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Errata:

1. The total number of grids is 1989, not 1988 as stated
on page 7.

2. The grid missing in the printout is No. 1573. It is
Tocated in Madison Co., I11inois (4680). Its coordinates
are:

UTM Zone 15
E 764.0 764.0 765.0 765.0
N 4289.0 4290.0 4290.0 4289.0

3. Grid No. 868 is incorrectly assigned to St. Louis City
(4280) in the printout on page 170. In the data base,
it is located in St. Louis County (4300).
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Area Sources

Emissions from all sources which do not meet point source criteria,

are dealt with in this section. Whereas point sources are characterized

by a specific geographic location on UTM coordinates, area sources are

assigned to a grid within the gridding system described in report No. 1.

Both stationary and mobile sources are included in this section.
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10.

1.

The RAPS Grid System; Research Triangle Institute, EPA-450/3-76-021,

December 1975.

Residential and Commercial Area Source Emission Inventory; Environ-

mental Science and Engineering, EPA-450/3-75-078, September 1975.

Industrial Area Source Emission Inventory; Rockwell International -

68-02-2093 TO108D, August 1976.

Methodology for Line Source Emissions; Washington University,

St. Louis, EPA-450/3-76-035, February 1975.

Methodology for Line and Area Source Emissions from Motor Vehicles;

Washington University, St. Louis.

River Towboat Air Pollution; Department of Transportation

DOT-TSC-0ST-75-42, February 1976.
Airport Emission Methodology; GCA/Technology Division, EPA-450/3-75-048

December 1974,

Emission Inventory from Rail Operations; Walden Research

Off-Highway Mobile Sources Methodology; Southwest Research Institute,

EPA-450/3-75-002, October 1974.

Off-Highway Mobile Source Emission Inventory; Rockwell International

- 68-02-2093 TO108E, January 1977,

Development of a Methodology and Emission Inventory for Fugitive

Dust for the Regional Air Pollution Study; Midwest Research Institute,

EPA-450/3-76-003, January 1976.
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Introduction

The Regional Air Pollution Study (RAPS), which encompasses the St.
Louis Air Quality Control Region, is the largest and most comprehensive
attempt to date to obtain a quantitative understanding of urban air
pollution. Its aim is to describe the compliex relationships between
emissions to the atmosphere, atmospheric dispersions and transformation
processes, and ambient concentrations of pollutants. An accurate,
detailed and comprehensive inventory of emission to the atmosphere
constitutes a basic input to this understanding. Its aim is to obtain
hourly data for key pollutants based insofar as possible, on measured
values. Thus, emission data will be commensurate in detail and accuracy
with data on ambient concentrations and micrometeorological information
gathered by the Regional Air Monitoring Stations (RAMS).

The ultimate value of the RAPS Study will, it is hoped, not be
confined to the St. Louis area, but rather will provide a model for

future studies of this type in other areas.
Background

The EPA Office of Research and Development has overall responsibility
for the Regional Air Pollution Study. EPA's Office of Air Quality Planning
and Standards has been given the responsibility of development of the
emission inventory.

The purpose of the Regional Air Pollution Study (RAPS) is:

The development of relationships between sources of
pollution and ambient air quality through an under-
standing of pollutant emission, transport, transfor-

matton, and removal processes on the scale of an atir
quality control region.



The verification and development of these relationships will allow
control actions to become more sophisticated and selective. General
control actions can be confidently tested through these relationships to
develop strategies for a region which provide the desired level of control
for the lowest cost. The verification and development of such relation-
ships will also allow impact on air quality to become a factor in community
and industrial planning for future growth. They can also be utilized to
optimize the size of a monitoring network needed to define a region's air

quality.1

Goals and Objectives of RAPS

Once the purpose of RAPS was defined, goals and objectives to attain
the goals could be defined.
The goals of the Regional Air Pollution Study are:

1. Verification of relationships between sources of pollution
and ambient air quality for all criteria pollutants on the
scale of an air quality control region.

2. Development of improved relationships for source, transport,
dispersion, transformation, and removal processes for all
criteria pollutants (sulfur dioxide, particulates, carbon
monoxide, nitrogen oxides, oxidants and hydrocarbons), but
particularly for sulfur oxides.

The attainment of these goals requires the achievement of several

major objectives:

1. Development of improved emission inventory procedures to
supply emission data for the study region with unprece-
dented high spatial and temporal resolution.

2. Development of an atmospheric monitoring system capable
of reporting pollutant and meteorological characteris-
tics of the atmosphere over the study region with very
high accuracy and temporal resolution.



3. Creation of an extensive validated data bank containing
emission, air quality and meteorological data, as well
as other relevant information, for the study region,
with appropriate data handling procedures, to be used
in verification of existing and improved relationships.

4., Improvement in our understanding of the pollutant trans-
port and dispersion processes of the atmosphere through
experimental studies of energy and momentum fluxes over
the study region.

5.  Improvement in our understanding of the pollutant trans-
formations occurring in the atmosphere through experimental
studies of the role of sulfur dioxide, carbon monoxide,
nitric oxide, and organics in producing sulfates, nitrogen
dioxide, nitrates, ozone, organic aerosols and other
finely divided particulate materials in the atmosphere
over the study region.

6. Improvement in our understanding of pollutant removal
processes, particularly experimental determination of
dry deposition velocities of sulfur dioxide for various
types of land surfaces in the study region.

7.  Improvement in our understanding of local-scale phenomena
which complement regional-scale relationships.

Potential Products of the Regional Air Pollution Study

As a result of achieving these objectives, several products can be
expected from the RAPS. The primary product is a group of relationships
* tween sources of pollution and ambient air gquality which are available
to other EPA Offices, air pollution control and planning agencies of
State, Regional, County and Local governments, and industry. These
relationships will be in an appropriate form for use; they will have
been tested and verified, and their best use identified in consideration
of their accuracy and required input data, as well as their spatial and
temporal resolution.

A second major product is improved methodologies for emissicn
inventories. Because of the stringent demands of the RAPS, new approaches

to emission inventories must be developed. This will result in methodologies
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offering air pollution control agencies an opportunity to improve their
inventories and thereby their understanding of pollution sources in their
areas and control of these sources.

Another important product is a data bank with unprecedented resolution
of air quality, meteorological and emission information. This data bank,
with its associated data management system, will be invaluable in the
testing and verification of relationships between pollution sources and
ambient air quality. This extensive description of a region may also
suggest new forms for these relationships and assist in the development
of new relationships.

The RAPS will also provide an opportunity for new instruments and
instrument systems to be tested under field conditions and compared with
a state-of-the-art monitoring system. This will allow verification of
their measurements and a demonstration of their utility in monitoring
systems of the future.

A very important product of the RAPS, and perhaps one with the
greatest implications for future control of air pollution, is an improved
understanding of the processes of pollutant transport and dispersion, and
pollutant transformation and removal in the atmosphere. These may be
expressed as improvements in the overall relationships between sources

and ambient air quality.

Selection of Study Area

Thirty-three Standard Metropolitan Statistical Areas larger than
400,000 population were evaluated with regard to:

1. Surrounding area — Isolation from other large areas
containing sources of considerable air pollution,
presence of a clear-cut gradient of emissions around
the edge of the urban area, and absence of large
bodies of water.



Heterogeneous emissions — Presence of a satisfactory
mixture of emissions and types of sources within the
area.

Area size — An indication of the scope and magnitude
of the study for each site.

Pollution control program — Existence of a well-
developed control program as a source of background
data, experience, and industrial cooperation.

Historical information — Adequate meteorological,
air quality, economic, and other forms of information
for the study.

Climate — Relatively uncomplicated meteorological
patterns and a climate suitable for year-round out-
side work.

The recommendation that St. Louis be selected as the study site was

accepted and approved by the EPA.

Emission Inventory

Emission inventories are an essential part of any attempt to predict

air quality through a regional air quality simulation model. The accuracy

of such predictions is directly proportional to the overall accuracy of

the inventories.

The emission inventory activity consists of three basic sub-

activities:

1.

Establishing Emission Inventory Methodologies — Developing
methodologies for each of the inventories needed in the
RAPS in light of the characteristics of each category of
sources, and the state-of-the-art for such inventories,

and the RAPS needs.

Developing the Emission Inventory Data System — Design
and implementation of a system capable of recording,
storing, retrieving, editing, and updating all data
required for the computation of emissions consistent
with the RAPS requirements.

Gathering Emission Inventory Data — According to
methodologies and data system.



The primary division of sources into categories separates stationary
from mobile sources, since these present radically different problems with
respect to both emission inventories and modeling. In the secondary
division, stationary sources are divided into area sources and point
sources, whereas mobile sources are composed of area and line sources.
Well-defined and heavily traveled traffic arteries, such as freeways,
can be treated as individual line sources. The more diffuse traffic
on city streets can best be handled on an area basis.

The division of stationary sources into point and area sources is
necessarily arbitrary. The point sources, or source units, are those
large enough to warrant individual consideration. Area source units are,
by contrast, units having relatively small emissions, and they cannot for
practical purposes be treated individually. The emissions from those
small units existing in a given area are therefore aggregated and
estimated from some facts, such as the consumption of fuel within the
specified area.

The criterion of size for the definition of point source units is
relative, and is related mainly to the precision desired for the inventory
and for the diffusion estimates derived from it. A unit emitting a small
absolute quantity of pollutant material may in fact be an important point
source if it nevertheless contributes an appreciable fraction of the
total emission of that specific pollutant into the region. A given source
unit may be relatively insignificant with respect to one pollutant of
interest, and at the same time be a very large emitter of another

pollutant.



In consideration of the various user needs the RAPS emission

inventories contain the following information:

1.

Criteria Pollutants — Sulfur dioxide (SO, and S04
breakdown), carbon monoxide, nitrogen oxides,
hydrocarbons (methane and nonmethane breakdown),
and particulates (size breakdown).

Non-Criteria Pollutants — Arsenic, asbestos, barium,
beryllium, boron, cadmium, chromium, copper, lead,
magnesium, manganese, mercury, molybdenum, nickel,
phosphorus, selenium, silver, titanium, vanadium,
zinc, polycyclic organic matter, and heat.

Resolution — Temporal, for criteria pollutants and
heat hourly values with options to summarize to yearly
values. For non-criteria pollutants only yearly
summary values will be calculated. Spatial, accuracy
to 0.01 kilometers for point sources depending on
their size and down to one square kilometer for area
sources. There are 1988 grid squares ranging from

1 to 100 square kilometers.

Area Covered — The St. Louis Air Quality Control
Region. This includes the counties of Bond, Clinton,
Madison, Monroe, Randolph, St. Clair, and Washington
in I1T1inois and Frarklin, Jefferson, St. Charles, St.
Louis, and St. Louis City in Missouri.

Period Covered — Emissions data will be available for
all pollutants from January 1975 through December 1976.
Additional SO2 data back to October 1974 will also be
included.

Units — Emissions in metric or English units; distance
in kilometers; location in Universal Transverse Mercator
(UTM) coordinates.

Other Information — Point sources: stack parameters,
control equipment and efficiency and process rate
information. Area sources: vehicle traffic counts and
registration data for mobile sources and census data,
natural gas flow data and various trade publications

as required for use in the appropriate emission model.



Use of a Grid to Describe Area Sources for Modeling

The transport and dispersion models generally use point sources (and
in some cases line sources) directly. Point sources are those individually
identifiable boiler stacks, process vents, etc., emitting more than some
arbitrarily specified mass of pollutant. Area sources must be described in
some manner which approximates point (or line) sources for the models to
operate with reasonable precision. Area sources, however, include the more
ubiquitous, individually small sources which cannot be specifically located.

Basic data for the determination of area source emissions seldom,
if ever, are available for geographic or political units or areas smaller
than the county, or in some cases, the large city which functions politically
independently of the surrounding county. These basic data are in the form
of, for example, annual fuel consumption, by fuel type, for residential,
for coomercial and institutional, and for industrial heating; acreage
burned by forest fires; landing-takeoff cycles for military, for commercial
and for civil aircraft; gasoline or diesel fuel consumed by light, heavy
and off-highway vehicles, or vehicle miles traveled by road classification;
etc. These data can be converted to pollutant emissions by the application
of appropriate emission factors.

The geographic size of a county, however, is too large for practical
use in simulation models for AQCR's. Logical procedures are required for
distributing the county's total basic data or derived emissions data to
smaller areas. Further constraints imposed by the simulation models require
that these small areas be squares, although they need not be of uniform size.
Various criteria have been proposed as bases for selecting the sizes and
distripution of the emission area squares. Urbanization, land use, housing

counts, and population have all been used subjectively to grid AQCR's into
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emission area squares (hereafter called grid squares) and subsequently to
apportion county totals of pollutant emissions into each grid square. In
general, the philosophy followed has required that urbanized or industrialize
portions of the county or AQCR be gridded into small squares to provide for
detailed representation of concentration of pollution sources. Conversely,
rural areas with few pollution sources are adequately represented by large
grid squares. Essentially, application of this philosophy results in

apportioning county total emissions to grid squares according to subjective

estimates of the distribution of population. Since air pollution derives

from human activity this procedure provides a reasonable approach to
developing area source emission distributions.

In order to accomplish the objective of the distribution of emissions in
a representative way, two separate techniques must be designed and implemente
First, the area must be divided into squares which allow a reasonable
precision and efficiency in modeling, and second, the area source emissions
must be distributed (apportioned) among the resulting grid squares. Only
the division of the area into grid squares is discussed in this report.
Indivicual methodologies for ap.ortioning emissions to the RAPS grid system

are discussed elsewhere.

Early Gridding of the St. Louis Area

In the early fall of 1962 a group of representatives from I1linois,
Missouri, and local metropolitan area agencies met and drafted what is
now the Interstate Air Pollution Study project agreement. The study project
was designed for two parts. The first, Phase I, was started on January 1,
1963, and lasted for six months, to June 30 of that year. The purpose

of Phase I was to make an appraisal of air pollution in the St. Louis - East



St. Louis Metropolitan Area and prepare a report that would indicate areas
of major importance that were to be studied in more detail during Phase 1I.
Phase II was to begin at the end of Phase 1 and last for an additional
year. The data gathered during the two phases would then be studied and
recommendations made for an air resource management program.

The study area consisted of six counties plus the City of St. Louis.
They were St. Louis, St. Charles, and Jefferson Counties in Missouri and
St. Clair, Madison, and Monroe Counties in I1linois. This is the area
covered by the Bi-State Development Agency. It consists of the St. Louis
Standard Metropolitan Statistical Area plus Monroe County. The grid used
for area source emissions in the study area consisted of squares, 5,000
feet on a side, covering the area of study.

The final goal of the project was to develop an air resource
management program plan to recommend to the citizens of the two-state

metropolitan area.

The Regional Air Pollution Study Grid System

With the initiation of the Regional Air Pollution Study the need to
re-grid the study area was required because of one major fact; the require-

ment to have the grid system in the Universal Transverse Mercator (UTM)

coordinate system. Based on the philosophy expressed earlier in apportioning

grid squares according to population distributions the need for using a form
of automated assistance in gridding the study area became pressing. It was
decided to use the Tatest census data available to assist in constructing a
grid in which each square contained as nearly as possible a constant
population count, as long as the minimum grid square size was one square

kilometer. Census data by census enumeration district with the geographic
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coordinates of the center of the enumeration district is readily available.
The Computer-Assisted Area Source Emissions (CAASE) gridding procedure was
used which utilizes a series of computer programs and manual procedures to
expedite the gridding process.2 At present, the actual grid drawing is a
manual procedure, but the CAASE system of computer programs provides
computer-drawn population centroid distributions to map scale along with
population density indicators, and after manual selection of a grid,
provides a checkout grid, then draws the final grid.

The first CAASE-produced RAPS grids included sections with squares of
7.5 km per side and 2.5 km per side (produced by the quartering of 15 km
per side and 5 km per side grid squares).3 Due to the inability of some
air quality diffusion models to accept grids of non-integer side lengths,
these sections have been redefined to be of integer side length. Grid
squares numbered below 2000 are from the first CAASE-produced grid; squares
numbered 2000 and above are the integer side length grid squares which
replace areas of 2.5 km and 7.5 km grid squares.

The current grid for AQCR 070, Metropolitan St. Louis, is shown in
Figure 1 and listed in Table 1. (See the Appendix for tables and figures.)
Incluaed in Figure 1 are the computer-drawn county and city boundaries and
rivers. Note that Table 1 includes the locations of each corner of each
grid square and that grid squares in UTM Zone 16 also have their equivalent
UTM Zone 15 coordinates shown.

The dividing 1ine between UTM Zone 15 and 16 cuts through the eastern
portion of the RAPS study area. It was decided to grid the entire area
using UTM Zone 15 as the primary zone and extending it into Zone 16 when-
ever necessary. For persons using United States Geological Survey

quadrangle maps in the RAPS data gathering efforts, the maps of the RAPS
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study area in Zone 16 will only have Zone 16 coordinates listed, therefore,

we have listed all RAPS grid squares with both Zone 15 and 16 coordinates.
Enlarged grids of each county and St. Louis City in AQCR 070,

including county boundaries, rivers, and the assigned numbers for each

grid square are shown as Figures 2 through 13.

Summary

The Regional Air Pollution Study (RAPS), which encompasses the St.
Louis Air Quality Control Region, is the largest and most comprehensive
attempt to date to obtain a quantitative understanding of urban air
pollution. Its aim is to describe the complex relationships between
emissions to the atmosphere, atmospheric dispersions and transformation
processes, and ambient concentrations of pollutants.

An accurate, detailed and comprehensive inventory of emission to
the atmosphere constitutes a basic input to this understanding. The RAPS
emission inventory was planned to provide far more detailed information
than has been available anywhere in the past; its aim is to obtain hourly
data for key pollutants based insofar as possible, on measured values.
Thus, emission data should be available for a base period of a year,
commensurate in detail and accuracy with data on ambient concentrations
and micrometeorological information gathered by the Regional Air Monitoring
Stations (RAMS).

The ultimate value of the RAPS Study will, it is hoped, not be
confined to the St. Louis area, but rather will provide a model for future

studies of this type in other areas.
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Appendix

Presented in the appendix are figures of the Regional Air Pollution
Study Grid System, both on a regionai scale, as shown in Figure 1 and on
a county scale, as shown in Figures 2 through 13. The grid numbers are
shown in Figures 2 through 13 only due to scale and it should be noted
that the scale for each figure is not the same.

Table 1 is a listing of each Regional Air Pollution Study grid
square. From left to right the data presented are: 1) Grid ID number,
2) the easting and northing coordinates in kilometers of the four corners
of each grid in Zone 15 and Zone 16, 3) the state with which the grid
square is associated, and 4) the county with which the grid square is

associated.
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ST. LOUIS CITY, MISSOURI
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Figure 6: Grid Display of St. Louis City, Missouri
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