

274,
103.
72.
Q1.
46.

32.
4S.
98.
98.
63.
53.
99.
26.
36.
4.
25.
131,

335.
38.
12.

231.
20.
23,

388.
28.
25.
12,
49.
69,
10.
22.
51.
25.
35.
74,

3314.



STATE

ALABAMA
ARIZONA
AR¥ANSAS
CALIFORNIA
COLORADO
COMMNECTICUT
DELAWARE
DISTRICT OF COLUMBIA
FLORIDA
GEORGIA
IDAHO
ILLINOIS
INDIANA

IOHA

KANSAS
KENTLUCKY
LOUISIANA
MAINE
HARYLAND
HASSACHUSETTS
MICHIGAN
MINNESOTA
HISSISSIPPY
HISSOURI
MOHTANA
HEBRASKA
NEVADA

NEH HAMPSHIRE
NEH JERSEY
NEW MEXICO
NEM YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHONMA
OREGON
PEIMSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENMESSEE
TEXAS

UTAH

VERHONT
VIRGINIA
WASHINGTON
HEST VIRGINIA
W1SCONSIN
WYOHING

THE U.S.

TABLE A-3.

Continued

SUMMARY OF NOX FHISSIONS BY STATE(1000 TONS)

1906

103.
4.
162.
63.
38.
43.
3.
9.
56.
79.
10.
287.
110.
75.
51.
48.
50.
31.
G6.
100.
104,
65.
55.
103.
27.
37.
4.
25.
131.
8.
333.
39.
13.
251.
25.
23.
@12.
27.
26.
12.
51.
7.
11.
21.
54.
27.
48.
76.
9.
3455,

1907

106.
S.
163.
67.
qa1.
48.
3.
9.
58.
82.
11.
31s8.
125.
80.
59.
52.
52.
36.
50.
108.
117.
71.
57.
110.
29.
40.
5.
28.
153.
9.
379.
Q2.
16.
280.
31.
24.
449.
.
28.
13.
59.
73.
12,
24.
59.
30.
58.
84,
10.
3829.

87

1908

l102.
4.
162,
65.

101.
102.
66.
54.
102.
27.
37.

27.
139.

354,
39.
13.

250.
27.
23.

638,
29.
26.
12.
50.
72.
11.
23.
53.
27.
50.
77.

3525,

1909

106.
5.

106.
113.
Tv.
6.
108.
29.
39.
Q.
27.
147,
9.
367.
q1.
15,
298.
37.
25.
505.
30.
27.
13,
53,
76.
12.
23.
58.
30.
75.
82.
10.
3850.

1910%

108.
S.
164.
80.
44.
50.
3.
10.
59.
84.
11.
333,
133.
a3,
84a.
56,
54.
37.
51.
111.
123.
74.
£8.
113,
3o0.
41.
5.
28.
157.
10.
386.
94,
17.
312.
3.
25.
553,
31.
29.
14,
55.
77.
13.
24.
62,
32.

87.
10.
%102,

1911
103.
162.



STATE

ALABAMA
ARYIZOMA
ARKANSAS
CALIFORNIA
COLORADO
COMMNECTICUT
DELAWARE

DISTRICT OF coutrmBIA

FLORIDA
GEORGIA
IDAHO
ILLINOXS
INDYANA

10HA

KANSAS
KEHTUCKY
LOULISTANA
MAINE
HARYLAND
MASSACHUSETTS
HICHIGAN
MINNESOTA
MISSISSIPPY
MISSOURI
FONTANA
NEBRASKA
NEVADA

NEW HAMPSMRE
NER JERSEY
NEW MEXICO
NEW YORK
HORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE I1StLAMD
SOUTH CAROLINA
SOUTH DAKOTA
TEMMESSEE
TEXAS

UTAM

VERMOMT
VIRGINIA
WASHINGTON
HEST VIRGINIA
HISCOHSIN
RYOHING

THE U.S.

TABLE A-3.
SUMARY OF NOX EMISSIONS BY STATE(1000 TONS)

1912

111.
6.
165.
81.
q6.
51.
3.
10.
60,
85.
12.
352,
144,
87.
78.
57.
62.
38.
53.
115.
134,
77.
60.
120.
32.
42.

29.
164.
11.
399.
66,
19.
335,
54.
26.
582.
31.
30.
15.
57.
al.
14.
25.
66.
3a.
95.
91.

6302:

1913

113,
6.
166.
a1.
48.
54,
3.
10.
61.
86.
12.
363.
150.
89.
75.
58.
65.
Q0.
55.
118.
140.
81.
61,
123,
32.
43.
6.
30.
173.
12.
419.
47.
20.
348.
59.
27.
612.
33.
3.
16.
58.
83.
15.
6.
68,
36.
99.
95.
10.
4458,

88

Continued

1914
117.

167.

69.
Q3.
57.
123.
156.
86.
63.
131,
34.
5.

31.
184,
13.
437,
£1.
23.
375,
65,
28,
657.
33.
33,
17.
[.3 %
85.
16.
27.
75.
39.
107,
101.
10.
Q735.

1915 *

116.
6.
167.
84.
51.
56.
3.
10.
63.
88.
13,
383.
163,
9.
69.
60.
73,
Q2.
56.
122,
153,
Ba.
43,
150.
4.
45,
6.
31.
180,
2.
430.
50.
e2.
3r2.
71,
en.
640,
33.
33.
14,
61,
€s.
16.
29.
73.
34,
107,
100.
10,
4672,

1916

119.
7.
175.
107.
51.
57.
3.
10.
65.
9.
13.
389.
179.
92.
66.
65.
84,
42.
56.
124,
167.
es8.
64.
129.
35.
a5,
7.
31.
188.
13.
444,
56.
264.
373,
101.
29.
657.
33.
35.
17.
649.
108.
17.
26,
77.
40.
115.
107.

4904.

1717
121.

178.
118.
51.
61.

11,
67.
93.
14,
399,
195,
9l.
66.
69.
88.
q96.
58.
129.
181.
93.
66.
129.
36.
45.

34,
205.
14.
482.
62.
26.
383.
113,
29.
708,
36.
38.
17.
67.
117.
18.
29.
81.
G2,
121.
116.
16.
5178.



STATE

ALABAMA
ARIZ0HA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE

DISTRICT OF coLUMBIA

FLORIDA
GEORGIA
IDANO
ILLINOIS
INDIANA

I0HA

KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAMD
MASSACHUSETTS
HICHIGAN
MINNESOTA
MISSISSIPPY
HISSOURE
HONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
HEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGO*
PENNSYLVANIA
RHODE 1SLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VEPMONT
VIRGINIA
HASHINGTON
WEST VIRGINIA
WISCONSIN
RYOMING

THE U.s.

TABLE A-3.

SUMHARY OF NOX EMIS 3IONS BY STATE(1000 TONS)

1918

123,
8.
174.
108.
51.
62.

12.
68,
95.
14,
403,
203,
9.
69.
69.
a1.
47.
59.
130,
190.
95.
66.
130.

492,

400.
98.
30.

736.
36,
39.
18.
68.

108.
19.
3o0.
84.
63.

124.

120.
14.

5250.

4.

1919

118.
7.
175.
114.
52.
57.
4.
10.
66.
9.
14,
393,
173.
96.
68.
64,
85.
2.
57.
128.
163.
89.
64.
132.
35.
q47.
7.
31.
186.
13.
444,
54,
24,
373.
9.
30.
642,
33.
35.
17.
63,
112.
17.
26.
76.
41,
112.
105.
14,
4899,

89 .

Continued

1920%*

122,
8.
178,
124.
52.
60.
4.
11.
69,
9.
14.
402,
192.
95.
69.
68,
88.
a6,
58.
131.
181.
9%.
66.
132,
35,
“7.
7.
32.
199,
14.
Q71.
62.
26.
387.
109.
30.
685,
34.
38.
18.
67.
119.
18.
27.
81.
49.
120.
115.
16.
5159.

1922

143,
10.
157.
77.
7.
59.
4.
16.
59.
105,
4.
308.
395,
22,
34.
122,
45,
25.
25.
115.
442,
87.
43,
79.
12.
15,
2.
23.
187,
7.
660.
187.
8.
509.
68.
22.
1367.
33.
76.
7.
105,
73.
22.
23.
75.
18.
218,
261.
7.
6366,

1922

142,
16.
167.
220.
17.
57.
4.
15,
73.
104.
6.
338.
337,
23.
61.
107.
87.
e7.
2.
126.
368.
87.
4%,
101,
20.
15.
14,
21.
217.
10.
581.
181.
7.
477,
108.
@2,
1117,
31.
65.

95.
189,
22.
20.
32.
3
187,
2.5.

6309,

1923

139,
35.
211.
690,
6l.
70.

13,
117,
101.

20.
“45,
192.
112,
140.

69.
233,

50.
102,
176.
179,
101.

73.
165.

57.

56.

52.

35.
399.

19,
572.

30.
3s2.
221,
116,
6e4,

47.

22.
69.
541.
22.
29,
20¢,
loe.
l06.
1c9.

7429.



STATE

ALABAMA
ARIZOMA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
DISTRICT OF COLUMBIA
FLORIDA
GEORGIA

JDAHO
ILLINOIS
INDIANA

IOUHA

KANSAS
KENTUTKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
HISSISSIPPY
MISSOURI
HONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PEHMSYLVANTA
RHODE ISLatD
50U 4 CAROLINA
SOUTH DAKOTA
TERNESSEE
TEXAS

UTAH

VERHONT
VIRGINIA
HASHINGTON
MWEST VIRGINIA
NISCONSIN
WYOMING

THE U.S.

TABLE A-3.

SUMMARY OF NOX EHISS?

1924

139,
2s.
203.
q91.
45.
67.
6.
14.
98.
103,
13.
Q2.
249,
76.
1211.
85.
195.
43.
76.
158.
257.
99.
60.
140.
41.
42,
32.
31.
312.
15.
584,
9.
21.
430.
200.
74.
847,
Q1.
9.
16.
80.
394.
22.
25.
95.
70.
127.
153.
Q2.
7002.

1925 *

141,
31.
213,
625.
53.
66.
6.
14,
111.
106.
17.
429.
227.
9.
131,
80.
233,
Q3.
87.
168.
228.
100.
67.
154.
49,
49.
Q2.
29.
345,
17.
555.
80.
25,
421.
227.
96.
735.
4ql.
Qs.
19.
77.
492.
22,
24.
101.
90.
114.
134.
q8.
7302.

90

Continued

SNS BY STATE(1000 TONS)

1926
140,

2.
204,
646,

60.

60,

6.

17.
160.
116.

18.
991,
237,
102.
133,

8s.
243,

34.

e3.
170."
32,

95.

7.
163,

51.

51.

43,

19.
360.

19.
482.

79.

26.
448,
249.

97.
641,

31.

61.

19.

79.
536.

26.

13.
104.

95.
118.
13.

49,

7378.

1927

130,
32.
191.
655,
56.
58.
7.
17.
209,
123,
17.
q22.
230.
96.
137.
86.
246,
32.
82.
161.
229.
93.
70.
156,
8.
“8.
43,
18.
352,
18.
496,
82.
23.
431.
257.
97.
606.
30.
79.
19.
84.
575.
24.
12.
107.
93.
117.
131,
48,
7381.

19268

125.
32.
179.
682,
58,
59.
7.
17.
259.
133.
17.
926,
232,
97.
138.
89.
255,
33.
84.
164.
231,
9.
72.
157.
48,
49.
a2,
18.
364,
18.
513.
83.
23.
435,
285.
97.
612.
31.
96.
20.
87.
620.
26.
13.
112,
95.
115.
133.
7.
7622.

1929

124,
33.
165.
735.
65,
63,

18.
309.
145,

18.
452,
244,
104.
1644,

9%.
269.

3s5.

a9.
175.
239.
9a.

75.
169.

q9.

53.

q2.

20.
386.

20.
559.

-

264.
460,
322.

96.
649,

33.
113.

2l1.

91.
729.

26.

14,
118,

99.
118.
140,

8183.



TABLE A-3. Continued

SWMMARY OF NOX EMISSIONS BY STATE(1000 TONS)

STATE 1930% 1931 1932 1933 1934 1935 %
ALABAMA 111. 101. 9. 123. 106. 115.
ARIZONA 32. 25. 23, 48. 26. 33.
ARKANSAS 151, 129. 112, 116. 85. 75.
CALIFORNIA 747. 558. 480. 1057, 476. 592.
COLORADO 54. 46. 39. Q2. 92, a3.
COMMNECTICUT 62. 56. 49. a9, 53, 56.
DELAWARE 7. 7. 7. 7. 7. 7.
DISTRICT OF coLuMBIA 16. 15. 13. 13, 15, 16.
FLORIDA 359, 342. 333. 377, 330. 338.
GEORGIA 148, 136, 124. 122. 115. 112.
IDAHO : 16. 15. 13, 16. 16. 16.
ILLINOIS 406. 359. 318. 339, 348. 363.
INDIANA 222. 193. 168. 177. le3. 190.
I0HA 90. 8l1. 72. 75. 0. 84.
KANSAS 136. 110. 97. 151. 98. 109.
KENTUCKY 93. 83, 73. 74. 72. 71.
LOUISIANA 271. 221. 198. 314. 183. 199,
MAINMNE 35. 32. 28. 28. 30. 31.
MARYLAND 91. 75. 66. 112. 70. ol.
HASSACHUSETTS 161. 139, 122, 143, 131. 13a8.
MICHIGAN 230. 208. 187, 190. 195. 199.
MIMNHNESOTA 92. 82. 73. 74. 77. 79.
MISSISSIPPY 73. 82. 90. 99. 111. 121.
HISSO0URE 149, 131, 115. 138. 125, 133.
MCHTAHA 493, 35. 30. 9. 3s. 0.
HEBRASKA 46. 40. 36. 40. 40. q1.
NEVADA 40. 26. 21. 65. 23 33.
NEH HAMPSHIRE 21. 19. 17. 16. 18. 18.
NEW JERSEY 379. 285. 241. 478. 260. 309.
NEH MEXIicO 18. 17. 17. 23. 22. 25.
HEW YORK 563, 476, 416, 527. Q46. 470.
NORTH CAROLINA 88. 83. 76. 75. 77. 78.
NORTH DAKOTA 22. 19. 16. 17. 18. 19.
OHIO q17. 370. 331. 336. . 348, 354.
OKLAHGMA 326. 272, 233, 284. 163. 173,
CREGON 94. 72. 65, 1641. €8, 85,
PEHNSYLVANIA 628. 522. 431, 486. qa76. 500,
RHODE XSLAMD 34. 30. 27. 31. 29. 30.
SOUTH CAROLINA 132, 114, 95. 81. 65. 50.
SOUTH DAKOTA 20. 18. 17. 18. 18. 19,
YENMESSEE 97. 96. 90. 90. 91. 93.
TEXAS 744, 608, 556. 991. 565. 656.
UTAH 24, 22. 20. 25. 22. 24.
VEPMONT 16. 14. 13, 12, 14. 14,
VIRGINIA 122. 110. 99. 120. 97. 101.
WASHINSTON 95. 74. 66. 128. 69. 83.
NEST VIRGINIA 116. 104. 93. 91. 92. 91.
HISCONSIN 137, 122, 119. 109. 110. 109.
N(0"ING 44, 35. 29. 4l. 26, 26.
THE U.S. 8018. 6812. 6039, 8167. 6182, 6638,

N



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONMECTICUT
DELANARE
DISTRICT OF coLUIBIA
FLORICA
GEORGIA

IDAHO
ILLINDIS
INDIANA

I0KA

KANSAS
NENTUCKY
LOUZISIAMA
MAINE
HARYLAMD
HASSACHMUSETTS
MICHIGAN
MIMNESOTA
HISSISSIPPY
HISSOURY
MONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEN JERSEY
NEK M:EXICO
NEW YOKK
NORTH CAROLINA
NORTH DAXOTA
OHIO
OY.LAHOMA
OREGON
PEHNSYLVANIA
RHODE ISLAMD
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERMONT
VIRGINIA
WASHINGTON
NEST VIRGINIA
NISCOnSIN
RYOMING

THE U.S.

TABLE A-3.

SUMMARY OF Nox EMISSIONS BY STATE(10600 TONS)

1936

142,
224,
84,
128.
144,
43.
43.
3z.
17.
293.
28.
463,
90.
20.
400.
193,
5.
502.
29.
58.
20.
110.
69S.
26.
12.
115.
80.
106.
119.

6934,

1937

116.
35.
78.

616.
48.
64,

8.
19,

278.

122.
17.

430.

222,
95.

117.
90.

208,
34.
96.

148.

238.
88.

1364.

151.
45.
44,
31.
21.

333,
30.

521.
96.
0.

424,

212.
84,

556.
33.
63,
21.

119.

733.
28.
16.

123,
78.

114.

126.
27.

7348.

92

Continued

1938

103.
35.
77.

610,
45.
63.

9.
20.

241.

l22.
16.

368.

192,
az.

115.
78.

202,
37.
90.

146.

203.
86.

129.

162,
46.
3.
31.
25.

383,
29.

603,
82.
19.

355.

217,
82.

585,
36.
58.
19.
96,

717.
26.
20.

102,
78.
93.

113,
26.

7101.

1939

103.
36.
78.

620.
47.
62.

8.
19,

211.

126.
17.

399.

207.
s2.

118.
87.

205,
34.
93.

146,

220.
89.

13s5.

150.
48.
43,
3.
21.

334.
30.

512.
91.
20.

389,

234,
82.

546.
33.
64,
21.

109.

747.
27,
16.

112.
76.

104.

118.
27.

7137,

1940 %

104.
37.
79.

626,
50.
68.

9.
21.

181.

131.
18.

942,

228.
99.

121.
98.

207,
36.

103,

151.

245.
93.

143,

160.
50.
LT
29.
23.

352.
32.

551.

102,
21.

435.

252,
81.

S583.
35.
72.
22.

127,

77s.
29.
17,

126.
72.

118.

129.

7558.

1941

112.
37.
79.

670.
55.
7.
11.
24,

192,

12s.
20.

St6.

255,

109.

134,

109.

21S,
“d.

117,

169.

273.

1046.

162,

176.
58.
@8.
34.
25.

398.
35.

589.

115.
25.

491.

251,

641,
37.
77.
25.

142,

832,
32.
19.

148,
81.

132.

145.

8262.



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLCRADO
CORNECTICUY
DELAWARE

ODISTRICT OF CO'UMBIA

FLOR1DA
GEORGIA
IDAHO
ILLINOIS
INDIANA

I0WA

KANSAS
KENTUCKY
LOUISIANA
MAINE
HARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
HMISSISSIPPY
MISSOURT .
HONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLTNA
NORTH DAKOTA
CHIO
OKLAHOMA
OREGO¢
PENI'SYLVANIA
RHODE ISLAND
SJUTH CAROLINA
SOUTH DAKOTA
TENMESSEE
TEXAS

UTAH

VERMONT
VIRGINIA
HASHINGTON
WEST VIRGINIA
NISCONSIN
WYQOHING

TIE U.S.

- TABLE A-3.

Continued

SUMMARY OF NOX EMISSIONS BY STATE(1000 TONS)

1942 1943
121. 135,
38. 39.
80. 87.
691. 792.
57. 62.
73. 70.
11. 10.
20. 16.
197. 206.
123. 122.
21. 23.
516. 535.
268. 288.
109. 112.
138, 159,
115. 124.
231, 252.
40. q1.
123. 136.
158. 155,
282. 289.
lo2. 102.
lal. 143,
175. 179.
57. 70.
48. 50.
35. a6.
25. 24.
389. 433,
39. 6.
546. 528.
123. 135.
25. 28.
508. 536.
239, 228.
102. 127.
641, 649,
36. 33.
79. 82.
26. 27.
186. 176.
868. 1000.
34, 38.
19. 18.
159. 183.
84. 99.
139, 1648,
152. 159.
31. 3s.
8389. 8972.

93

1944

161,
38.
90.

878.
66.
72.
11.
17.

214.

118.
24.

547,

292.

116.

179.

124,

266.
“2.

146.

165.

294,

105.

137.

187.
83.
53.
56.
264,

283.

b
-

527.
137.
30.
543.
223,
150.
676.
32.
82.
27.
177.
1116.
40.
18.
195.
111.
148.
Jel.
39.
9455,

1945*

138.
38.
a9.

889.
67.
75.

9.
20.

220.

110.
24.

544,

288.

118.

186.

121.

277.
42.

140,

174.

297.

109.

127.

195,
84.
54.
56.
26.

492,
56.

591.

134,
30.

538.

220.

155.

664.
32.
79.
28.

168.

1147.
40.
18.

190.

111.

145,

157.
38.

9548.

1946

143,
a5,
90.

1098,
64.
65.
11.
24.

220,

120.
26.

520.

276.

120.

202.

119.

301.
36.

156.

185,

288.

102,

117.

192.
86.
55.
66,
21.

580.
59.

582.

145,
35.

527.

232.

176.

643,
27.
76.
27.

148.

1297,
al.
17.

208.

122.

148,

145,
39.

9993,

1947

154.

49.
103,
975.

78.

82.

12.

23,
226.
1645.

28.
539.
313.
138.
205,
139.
307.

a6.
150.
190.
332.
125.
137.
221.

48.
58.
26.
514.
67.
636,
158.
35.
584.
238.
159.
717.
33,

32.
187.
1241.
45.
19.
209.
126.
158.
175.
63.
10470.



.

STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWAPE
DISTRICT OF cOLUMBYA
FLORIDA
GEORGIA

10AHO
ILLINODIS
INDIANA

I0OWA

KAMNSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
HICHIGAN
HINNESOTA
HISSISSIPPY
MISSOURIX
MONTANA
NEBRASKA
NEVADA

NEW HAMPSMIRE
NEW JERSEY
NEH HEXICO
NEN YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PEINSYLVANIA
RHODE ISLAMD
SOUTH CAROLINA
SOUTH DAKOTA
TENMESSEE
TEXAS

UTAH

VERHONT
VIRGINIA
HASHINGTON
NEST VIRGINIA
WISCONSIN
HYOMING

THE U.S.

1

TABLE A-3.

Continued

SUMMARY OF NOX EMISSIONS BY STATE(10C0 TONS)

1948

167.
50.
113,
735.
78.
91.
15.
26.
222.
167.
30.
616.
314,
153.
192,
142,
299.
G6.
120.
177.
346.
133,
138.
223.
76.
71.
40.
27.
351.
74.
668,
174.
36.
606.
228.
121.
719.
37.
9.
32.
184.
1094.
66.
19.
197.
115,
163,
173.
6.
9985.

1949

150.
56.
111.
1007.
7.
74.
16.
29,
213.
170.
29.
560.
283.
145,
210.
133,
328.
32.
138.
160.
317.
115,
121.
208.
79.
66,
55,
16.
452,
79.
613,
176.
39.
567.
239,
149,
7%0.
26.
80.
29.
153,
1293,
56.
11.
213,
125,
162.
152.
45,
10247.

94

1950 %

154.
61.
128.
785.
82.
90.
19.
31.
216.
198.
32.
623.
306.
168.
207.
148.
334.
39.
1)6.
168.
352.
135,
137.
229.
76.
77.
38.
21.
321.
92.
669,
194,
40.
617.
238.
115.
738.
32.
90.
32.
176.
1186.
74.
14,
206.
119.
173.
168.
“9.
10309.

1951

149.
63,
132,
811.
91.
86.
18.
32.
230.
200.
34.
630.
312.
182.
221.
143,
372.
4ql.
122,
165.
356.
145.
148.
237.
71.
85.
3s5.
22.
317.
103,
674.
201,
3.
636,
229.
110.
753.
29.
96.
34.
160.
1197.
75.
14.
21s.
121.
170.
169.
"3,
10535,

1952

207.
64.
135.
822.
93.
102,
24.
2.
234,
208,
31.
683.
352.
177.
222.
199.
391.
39.
123.
184.
383.
1446,
1643,
253,
66.
84.
34q.
22.
311.
104,
678.
219.
38.
662.
227.
108.
773,
38.
100.
32.
234,
1224.
76.
15.
217.
115.
197.
181.
57.
11056,

1953
203.

a33.



STATE

ALABAMA
ARIZONA
~RKNSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELANARE
DISTRICT OF COLUMBIA
FLORIDA
GEORGIA

IDAHO
ILLINOIS
INDIANA

IOUA

KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
HICHIGAN
MINNESOTA
HISSISSIPPI
HISSOURI
HONTANA
NEBRASKA
HEVADA

NEW HAMPSHIRE
NEN JERSEY
HEH MEXICO
NEW YOPK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PEHNSYLVANIA
RHODE 1SLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UfAH

VERHONT
VIRGINIA
HASHINGTON
WEST VIRGINIA
NISCONSIMN
RYOMING

THE U.S.

TABLE A-3.

Continued

SUIttaRY OF NOA EMISSIONS BY STATE(1000 TONS)

1956

74,
67.
138.
840.
95.
120.
31.
27.
238.
214.
29.
745.
399.
172.
226.
263.
G420.
39.
124.
203.
q15.
144,
144,
273.
64.
8s.
36.
21.
299.
109.
665.
241,
32.
694.
220.
106,
790.
“8.
106.
31.
317.
1260,
78.
15,
217.
109.
227.
193.
62.
11663.

1955 *

224.
69.
143,
863.
105.
103,
26.
29.
251.
207,
34.
715.
379.
193.
241.
215,
448.
42,
132.
186.
403,
159.
153.
270.
63,
95.
.
22.
303.
118.
667.
238.
4l.
700.
211.
104.
793.
39.
110.
35.
2446,
1262.
79.
15.
235.
117.
203,
188.
63.
11563.

95

1956

227.

78.
162,
856.
107.
112,

26.

28.
246,
206.

35.
740.
384,
186.
233.
220.
4%80.

44,
136,
204,
406.
175.
156.
279.

63.

97.

27.

23.
317.
119.
716.
261.

Q2.
703.
207,
101,
800.

1957

237.
79.
143.
878.
111.
111.
29.
28.
252,
210.
37.
751.
399.
193,
237.
228.
511.
a4,
141.
199.
432.
175.
157.
304.
66.
98.
29.
24.
308.
120.
688.
2464.
43,
738.
206.
107.
810.
39.
116.
36.
268,
1478.
79.
16.
249,
126.
202.
208.
65,
12243,

1958

260.
86.
141.
863.
122.
121.
G2.
27.
259.
222.
37.
827.
439,
198.
231.
252.
539.
a5,
159.
219,
496.
197.
157.
339.
69.
100.
26.
25.
306.
120.
696.
255.
43.
825.
199.
106.
828.
41.
130.
36.
337.
1577.
71.
16.
281.
129,
189.
259,
70.
13012.

1959

266.

91.
142,
887.
125.
124.



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELANAPE

DISTRICT OF COLUMBIA

FLORIDA
GEORGIA

IDAHO
ILLINDIS
INDIANA

IOWA

KAMSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
HASSACHUSETTS
MICHIGAM
MINNESOTA
HISSISSIPPI ~
HISSCURI
MONTANA
NEBRASKA
HEVADA

NEW HAMPSHIRE
NEH JERSEY
NEW HEXICO
NEW YCRK
NORTH CZROLINA
NORTH DAXOTA
OHIO
OKLAHOMA
OREGON
PENNHSYLVANIA
RHODE IStarm
SOUTH CAPOLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERHONT
VIRGINIA
NASHINGTON
MEST VIPGINIA
NISCONSIN
NYOHING

THE U.S.

TABLE A-3.

Continued

SUMMARY OF NOX EMISSYONS BY STATE(1000 TONS)

1960 % 1961

262. 258.

94, 93.
142, 146.
901. 934.
124, 125,
123, 123.

qQl. 4l.

27. 28,
263. 270.
221. 223.

a3, 43.
818. 821.
4449, 447.
197. 199.
232. 238.
254, 252.
627. 656.

46. 46.
161. 162.
220, 222.
500. 503,
202. 205,
165. 172,
374. 369.

73. 72.
103, 106.

26. 27.

25. 25.
315. 315.
122, 123,
715. 719.
258. 260.

Q6. q7.
829. 835.
195, 204,
114. 116.
84s. 849,

ql. 4l1.
131. 133,

38. 38.
329. 338.
1891, 1931.

77. 9.

16. 17.
283. 288.
142. 145.
194, 189.
257. 260.

67. 66.

13610. 13209,

96

1962

277.
105.
153,
S88.
130.
129.
43.
29,
289.
238.
46.
8466,
470.
205,
267.
267.
706.
(-
176.
232.
536.
211,
182,
364.
72.
110.
30.
27.
330.
133,
741,
279.
48.
864.
219.
120.
o2,
40.
139,
39.
351.
1994.
83.
17.
304.
152,
202.
274.
69.
14408.

1963

308,
111.
160.
1063,
136,
136.
46.
28.
307.
256.
48.
880.
49a.
212,
255,
289.
743,
50.
195,
244,
579.
218.
189,
363.
73.
114,
33.
28.
3s52.
1464,
771.
301.
49.
900,
231.
125,
882.
38.
146,
q].
362.
2050,
85.
17.
32s.
158.
223.
290.
74.
15100.

155.
798.
323.
q9.
941,
245.
130.
90S.
36.
154.
42,
374,
21¢2.
89.
1e.
342.
166,
4%,
307.
79.
15871.

195 *

368.
124.
172.
1154,
151.
154.
52.
28.
341,
297.
52.
960.
£63.
229.
71,
340.
814.
58.
236.
266.
677.
234.
205.
368.
6.
125,
39.
32.
400,
168.
a27.
351.
50.
979.
255.
134,
921.
33.
162.
a3.
386.
2161.
90.
18.
364,
171,
271.
326.
85.
16579.



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLCRANOD
COMNECTICUT
DELAWARE
DISTRICT OF COLUMBIA
FLORIOA
GEORGIA
IDAHO
ItLINDIS
JHOIANA

I0WA

KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
HICHIGAN
MINNESOTA
MISS1SS1PPI
MISSOURL
HONT/,.NA
HEBRASKA
NEVADA

NEH HAMPSHIRE
NER JERSEY
NEW MEXICO
NEW YCPK
NCRTH CAROLINA
NORTH DAKOTA
OH10
CKLAHOMA
OREGON
PEIISYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS

UTAH

VERHNONT
VIRGINIA
HASHINGTON
HEST VIRGINIA
WISCONSIN
HYOMING

THE U.S.

TABLE A-3.

Continued

SUMMARY OF NOX EMISSIONS BY STATE(1000 TONS)

1966

391.
131.
172.
1201.
159.
149.
51.
33.
385.
324.
52.
967.
606.
243.
285.
391.
823.
55.
244,
25S.
715.
248.
216.
401.
78.
128.
Q1.
39.
399.
202.
833.
Ql19.
62.
1052.
279.
137.
982.
36
18l.
49.
Q12.
2153.
.
19.
366.
176.
299.
355.
106.
17390.

1967

368,
137.
173.
1246.
187.
165.
52.
34,
403.
333,
53.
996.
éca.
249,
_292.
383.
832.
57.
252.
276.
724.
252.
222.
359.
78.
132.
Q3.
39.
Q27.
200.
865.
407.
62.
1035.
298.
142,
972.
38.
184,
q9.
408.
2156.
90.
20.
384,
183.
288.
357.
111.
17635.

97

1968

acs.
163,
173.
1299.
162.
169.
52.
39.
44,
356.
54.
1011.
632,
262.
30S.
421.
842,
60.
262,
230.
756.
264.
232.
4ql0.
80.
138.
4S5,
Q5.
443,
225.
887,
a56.,
71.
1081.
322,
146,
1020.
a0.
200.
53.
a29.
2150.
1.
21.
395.
187.
306.
37¢9.
129.
18372,

1969

q1z.
149,
173.
1348.
163.
178.
53.
Q2.
475,
3n.
5S.
1032.
644,
2.
7.
Q36.
851.
63.
271.
291.
775.
271.
241.
413,
el.
142,

q8.
LI
239.
911.
475.
77.
1094.
349.
150.
1035.
Q3.
210.
56.
Q35
2140.
a9.
22.
409.
192.
309.
391.
143.
18847.

1970 *

423.
155.
175.
1395.
166.
185.
53.
46.
507.
390.
56.
1050.
663.
281.
327.
458.
860.
65.
280.
298.
799.
280.
249.
Q23.
82.
147.
47.
52.
480.
255.
934.
504.
83.
1122.
369.
155.
1064.
Q46.
221.
58.
449,
2139,
90.
23,
q21.
198.
318.
406.
156.
19403.

9

458.
183.
201.
1448,
1890.
17e.
55.
39.
566.
425,

1079.
685.
288.
344.
491.
a92.

64.
284,
287.
803,
290.
276.
443.

8.
152,

56.

52.
462,
269.
990.
514.

1152.
382.
157.

1077.

Q3.
229.
60.
500.
2240.
97.
23.
425.
216.
342.
403,
175.
20123.



STATE

ALABAMA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
COMNECTICUT
DELANARE
DISTRICT COF COLLMBIA
FLORIDA
GEORGIA
IDAHO
ILLINOIS
INDIANA

ICHA

KANSAS
KENTUCKY
LOUVISIANA
HMAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIP X
HISSOURI
MONTANA
NEBRASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
NEW HEXICO
NEW YORK
NORTH CAROLIMA
NORTH DAKOTA
OHIO
OKLAHONMA
OREGON
PEIHSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TERNESSEE
TEXAS

UTAH

VERMONT
VIRGINIA
NASHINGTON
HEST VIRGINIA
HISCONSIN
RYOMING

THE U.S.

TABLE A-3.

SUMMARY OF NOX EMISSIONS BY STATE(1000 TONS)

1972

49>,
212.
219.
1481.
200.
169.
55.
33.
617.
471.
66.
1105,
11.
294.
362.
530.
914.
64.
281.
279.
795.
302.
296.
475.
9.
160.
73.
52.
448.
283.
849.
524.
93.
1182.
394.
161.
1102.
G6l.
236.
64.
563.
2333,
108.
23.
420.
239.
386.
399,
197.
20850,

1973

Sal.
253.
228.
14988.
237,
159,
50.
24.
659.
550.
70.
1129.
753.
302.
387,
591.
932.
64.
261.
272.
761.
9.
310.
539.
102.
170.
110.
S51.
q22.
301.
753.
§31.
105.
1221.
403,
164.
1150.
40.
239.
72,
664,
2449,
126.
23.
390.
280,
488.
383.
233,
21750.

98

Continued

1974

50S.
220.
201.
1410.
220.
158.
50.
29.
612.
503.
66,
1085.
722.
292,
366.
549.
910.
64,
262.
274.
765.
305,
278.
505.
9.
162.
93.
51.
428.
284.
774.
517.
98.
1182.
393,
159.
1110.
Q.
230.
68.
602.
2362.
118.
23.
392.
255.
4949,
386,
204,
20823.

1975 %

503.
205.
171.
1321.
230.
158.
Q9.
30.
616.
501.
68.
1049.
na.
283.
3ss.
534.
913.
65.
261.
276.
774.
304.
°37.
503.
91.
158.
94.
51.
Q22.
274.
740.
513.
95.
1172.
392.
162.
1098.
ql.
224,
68.
597.
2381.
125,
24.
388.
254,
448,
389.
177.
20501.

1976

506.
243.
176.
1491,
284,
136.
62.
21.
725.
525.
102.
991.
829.
265.
391.
589.
914,
58.
245,
248.
693.
286.
261,
503.
113.
141.
117.
55.
399.
296.
649.
536.
113.
1207.
426,
200.
1145,
3.
246.
72.
587.
26423,
149.
25.
376.
304.
482.
413,
269.
21319.

1977

489.
247,
176.
1631,
328.
117.
71.
19.
793.
539.
58.

900.
269.
455.
645.
1083.
51.
223,
211.
662.
281.
260.
508.
126.
142,
136.
57.
349,
296,
519.
540,
144,
1290.
G61.
232,
1138.
24.
252.
74.
580.
2724,
150.
25.
327.
338,
“98.
396.
325.
22104,



TABLE A-3. Continued

SUMMARY OF NO(¢ EMISSIONS BY STATE(1000 TONS)
t

STATE . 1978* 1979 1980 %
ALABAMA a90. 535, 509.
AR1ZONA 276. 323, 326.
ARKANSAS 220. 242. 222.
CALIFORNIA 16423. 1475. 14049,
COLORADO 270. 293. 310.
COMNECTICUT 155. 152, 142.
DELAKARE 52. s8. 60.
DISTRICT OF COLWMBIA 30. 27. 22.
FLORIDA 655. 691. 702.
GECRGIA 538. 571. 560.
IDAHO 76. 1as. 11.
ILLINDIS 1028, 1037. 1017.
IHDIANA 721. 800. 857.
101 ‘ 297. 325. 312.
KANSAS @24, 426. 449, ,
KENTUCKY 552. 559. 566.
LOUISIANA 1349, 639. 880.
MAINE 69. 68. 62.
HARYLAND 272. 294. 284.
HASSACHUSETTS 291. 291. 267.
MHICHIGAN 776. 784. 727.
HIIMESOTA 314, 322. 309.
MISSISSIPPY 269. 308. 276.
MISSSURT 556. 556, 541,
HOHTANA 123, 129. 130.
NEBRASKA 185. 191. 172.
NEVADA 102. 103. 110.
NEW HAMPSHIRE 53. 56. 55.
NEN JERSEY 406, 45, 4911.
NEW MEXICO 296. 337. 327.
NEW YORK 767. 798, 709.
NORTH CAROLINA 545. 576. 560.
NORTH DAKOTA 128. 129. 141,
OHIO 1217. 1170. 1181.
OKLANOMA 453. “@57. 486,
OREGON 195, 198, 202, !
PEIDISYLVANIA 1123, 1184. 1172.
RHODE ISLAND 38. 43, 36. '
SOUTH CAROLINA 268. 282. 271.
SOUTH DAKOTA 86. 82. 78.
TENNESSEE 5cs, 618. 581. '
TEXAS 2730. 2442, 2549,
UTAR 146. 168. 175.
VERMONT 26. 26. 2S.
VIRGINIA 401. 436. 411.
HASHBINGTON 306. 309. 298.
HNEST VIRGINIA Q46. 488. 500. !
NISCONSIN 416. a66. 438.
NYCHING 259. 297. 327.
THE U.S. 22414, 22354. 22259.

* Estimated by the method described in Chapter 11. For the intervening years,
the state totul emissions were estimated by the procedure described n Chapter I]I.
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TABLE B-1. SOZ EMISSIONS BY SEASON® (1000 TONS)

YEAR WINTER
1900 3460. 4
1905 4866. 4
1912 S585e.5
1915 6993. 6
192a 7222.5
1925 7903.5
1930e 7176.2
1935 5687.6
1949 6668. 7
1945 7854, 2
1950 6S573. 1
1955 6306. 8
1960 6569. 5
1965 749@. 1
197a 8625. 5
1975 8118.0
1980 7343.2
TABLE B-2.
YEAR WINTER
1900 34.7
1905 34.9
1910 33.9
1915 34.5
13z@ 34.2
192s 34.8
1930 34.0
1935 33.5
1940 32.5
1945 3.2
1952 31.0
1955 30.2
196@ 29.5
1965 28.0
197Q 27.@
197s 27.5
1980 27.0
a Winter =
Spring =
Summer =
Fall =

SPRING
1934.6
2705. 1
3348. 1
3912. 4
4139.2
4536. 3

4115.7 -

3293. 7
4103.8
D409. 5
4346. 7
4448, 2
4899. 3
6218.8
7315.7
6789.6
6472.9

SPRING
19. 4
19. 4
19.4
19.3
19.6
19.5
19.5
19. 4
2. @
2.8
20.5
21.3
22.0
2e.5
e2.9
3.0
23.8

SUMMER
2383. 4
3304.7
4280.08
4986.7
S5198.2
5815.8
S361.0
4414, 2
S5355.5
6996.0
3618.9
5513.¢e
S812.
6955. 1
8114, 4
7380.0
6853.6

SUMMER
€3.9
a3.7
24.3
24.6
24.6
25. 0
5. 4
26. @
26. 1
£6.9
26.5
26. 4
6. 1
26.0
25. 4
5.0
a5.¢g

December, January, February
March, April, May
June, July, August
September, Octoher, November

102

FALL
2193.9
3067.6
3779.5
4378.6
43561.6
S001.6
4453.5
3582. 3
4391.1
9747.6
4664.7
4615.2
4988. 4
6286, 3
7899.7
7232 4
6527.3

FALL
22,
2e. o
21.9
21.6
2i.6
21.5
e1.1
21.1
21. 4
22. 1
22. 19
22. |
c2. 4
23.5
24.7
24.%
24.0Q

TOTAL
9972.¢
13943.8
17258. 2
20271. 3
21118.5
ele63. 1
21106. 4
16977.8
20519. 1
26007. 3
21203. 4
20883. 4
22269, 5
26750. 3
321946. 3
29520.0
27197.0

PERCENTAGE SO, EMISSIONS BY SEASON?

TOTARL
1202. 0
12d3.0
120. 2
120. @
100. @
100.@
102.0
100. 0
100. 0
100. 2
100.0
100. @
1¢00. 0
100. @
100. 9
100.0
120.0



TABLE B-3. NO, EMISSIONS BY SEASON@ (1000 TONS

YEAR WINTER SPRING SUMMER FALL - TOTAL
1900 689. 7 429.5 553.1 496, 7 2169.0
1905 930. 0 o68. 4 720.5 651.6 2870.5
1910 1181.7 722.2 926. 4 824.3 3654.6
1915 1372.9 819.6 1248, 4 919. 4 4160. 4
1920 1465.9 898. 3 1121.7 983. 2 4469. 1

1925 e2aa7. 1 1436.9 1920. 4 1657.6 7302.0
1930 2389. 3 1659. 7 2132.7 1836.1 8017.8
1935 1938. 3 1387.3 1732.2 1520. 1 6637.9
1340 2214, 5 1617. 4 €010. 4 171S.6 7537.9
1945 &616. @ 2081. 4 2616. 0 &234. 1 9547.6
195 2927.6 2267.9 2742. 1 £371.0 10308.6
1955 3237.6 €601.6 30e9. 5 2694.1 11562.8
1960 3742.8 3120. 3 3538. 6 3198.4 13610.1
1965 4476. 4 3879.5 4234. @ 39289.3 16573.2
197@ S141.7 4617.8 43986. 4 4656.6 1940z2.5
1975 o9330. 2 43z0. 2 S52e7.7 S022.7 20500.9
198@ $720.6 5364.4 5653.8 5520.2  22259.0

TABLE B-4. PERCENTAGE NOX EMISSIONS BY SEAsON?

YEAR WINTER SPRING SUMMER FALL TOTAL
1900 31.8 19.8 235.5 22. 9 100. 2
1905 32. 4 13.8 25.1 22.7 120. @
1910 32. 4 19.8 25. 4 22.6 100. 2
1915 33.0 19.7 25. 2 a22. 1 100. 9
19z@ 32.8 20. 1 25.1 c22. 120. 0
1925 32.5S 20.5 26. 3 e2.7 100.0
1930 29.8 cQ. 7 26. 6 ee.9 100.0
1935 29.2 20.9 27. e 22.9 100. 0
1940 9.3 21.4 26.6 ee. 7 10Q. @
1945 c7. 4 21.8 c7. 4 23. 4 120. @
19502 8. 4 ce. o 6.6 3. Q 120. 2
1955 28. 0 22.5 26. & 23. 3 100. 0@
1960 z27.5 e23.@ 6. @ &3.5 102. @
1965 27. 0 23. 4 25.9 23.7 100. @
197¢ 6.5 3.8 25.7 24. 0 100. 0
1973 6.0 24.0 25.5 24.5 1ea.0
igsa 5.7 24.1 25. 4 24.8 100. &

Hinter = December, January, February

Spring = March, April, May

Summer = June, July, August

Fall = September, October, November
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APPENDIX C
TOTAL EMISSIONS BY RELEASE (STACK) HEIGHT
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