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1 INTRODUCTION

This report documents the second phase of a feasibility study to de-
termine the need for a computerized emission projection and allocation (CEPA)
system to assist state and local air pollution control agencies in conducting

air quality analyses.

The possible need for a CEPA system came as a result of informal dis-
cussions with agencies and individuals conducting analyses required to conform
to air quality maintenance planning regulations. It appeared that the calcu-
lation procedures, although relatively straightforward, were long and tedious
and might be consuming an inordinate amount of resources to perform. At the
same time, it was evident that such a system would have possible applications

in other types of air quality analyses.

The determination of need for a CEPA system is being carried out in a
3~phase feasibility study. The Phase I effortl focused on the potential demand
for a CEPA system based on a series of interviews with control agency staff.
The results were somewhat mixed in that there was no clear cut and definitive
demand on the part of the agencies for such a system. At the same time, all of
the agencies surveyed expressed some interest in the system and indicated they
would consider using it to assist in their analyses. On the basis of these in-
conclusive results, it was decided to proceed to the Phase II effort to review
existing systems to determine if any or all of the CEPA requirements could be
met without the need for an entirely new system development. The results of

Phase II are reported here.

The Phase II evaluation procedure is carried out on four existing air
quality analysis systems: the Air Quality for Urban and Industrial Planning
system (AQUIP), the Computer-Assisted Area Source Emission Gridding Procedure
(CAASE), the Engineering-Science Air Quality system (ESAQ), and the Metropoli-
tan Washington Council of Govermments model (MWCOG). The methodology involves
a description of the CEPA requirements without reference to any existing systems,
a comparison of existing packages to those requirements, an identification of
deficiencies, an estimate of effort required to remove those deficiencies, an
evaluation of the effort needed to develop an entirely new system, and an
assessment of the potential savings to be realized by employing a CEPA system

in place of manual procedures.



Upon a decision to proceed with the acquisition of a CEPA system, the

. ion
Phase III effort will concentrate on the preparation of a system specificat

document for procurement purposes.



2 ANALYTICAL REQUIREMENTS OF A CEPA SYSTEM

The CEPA system must be designed to function in the analysis of a vari-

ety of air quality management problems. The situations in which CEPA will be

operated include the following:

1.

Periodic analyses of areas to determine whether air quality
standards will be violated in the future due to growth in
emissions and hence whether revisions are needed to the state
air quality implementation plans. These periodic analyses
are required under 40 CFR 51.12(h)(2).

Evaluation of the impact on air pollutant emissions of strat-
egies that are designed to control the magnitude, timing, or

location of new emissions. The results of this evaluation can
be used in air quality dispersion models to estimate air pol-
lutant concentrations and thus determine whether a strategy is
adequate to attain and maintain a national ambient air quality

standard.

Analysis of the air quality effect of different land use plans

and system level transportation plans.

Assessment of the direct air quality impact of large scale projects

such as the provision of sewers or highways.

Evaluation of the effect of new sources of air pollutant con~-
centrations to determine whether the new sources will violate

an air quality standard or a significant deterioration increment.
Development of envirommental impact statement assessments.

Assistance in the implementation of an emission offset policy

in non-attainment areas.

Evaluation of air quality impact of alternative economic and

energy policies.

Incorporation of air quality considerations in to other long-
term planning efforts such as EPA's Section 208 waste water
management planning, HUD's Section 701 comprehensive planning,

and Coastal Zone Management planning.



XL -
Despite the rather large set of applications, the CEPA system will pe
. 1-
form a relatively limited set of tasks that are crucial to each of the ana

{ fort .
yses but are far from complete in terms of the entire scope of each ef

7 tio
CEPA will be limited to three basic tasks: (1) receiving current information

loyment
on emission sources, population and housing, economic activity and employm ’

land use, transportation and other planmning data and translating this into
gridded point and area source emissions for use in a dispersion model, (2)apply-
ing the results of a growth analysis to the above information and generating
gridded point and area source emission for future years, (3) applying control
strategies and generating emissions subject to the various control scenarios.

Figure 2.1 illustrates the extent of the CEPA system.

It is evident from this structure that there are several things CEPA

is not. These include the following considerations:

1. CEPA is not a growth analysis package. Studies and pro-
jections of growth are done externally. CEPA only applies

these projections to the existing information base.

2. CEPA is not a data management system although it will, of
necessity, have to be designed for ease of data manipula-
tion. Long-term storage and access to data is externally

provided.

3. CEPA is not an air pollutant dispersion model. It only
generates output in a format compatible with input require-

ments of models.

With these considerations, it is possible to outline the kinds of com-
putations CEPA must be able to perform. For convenience, these are discussed
in terms of the emission source categories affected using the National Emis-

sions Report (NER) format shown on Table 2-1.

2.1 FUEL COMBUSTION SOURCES

Fuel combustion sources to be handled by the CEPA system can be grouped
into 5 basic categories: residential, commercial/institutional, industrial,
electric generation, and internal combustion. All of these categories can be
made up of both point and area sources, each of which is handled differently

in both the computational and data handling routines. Point sources will 713
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Table 2-1, National Emissions Report Format

Category Subcategory

Residential Fuel
Commercial/Institutional

Industrial
Electric Generation

Fuel Combustion: External

Commercial/Institutional
Industrial

Electric Generation
Aircraft Engine Testing

Fuel Combustion: Internal

Chemical Manufacturing
Food/Agriculture
Primary Metals
Secondary Metals
Mineral Products
Petroleum Industry
Wood Products

Process Evaporation
Metal Fabrication
Leather Products
Textile Manufacturing
Inprocess Fuel
Other/Not Classified

Industrial Process

Solid Waste Disposal Government Municipal Incineration
Open Burning
Other
Residential On-Site Incineration

Open Burning

Commercial/Insti- On-Site Incineration

tutional Open Burning
Apartment
Other

Industrial On-Site Incineration

Open Burning
Auto Body Incineration

Transportation Highway Vehicles - gasoline, diesel
Off-Highway Vehicles - gasoline,
diesel
Aircraft

Vessels - railroad, ship
Gasoline Handling Evaporation Loss

Miscellaneous Solvent Evapor- Industrial Sources
ation Dry Cleaning
Fires Structural

Frost control
Slash Bruning
Wild Forest

Agricultural
Dust Caused By Unpaved Roads
Human Agitation Unpaved Airstrips
0f The Air Paved Roads

Mineral Processing
Tilling Activities
Loading Crushed Rock, Sand, Graye]

Construction
Airborne Dust Storage Piles
Caused By Nat- Tilled Land

ural Winds Untilled Land




be handled through an interface with the emission inventory be it in National
Emission Data System (NEDS) or other format. Area source information is much

more diverse and requires a greater range of computational alternatives.

2.1.1 Residential Fuel Combustion

Figures 2.2a and 2.,2b show the flow of the calculations necessary to
compute emissions from residential fuel combustion sources. Table 2-2 lists
the potential sources of data available. The two different approaches shown
result from two basically different types of information used as the starting
point. The CEPA system must be able to handle both procedures.

The Level 1,2 analyses (these are the same level designations used in
Ref. 2) of Fig. 2.2a start with two basic pieces of information: state or
county fuel consumption in the residential sector and a distribution of popu-
lation or dwelling units by state, county, and subcounty areas (e.g., census
tracts, municipalities, planning districts, etc.). This distribution should
be a resident data file since it will be used for other portions of the analy-
sis. The first step of the computation is to distribute the fuel consumption
to the subareas using the population or dwelling unit distribution. The fuel
consumption is also calculated as a total heat energy (Btu) consumed for use
in growth and strategy analyses later. Next, the fuel consumed by point
sources in the emission inventory is extracted since these sources are handled
separately. The result of these steps is a data file containing residential
area source fuel consumption by subarea and by fuel type and heat energy total.
The next step is to map the fuel consumption by subarea into fuel consumption
by master grid (i.e., the grid network that is used as input into a dispersion
model). For the basic CEPA system, it is only necessary to have the areal
fraction of the subarea in the master grid cell; that is, the master grid is
developed externally and only the mapping of subareas into grid cells is nec-
essary as input. The implications of this are discussed later. The master
grid fuel consumption file and a data file containing emission factors are
used to compute master grid residential fuel combustion emissions. These cal-
culations, combined with other emissions in the master grids, are used as dis-

persion model input.

There are two ancillary sets of calculational procedures that a CEPA

system must have available in addition to the basic calculational stream just
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Table 2-2.

Data

Data Available for Residential Fuel Combustion Sources

Spatial
Disdagpregation

Form
Available

Date of
Information

General
Availablilfty

Population

Nutber of dwelling units (d.ou.)

Number of d.u. using

Ueility gas

Fucl vil or kerosene
Cudl or coke

Wood

Electricity

Bottled gas

Other fue]

Nu fuecl

for space heating

water hedating
cooking

Number of d.u. in structure

1, 2, 3 and 4, 5-49, 50+

All or some of the above
information

Floor space (sq. ft.) of
residential buildings
Land area devoted to
residential use

Growth projections

population
dwelling units
land use

All or some of the above
ianformation

Actual fuel consumed by
residential customers

Fuel consumed by residential
customers

Fuel consumed by residential
users

All data: census tract,
county, state, and other
miscellaneous aggregations
of the tract data

Regional planning dis-
tricts. May or may not
be coincident with
tracts, size range
highly variable

Variable with dealer.

Generally by county
or for entire state

By state

Computer tape,
hard copy

Dependent on
agency. May
or may not be
machine read-
able.

Generally hard
copy but occa-
sionally machine-
readable.

Hard copy

Hard copy

Every 10 years for
full set of data.
Latest 1is 1970.
Interim updates of
selected data ot
areas sometimes
available.

Latest planning
cycle.

Latest data
collection
cycle

Latest year of
statewide data
collection plus
possibly pro-
jections

Latest year of
data collection
(usually 1-2
year lag)

Virtually entire U.S.
with some exceptions

Variable. Most likely
in major metropolitan
areas.

Variable

Generally available

Entire U.S.

0T
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described. These are a growth routine and a strategy analysis. The growth
routines must be able to take input in the form of 7 growth or real growth
values of population and/or dwelling units from an exogenously performed
growth analysis. This information will then be used to modify the data files
on state, county, and subarea population and dwelling unit distributions to
generate future distributions. The future fuel mix must also be included as
part of the data the growth package must handle. With the new distribution
and new fuel mix, the basic calculational stream can be repeated to generate

master grid emissions for a future year.

The control strategy routines must be able to handle three types of
control options. The traditional emission limit regulations are modeled by
changing the emission factors just prior to the master grid emission computa-
tion. Fuel controls (such as sulfur content limitations or prohibition of
certain fuel types) are simulated by changing the fuel characteristics and
/or the future fuel mix. Growth and development controls are modeled by chang-

ing the population or dwelling unit distributions.

The Level 3 amnalysis differs from Level 1,2 with respect to the infor-
mation used in the initial calculations. Instead of beginning with a state
or county fuel consumption that is distributed to subareas, a set of surrogate
variables such as dwelling units, floor space, residential land use, or others
is combined with fuel consumption factors in related units (e.g., fuel con-
sumed per dwelling unit, per acre of land used, etc.), and weather data to com-
pute fuel use by subarea. The state or county totals computed this way can be
cross-checked against actual data and the fuel consumption factors adjusted
appropriately. The remainder of the calculations including the growth and
strategy analyses are identical to Levels 1,2. In this level of analysis, pro-
vision should also be made to input subarea fuel consumption totals directly
(collected, for example, from interviews with local fuel dealers). The use of
the surrogate variables is, in this case, for growth and control strategy use

only.

The need for the CEPA system to handle the Level 1, 2 and the Level 3
analyses illustrates an important design philosophy for the entire package. The
simplified as well as the more sophisticated procedures must be built into the
system to enable a wide variety of users to operate it. Likewise, the possi-
bility of using more than one type of surrogate variable (e.g., population,
dwelling units, land use, etc.) is necessary to cover the range of data avail-

ability.
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2.1.2 Commercial/Institutional and Industrial Fuel Combustion

Figures 2.3a and b illustrate the computational scheme for commercial/
institutional and industrial fuel combustion. Table 2-3 shows the sources of
input information. The calculations are entirely analagous to those that are
performed for residential fuel combustion with some small differences. In the
Level 1,2 analyses the statewide fuel consumption must be disaggregated into
commercial/institutional and industrial fuel use. This information may already
be available from the basic information or some estimate may have to be made.
Also, the distribution function whereby the statewide fuel use is mapped into
subarea fuel use is made up of employment, land use, or other data as opposed
to population and dwelling units in the case of residential fuel combustion.
In the Level 3 analysis the different surrogate variables are the only point

of difference from the residential calculations.

Because of the high degree of similarity between residential and commer-
cial/institutional and industrial sources, it is entirely possible that the

same computational modules can be used for all three source categories.

2.1.3 Electric Generation

For the most part, emissions from the generation of electricity are

traceable to large centralized power plants. These facilities are treated as
point sources and would be handled by the CEPA system in a manner entirely
analagous to the Industrial Process emissions discussed in the next section.
In the case of power plants, information on new facilities and on plant retire-
ments is available from numerous sources including the utilities, the Electric
Reliability Council, the National Coal Association, and others. The CEPA sys-
tem should be able to process this data in the same way as data on industrial

facilities.

There is one aspect of the electric generation that is slightly differ-
ent and that a CEPA system should be designed to handle: that is, the projec-
tion of the demand for electricity. This information may be available from
federal, state, or utility energy planning studies. The demand for electric-
ity must be translated into the load factors of the various power plants serv-
ing the study regiomn. It might also be useful to have the CEPA system check
the demand against the available capacity. Excess demand will have to be met

by the purchase of power from interconnected utility grids. The CEPA System
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Table 2-3. Data Available for Commercial/Institutional and Industrial Fuel Combustion Sources

Spatial Form Date of General
Source Data Disaggregation Available Information Availabiliry
Census Bureau Employment County Computer tape, Annual Entire U.S.

Regional or Local
Planning Agency

Fuel Dealers

State Agencies

Federal Agencies

Number of establishments
Industry type (SIC) distribution
Economic data for manufacturing

All or some of the above informa-
tion

Floor space (sq. ft.) of comm/
inst and industrial buildings

Land area devoted to comm/inst and
industrial uses

Projection parameters to convert
population to comm/inst uses
Growth projections

All or some of the above informa-
tion

Actual fuel consumed by commer-
cial/institutional and industrial
customers

Fuel consumed by commercial/
institutional and industrial
users.

Fuel consumed by commercial/
institutional and industrial
users.

Some cities, SMSAs

Regional planning
districts. May or

may not be coincident

with other areas
Size range highly
variable

Variable with dealer.

Generally by county
or for entire state.

By state

hard copy

Dependent on
agency. May or
may not be ’
machine read-
able.

Generally hard
copy but occa-
sionally machine
readable.

Hard copy.

Hard copy.

Latest planning
cycle.

Latest data collec-
tion cycle.

Latest year of
statewlse data
collection plus
possibly projec-
tions.

Latest year of

data collection
(usually 1-2 yr
lag)

Variable. Most likely in
major metropolitan areas.

Variable

Generally available.

Entire U.S.

€T
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should not be designed as an electrical lpad management program but should be

able to supply some rudimentary information in this area.

2.1.4 Internal Combustion

Emissions from stationary internal combustion sources (e.g., gas turbines,
diesels, gasoline genefators, etc.) are generally only small contributors to
emission levels. Large electrical peaking units can be treated along with power
plants while the smaller units at industrial facilities and aircraft engine
testing facilities should be handled as individual soufces in a point source
inventory. The CEPA system ﬂhndling of these facilities is analagous to the

Industrial Process emission sourceé\described'next.

2.2 PROCESS EMISSIONS

The treatment of industrial process emissions primarily involves the
handling of point source data; that is, the specific locétion and operational
characteristics of individual facilities are identified. AIn some cases the
nature of a particular process activity is such that' for air quality modeling
purposes it will be treated as an area source (e.g., large open pit mining
aétivities) but the specific operation is still handled as an individual facil-
_ityvin the calculation. In other cases, the small and dispersive nature of a
process activity may requiﬁe treatment as an area sourcé but this is not usu-

ally encountered with great frequency.

Figure 2 .4 shows the flow of computations and Table 2-4 shows the avail-
" able sources of information. Despite the relatively simple appearance of the
basic calculation (solid lines in Fig. 2.,4), this part of the CEPA system re-
"quires the greatest flexibility since it must be able to process information

on a facility=-by~facility basis.

The initial source of information is the péint source file obtained as
part of an emission inventof& process. Current sfate_files of this nature are
in a variety bﬁ formats, the most frequent of which pafallels EPA's National
‘Emission Data System (NEDS), the form of which is shown on Fig. 2.5. The basic
operations that a CEPA system must be able to perform on this file include the
retrieval of certain key itéms of information (e.g., the process weight rates
of all sources of a gtﬁen type), the modification of the file with new informa-

tion on such things as new plant additioms, plant retirements, equipment
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Table 2-4. Data Available for Industrial Process Sources

Sourcee

Data

Spatial
Disaggregation

Form Date of
Available Information

General
Availability

State Alr Pollution
Contral Agency

Reglonal or Local
Planning Agency

Federal Agencies

Point source inventory
Interview results for new
plants, retirements, etc.

Crowth projections:
Population
Land Use
Industrial Output

Generalized growth pro-
jections (e.g., OBERS)

Specific point sources

Regional planning dis-
tricts. May or may not
be coincident with other
subareas.

Generally state level or
industry level.

Machine-readable: Latest inventory cycle.
either on state Generally 2-3 year lag.
system or NEDS.

Hard copy of new

plants, retirements,

etc.

Dependent on
agency. May or
may not be ma-
chine readable.

Latest planning cycle.

Most hard copy. Latest year of planning

cycle.

Inventory for entire
U.S. Interview results
varied.

Variable.

Entire U.S.

8T
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infor-
replacement, process modifications, etc., and the compiling of the file

sis
mation in summary formats to allow for dispersion modeling, strategy analy ’

: heck
and the like. The system should be able to perform internal consistency ¢ S

apply standard emission factors
ude) and be

on the information stored in the file (e.g.,
to see if the recorded emissions are of the right order of magnit
able to call out information that appears out of order.

In this context the CEPA system is functioning like a data base manage-
ment system more than like a computational system. There are some valid argu-
ments to be made that this type of operation does not fit into the already
defined concept of a CEPA system but should be performed externally. 1In any
case, if these operations become an integral part of CEPA or if CEPA is de-
signed to exclude these operations, some interface must be built so that these

types of data handling can be done as part of the air quality analysis.

In handling growth projections, the CEPA system must be able to process
both the plant specific information and the generalized growth projections.
Generalized growth projections are usually generated by a state or local plan-
ning agency and would usually come in a form that specifies a percent growth
in a given industry (e.g., output in secondary metals industry will grow by
2% between 1975 and 1980). This information must be applied to the industrial
activity already recorded in the point source file and the resulting process
activity must be disaggregated into growth that will occur at new sources,
existing sources, and at sources whose location is presently unknown. Any
available information on industry expansion plans must be included to separate
the growth that has very definite locations identified and the growth that must
be distributed to the most likely areas for industrial expansion. The CEPA
system must then be able to make this distribution on the basis of some allo-
cation parameter (e.g., employment, land use, etc.). The end product of these
calculations is a projected point source inventory and a projected industrial
process area source inventory made up of activity for which no specific loca-

tional information is available.

Again, despite the relative ease with which the calculational procedure
can be described, the manipulation of a significant amount of specific data
related to individual sources and the meshing of this information with geper-
2lized growth data is not a trivial task. The CEPA system must provide the

user with enough flexibility to cover the most frequently encountered situations
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(e.g., knowledge of the startup or retirement of a specific facility) and be

capable of easy modification to handle the unusual situations.

For control strategy testing the CEPA system must be able to treat three
basic types of procedures. Emission limits are the most frequently used con-
trol techniques and are simulated by changing the emission factors applied to
the process activity. In addition to the application of uncontrolled emission
factors (e.g., from Ref. 3) and the application of the regulatory emission lim-
its under consideration, the CEPA system should be able to perform calculations
assuming other basic emission limits: for example, New Source Performance Stan-
dards (NSPS), Resonably Available Control Technology (RACT), Best Available
Control Technology (BACT), etc. To do this, the CEPA system would need a cat-
alogue of emission factors representing each control level and would apply the

user—-selected emission rate.

Control strategies involving growth and development plans would be sim-
ulated by the CEPA system by changing the growth rates or by regulating the
source—-specific data. Land use controls would be simulated by changing the
allocation parameters to allow or deny a desired level of growth in a given

location and then reapplying the emission factors.

2.3 SOLID WASTE DISPOSAL

Emissions from solid waste disposal occur in several ways. Large cen-
tralized municipal incinerators are the most obvious source but a significant
amount of refuse is incinerated on-site at large industrial facilities and
some is still incinerated in older apartment buildings. Open burning of refuse
is prohibited in many areas although it still is practiced. Refuse disposal

by land fill is not an emission source.

The CEPA system should be able to treat solid waste data in two forms.
Figure 2 ,6 shows the flow of the computations. At the simplest level of anal-
ysis a surrogate variable (e.g., population) is input along with solid waste
generation factors. The manner in which the refuse is disposed of (i.e., mu-
nicipal incineration, on-site incineration, open burning, landfill) is also
input and the quantity of solid waste is distributed accordingly. Point
sources of waste disposal such as the municipal and large industrial or resi-
dential incinerators are separated from the totals and the remaining waste vol-
ume and disposal technique is allocated to subareas. This is mapped into mas-

ter grids and emission factors are applied.
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The second form of treatment involves the handling of specific solid
waste data obtained from local scavengers, incinerator operators, or indus-
trial facilities. This data can then replace the computation of waste vol=-
ume using the surrogate variables and the remainder of the calculation is

the same.

The growth analysis provides input into three basic parameters. It
first identifies the growth rate of the surrogate variable. It also provides
an indication of the solid waste generation rate; that is, a determination of
whether the per capita generation rate will increase or decrease over time.

Finally, it identifies the futufe distribution of disposal techniques.

Control strategies that CEPA must treat involve the application of
emission limits to the centralized incinerators, changes in growth and devel-

opment rates, and restrictions on disposal techniques.

2.4 TRANSPORTATION EMISSIONS

Emissions from transportation sources can be grouped into 6 basic cate-
gories: highway vehicles, off-highway vehicles, aircraft, railroads, vessels,

and gasoline handling evaporation losses.

2.4.1 Highway Vehicles

Highway vehicles generally represent the largest fraction of transpor-
tation-generated emissions. For the purposes of air quality modeling the in-
formation will be handled as line sources (for major highway links) and area
sources. The line source formulation is needed only if a model that specific-
ally simulates line emissions (e.g., HIWAY) is to be used. 1In other cases the
CEPA system must be capable of mapping the line segments into appropriate area

sources for use with non-line~-source models (e.g., CDM).

Figure 2.7 shows the flow of the highway vehicle computations and Table
2-5 gives the principal data sources. The basic calculations can proceed in

one of two ways or in a combination of the two. At the simplest level of
detail, the CEPA system takes countywide gasoline and diesel fuel sold from
tax records, transforms these to vehicle-miles-travelled (VMT) using an aver-
age fuel economy (miles per gallon), and then maps these to a finer spatial

resolution using the population distribution. For the more sophisticated levels
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Table 2-5. Data Available for Transportation (Highway Vehicles)

Sources

Spatial Form Date of

Source Data Disaggregation Available Information General Availability
State - Road Maps Generally by link for Hard copy Latest year of data Some of this information
Highway + Traffic Counts expressways, highways, or machine collection. (Usually is available throughout the
Dept. Vehicle Speeds major arterials. readable. every two years.) U.S. Detail level varies

Vehicle Type and Age with State.

Distribution

New Highway Plans
Regional or + All or some of the Generally by zone and Hard copy Latest year of
Local Planning above information including local streets. or machine planning plus pro-
Agency Origin-Destination readable. jections.

studies

Traffic growth projections

¥4
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of analysis, the CEPA system must be capable of handling specific data from
regional planning, transportation; or highway agencies and process this infor-
mation into a format that is suitable for the application of emission factors.
For example, a highway department may supply a road map showing road segment
lengths and traffic counts on major highways. The CEPA system should be able

to convert this into VMT; CEPA should also be able to ;ead in the VMT directly
if the data is supplied in that format. Other parameters that the CEPA system
must be able to deal with are vehicle speed, vehicle type (i.e., the five classes
in Ref. 3) and age distribution, and vehicle trip origins (for cold start calcu-
lations). The systém should be abls to read this information as direct input as

well as compute these parameters based on average or default values.

The highway vehicle data may be presented in either roadway 1link format
or in traffic zone format and CEPA should be capable of processing both forms.
The process of mapping the parameters from zone and/or link into the master
grids and then applying emission factors is entirely ahalagous to the steps

carried out for the other source categories.

Growth projections for highway vehicle activities must be handled by
CEPA in two ways. First, specific data on new highway construction and éro—
jected traffic levels must be one form of standard input. éecond, a general-
ized VMT growth projection based on population or other surrogate variable
growth projection must also be treated. The two formats must be handled in a

consistent manner to avoid double counting.

Control strategies for highway vehicles fall in three basic categories.
Emission limits, such as those achieved .through the Federal Motor Vehicle Pol-
lution Control Progrém or state inspection and maintenance programs, are treated
throdgh éhanges in the emission factoréi Traffic controls, such as improved
traffi¢ flow through intersections, are treated by changing vehicle speeds,
trip origins, or VMT in the controlled zone. Growth and development controlé
are simulated by changing the growth rétes and/or the operational dates of new

roadway segments.,

2.4.2 Other Vehicles

Emissions from other mobile sources generally represent a small portion

of an emission inventory but they must be included nevertheless in the interest
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of accounting for localized problems. Off-highway vehicles (e.g., farm trac-
tors, construction equipment, etec.,), aircraft, railroads, and vessels are
specialized both in terms of their operating characteristics and their spatial
distribution. To treat these situations, the CEPA system must be able to han-
dle two different types of input. First, it must be able to handle a basic
surrogate parameter to which an emission factor is applied. For example, in
the case of aircraft, CEPA must be able to read in the number of landing-
takeoff (LTO) cycles and convert this to emissions by applying an LTO-based
emission factor. Second, CEPA must be able to have as direct input the
emissions from each of vehicle sources. This option would allow the user to
do a much more detailed emission computation (of an entire airport, for exam-
ple), input the results directly into CEPA, and have the emissions remain as

an identifiable contribution from the specific source.

The spatial distribution of emissions from other vehicles is highly
specific and does not lend itself to allocation by surrogate variables.
Instead, the CEPA system must allow for the input of specific locational
information about each source (e.g., the location of an airport, railroad yard,

or port facility).

In a similar vein, growth projections and control strategies for these
sources are highly specific and would be difficult to simulate for all the
possible contingencies. It is, therefore, more reasonable to require the user
to make the computations for these sources externally to the CEPA system and
input the final results for the application of emission factors and the allo-

cation to the master grids.

2.4.3 Gasoline Handling Evaporation Losses

Emissions from gasoline handling lend themselves to relatively straight-
forward computation on the basis of either direct gasoline consumption data
(e.g., from tax records) or by using a per capita consumption rate. The CEPA
system should be able to handle both of these contingencies relatively easily
if it is structured to do the calculations for other sources as previously

discussed.



28

2.5 MISCELLANEOUS SOURCES

There are a number of miscellaneous sources that CEPA must handle whose
emission activity is not easy to compute but which may make sizeable contribu-
tions to the overall emission burden on the region under study. From the com-
pilation of Table 2-1 these can be grouped into 3 basic areas: solvent evapora-
tion, fires, and fugitive dust. A fourth area can be included that treats all

other sources that do not fall into any other category.

2.5.1 Solvent Evaporation

The emissions from sq}vené use in industrial processes (such as degreas-
ing) and in commercial operations (such as dry cleaning) come from a large num-
ber of relatively small sources. These sources are too small to be included as
point sources under the Industrial Process cétegory but their aggregate contri-
bution to the emissions can be significant. These emissions»can be estimated
in two basic ways. If data on actual solvent use is available then it is pos-
sible to allocate this to master grid cells and compu;é emissions ﬁsing an
émission factor. If this information is not available then estimatesiof sol-
vent consumption are made using, for example, national average per capita use-
age. Growth is handled as with other sources by applying growth factors to the
surrogate variable (e.g., population) and applying the appropriate consumption
rates. Control stfategies in the form of emission limits are handled by CEPA
by changing the emission factors; -growth and development controls are handled
by changing the growth factors; solvent use restrictions are handled by chang-

ing the consumption rates.

2.5.2 Fires

'Emissions from natural as well as man-set fires are extremely difficult
to estimate since the emission factors are not very well known. In terms of
CEPA requirements, the system only need have provision for inputting a basic
activity parameter, inputting an allocation parameter (e.g., acres of forest

land), and applying an emission factor.

2.5.3 ‘Fugitive Dust

Recent studies have indicated that fugitive dust from both natural and

manmade sources represents a substantial portion of the particulate burden in
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some areas. The CEPA system must make provision for these calculations to be
carried out but only in the simplest of forms. An input activity parameter
(e.g., miles of unpaved roads), an allocation parameter, and an emission fac-
tor are all that is needed. Control strategies will operate on these basic

variables.

2.5.4 Other Sources

The possibility always exists that an emission source that cannot be
classified elsewhere will need to be addressed in the air quality analysis
and the CEPA system will have to make provision for dealing with this situ-
ation. The simplest way to treat this is to develop a generalized format
for these sources that specifies source activity, emission factor, alloca-
tion parameter, growth rate, and control level. The CEPA system should per-
mit the user to input this data in point, area, or line source formulation.
It should also allow an abbreviation of all the needed information so that

the user need only input emissions.

2.6 GRIDDING

All of the previous discussions of how the CEPA system should handle
emissions from the various source categories have followed a calculational
procedure that eventually led to the distribution of an activity from its
basic spatial resolution (e.g., census tracts, planning districts, highway
line segments, etc.) to a master grid network. It is important to reempha-
size at this point some significant concepts of what a CEPA system should

and should not do with respect to this gridding procedure.

2.6.1 Calculational Procedure

The master grid network, as defined in previous guidelines, * is
designed to display the emission data in a format that is compatible with
dispersion models. In most cases, although certainly not all, the master
grid network is chosen once and all future modeling runs are made with this
network. Under these conditions, the transformation from one set of data
(e.g., on census tracts) to the master grid is made only once and the frac-
tional part of each district that resides in each master grid can become a

fixed data set to be used in a variety of situations. For example, if it
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is desired to distribute county wide fuel consumption on the basis of popula4
tion, the distribution is first made from county to census tracts using the
population and then from census tracts to master grid using the fixed mapping
fractions. Likewise, anything else that is to be allocated on the basis of
population is first distributed to the census tracts and then from tracts to

7~

master grid.

The situation may also arise where several different data sets with
different spatial resolutions may be available. For example, populgtion may
be available on census tracts, employment on regiomnal p;anning districts, and
VMT on traffic zones, and none 6% these areas are coiﬁcidental. The CEPA
system should be able to handle all of these data sets individually and bring
them together in the master grid by mapping each separately. In this
way the user can retain the identity of his basic data set until such time as

it is necessary to bring all together for a modeling run.

Another important point to emphasize in this procedure is that the map-
ping should be done on the basis of process activity and not on the basis of
emissions. For example, for residential fuel combustion, the fuel consumption
and not the emissions are transformed from the basic data set to the master
grid. Emission factors are épplied only afte; the master grid fuel consumﬁ—
tion is computed. The reason for this procedure is to minimize the errors
encountered by a mechanical transformation exerciée with no interpretation of
the'reasonability of the results on the part of the user. By displaying the
process activity in each of the master grids, rather than just an emission
value, the CEPA system would give the user the opportunity to evaluate if the
mapping is reasonable. The problems with the mechanical procedure was pointed
out in the Phase I feasibility study where one EPA Regional Office felt it
necessary to stipulate.in its contractural agreements that prior knowledge of
a given type of process activity in a given master grid cell was mandatory
before any allocation of emissions from that activity could be made to that
cell.

This method, despite its obvious advantages, does present some problems
with regard to mapping certain parameters. For example, it is easily under-
stood how fuel consumption instead of emissions can be allocated from the
basic data set to the master grid, but it is not obvious how an ancillary pa-

rameter, such as fuel sulfur content, can be allocated. Careful weighting of
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the sulfur content of fuels used in all data cells contributing to a given
master grid sell is necessary. This procedure requires somewhat careful book-

keeping but the CEPA system should be able to handle this routinely.

In some instances, the master grid network may not remain fixed for all
the calculations. It may be desireable, for example, to have a fairly coarse
grid network for use in early analysis years and a more refined network when
growth and development make it necessary to have better spatial resolutiom.
Also, a changing land use plan may require a changing master grid network. 1In
any case, the CEPA system should be able to process these varying grids in a
very simple fashion since only the mapping fractions changes; the calculation
procedure remains the same. This feature need not consume excessive machine
core space since the mapping fractions can be stored off-line or read in as

part of the input stream.

2.6.2 Master Grid Development

With regard to the development of the master grid, the CEPA system plays
no role. This is done entirely external to CEPA and all that is needed by the
system is the set of mapping fractions that transforms the basic data set into

the master grid.

The reason for this limitation on CEPA is that there already exists a
computerized procedure to develop master grids on the basis of population11
and there are numerous manual techniques to develop grids on the basis of
other considerations (e.g., land use, existing data bases, and others). CEPA
need not duplicate these efforts but rather can make use of the grids developed
by these other procedures and enable the user to more efficiently distribute

activity to these grids.

2.7 GROWTH

An important component of the air quality analysis to be assisted by
the CEPA system is the projection of growth in emission source activity. It
has already been indicated that the CEPA system is not a growth amalysis; that
is, it is not intended to be a tool for analyzing socioeconomic data and devel-
oping growth forecasts. Rather, it is intended to take growth forecasts devel-
oped externally and translate those into emission forecasts. To do this, the

CEPA system must be able to handle two types of growth projections. First, it
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must be able to process information or specific growth plans. - If, for example,
it is known that a new manufacturingvfacility or a new highway link is sched-
uled to open on a specific date, the CEPA system should be able to develop an
emission forecast that accounts for that new activity. Secdnd, the CEPA must
be able to translate this into an emission growth rate. In addition to han-
dling these two types of growth separately, the CEPA system musé be able to
coordinate the two to avoid double counting. It must Bg able to identify and

separate growth at specific facilities from generalized growth.

The growth routine should be able to accomodate linkages between growth
in different activities. ItrShould, for example, allow the user to couple
employment growth and popﬁlation growth, VMT growth with residential land use
growth, and others. In the purest sense, all of these linkages should be made
by the planning agency doing the ovéralllgrowth analysis and the resulting pro-
jections should be entirely consistent. In reality, the projections for var—'
ious activities will come from different agencies and the air quality analysis
agenc§ will have to make some attempts to coordinate and comsolidate the data.
CEPA should provide an easy mechan?sm for doing this by allowing the agency to
input the linkages between the various activities and by croés-chécking for
internal consistency. An example of how this might work would be the follow~-
iné: consider an agency receiving popﬁlation growth projections on & census
tract basis from a local planning agency and VMT projections from the state
highway department on a traffic zone basis. The CEPA system would take both
of_these projections, process them to get growth projections on the master
grid network, and print out the population and VMT for each cell as well as
the growth rdates. Wide discrepancies between these two would be immediately
obvious and alert the user to investigate for possible inconsistencies in the
data. If it were desired to estimate VMI growth strictly on the basis of pop-
ulation growth, the CEPA system should allow the user to input this link with

a minimum of effort.

Another feature of the growth analysis that would greatly enhance the
utility of the CEPA system is the capability to process more than one growth
scenario in the same computer run. It should be possible for the user to

input a number of scenarios and have them for ready comparison.

Although not essential for a basic CEPA system, there is an operational
feature that could prove especially helpful to air quality analysts using the

system, This feature would provide the user with information on what growth
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is tolerable. Under normal CEPA operation, growth is an input function and

if the user seeks to know, for example, how much growth can be absorbed under
certain constraints, he must proceed on a trial-and-~error basis by inputting a
variety of scenarios. To proceed in the opposite direction and have the user
specify a desired emission level with the CEPA system back-calculating the
allowable growth pattern, would involve non-trivial optimization routines, con-
straint specifications, and objective identification. While this type of com-
putation is well beyond the design specifications of CEPA, the system can,
nevertheless, provide outputs that would allow the user to make a "better edu-
cated guess' on the next scenario to be tested. These outputs would include,
for example, a summary table identifying the source categories experiencing
the most rapid growth, areas having greatest (and least) emission growth, and
the sources within each category and area that are making the biggest contri-

butions to emission growth.

2.8 CONTROL STRATEGIES

The application of control strategies is a common item for all of the
calculations for the various emission sources. In a sense it represents the
most significant procedure of the CEPA system in that it allows the user to
identify the effectiveness of various steps taken to minimize air quality im-
pacts. There are several features of a control strategy routine that would

make CEPA a useful analytical tool.

For the most part, many of the control strategies for the various emis-
sion source categories can be simulated by changing the basic data. For exam-
ple, emission limits can be modeled by changing the catalogued emission fac-
tors. To operate CEPA in this mode could easily become a tedious chore and
could minimize the utility of CEPA. TInstead, the strategy calculation should
be done as part of an individual routine that allows the user to specify the
control regulation and have the system change the emission factor for affected
sources. This mode of operation gives the user the sense of inputing the con-
trol regulations in one place rather than attempting to pick out all the appro-

priate data values to change.

The CEPA strategy package should allow the user to test more than one
regulation at a time to minimize the time required to conduct the analysis.

For example, the user should be able to specify an emission limit, a fuel
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sulfur content restriction, and a coal ban strategy in the same run and have

the CEPA system display them in the same runm.

In applying control strategies, the CEPA systém should address omnly
the source categories that are affected. It should be bapable of preserving
the calculations for the base data sets that are not affected by the regula-
tion constraints. The CEPA system should also provide the user with feedback
information to assist in the evaluation of the effectiveness of the regulation
tested and to help select the next regulation to be tested. This information
would include the number of sources.affected, location of regulation's great-
est impact, percent emission reductio% achieved, and others. The extrapola-
tion of this feedback process to its ultimate conclusion would be equivalent
to having the CEPA system back-calculate what regulations wbuld be necessary
to achieve a emission reduction. This, however, runs into the same problems
as the growth analysis in that specification of objectivés, constraints, and
optimization procedures that are well beyond the scope of a CEPA system, are
needed. Nevertheless, the feedback of information from the strategy calcula~
tion should be as extemsive as possible to minimize the effort required to

evaluate alternmative strategy effectiveness and identify the best options.

2.9 GROWTH TRACKING SYSTEM COMPATIBILITY

As part of the air quality analysis requirements issued by EPA under
Section 301(a) of the Clean Air Act, the states are required to assemble data
on growth in all areas of the state and conduct an analysis to identify those
portions that have indications of potential National Ambient Air Quality
Standard violations. These areas would then be subject to more detailed

analysis for possible Implementation Plan revisions.

EPA has recently issued a report5 providing guidelines on tracking this
growth, Oné.of the principal concerns with CEPA system development is that it
be compatible with these guidelines. The guidelines prescribe procedures for
four types of analysis conditions: (1) areas with existing detailed projec~
tion of emissions and simulation of air quality, (2) areas with a less detailed
or condensed. analysis of projected air quality, (3) areas with no current

analysis of projected air quality but with air quality monitoring data, and
(4) areas without an analysis and without monitoring data. The guidelines out-

line a set of procedures to be followed in each of the four area types. 1In the
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first type of situation (i.e. with a detailed analysis already available) the
procedure calls for a collection of growth information and a comparison to the
growth projections used in the analysis. If any of the growth parameters ex-
ceeds the informatlon used in the analysis, then a rough estimate of emissions
growth is made to determine the potential for NAAQS violations. In the second
type of situation the process is basically the same only the parameter compari-

sons are made on a much less detailed hbhasis.

In the third type of situation the guidelines call for a linear 'roll-
forward" of air quality data based on rates of growth in several basic parameters
(e.g. population, employment). The fourth type of situation calls for an
emission projection and an air quality estimate based on some very rough

approximations.

It is evident that these guidelines are suggesting analyses that could
easily be handled by a CEPA system. The suggestions generally amount to a
Level 1 analysis; the CEPA design calls for this capability to be built into
the system. It must be pointed out though, that while the CEPA design as
described here could do the growth tracking, it would be unlikely that a control
agency would install the CEPA system for that purpose alone. The CEPA would
provide much more capability than is necessary. The conclusion is that a state
agency that had a CEPA system operational would definitely use it in the growth
trackiné analysis but a state would not proceed to install a CEPA to do that
task only.



36



37

3 COMPUTER CONFIGURATION OF THE CEPA SYSTEM

The computer configuration to be used when implementing the CEPA sys-
tem consists of two distinct yet totally dependent parts. First is the hard-
ware, namely the main computer memory, intermediate storage and the input-
output devices. Second is the software which is the set of programs at both the
support and applications levels. These two parts must be integrated in such
a fashion that it will provide a feasible tool for a maximum number of users
and yet be simple to use. The applications software is more flexible in its
development than the hardware, hence the hardware requirements are more defin-

itive.

3.1 CONSTRAINTS ON HARDWARE AND SOFTWARE

As a direct consequence of the Phase I Feasibility Study,! a set of
objectives and constraints pertaining to the hardware and software configura-

tion of a CEPA system has been established. These are as follows:

1. The CEPA system must be designed for operation on both
UNIVAC and IBM equipment. Users with other machines may
have to modify their version of CEPA to use it on their
facilities., The system should be designed to facilitate

conversion to other machines.

2. The system must be capable of installation on EPA's

UNIVAC 1110 machine in Research Triangle Park, N.C.
3. The system software must use only FORTRAN and/or COBOL.

4, The system software, in either card, tape, or other for-
mat, must be in a form that is easily duplicated for

transmission to potential users.

5. The system must not operate exclusively in the inter-
active mode. Batch mode or a combination of batch and

interactive should be employed.

6. The system must be capable of accepting machine readable
input from EPA's National Emission Data System (NEDS) and

Emission Inventory/Permits and Registration Subsystem
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(EIS/P&R). The only other existing machine~readable
format that the CEPA system should be designed to ac-
cept (to the extent practicable) is the Bureau of the

Census data tape format.

7. Users with only limited familiarity with automatic data
processing should be able to use the CEPA system with
the help of a user's manual. Extensive machine job con-

trol language should be avoided for normal operation.

8. The system should provide output that is machine-readable
for direct input into the AQDM, CDM, IPP, and Valley mod-
els; that is suitable for input into isopleth plotting
routines; and that is in hard copy (printed output) for

the entire area or for individual subareas.

9. The system should be modular in structure so that a user
may choose to run a portion of the system or the entire

system.

10. The system should be designed for possible inclusion into

EPA's Aerometric and Emissions Reporting System(AEROS).

3.2 HARDWARE ALTERNATIVES

As was stated above, the UNIVAC 1110 in Research Triangle Park satis-
fies part of the hardware restrictions. The IBM portion can be satisfied by
a moderate~to-~large size computer in the range of an IBM 370/160 to 370/195.
The final choice is dependent on how much software is required and whether or

not the CEPA system will function independently of other systems.

An intermediate storage capability must be available to the user for
the transient files that will be created during an analysis. (Transient files
contain results of intermediate computations and require too much main memory
to be permitted to reside there, hence the name transient.) The varied forms
of intermediate storage can be magnetic tape, high volume disk, data cell,
high speed drum or cards. No permanent files can be allocated by the user
because of the prohibitive cost required to provide enough hardware to support
the large number of potential users. (Put simply, if each user were to have
files reside ad infinitum, there would be no more available space for new files.)

The magnetic tape then is the only cost effective and portable form of
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intermediate storage for large permanent files. Smaller files can be stored
on cards if necessary. The remaining forms of data storage can be used for
the transient files. Since CEPA must function as a viable user oriented com-
puter system, then these transient files can and should be purged from the
system automatically after being retained for a finite period of time. This
retention period should be sufficiently long to allow analysis to be performed

without the extra cost in time and effort of recreating the transient files.

Input and output (I/0) options must also be considered. For input,
magnetic tape and cards are the only reasonable choices. Cost and portabil-
ity are the key factors governing these choices. These two modes of input
would then contain the machine~readable raw data necessary to begin the anal-
ysis. The output can be in the form of magnetic tapes, punched cards, or
printed output. These formats will not require extensive control language to

manipulate.

The only other form of I/0 that can be considered is an interactive
terminal; namely, a device by which communication with the central computing
facilities is made possible. With this device and the proper software support,
the user can communicate with the central facilities via the telephone lines.
However, the interactive mode must not be the sole form of 1I/0 available under

the restrictions stated above.

3.3 SOFTWARE CONSIDERATIONS

The software requirements to handle the potentially large volumes of
data immediately indicate that some form of Data Base System (DBS) and Data
Base Management System (DBMS) be employed. The DBS and DBMS required is the
Emissions Inventory/Permits and Registration Subsystem (EIS/P&R) for point
and area sources. This system will permit NEDS data to be input and output.
Retrieval and updates of existing data as well as addition of new data is

made efficient and simple by this system.

The CEPA system may become part of the EPA's Aerometric and Emissions
Reporting System (AEROS), which further heightens the desire to maintain com-
patability with the NEDS format. The AEROS system is used to provide multi-
leveled reports of air quality and emissions for states, AQCRs and counties.
Other systems can be developed to handle the more general user input but this

would require a great deal of time and effort to implement. An altermative
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to the development would be to purchase a proprietary package for DBS and
DBMS such as the DMS 1100 created by Sperry Univac Company OT IMS created
by IBM. Such packages can perform general DBMS functions but can represent
a considerable cost factor.

The final output of the CEPA system will be in the form of gridded
emissions and have formats which are compatable with the AQDM, CDM, IPP,
Valley and isopleth plotting programs. Intermediate output can be the tran-
sient files discussed earlier, tabulated printout for each module of the anal-
ysis, magnetic tape or cards containing either the tabulated-results or the

transient files for future analysis.

Some problems can always be expected when transportability of computer
systems software or programs is required. To relieve some of these difficult-
ies the following restrictions are made: only ANSI (American National Stan-
dards Institute) FORTRAN IV and ANSI COBOL will be used in applications pro-
grams. Whenever possible, the primary language should be FORTRAN IV and only
where absolutely necessary should COBOL be used. A minimum of interaction
between these two languages is desired since the interfacing will vary from
computer installation to computer installation. The FORTRAN language has

good computational capability while COBOL is good for file manipulation.

The prime mode of operation is to be batch, namely, an entry of data
into the CEPA system and execution of CEPA modules without further interac-
tion by the user until the results are compiled. A secondary mode of opera-
tion can be the interactive mode whereby the user is in constant communica-
tion with the CEPA system, which would provide intermediate results for the
capability of on-line supervision of the procedures used in producing the
results. Since this mode of operation, in the general case, is not required
by the average user, this system should be developed only if it does not de-
grade the operation of the batch mode and if it can be developed in such a
fashion that it is separable from the batch system. The interactive mode
should be used only if intermediate results can change the path of a given
strategy and the compilation of the intermediate results is relatively short.
If these two conditions prevail, it is to the user's advantage to use the

interactive mode since it will shorten the time required for the analygis.



41

3.4 DOCUMENTATION

The documentation of the CEPA system should be developed at two lev-
els and in accordance with some predefined guidelines. The first level is
the user guide and must contain at the very least a description of the theoret-
ical methods used in applicatioﬁs programs, a detailed description of how to
use each of the applications programs, and a set of comprehensive sample
problems. In addition, any control procedures necessary to facilitate data
handling and linking one module of CEPA to another should appear as sample
problems. The second level is a programmer's manual on the details involved
with applications program, so that the user may develop modifications of his
version of the system. Flow charts, discussion of primary variables,
input parameters and formats, output parameters and formats, and linking of
one module to another are just a sample of the items to be discussed in the

programmer's manual.

In addition to these basic requirements, one other documentation con-
sideration must be addressed. 1If the CEPA system is to be included as part
of EPA's AEROS system and is to be maintained and supported by EPA, it must
meet certain documentation requirements that would not ordinarily be required.
These requirements are based on the concept that an EPA staff member who was
not involved in system development would be able to learn the structure and
operation of the system quickly and would be in a position to make updates
and changes that could be transmitted to all users. The meeting of these
requirements could amount to a significant effort above and beyond that re-

quired to meet ordinary user needs.
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4 COMPARISON PROCEDURE FOR ALTERNATIVE CEPA SYSTEMS

With the basic analytical and computer requirements laid out for the
CEPA system, it is now necessary to define a comparison procedure to determine
if any existing computerized air quality analysis packages are capable of

meeting most of these needs. The systems reviewed here are the following:

1. Air Quality for Urban and Industrial Planning (AQUIP)

Computer-Assisted Area Source Emission Gridding pro-
cedure (CAASE)

Engineering Science Air Quality System (ESAQ)

4. Metropolitan Washington Council of Governments
Air Quality Analysis (MWCOG) Models

In addition to matching each of these systems against the requirements,
a comparison will be made with two other calculational procedures that can be
used, These are:

5. Manual calculations

6. Newly developed CEPA system.
These last two can, by definition, be made to meet the requirements and they
will serve to bound the evaluation by estimating the costs of doing the calcu~-
lation by hand or developing an entirely new system to do the required calcula-

tions,

The comparison procedure to be followed here involves the steps shown
on Fig. 4.1. First, each of the existing systems will be briefly described
to give an overview of how each is designed and the major computational phil-
osophies of each system. Next, each system will be compared to the analytical
requirements spelled out in Section 2. If the system does not meet the analyt-
ical requirements, then the significance of the lack will be identified and an
estimate of the modifications necessary will be made. If the system is capa=-
ble of performing the required calculations, then a review of the data required
and the validity of the approach will be made. This is to identify potential
problem areas where a system will perform a certain calculation but use diffi-
cult to obtain data or use a procedure that is of uncertain validity. Despite
the answer to the analytical evaluation questions, each system will be reviewed
to determine if there are extra features that are not required as a part of

CEPA but which are especially useful to an air quality analysis.
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Fig. 4,1. Comparison Procedure for Existing Computer Systemg
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The next step in the comparison procedure is to review each system to
determine if the computer requirements are satisfied. If the answer is neg-
ative, then the significance of the lack and the modifications required will
be evaluated. Again, any desirable extra features will be highlighted.

Next, each system under comnsideration will be compared to a set of cri-
teria that will measure the capability of that system against a manual calcu-
lation procedure and against a new CEPA system developed from the ground up.
The criteria used for this evaluation are the following: (1) effort required
to use the system - including getting the system operational, preparing the
data for input, and operating the system, (2) Level of expertise needed to
operate the system, and (3) cost of using the system - including cost to get

it operatiomal, cost of preparing the data, and cost of operating the system.

The final step in the evaluation will be to summarize the assessments
and develop a set of recommendations for future action. No attempt will be
made to reduce this summary to a single number for comparison as this would

tend to obscure the details of the problem areas.

The following section presents the descriptions of the existing systems

and the evaluations.



46



47

5 COMPARISON OF EXISTING SYSTEMS

In this section four existing computerized air quality analysis systems
are described and evaluated against the CEPA system requirements. System
descriptions are drawn primarily from documentation available, sometimes
verbatim. Detailed evaluations against CEPA requirements are presented in the

appendices; only summary conclusions are discussed here.

5.1 THE AQUIP SYSTEM

The evaluation of AQUIP was made on the basis of the documentation con-

tained in References 6-10 and on discussions with EPA staff using the systen.

5.1.1 System Description

The Air Quality for Urban and Industrial Planning (AQUIP) System was
developed as a joint venture between the New Jersey Department of Environ-
mental Protection and the U.S. Environmental Protection Agency. Environmental
Research and Technology, Inc. (ERT) of Lexington, Massachusetts was selected

as the contractor to build the system.

The objective of the ERT work was to develop a methodology to assess
the air pollution impact of land use plans and to apply this methodology to a
test case in the New Jersey Hackensack Meadowlands. Because of this objective,
the system carries a distinct orientation toward use by planners. Much of the
input and output is structured around the variables and parameters normally
used by planners (as opposed to those used by air pollution control engineers).
As such, it is the only one of the systems evaluated as CEPA candidates that

allows for direct and straightforward treatment of land use plams.

The AQUIP software system makes use of input data sets and model para-
meter data sets, performs computations using four basic computer programs,
and provides tabular and graphical outputs of the results. The logical
relationships among these elements of the software system are shown in Fig. 5.1.
Data sets are shown as rectangles, computation steps as circles, and printed
output as document symbols. In addition, each element is identified by a code
made up of a generic letter followed by a number. The letter prefixes and

their meanings are:

I - Input data set, prepared by the system user.
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M - Model parameter data set, established initially for the study
conditions, and modified only as necessary for updates to the
model,

P - Computation step involving one of the four basic computer
programs.

C - Computed data set formed as an output of one computation step
and used as an input to another.

T - Tabulated outputs (or line printer graphics) delivered to the
system user.,

Table 5-1 gives a summary of the elements of the system.

Of the four computer programs that comprise the AQUIP system, only the
LANTRAN routine is of direct relevance to the needs of a CEPA system. The
MARTIK program is a dispersion model and, by definition, is excluded from the
CEPA consideration, The SYMAP routine is a standard plotting package which
can be incorporated into a CEPA system, but its location in the AQUIP structure
(i.e., receiving output from the dispersion model) puts it beyond the bounds
of CEPA. The IMPACT program is designed to determine various land use and
population exposures to air pollutant concentrations and it also is beyond

CEPA bounds.

The purpose of the LANTRAN program is to convert land use data to a
rectangular grid system; to provide land use statistics; to provide certain
commonly used preprocessing procedures for land-use data; and to establish
data sets for use by other programs. The program is organized around two basic
forms of data: that related to land use activities and represented by a set
of geographically defined '"figures,'" and that related to a grid system with
its associated "cells." 1In LANTRAN the "figures'" are the input and the grid
system the output, i.e., the result of an allocation of activities defined on
the figures to cells of the grid system. Intermnally, the two forms of data are
represented by two large arrays. The first enables up to 18 different sets of
data to be defined on up to 400 different figures, with each figure consisting
of either: (1) a single point, (2) a broken line of up to 50 vertices, or
(3) a polygon area of up to 50 vertices. The 18 "variables" are assigned sym-~
bolic names by the user at run time, making possible the manipulation of data
by reference to the symbolic name. Examples of symbolic names which might be
useful in land use applications are "POP-DENS" for population density or

"DU/ACRE" for density of dwelling units,
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Table 5-1 AQUIP System Elements

Element

Designation

Element

Description

Input Data Sets

Model

I1.

I2.

I3.

I4.

I5.

I6.

Original Land-Use Data

Highway Emissions Data

Point Source Emissions
Data

Land Uses for
Correlation

Impact Criteria Data

Map Options

Parameter Data Sets

Ml.

M2,

Activity Indices

Fuel Use Data

Emission Factors

LANTRAN Program
Parameters

Background Emissions,
by Season

This data set is specified as a set
of point, line or polygomn "figures"
to which "values" representing plan-
ning variables are assigned.

This data set is specified as a set
of "line" sources, to which emissiom
densities have been assigned by the
application of emission factors to

traffic data.

This data set is specified as a set
of "point" sources to which emission
rates have been assigned.

Specified as a set of "figures" repm
senting land uses to be correlated
with air quality predictions.

This data set is a set of operations
to be performed upon gridded air
quality data for comparison with
standards or correlation with
various land uses.

Which select variables for isopleth
plotting and specify characteristics
of output maps.

To relate activities specified in the
given land use data to fuel demand.

To specify overall fuel availability
data.

To relate fuel use or process rate by
activity to emissions by pollutant.

To specify the grid properties, pro-
gram options and computation para-
meters.

A previously generated data set to
account for the contribution of all
point, line and area emissions
sources outside the study area to
computed concentrations gt the
receptor sites.
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Table 5-1 AQUIP System Elements (Cont'd)

Element
Designation Element

Description

Model Parameter Data Sets (Cont'd)

M3. Meteorological Data

Meteorological
Parameters

MARTIK Program

Parameters
Mé&. SYMAP Base Map
M5, Allocation Options

Computer Programs

Pl. LANTRAN -~ Land Use Data
Transformation Program

P2. MARTIK - Martin-Tikvart
Diffusion Modeling
Program

P3. IMPACT - Impact Analysis

and Display Program

The set of normalized weighting
factors to be assigned to each
of the 480 meteorological condi-
tions, based on the relative
frequency of occurrence of these
conditions.

To determine such model character-
istics as plume dispersion coef-
ficients, mixing layer depth and
vertical wind-velocity profile.

To specify receptor properties,
program options and computation
parameters. ’

The set of SYMAP input packages
which define the study region and
the coordinates of the data points.

The set of LANTRAN control options
required for allocation of computed
concentrations by receptor to the
chosen grid system.

The fundamental purpose of this
program is to convert data defined
on point, line, or irregular polygon
"figures" to a regular grid system.

Computes the arithmetic mean air
quality levels at designated
receptor locations for a given
distribution of emission sources
with meteorological data specified
for the averaging period of interest
and the climatology of the study
region.

This program performs arithmetic and
logical operations as specified at
run~-time by a ''user hyper-language"

on each element of a gridded system

of data, allowing cell-by-cell compar-
ison with user-specified criteria.
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Table 5-1 AQUIP System Elements (Cont'd)

Element
Designation Element

Description

Computer Programs (Cont'd)

P4. SYMAP - Synagraphic
Computer Mapping Program

Computed Data Sets

Cl. Point and Gridded Area
Source Emissions

C2. Computed Air Quality
C3. Gridded Air Quality
C4. Correlation Data Set

System Qutputs

T1. Tabulated Emissions
T2. Tabulated Air Quality
Predictions

A general-purpose graphics displa
program presently implemented for
the display of isopleths of air
quality as computed by MARTIK.

Allocated by pollutants to the
specified grid system. The point
sources in the data set represent
discrete sources with emissions in
excess of a given threshold. The
area sources represent the remaini
activities distributed to grid cell
on the basis of area overlap or
"extent".

By pollutant for each of the spec-
ified receptors.

By pollutant converted to mean cow
centration for each grid cell.

A gridded data set representing

allocation of specified land-uses
or their derivatives (e.g., popu-
lation density) selected for cor-
relation with air-quality levels.

Projected emissions as computed by
LANTRAN for the given ensemble of
input data and medel parameters,
given as a summary for each constit
uent land use "'figure', with tables
and plots of resultant emissions
presented for the specified grid
system.

For the given ensemble of planning
inputs, model parameters and meteo-
rological conditions. Tgbulated by
pollutant for each of a specified

set of ''receptor" locations within
the study region.
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Table 5-1 AQUIP System elements (Cont'd)

Element
Designation Element Description

System Qutputs (Cont'd)

T3. Isopleths of Predicted A graphical display of isopleths
Air Quality of pollutant concentrations generated
by the line printer using an over-
print technique to produce '"shading'.

T4. Tables and Plots of Expressed in absolute units of con-
Predicted Total Air centration for each cell of the
Quality study region grid system

T5. Tables and Plots of To be used for correlation with

Land Use Data gridded air quality data.

T6. Tables and Plots Pre- e.g., (1) statistics of compliance
senting the Results with standards; (2) integrated
of Impact Analyses dosage by land use; and (3) overall

land use compatibility.




54

The second array corresponds ta the same 18 variables defined on a grid
system of up to 400 cells. The grid system is specified by the horizontal

and vertical coordinates of its "origin,"

the cell count in the horizontal
and vertical directions, and the dimension of the grid cell in the horizontal
and vertical directions. In addition, a scale parameter is specified to
enable a convenient set of units such as kilometers or miles to be used for
the coordinate system; the physical height of the grid system is specified

in meters.

In summary, the usé of LANTRAN consists of (1) defining the set of
FIGURES, (2) defining the variables associated with the figures and assigning
VALUES for these variables_tdkthé figures, (3) performing an ALLOCATION which
distributes selected vaiiablegﬂamong cells of the grid system, and (4) creating
an OUTPUT data set defined on the grid system, and putting this data set out
either in punched-card form or as card images on a specified file. 1In
addition, the two basic forms of data represented by the figure-values or
"FV" array and the grid-values or "GV" array may be manipulated before or
after allocation using an application-specific subroutine (COMP) written by

the user.

5.1.2 System Use
' The AQUIP system has not been widely used. Apart from the original

application to the New Jersey Hackensack Meadowlands, there have been only
limited attempts to use the system in air quality analyses. The system has
not been used as part of any required air quality control plan (e.g. SIP

revision, AQMA analysis, etc.).

5.1.3 Comparison-with CEPA Requirements

The details of the comparison of the AQUIP system against the CEPA

requirements are given in Appendix A.

- The strong point of the system is its ability to map emissions from sub-
area to master grids. The LANTRAN routine allows the user to easily change
from one subarea set to another and have the program determine the appropriate
transformation from subarea to grid. The routine is generalized enough to

handle areas, points, and lines and treats them all as generic “figures."

The procedure whereby the figure is transformed to the grid can be
varied depending on the nature of the situation. Allocations can be made by
extent (i.e. by the portion of a figure lying in a grid cell), by association
(i.e. by choosing the dominant value of a parameter from among all the values

on all the figures lying in a grid cell), by interpolation (i.e. by developing
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a weighted average of the parameter values of all the figures lying in the
grid cell), or by proximity (i.e., by choosing the value of a parameter cor-
responding to the figure whose centroid lies closest to the centroid of the
grid cell),

In making the transformation, the user also has the option of inter-
spersing a subroutine to do additional manipulations on the variables before
they are transformed. This is a very desirable feature in that it gives the
user a great deal of flexibility with respect to the calculations that can be

performed.

The structure of the LANTRAN routine meets the CEPA requirements of sur-
rogate variable input for the residential and commercial/institutional fuel
combustion, solid waste disposal, transportation, and miscellaneous sources.

The surrogate parameter (e.g., population density, housing units per acre, etc.)
can be defined as one of the 18 '"variables" on each subarea or "figure." The
translation from a surrogate variable to fuel consumption (or solid waste gener-
ated, or solvent used, or VMI, etc.) is made via a table look-up routine and the
calculation of emissions is done using emission factors. The one weakness in
this procedure is that the translation tables and the emission factors are
strongly linked to land use parameters (e.g., acres of commercial land, emissions
per acre of commercial land used, vehicle density, etc.) and are not readily
adaptable to the use of direct information on fuel consumption, solid waste
generated, etc. In this regard, AQUIP cannot handle the direct data input for
either residential and commercial/institutional fuel combustion, solid waste
disposal, or miscellaneous sources, and does not meet the CEPA requirements for
these types of analysis. For highway vehicle transportation sources AQUIP can
accept VMT data by link or traffic zone but cannot treat vehicle fuel consump-

tion inputs.

AQUIP is especially weak with regard to its treatment of point sources
(industrial process and electric generation). The system simply reads in point
source data and cannot provide the user with any ability to manipulate, sum—
marize, or evaluate the information. Because of its orientation towards land
use planning applications this is not a serious problem with respect to these
uses. LIt does, however, represent a significant deficiency with respect to
CEPA requirements. The user would still need to process much of the point source

data manually to get the information in the desired format.
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The growth analysis for all source categories is handled by AQUIP by in-
puting an eﬁtirely new data set repreéenting ﬁhe prbjected information. This
means that the system can technically treat a growth projection, but that the
user must develop and apply the growth parameters externally., There is no pro-
vision for inputing a base data set and growfh factors and having the system
geherate a new data set. This is a significant flaw in AQUIP used as a CEPA

system since the user must still do a substantial amount of manual calculation.

Analysis of alternative control strategies is done in the same way as is
the growth analysis; that is, the user must input a new data set representing
the effects of the controls, The‘program has no provision for the user to input
a base data set and a control strategy and have the system recompute the impact
of that strategy on emissions. Here again, AQUIP has significant deficiencies
relative to CEPA requirements. The significant exception to this is the appli-
cation of land use control strategies. In this case the user will input an
entirely new land use plan to represent the control and there is no need to have
the program operate from a base data set. The ease with which AQUIP can treat

land use plans makes it especially useful for these applications.

The CEPA computer requirements are only partially met by AQUIP. The code
is written in FORTRAN, is modular in structure, does not have only interactive
processing requirements, and uses standard data transfer procedures (i.e., tape,
cards). The system has only been run on IBM equipment although the translation
to UNIVAC equipment should not be-a major problem since there are no'highly un-~
usual features to the code. The ease of portability is unknown since the system
has not been widely used. There are two major deficiencies with respect to
AQUIP's use as a CEPA system, First, the existing user's manual is not easily
understandable and does not adequately describe the way in which the system can
be used. The attempt was made to keep the program descriptions very general and
to minimize the ties to specific'examples. The result is that the average user
cannot readily determine if the system can meet his calculational requirements
and what information is needed to operate the system. Also, there is no program-
mer's manual and it is not possible to get into the aetails of the code very easily

The second, and perhaps more significant, deficiency in the computer area
is the incompatibility of AQUIP with existing emission data systems. The program
does not accept data in NEDS format and cannot at all interface with the ELS/P&R
system., The reasons for this are obvious; EIS/P&R was not available at the time
AQUIP was being developed and the orientation tdwards land use planning did not

dictate any pressing need to interface with a large emission inventory system like
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NEDS. 1In any case, this leaves AQUIP as being basically separate and incom~

patible with systems that are in wide use today.

5.1.4 Required Modifications

Based on the detailed evaluation of AQUIP in Appendix A, it is estimated
that about 4-7 person-years (51-85 person-months based on the sum of the efforts
for each task) of effort would be required to modify AQUIP to meet all the CEPA
requirements. The largest single effort (14-23mm) would be spent on bringing
AQUIP into compatibility with the computer requirements. Substantial effort
would be needed on new coding to make the system compatible with EIS/P&R, NEDS,

and Census data.

Significant effort would also be needed on developing a control strategy
routine that could be used to eliminate the need for the user to manually compute

a new emission inventory reflecting the effects of each strategy.

5.2 THE CAASE SYSTEM

The evaluation of CAASE was made primarily on the basis of the docu-
mentation contained in References 8-9 and on discussions with EPA staff re-

sponsible for system development.

5.2.1 System Description

The Computer Assisted Area Source Emissions (CAASE) system is designed to
provide a method for allocating county area source emission data to grid squares
selected on the basis of demographic features and sized to give appropriate detail
for input into air quality modeling programs. The Research Triangle Institute
(RTI) of Research Triangle Park, N.C. was selected by EPA to do the original de-
velopment of CAASE. RTI is currently under contract to do some additional modi-
fications on and upgrading of the capability of CAASE.

The principal objective of the development of CAASE is to improve the
characterization of emissions from area sources. The development program is
based on the premise that substantial amounts of data needed for determination
of area source emission are available only on the countywide level. Since
county sizes are generally too large for use in air pollutant dispersion models,
some means of allocating these data to smaller areas or grids is needed. Popu-
lation, housing units, and land use are among the many criteria that have been
used to make this allocation. The development of the CAASE system was begun as

an effort to reduce the subjectivity in selecting the appropriate grid sizes and

to reduce the time and effort required to carry out the allocation.
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, The design of the CAASE system centers on the use of the Bureau of the
Census information contained in the Master Enumération District Listing extended
with geographic coordinates (MED-X) tapes. These tapes contain all of the data
compiled by the Bureau of the Census for each of the enumeration districts along
with the'geographic coordinates of the center of area of the district. This
information is used to both develop an appropriate grid system and make the
allocation of data to these grids.

Figure 5.2 gives a flow chart of the current version of the CAASE system,
This is being modified by RTI but the basic flow through the system is not
significantly altered. CAASE cur{ently has five computer programs associated
with it and various subroutines called by these programs. A sixth program
(CAASED) has been developed to generate the data file titled "'Fuels' Totals
from Stripped NEDS Files Area Source Category' and this will be incorporated
when the revised version of CAASE is issued. Off-line gridding is now done
in the procedure steps between the execution of the second and third programs.
One of the modifications underway is to eliminate the need for manual gridding
at this point. The programs have been numbered CAASE 1 through CAASE 5 and
they perform the following functions:

CAASEl strips the MED-X census tape files for all of the enumeration
district population entries for all counties in the Air Quality Control Region
(AQCR) being processed. CAASEl also converts the coordinates of the center of
each enumeration district from latitude and longitude (in degrees) to Universal
Trans?erse Mercator (UTM) coordinates, which are used in dispersion modeling
programs. CAASEl also writes tape files to be used as input to the CAASE2 and
the CAASE4 programs.

The current format of the CAASE2 program, using edited tape files written
by CAASEl and the line-drawing plotter (in this application a CALCOMP plotter),
plots circles with their radii propértional to the population counts. When all
counties for a particular AQCR have been processed through CAASEl and CAASE2,

a grid for the entire AQCR must be determined using partly subjective means.

In order to make this determination a light-table is used; the population

plots afe overlayed onto a USGS map(s) containing all counties for the AQCR,

and a grid is manually selected for the entire AQCR. 'Because determining the
sizes of the grid squares and where they whould be placed is partially subjective,
the technical personnel performing this step should have had some experience in

gridding area source emissions using other techniques or should have been
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trained to use this technique. The modifications to CAASE? currently underway
are designed to eliminate the manual gridding step and generate the grid
system entirely by computer.

The CAASE3 program uses the input grid description cards and draws, to
scale, a map of the entire AQCR. The map drawn by CAASE3 portrays the grid,
and it is helpful in isolating any errors which may have been introduced when
preparing the load sheets or in keypunching and verifying the cards. All grid
elements must be square and errors of omission or the incorrect recording of a
coordinate(s) are quite obvious when this map is visually checked. A symbol,
in this application an "X," is optionally plotted at the center of each grid
square to help in the location of errors.

After the grid description cards have been corrected, if necessary, for
any errors found by using the CAASE3 program, the next step in the procedure
is to use the CAASE4 program which assigns apportioning values to each of the
grid squares. For each area source emission category included on the area
source input form, an apportioning factor has been assigned using objective data
when possible. Bureau of the Census MED-X data tapes contain a population count,
a housing count, and a rural/urban classification for each enumeration district.
Each grid description card includes the side length of the grid square from which
the area is calculated. County totals for most of the area source emissions
categories can be objectively apportioned using population, housing, area, or
a combination of these three measurements. One obvious exception is the appor-
tioning of emissions from aircraft operations which would require a knowledge
of airport locations and, if more than one airport was located within a county,
their relative operations activity. Table 5-2 illustrates the apportioning
factors used in the current CAASE system and Table 5-3 illustrates those factors
that have been decided on for the new NEDS area source format.

The CAASE4 program logic has been written to permit the user to subjec-
tively override any of the objective apportioning factors. The actual appor-
tioning factor for each source category used within the program is the product
of a weighting factor and the assigned objective factor. This allows the user
to override the programmed (or objective) apportioning factor within any partic-
ular county (or counties) if information to do so is available. The output
of the CAASE4 program includes binary tape files which are used as input files
to the CAASES5 program. CAASE4 output files contain, for each grid square and

source category combination for each county, a number which can be used to
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Table 5-2. Objective Apportioning Factors Current Area Source
Category Major Minor Objective
Number Classification Classification Apportioning Factor

1 Residential Fuel Anth, Coal Housing Units

2 Residential Fuel Bitum. Coal Housing Units

3 Residential Fuel Dist. 0il Housing Units

4 Residential Fuel Resid. 0il Housing Units

5 Residential Fuel Nat. Gas Housing Units

6 Residential Fuel Wood Housing Units

7 Comm'l & Institl Fuel Anth. Coal Population

8 Comm'l & Institl Fuel Bitum. Coal Population

9 Comm'l & Institl Fuel Dist. 0il Population

10 Comm'l & Institl Fuel Resid. O0il Population

11 Comm'l & Institl Fuel Nat. Gas Population

12 Comm'l & Institl Fuel Wood Population

13 Industrial Fuel Anth. Coal Population

14 Industrial Fuel Bitum. Coal Population

15 Industrial Fuel Coke Population

16 Industrial Fuel Dist. 0il Population

17 Industrial Fuel Resid. 0il Population

18 Industrial Fuel Nat. Gas Population

19 Industrial Fuel Wood Population

20 Industrial Fuel Process Gas Population

21 On-Site Incineration Residential Bousing Units

22 On-Site Incineration Industrial Population

23 On-Site Incineration Comm'l & Institl Population

24 Open Burning Residential Housing Units

25 Open Burning Industrial Population

26 Open Burning Comm'l & Institl Population

27 Gasoline Fuel Light Vehicle Population

28 Gasoline Fuel Heavy Vehicle Population

29 Gasoline Fuel 0ff Highway 1/Population Density
30 Diesel Fuel Heavy Vehicle Population

31 Diesel Fuel Off Highway 1/Population Density
32 Diesel Fuel Rail Locomotive Grid Sq. Side Length
33 Aircraft Military Area
34 Aircraft Civil Area
35 Aircraft Commercial Area
36 Vessels Anth, Coal Grid Sq. Side Length
37 Vessels Diesel 01l Grid Sq. Side Length
38 Vessels Resid. 0il Grid Sq. Side Length
39 Vessels Gasoline Grid Sq. Side Length
40 Evaporation Solvent Purchased Population
41 Evaporation Gasoline Marketed Population
42 Measured Veh Miles Limited Access Rds 1/Population Density
43 Measured Veh Miles Rural Roads 1/Population Density
44 Measured Veh Miles Suburban Rds Population
45 Measured Veh Miles Urban Roads Population
46 Dirt Rds Traveled ‘e 1/Population Density
47 Dirt Airstrips cen 1/Population Density
48 Construct Land Area N Area
49 Rock Handlg & Storage e Area
50 Forest Fires Area-Acres 1/Population Density
51 Slash Burning Area-Acres 1/Population Density
52 Frost Control Orchard Heaters 1/Population Density
53 Structure Fires No. Year Population
54 Coal Refuse Burning Size of Bank Area

a R . P
Each of the above apportioning factors is multiplied by a welghting factor where
some are initialized as zero for all grid squares and some are initialized as 1.0 for

all grid squares. These initial weighting factors can be overridden with input
data if desired.
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Table 5-3. Objective Apportioning Factors New Area Source
Categor Major Minor Objective
Num%ery Classification Classification Apportioning Factor
1 Residential Fuel Anth. Coal Housing Un%ts
2 Residential Fuel Bitum. Coal Housing Units
3 Residential Fuel Dist. Oil Housing Units
4 Residential Fuel Resid. 0il Housing Units
5 Residential Fuel Nat. Gas Housing Units
6 Residential Fuel Wood Housing Units
7 Comm'l & Institl Fuel Anth. Coal Populat%on
8 Comm'l & Institl Fuel  Bitum. Coal Populat%on
9 Comm'l & Institl Fuel Dist. 0il Population
10 Comm'l & Institl Fuel Resid. 0il Population
11 Comm'l & Institl Fuel Nat. Gas Population
12 Comm'l & Institl Fuel  Wood Population
13 Industrial Fuel Anth. Coal Population
14 Industrial Fuel Bitum. Coal Population
15 Industrial Fuel Coke Population
16 Industrial Fuel Dist. 0il Population
17 Industrial Fuel Resid. 0il Population
18 Industrial Fuel Nat, Gas Population
19 Industrial Fuel Wood Population
20 Industrial Fuel Process Gas Population
21 On~-site Incineration Residential Housing Units
22 On-site Incineration Industrial Population
23 On-site Incineration Comm'l & Institl Population
24 Open Burning Residential Housing Units
25 Open Burning Industrial Population
26 Open Burning Comm'l & Institl Population
27 Gasoline Fuel Light Vehicle Population
28 Gasoline Fuel Light Truck ?
29 Gasoline Fuel Heavy Vehicle Population
30 Gasoline Fuel Off Highway 1/Population Density
31 Diesel Fuel Heavy Vehicle Population
32 Diesel Fuel Off Highway 1/Population Density
33 Diesel Fuel Rail Locomotive Grid Sq. Side Length
34 Aircraft Military Area
35 Aircraft Civil Area
36 Aircraft Commercial Area
37 Vessels Coal Grid Sq. Side Length
38 Vessels Diesel 0il Grid Sq. Side Length
39 Vessels Resid. 0il Grid Sq. Side Length
40 Vessels Gasoline Grid Sq. Side Length
41 Evaporation Solvent Purchased Population
42 Evaporation Gasoline Marketed Population
43 Measured Veh Miles Limited Access Rds 1/Population Density
44 Measured Veh Miles Rural Roads 1/Population Density
45 Measured Veh Miles Suburban Rds Population
46 Measured Veh Miles Urban Roads Population
47 Dirt Rds Traveled 1/Population Density
48 Dirt Airstrips . 1/Population Density
49 Construct Land Area Area
50 Misc. Wind Erosion .o ?
51 Land Tilling .e ?
52 Forest Wildfires Area-Acres 1/Population Density
53 Managed Burning Area-Acres ?
54 Agri., Field Burning Area-Acres ?
55 Frost Control Orchard Heaters 1/Population Density
56 Structure Fires No. Year Population

®Each of the above apportioning factors is multiplied by a weighting factor where

some are initialized as zero for all grid squares and some are initialized as 1.g

for all grid squares. These initial weighting factors can be overridden with

input data if desired.
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apportion a fraction of the county total into each grid square within the
county. Each county within the AQCR is processed separately through the CAASE4
program using the grid squares associated with the county, the MED-X census

data, and any overriding weighting factors provided as additional input data.

The CAASES5S program, using ''fuel" totals for each of the emission source
categories for area sources, apportions these '"fuels" into the individual grid
squares, CAASE5 uses the same methods as those used in standard EPA programs
to calculate the emissions using fuel totals and emission factors for each of
the source emissions categories. The term "smear" has generally been used when
describing the process of apportioning the total emissions for a county into the
grid squares within a county. The CAASE5 program does the 'smearing" by using
apportioning factors assigned by CAASE4. CAASES first "smears' the '"fuel" for
each of the categories into each of the grid squares and outputs (prints) a
tabular listing (and writes a binary magnetic tape) for all grid squares within
the county for each emissions source category. For each area source emissions
category, each grid square receives a fraction of the county total - that
fraction being the number associated with that particular grid square and "fuel"
category divided by the sum of all apportioning numbers for that '"fuel" category
within the county. For any area source category, the apportioning fractions

summed over’' all grid squares for that county equals unity.

Procedurely, the pollutant emissions are calculated for the county totals
and then "smeared." This procedure is used, rather than calculating emissions
for each grid square using "smeared" fuels, because the calculations for
"smearing'' do not require as much computer time as the calculations of the
emissions. For each source category, emissions are calculated for the five
pollutants: su§pended particles (SP), sulfur dioxide (SOZ), oxides of nitrogen
(NOX), hydrocarbons (HC), and carbon monoxide (CO). As emissions of each
pollutant are calculated and 'smeared," a tabular listing is output (printed)
of the "smeared" emissions for each pollutant as was done with the fuels. The
county totals for each emissions source category are output to indicate the con-
tribution of each of them to the total emissions for each pollutant. For each
grid square the "smeared" emissions from all source categories are summed for
each pollutant for output in the Implementation Planning Program (IPP) expanded
card format for area source inputs. A binary magnetic tape is also written
containing all data items in the tabular listings and card decks. The output

from CAASES, then, includes tables of "smeared" fuel totals and "smeared"
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emissions for each of the five pollutants of interest, where for eacﬁ grid
square a separate value is printed for each source category. Also,'a card
deck is punched in the IPP format, containing, for each grid square, the
total suspended particles, sulfur dioxide, oxides of nitrogen, hydrocarbon
and carbon monoxide emissions '"smeared" into each grid square for all source
categories.

5.2,2 System Use

The CAASE system has been used in a number of applications. The docu-
mentation for CAASEll was issued as part of the guidelines on air quailty '
maintenance planning and as a result, the applications of CAASE have focused
on its use as part of an AQMA analysié. 0f the seven state agencies surveyed
in Phase I of this feasibility study, three had used CAASE, at least in part,
for their AQMA analysis. A comprehensive survey of CAASE users was not con-
ducted, but informal contacts with state and local agencies indicates that
the system is widely recognized as an available tool for air quality analyses
and has been used in a number of situations.

The Phase I report indicated that experience with the system was mixed.
The system was presenting more problems in its implementation than the standard
dispersion models had, but this is to be expected since the system is much
more complex. The current modifications to CAASE designed to eliminate the
manual gridding process may eliminate some of this complexity.

Algo, some questions were raised as to the accuracy of the CAASE procedure
of allocéting the countywide totals to the grids on the basis of the population,
housing unit, or area allocation parameters. As is shown in the detailed
evaluation of CAASE 9gainst the CEPA requirements, this procedure corresponds
to the Level 1 and 2 analysis; there is no provision for surrogate variable
inputs to do the more detailed calculations.

5.2.3 Comparison with CEPA Requirements

The details of the comparison of the CAASE system against the CEPA
requirementg are given in Appendix B.

The strong point of the CAASE system is its ability to generate a master
grid system on the basis of an objective measure of population distribution.
In all of the other systemsthe user must define the master grid manually, often
on the basis of subjective judgementé. This concept may be open to challenge
using the argument that a population based grid system will not necessarily

accurately reflect the emission distribution. That is, emissions are not



65

always distributed in the same ways as the population. Nevertheless, the
majority of air quality analyses that have been done use a grid that is
population-oriented. This is accepted practice and also provides a method

for focusing on population exposures to air pollutants. With regard to the
CEPA requirements of being able to process several subarea sets into the master
grid and of being able to map activity into a changing master grid, CAASE
cannot meet either. CAASE.starts with the Census Master Enumeration Districts

and maps into a population-based master grid only.

Another strong point of the CAASE system is its ability to process Bureau
of the Census tapes. This is not a trivial problem because of the large amount
of information to be handled and because of the geographical idiosyncrasies of
the county and subcounty boundaries. This capability is a very strong analytical
tool for the air quality amalyst in that it makes available to him the full
extent of the Census data.

The CAASE system meets the CEPA requirements for inputing fuel consumption
in the residential, commercial/institutional, industrial, and transportation
sectors, solid waste disposal, solvent use, and futive-dust-generating activity.
All of these are input in standard NEDS countywide format and allocated to the
grid squares on the basis of the allocation parameter shown on Table 5-2. The
system does not, however, have any provision for dealing with surrogate variables
and calculating the emission distribution from them. (The surrogate parameters
of population and housing units on the Census tapes are used to determine the
allocation proportions only and are not used for direct emission computatioms.)

This situation illustrates the basic design philosophy of CAASE as it
relates to CEPA requirements., CAASE was designed to assist in the development
of a grid and the allocation of emissions to that grid. It was not intended to
provide substantial assistance in emission computations. In this light, the
majority of the CAASE system is meant to be run only once. Programs CAASEL
through CAASE3 need not be used after the master grid is set up. CAASE4 will
be used only infrequently after the initial run and serves the function of
changing any of the apportioning factors. CAASE5 is the only program that
needs to be run more than once as it operates on the emission inventory, which
will change as growth scenarios and control strategies are applied. The
entire CAASE system is, therefore, a tool that is used to initiate an air quality
analysis (by developing the grid) but is not used to continue the analysis to

study various management and control optionms.
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This is further evidenced by the way in which growth and control
strategies are handled by CAASE. The system treats these scenarios as inputs
in the form of NEDS area source data. It does not provide a means for computing
what the effect of a particular growth or cont;ol strategy is, but only computes
emissions from a specified strategy. . In essencé, the user must externally
determine how an emission—-producing activity is affected by growth or controls,
input these into CAASE in the NEDS area source format, and then the system will
take over =0 allocate these to the grid cells. Therefore, élthough CAASE
technically meets the CEPA requirements of being able to process data indicating
the effect of growth and controls,\it still requires a great deal of user manual
calculation to prepare the input data appropriately.

The CAASE system does not treat point sources at all. its design was
intended to be oriented exclusively to aréa sources. To meet CEPA requirements,
entirely new coding would be needed. This is tantamount to developing the
entire CEPA system for point sources anew.

The CAASE system meets virtually all of the CEPA computer requirements.
The only significant requirement that the current version does not meet is its
ability to operate on the EPA UNIVAC 1110 computer, but the current modification
underway call for the UNIVAC conversion to be made.

5.2.4 ‘éequired Modifications

From the detailed evaluation of CAASE in Appendix B, it is estihated

that to modify CAASE to meet all of the CEPA requirements would take 5-7.5

person—yéars (60-89 person-months using the sum of all the tasks) of effort.
The largest efforts involve the development of point source, growth, and
control strategy foutines, the upgrading of the gridding routines to handle
other than Census Districts and population-oriented grids, and the development
of surrogate variable input routines. A number of small tasks needed to
upgradé the transportation sources also add-uﬁ to a éignificant,effort in
this sector.

It is evident by reviewing the extent of the modifications needed for
CAASE that the efforts amount to almost an entirely new system development.
This is because CAASE was designed to do a very specific job and there was never
any need to generalize the routines for other applications. This is not a
criticism of CAASE for it serves a useful function in performing its design
tasks but 1t casts significant doubt on the reasonability of attempting to

modify it to fit CEPA requirements.
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5.3 THE ESAQ SYSTEM

The evaluation of ESAQ was made on the basis of the information con-
tained in Refs. 13-14. These materials do not constitute formal documentation
of the system but are only general descriptions used for overview information;
formal documentation does not now exist on the ESAQ system. To further identify
the performance of ESAQ, discussions with Engineering-Science representatives
were held. Most of the details of the evaluations were made on the basis of
these discussions. For this reason, the comments made about the ESAQ system
must be offered with a caveat. The information is based on the interpretation
of verbal communications and may be subject to inaccuracies typical of this
type of procedure. Every effort was made to clarify any points of uncertainty;
nevertheless, it is possible that the results of some of these evaluations may
be erroneous or incomplete because of the unavailability of written

documentation.

5.3.1 System Description

The Engineering-Science Air Quality (ESAQ) system was developed as a
result of air quality analyses performed by Engineering-Science (ES) of McLean,
Virginia. The original impetus for the development of the system came from
some studies that ES performed in Fairfax County, Virginia. Later studies
resulted in modifications and upgrading of the system.

The ESAQ system consists of a number of computer programs, some of which
were developed by ES and some of which were modified from codes developed by
EPA and the National Climatic Center (NCC), Figure 5.3 illustrates the struc-
ture of the code. The system has five major subsystems: (1) a "Land Use"
subsystem that processes data on residential and commercial/institutional fuel
combustion and allocates area source data to subcounty areas, (2) a "Traffic"
subsystem that handles all motor vehicle sources, (3) a "New Industry' sub-
system that processes point source information, (4) an air quality and meteor-
ological data subsystem, and (5) an air quality dispersion model subsystem.
These subsystems are not entirely discrete entities in that there is some over-
lap and sharing of functions., Also, the titles of each subsystem do not com-
pletely reflect the functions performed.

The air quality dispersion model subsystem consists of the Air Quality
Display Model (AQDM), the APMAX model for short term, point source analyses
and the AQHIWAY model for line source analyses. AQDM and AQHIWAY are modifi-

cations of EPA programs. These functions are outside the range of CEPA
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requirements and the only important point to emphasize is that the structure
of the ESAQ system allows for these to be easily replaced with other models

simply by changing the preprocessing programs to generate input decks in the
desired format.

The air quality and meteorological data subsystem includes the AQDHS
system for storing and maintaining air quality data, the AQSTAR program for
generating statistical summaries of meteorological data, the AQPREAQ program
that preprocesses air quality data into the appropriate format for the dispersion
models, and the AQLCLSTR that generates the statistical meteorological summaries
for locally generated data. The AQDHS system is an EPA code and the AQSTAR
program was developed by NCC. This entire subsystem is also outside the scope
of a CEPA system and will not be discussed further.

One of the most significant compoments of the ESAQ system is the ''New
Industry" subsystem. The title is somewhat of a misnomer since the subsystem
handles all sources. The core of the subsystem is the Emissions Inventory
System/ Permits & Registration (EIS/P&R). EIS/P&R consists of approximately
15 programs and was developed by EPA. It is a data management program designed
to edit, update, and calculate emissions for point and area source inventories;
select and retrieve specific information; prepare emission reports; and process
data for creation of emission scenarios. To the full capability of EIS/P&R,
ES has added several preprocessor programs AQPREPTE, AQPREAAE and AQCOMBIN
to translate EIS/P&R output into model-compatible form and another module,
AQUPNEDS, to update residential, commercial/institutional fuel, and VMT data
in the EIS/P&R files.

The "Land Use' subsystem contains four important codes: AQVOLL3R,
AQVOL13C, AQLNDUSE, and AQALLOC. The first two compute residential and
commercial/institutional, respectively, fuel use by means of the surrogate
variable procedure. That is, number of housing units in a subarea (for
residential) or floor space (for commercial/institutional), building size
distribution, fuel use distribution, fuel consumption factors, and degree-—
days are input and the fuel consumption for each subarea is computed. This
corresponds to the Level 3 analysis described in Section 2. The third is an
updating code to change the building size distribution used in the first two.
The fourth program, AQALLOC allocates area source emissions in NEDS format
to subareas on the basis of input allocation parameters. This program is

almost identical in operation to the CAASE 4 and CAASES routines operated
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in the full override mode (i.e., where the user specifies the allocation
parameters rather than using the population-based parameters generated by the
program). The AQALLOC program corresponds to the Level 1 and 2 of Section 2
and processes the emissions from all area sources included in the NEDS
structure.

The "Traffic" subsystem centers around the AQTRFGEN program. One
function of AQTRFGEN is to calculate emissions of carbon monoxide and hydro-
carbons from each link, after considering such factors as type of road, speed,
and vehicle mix. The emission information is reported on a link-by-link basis.
In addition, carbon monoxide emissions are written to a file named AQ.TRAFIC.
MSTR, where data concerning the link's location and configuration are stored.
This file is comverted to HIWAY format by AQHWYSRT for subsequent analysis of
carbon monoxide concentration. Another basic function is to read estimated
traffic counts on each segment of the highway network and assign vehicle miles
traveled to the proper subcounty area. The totals for each subcounty area
are sent to the EIS/P&R system for calculation of emissions, and subsequently
to AQDM for an area-wide analysis of particulate and sulfur dioxide concen-

trations.

The purpose of the AQHWYADD program is to modify a file containing data
concerning highway links or segments that are not maintained by TRIMS (typical
traffic model). The format for this file is the same as that for AQ.TRAFIC.
MSTR, which is updated with information supplied by TRIMS (or other traffic
models) each time that AQTRFGEN is run. The AQHWYADD file, AQ.HWY.AQDL. SEG,
is used in conjunction with AQ.TRAFIC.MSTR by the AQHIWAY preprocessor AQHYWSRT.
The outputs are a modified file, and a formatted listing of the file after all

modifications have been performed.

The AQHWYSRT program accesses the highway link files maintained by
AQTRFGEN and AQHWYADD, selects those within a certain radius from a selected
center point, converts average daily traffic to l-hour or 8-hour carbon monoxide
emissions using emission factors, and reformats the data for use by AQHIWAY.
The output consists of a file containing those highway links within the selected
area with emissions greater than zero, and printed messages indicating how

many links were selected. The file may be used directly by AQHIWAY,
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5.3.2 System Use

The ESAQ system has been used for air quality analyses in 5 areas. The
system is currently operational only on ES in-house computer (an IBM 370/165)
and has not been used outside the company. The lack of formal documentation
and the general unavailability of the code have precluded its use elsewhere.
In its current state, the system must be viewed as an in-house program that is
not available for use by air pollution control agencies except through

Engineering-Science.

5.3.3 Comparison with CEPA Requirements

The details of the comparison of the ESAQ system against the CEPA

requirements are given in Appendix C.

The ESAQ system comes closest, of all the systems evaluated, to meeting
the CEPA requirements. Its structure, designed to meet air quality maintenance
planning needs, parallels very closely the general analytical capability required
of CEPA. One of its strongest features is its focus om the EIS/P&R system
as the core of its data management. This makes the system very attractive in
that it is entirely compatible with the emission inventory routines that are

being more widely accepted for use in the states.

The major weakness of the system is its lack of documentation, its
general unavailability for use in the states, and the lack of experience with
it outside of Engineering-Science. These are not significant problems to
overcome but they are important in that the entire evaluation of the system

must be qualified by these considerations.

The ESAQ system can meet virtually all of the CEPA requirements for
residential, commercial/institutional, and industrial fuel combustion sources.
The lack of the ability to extract point source fuel use from input fuel use
totals is relatively minor and would require only small programming changes.
Likewise the transportation source requirements are almost entirely met. New
coding to allow a user to input generalized growth factors would not be
difficult to develop. The treatment of solid waste disposal sources requires
a little extra effort to allow the waste generation to be calculated on the
basis of a surrogate variable. Miscellaneous source treatment also requires

only small modifications. For industrial process sources, the system does
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not disaggregate growth among existing, new, and unknown sources. This would

require some more extensive effort to program but would still not be difficult

to achieve.

In dealing with the mapping of emissions from subareas to master grids,
the system can only deal with one subarea set and one master grid network. As
this is primarily a bookeeping problem, the development of new code to handle

several subarea sets and/or master grids would be straightforward.

The manner in which the system deals with growth and control strategies
is one of its weak points. This is a function of how the EIS/P&R system is
used. The in-line COBOL retrieval system is used to extract those sources for
which a growth rate or control strategy is to be applied. The user must then
program, in COBOL, the application of each seenario to each source category
separately. While this process does, in fact, allow the user to deal with a
wide variety of growth and control scenarios, there are two major problems
with it. First, the coding must be done in COBOL. This language was not
designed to handle extensive or complex computations and may prove difficult
to use in complicated conditions. Also, Phase I of this feasibility study
indicated that COBOL was not as widely used in the state agencies as FORTRAN.

Of the seven states surveyed, one did not have COBOL capability at all and

two others had only limited experience with it. It may be argued that any agency
using the EIS/P&R system would, of necessity, have to have COBOL capability and
this problem would not arise. This a valid point but the use of the COBOL
language in a computational mode to apply growth or control strategies may be
beyond the capabilities of an agency or, at best, many not be the most efficient

way to do this type of analysis.

The second problem with the ESAQ system's growth and control strategy
procedure is that the scenario must be programmed for each source category
separately. Where only a few source categories are affected this is not a
problem, but when a large number of categories are involved this may be a
tedious and time-consuming chore. Also, this process does not aid the user
in doing standard types of analyses with minimum effort. Every scenario must
be programmed anew as opposed to just inputing data representing the desired

conditions.

With regard to the CEPA computer requirements, the ESAQ system satisfies
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most of the needs with the exception of the availability of documentation and

the use on other computers, especially the UNIVAC. These problems have already
been addressed.

5.3.4 Required Modifications

From the detailed evaluations of ESAQ in Appendix C, it is estimated
that the modifications necessary to meet all of the CEPA requirements would
take about 3-5 person-years (36-61 person-months using the sum of all the tasks)
of effort. The largest efforts would involve the development of better growth
and control strategy routines, the preparation of documentation, and the testing

of the code on other computers.

Review of the detailed evaluations also shows that a good deal of this
cost is taken up by making a large number of relatively small modificatioms.
Also, these small modifications, in many cases, represent desirable although
not essential features. Significant cost savings could be effected by reducing

the CEPA requirements to the minimum acceptable level,

5.4 THE MWCOG SYSTEM

The evaluation of the MWCOG system was made primarily on the basis of
the information contained in Refs. 15-17, The materials do not constitute
formal documentation of the system and were supplemented with discussions with
MWCOG staff. The comments made regarding the MWCOG system must be tempered
with the qualification that there is no documentation and the possibility of

misinterpretation of verbal communications is present.

5.4.1 System Description

The Metropolitan Washington Council of Governments (MWCOG) system was
developed to assist the air quality planning efforts of the Council. Its
design was based on making use of existing data and systems, particularly
transportation-oriented, that were available to the COG. It was intended
primarily as an in-house analytical tool but has seen some applications out-
side the Council. It was developed entirely by MWCOG staff.

t

The MWCOG system can only loosely be described as a "system." More

accurately, it is a set of computer programs, each of which generates a
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specific output. These outputs can be fed into other programs to obtain
additional results. Figure 5.4 illustrates the relationships between the

different codes; Table 5-4 gives a brief summary of the programs.

The system begins with the calculation of fuel combustion emissioms.
The input data consists of a 1972 demographic data base (primarily Census
information aggregated to planning districts) and 1980 and 1985 projections
of this data base. The GROWTH routine uses this informationm to compute growth
factors for households (H), employment (E), and a parameter callad "activity"
(A=B+E). It was discovered by some statistical analyses that the activity
parameter sometimes gave a better growth projection than either households

or employment alone.

The growth factoers, a 1972 fuel use survey, and assumptions about future
fuel use patterns are usad in FUELGR to develop growth factors for fuel con-
sumption. The GROW routine then proceeds to compute future emissions from
fuel combustion and tabulates this information by planning district. GROW
also receives input in the form of an area source emission inventory and applies
growth factors to generate an updated inventory. The update is computed by
applying either the household, employment, activity, or fuel growth factors
to the current emissions. The user can input non-demographic growth rates

to handle special sources (e.g., airports).

The GROW routine is also used to compute the effect of changes in
emission rates due to regulations, changes in emission factors, etc. This is
done by developing an effective growth rate that reflects both growth and

changes in emission rate.

The output of GROW is emissions by planning district. The CONVRT routine
maps these into grid emissions using a table look-up procedure. The mapping
can be made on the basis of area, population, employment, or any other desired
parameter. CONVRTI prepares the emissions for input into any one of a number

of dispersion models.

The EMSUM routine takes the district emissions and generates a summary

by ring, political jurisdiction, and region.

Transportation emissions are handled by using a travel demand model that

cperates from data on the present transportation system and on projected
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Table 5-4. Components of the MWCOG System

Program Description
Name
1. ALLOK? Version of the HANNA Model which iterates for point and area sources uatil air
quality standard 1is violated.
2, BIOMED Statistical Package

3. CALIBRATE

4, CDM

5. compco?
6, CONVRT®
7. EGAMA
8. EMIs®
9. EMSUM®
10. EXPOSE®
11. FUELGR?
12. GROW?®
13. GROWTH?
14. uanna?
15, HIWAY
(batch & in-
teractive)
16. HIWEMF®
17. tcoM®
18 . INTRANS
19 . LOADEM?
20, LOADTRK?
21, Mpxy?
22 . pLUME®
23, psmap?

Applies calibration factors.

The Climatological Dispersion Model estimates long-term concentrations of non-
reactive pollutants due to emissions from area and point sources in an urban area.

Converts Hanna CO concentrations in 16 x 15 grid matrix to a 12 x 12 grid matrix
for input to ICOM.

Converts district emissions to grid emissions for a 5 km. and/or 2.5 km. grid system.

Numerical simulation model for non-reactive pollutant analysis.

Computes auto emissions per AP-42 Supplement #5 for years 1974 through 1992 by
district given the number of trip starts and ends along with VMT and average speed
per district.

Program compiles district area source inventory by jurisdiction and ring.

Computes percent household, employment and activities over the primary and sec-
ondary standards.

Program will project fuel use by district given energy use assumptions and growth
factors from GROWTH.

Program will project area source emissions inventory by district given future fuel
inventory from FUELGR, growth factors from GROWTH, nondemographic growth factors
(airports, etc.), and projected auto and truck inventories along with the base year
inventory.

Computes growth factors given basesand future year projections of housing, employ-
ment and activities by district.

Box model used to estimate long-term concentrations of non-reactive pollutants due
to emissions from area and Gaussian model for point sources.

Line source model used to simulate short term CQ concentration near a roadway.
The model assumes Gaussian plume dispersion.

Computes CO emission rates (g/sec-m) using techniques described in AP-42, Supple-
ment 5. Results are used as input to HIWAY.

Program incorporates the EPA-HIWAY model, Urban Street Canyon subroutine of APRAC-1A
and the Hanna-Gifford area source model used to calculate the CO urban background.

Interactive program performs many statistical manipulations to data sets then
visually displays the results as graphs, maps or list of statistics on CRT terminal.

Converts output from the Travel Demand Model for autos in 168 districts to trip end
VMT data (by special categories) for 134 districts for input to EMIS.

Same as LOADEM except for trucks.

Program converts the longitude and latitude coordinates of a geographical point to
the X and Y coordinates of the Maryland Plane System.

Program calculates both the Briggs and Holland plume rise in meters at several
downwind distances.

Program draws the outline of the region and plots data points on a graph plotter.

aMWCOG'-developed. Available on request.
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demographic forecasts. The output of this model is a set of trips and VMT
on the traffic planning zones. The model itself is not part of the MWCOG
system and is a standard transportation planning tool. The EMIS routine
computes motor vehicle emissions and feeds this information into the GROW

program for assignment to the appropriate district.

All of the other programs in the MWCOG system (HANNA, CDM, BIOMED,
PLUME, CALIBRATE, SYMAP, EXPOSE) are out of the scope of the CEPA system.

Point sources are handled in the MWCOG system as input data only. No
attempt is made to do any calculations on these data other than air quality

computations. Growth in point source activity is handled manually.

5.4.2 System Use

The MWCOG system has been used extensively by the Council in its air
quality analysis programs. Approximately 20-30 different growth scenarios

for the metropolitan Washington area have been tested with the system.

The COG has effered to give the programs to any interested party. To

date, the EMIS routine has been most in demand since it handles the com-
plexity of applying motor vehicle emission factors. The system as a whole has

not been used outside of the agency.

5.4.3 Comparison with CEPA Requirements

The details of the comparison of the MWCOG system with CEPA requirements

are given in Appendix D.

The MWCOG system is attractive as a CEPA candidate from the standpoint
of its simplicity and ease of operation. A number of simplifying assumptions
are made that reduce the generality of the system but also make it much easier

to understand and operate.

The system meets the fuel combustion requixements for residential and
commercial/institutional sources reasonably well. The GROWTH routine that
allows the user input a base and projected scenario and computes growth factors
in especially useful. Likewise, the highway vehicle emission computations are
handled reasonably well, with the exception that the user cannot easily input

specific link data; all information is handled through the travel demand model.
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The system is weak in the manner in which it handles area source emissiong
other than fuel combustion and highway vehicles. The data is input to the GROW
routine where growth factors are applied. These growth factors account for both
the increase in activity and the change in emission rates. This approach is a
simplification that enables the user to avoid getting into the details of each
source category. At the same time it reduces the accuracy of the calculation
and does not allow the user to simulate growth and/or control strategies that
cannot be represented by a simple growth rate. If the user does wish to do
a more detailed calculation he must manually compute an "effective' growth
rate for input into the system.

A second area where the system does not meet the CEPA requirements is
in the handling of point sources. The system was never designed to treat point
sources other than as input to the dispersion models. This leaves a significant

gap in the needs as outlined for CEPA.

In terms of computer requirements, the system's simplicity assures that
it can function under most of the requirements. The lack of documentation is

the most severe limitation at this point.

5.4.4 Required Modifications

From the detailed evaluations of Appendix D, it is estimated that modi-
fications to the MWCOG system to meet CEPA requirements would thake about 4-6
person-years (51-79 person-months using the sum of all the tasks) effort. The
largest efforts would be in developing routines to handle the point sources
and adding more detailed treatments of some of the area source categories. A
significant effort would also be spent on making modifications to the trans-
portation routines to handle other than highway vehicles in more detail and in
allowing user input of specific highway link data. The development of a control
strategy routine to replace the "effective" growth rate procedure would also be

an extensive task.
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6 COST ANALYSIS OF THE CEPA SYSTEM

The CEPA system concept is based on the consideration that the avail-
ability of such a system will save time, effort, and momey in the conducting

of an air quality analysis. This section will summarize the evaluation of

the existing systems as well as the development of a new system on this basis.

6.1 SYSTEM DEVELOPMENT COSTS

There are two basic procedures that can be followed in developing the
CEPA system., One of the existing systems just described can be modified to
meet the CEPA requirements or an entirely new system can be developed. The
comparison of these two approaches must be made on the basis of several criteria.
First, the effort required to either modify an existing system or develop a new
system must be estimated. This effort must be described in terms of skills
required, extent of effort (in person-months), and personnel required on the
part of EPA staff and assisting contractors. Second, the time required to per-
form the modifications or develop the new system must be considered. Third,

the cost of modifications or development must be estimated.

6.1l.1 Modification and Development Resource Requirements

The estimates of the effort required to make the modifications on each
of the existing systems has already been described (Appendices A-D). Appendix
E gives the estimates for the development of an entirely new CEPA system. These
effort levels are consistent with those given on the modificatiomns in that a
major coding effort for modifying an existing system is assumed to be equivalent

to developing that piece of the CEPA system anew.

Effort Table 6~1 summarizes the technical effort required to modify the
existing systems and to develop a new CEPA system. It is important to note
that these effort estimates vary by about a factor of two for the programming
associated with each task category and for the entire modification or develop-
ment, This is because past experience with the development of large scale
computerized systems has indicated that integrating a number of independent
programs into a unified whole and identifying and correcting coding errors can
easily consume substantial amounts of time above and beyond that required to
write the first version of the programs. The lower effort numbers should, there-

fore, be taken to represent that which is required if no substantial problems



Table 6-1 Summary of Modification and Development Efforts for CEPA System

Effort, person~-months

Category
AQUIP CAASE ESAQ MWCOG New CEPA

Residential Fuel Combustion 5-10 6~-10 1-2 3-5 13~23
Commercial/Institutional and Industrial Fuel Combustion 2=4 3-6 - - 6-12
Electric Generation and Internal Combustion 2-3 2-3 2-3 2-3 2-3
Industrial Process 5~8 8-10 4-7 8~10 7-10
Transportation 4-6 11-15 3-4 11~18 17-27
Solid Waste Disposal 3-4 3-6 3-6 4-8 7-14
Miscellaneous 1-2 2-3 2-4 6—8 6-13
Gridding 5-9 5-7 2-4 2-4 5-10
Growth 4-6 7-11 5-9 - 7-11
Control Strategies 6~-10 6-8 5~-8 6~9 6-10
Computer Requirements 14-23 7-10 9-14 9-14 11-16

TOTAL 51-85 60-89 36-61 51-79 87~149

08
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are encountered and the coding proceeds without the need for significant back-
tracking to trace down errors. The larger effort numbers reflect the resources
required if there are substantial difficulties in integrating the various pieces

of the system together and if errors that are difficult to find and correct
appear regularly.

It is evident from the table that the effort required to either modify
an existing system or develop a new system is substantial. Even the least
effort (i.e., modification of the ESAQ system) still requires about three
person~years of work to meet all of the CEPA requirements. The ESAQ system
modification would require the least amount of effort since, as was indicated
in the detailed evaluations, it already meets many of the requirements. The
AQUIP and MWCOG systems require about equal effort to modify and the CAASE system
requires slightly more effort. The low effort estimates for developing an en-
tirely new CEPA system about match the high effort estimates of modifying AQUIP,
CAASE, and the MWCOG routines. The indications are that if the modifications run
into difficulties in integrating the codes and tracking down errors, they could
end up consuming as much effort as developing a whole new system if the develop=-

ment were done efficiently and without many problems arising.

Personnel The personnel required to carry out the modifications or new
system development would include both EPA and contractor staff. The magnitude
of even the smallest effort indicates that EPA in-house staff would not be able
to carry out these tasks without a significant readjuétment in their current
priorities, The staffing of the group to perform these tasks would depend on
the path chosen. At a minimum, EPA would need to assign a project officer to
monitor the work and to provide overall policy guidance. In addition, staff from
several EPA divisions would have to participate in setting down specific needs and
constraints that the system would have to meet. The project officer need not be
intimately involved with systems development and would probably spend only 1/4 -
1/2 time on this program. The other EPA staff would be involved only intermi-

mitently.
The contractor group would require a program manager to oversee the pro-
ject and to coordinate the efforts of other personnel. An air quality analyst,

either an engineer or a meteorologist, would be required to ensure that the

proper analysis procedures are being used and that the system will provide the
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most useful outputs to the ultimate users. A senior systems programmer would
be needed to lay the system out in the most efficient fashion from a computa-
tional standpoint. This is important in the design of a large and complex com-

puter package that will be processing a significant amount of information.

It is possible that one individual can function in more than one of these
roles. For example, the program manager and the air quality amalyst could be
the same individual and the senior programmer could do some of the basic coding
and debugging. In any case, the two minimum skills required to effectively
modify an existing system or develop a new system would be those of an ex-

perienced air quality anmalyst and a senior programmer.

For the purposes of this analysis it will be assumed that the contractor

staff will be composed of the following persomnel:

1 Program Manager/Air Quality Analyst - This individual will
be responsible for coordinating the effort and for providing
guidance on the air quality analysis procedures to be used.

This person will be attached to the program on essentially
a full-time basis.

1 Senior Programmer - This individual will have responsibility
for the computational design and structure of the system.

This person will also be assigned on a full time basis.,

1-3 Junior Programmers ~ These people will have responsibility- for

the coding and debugging of various portions of the system.

They will be assigned as needed.
There are obviously numerous perturbations to this scheme that could be con-
sidered, Nevertheless, this appears to be a reasonable structure possessing
the necessary skills to do the job. The last requirement on the number of Junior
Programmers is based on some practical considerations. The Senior Programmer
should have at least one assistant, even in the shortest efforts, to avoid hav-
ing to spend a great deal of time on simple coding and debugging. This assis-
tance can be used to shorten the time required to get the system operational,
The upper limit of three is based on the maximum number of people that could
effectively contribute to the program without creating undue confusion and

problems of coordination., System development or modification could probably

not be broken into more than three discrete pieces and still have the end pro-

duct remain a coherent whole. If this maximum group of five staff could not
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perform the required tasks in the desired time it will be assumed that the
time frame will be extended rather than add additional staff,

With regard to the four existing systems, the AQUIP, CAASE, and ESAQ
packages were developed by private contractors who could conceivably put together
the appropriate technical staff to carry out the modifications without much dif-
ficulty. The MWCOG system was developed by a regional planning agency for its
own needs and it is not clear that there would be any interest there in diverting
resources away from their prime mission (i.e., planning for the Metropolitan
Washington area) into the activity required for a major modification of the system.
If the decision was made to use that system as the basis for CEPA, it might be

necessary to bring in another contractor to assist in the work.

Time. The effort required for either modification of an existing system
or development of a new system has already been shown to be substantial., Al-
though all of the effort estimates are shown in person-months, there is a limit

to how much time savings can be achieved by increasing the staffing.

For the smallest effort (i.e., modifying the ESAQ system) it appears rea-
sonable to assume that the basic tasks will take at least 9 months to complete.
A shorter period would probably not be reascnable in light of the fact that
about 3 person~years of work are required to make the necessary changes. At
the upper end of the spectrum, the development of an entirely new CEPA system
that runs into significant difficulties could easily consume in excess of two
years to complete. As an upper limit of time it will be assumed that a maximum

of 24 months will be allowed for new CEPA system development.

It is evident from the Phase I feasibility study that time is a critical
element in making the CEPA system a useful tool for on-going air quality analyses.
On this basis, a decision to proceed with a modification of an existing system or
a new system development would probably be made with the intent of keeping the
developmental period as short as possible.

Costs. With the effort, skill, and time figures given above, it is now
possible to estimate the cost of development of a CEPA system. For the purpose
of this computation the following assumptions are made: (1) the contractor
group will consist of one program manager/air quality analyst, one senior pro=-
grammer, and one ~ three junior programmers, (2) in the interest of minimizing

time for system development, three junior programmers will be used where needed,

(3) development time will not be less than nine months nor greater than 24 months,
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(4) the lower estimate on resource requirements will assume no major problems
in programming, debugging, and testing the system while the upper estimate

represents substantial difficulties and problems eneountered.

Table 6-2 gives the cost figures to be used for each of the cost items
to be considered. The persomnel charges are averages taken from a review of
a number of proposals submitted by contractors with skills similar to those
required to do the CEPA development (no information from the four organizationms
with existing systems was used in developing these data). The monthly costs in-

clude all labor overhead and general administrative expenses.

The program manager is assumed to be a senior staff member of the organi-
zation but not a principal. The junior programmers are considered to be at a
level higher than technicians. Secretarial time is computed on the basis of
1/5th of program manager and senior programmer time. Travel expenses are com-
puted on the basis of program manager time only, Graphics and printing is a
one time charge. Computer use is assumed to be at the rate of seven hours per

month for each junior programmer. Finally, a 127 profit is added to the total

cost.,

Table 6~3 summarizes the resource requirements for each of the four
modifications and for new system development, It is evident that any approach
taken will involve the commitment of a significant amount of resources. The
least cost option is the modification of the ESAQ system, which is expected
given the evaluations of its performance as compared to CEPA requirements.

The most expensive option is the development of an entirely new CEPA system,
which is more than twice as costly as the ESAQ modification. The modifications
to AQUIP, CAASE, and MWCOG are roughly comparable and are about 30-607% more

expensive than the ESAQ modification.

All of the options can be completed within the established maximum of
24 months. For the new system development, however, encountering significant

problems could extend the time for completion to 30 months.

f

One very important observation must be made from the data on the table.
With the exception of the ESAQ modification, the upper estimates for modifying
existing systems comes very close to the lower estimate of developing a new
system. This same point was made with respect to the technical effort estimates

on Table 6-1. The indication is that an attempt to modify an existing system

that runs into substantial problems could conceivably end up costing as much as
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Table 6~-2 Summary of Staff Costs

Personnel Charge

Program Manager/Air Quality

Analyst $5000/month?@
Senior Programmer $3900/month?
Junior Programmer $3100/montha
Secretary $2500/month‘a

(Time computed as 1/5 of Program
Manager and Senior Programmer time)

Materials and Services

Travel (per person-year of program manager

time) $1000
Graphics and Printing $1500
Computer (time computed as 7 hours per $150/hour

person—-month of Junior Programmer time)

Profit (computed on total cost) 127

8Includes all overhead charges



Table 6-3.

Summary of Resource Requirements

AQUIP Modification

CAASE Modification ESAQ Modification

MWCOG Modification

New CEPA Development

Effort Effort Effort Effort
HrE (Eiizéﬁ- Cost? (perscn- Cost? (person— Cost? (person-— Cost? (person- Cost®
months) (1000%) months) (10003)  months) (1000$)  months) (1000%)  wmonths)  (1000$)
Program Manager/Air b
Quality Analyst 10-17 50-85 12-18 60-90 9-12 45-60 10-16 50-80 17-30 85-150
Senior Programmer 10-17 39-66 12-18 47-70 9-12 35-47 10-16 39-62 17—30b 66-117
Junior Programmers 31-51 96-158 36-53 112-164 18-37 56-115 31-47 96~146 53-89 164~275
Secretary 2.0-3.4 5.0-8.5 2.4-3.6 6.0-9.0 1.8-2.4 4,5-6,0 2,0-3.2 5.0-8.0 3.4-6.0 8.5-15.0
Travel .8-1.4 1 -1.5 0.8-1.0 0.8-1.3 1.4-3.0
Graphics 1.5 1.5 1.5 1.5 1.5
Computer 33-54 38-56 19-39 33-49 56-93
TOTAL 53-88.4 225-374 62.4-92.6 265-392 37.8-63.4 162-269  53.0-82.2 224-348 90.4-155.0 383-656
TOTAL with 12% profic $252~419 $296-439 $181~301 $252-390° $429-735
Minimum Time for Completion 10 mons 12 mons 9 mons 10 mons 17 mons

a
Cost figures may not add due to roundoff.

Under the assumptions of effort, the 24-month maximum time for development may not be met if significant problems are encountered.

c
Assuming private contractor called into assist.

98
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a well-developed new system. It can reasonably be argued that a modification

to an existing code is more prone to encounter problems since that code is being
changed to do tasks that are outside its initial design considerations. The
costs in this case are more likely to tend toward the higher side of the esti-
mate. For a new system, substantial problems requiring significant effort to
trace down are less likely to occur. The costs, therefore, will tend to the

lower side of the estimate. This should be given careful consideration in the

final decision on the best path to proceed.

Sensitivity Considerations. Given the range of estimates for CEPA

development, it is important to consider the parameters of most significance

in determining the total cost estimates.

Starting with the smaller items on Table 6-3, the travel and graphics
charges are insignificant and make no impact on the relative merits of any
option. The computer costs are significant but account for only 12-157% of the
total cost. The assumed rate of computer useage of seven hours per month for
each of the junior programmers would probably not vary by more than a factor of
two and the assumed computer charge of $150 per hour might go as low as $100
per hour or as high as $300 per hour. Despite the fact that the computer cost
could double or be halved, the resulting total cost would not change by more
than about 15%Z. Thus the cost estimate is not especially sensitive to assump-

tion about computer costs.

The effort component makes up about 85-90% of the total costs. The charge
rates given on Table 6-2 were based on current figures quoted by contractors and
as such, would not be expected to vary by more than 15-20%. Since the overall
cost is almost directly related to the charge rates and since expected deviations
from the assumptions used would not be more than 20%, it can be said that the
charge rate assumptions are important but will not cause a change on the order

of a factor of two in the total cost estimates,

The only other parameter that is of significance is the amount of effort
required to carry out the tasks. These already have a factor of two variation
in them and they strongly influence the total ccst estimate., The distribution
of effort among the skill types is not as important as the total effort since
it would be difficult to conceive of a radically different project team (i.e.

project manager, senior programmer, three junior programmers) that could
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accomplish the tasks in as efficient a manner. The total effort required is,

therefore, the most sensitive variable in the estimate.

In reviewing the source of the effort estimates (task-by-task estimates
in Appendices A-E) it must be emphasized that there is no way to precise in
obtaining these data. They are based on considered judgement using past exper-
ience with computer system development. As such, they are open to question and

revision.

6.2 SYSTEM INSTALLATION AND APPLICATION

After a CEPA sistem has been developed it will be important to provide
the potential users (i.e., state and local agencies) with instructions imn its
use and with support to resolve any problems that might occur with its imple-
mentation. The question of what kind of savings can be expected from CEPA

system use must also be addressed.

6.2.1 Training

One concept that has been successfully used in introducing a new computa-
tional system to potential users is that of periodic workshops. Users would be
assembled for a one or two day session and given basic introductory information
on system use and potential applications. The objective of the sessions would

be to aid the users in getting started with the system and providing motivation
for further study.

This procedure has been used extensively by computer manufacturers in
getting people familiar with their hardware and software packages. Training
sessions have been held by EPA on the use of the EIS/P&R system with a great
deal of success. The number of these activities indicates that the process

serves a useful function that cannot be met by providing users with written

manuals only.

The cost of conducting such workshops should rightfully be considered
as part of the overall CEPA costs, Table 6~4 summarizes the resources required
to develop and conduct a series of such workshops. The fifst part of the table
shows the cost of workshop development. It assumes that the same contractor who
developed the CEPA system would also prepare the workshop materials. The
instructional materials would include descriptions of the CEPA system, problems

and test cases to be run for demonstration purposes, visual aids (e.g.,, slides,
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Table 6-4 Resource Requirements for Training Workshops

Workshop Development

Period of Performance:

Contractor Requirements:

3 months

Program Manager/Air Quality Analyst

Senior Programmer
Secretary

Materials and Services

Travel
Graphics and Printing

Computer

Total with 12% Profit

EPA Requirements:
Project Officer -

Workshop Presentation

Duration: 2 days

Contractor Requirements:

Program Manager/Air Quality Analyst

Senior Programmer

Materials and Services
Travel

Computer

Total with 127 Profit

EPA Requirements:

Total

Total

Project Officer to attend each workshop -

Effort Cost
(Person-Months) _(1000$)
3 15,000
3 11,700
1 2,500
300
3,000
1,000
29,900
$33,500
1/2 time for 3 months
0.15 750
0.15 583
500
500
2,335
$2,615

.15 person-months per

workshop
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overheads), and the use of remote terminal demonstrations of CEPA capabilities,
The workshop could be prepared in a three month period and would require about
$33,500 of contractor assistance and about 1/2 time of an EPA project officer
to monitor the work and arrange for the logistics of conducting the workshops

themselves.

The second part of the table indicates the cost of presenting each work-
shop. It assumes a two-day session and would involve two staff from the con-
tractor and the EPA project officer to attend. It could reasonably be expected
that 5-10 of these workshops would be held around the country shortly after
CEPA becomes available. Thereafter, additional workshops could be held every
three-six months for new users. These follow-up sessions are necessary because
the personnel turnover rate in control agencies requires that new staff be

trained in the basic tasks that the agency performs,

6.2.2 System Support

In addition to the basic training program presented through the work-
shop program, it would be desirable to provide the users of the CEPA system
with technical support and advice on any problems that arise with applications
of the package. This activity serves two useful functions that will affect the
ultimate success of the system., First, it provides users with expert capability
to quickly resolve any problems that might otherwise discourage them from fully
exploiting the capabilities of the system. Second, it provides a mechanism to
identify and correct problems with the system that were not uncovered in develop-

ment and only show up in the course of wide application. The issuance of updates

and modifications will help keep the CEPA system viable.

Table 6-5 indicates the resource requirements for system support. It
assumes that the contractor will provide staff to visit the state and local
agencies that experience difficulties with the system and that these staff mem~
bers will assist the agency to correct the problems, These staff will also
prepare updates to the system reflecting deficiencies corrected and/or caution
to be exercised when using the system for unusual applications. The EPA project

officer will need to monitor the work and to arrange for publication of the up-
dates,
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Table 6-5 Resource Requirements for System Support

Contractor Requirements:

Program Manager/Air Quality Analyst
Senior Programmer
Secretary
Materials and Services
Travel
Computer
Total

Total with 12Z Profit

EPA Requirements:

Project Officer - 1/4 time per year.

Effort Cost
(Person-Months/Year) ($/vear)

2 10,000

3 11,700

1 2,500

5,000

1,000

30,200

$33,800 per year
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6.2.3 Potential System Use

Table 6-6 summarizes the resource requirements for making a CEPA system
available to state and local control agencies. With this considerable resource
investment it is imperative to ask what the potential savings might be to state
and local control agencies that use a CEPA system instead of a manual procedure

to do their air quality analyses.

To make this type of assessment it is necessary to specify the tasks in
a typical air quality analysis and to identify those areas where the avail-
ability of a CEPA system would enable a savings in time and effort to be realized,
Table 6-7 is a tabulation of those parts of an air quality analysis that relate
to emission projections and allocations. Tasks involving dispersion modeling,
processing of air quality and meteorological data, and the like are not included

since, by definition, they are outside the scope of a CEPA system.

To make a meaningful comparison of the merits of a CEPA system vs, a
manual calculation procedure it is necessary to have a basis for comparing the
two methods. Given the wide variety of circumstances for which an air quality
analysis must be performed, it appears reasonable to postulate three scenarios
to which each method may be applied. These are:

l. Small data analysis = Under this scenario there are only a

few point sources (less than about 50), a relatively small
number of subareas and master grid cells (less than about

100), only one or two growth scenarios that will be evaluated,
and only one or two control strategies to be considered.

2, Moderate data analysis - In this instance the number of

sources would number 100-200, the number of subareas and
grid cells would be in the range of 200-400, and about

4 or 5 growth scenarios and 5-10 control strategies would
be evaluated.

3. Large data analysis -~ This situation would involve in excess

of 400-500 sources, 800 or more subareas and master grid
cells, more than 8-10 growth scenarios, and more than 15-20

control strategies.
Six people were asked to independently estimate the effort required on
the part of a control agency doing each of the three types of analyses using a
manual procedure and an automated CEPA system. Two of the six were EPA staff
who have served as project officers on programs dealing with air quality analy-

ses, three were Argonne staff, and one was a private contractor. These people



Table 6-6 CEPA System Cost Summary

AQUIP CAASE ESAQ MWCOG New System
Modification Modification Modification Modification Development
System Development
Time (months) 10-17 12~-18 9~-12 10~16 17-30
EPA Staff (person-months) 2.5-8,5 3.0-9.0 2.3-6.0 2.5-8.0 4,3-15
Contractor Funds (1000%) 252~419 296-439 181~301 252-390 429-735
Training Workshopsa
Time (months) [ 4 }
EPA Staff (person-months) + 2.7 -+
Contractor Funds (1000$%) l 54 j
Total Investment
Time (months) 14-21 16~22 13-16 14-20 21-34
EPA Staff (person-months) 5.2-11.2 5.7-11.7 5.0-8.7 5.2-16.7 7.0-17.7
Contractor Funds (1000§) 306-473 350-493 235-355 306~444 483-789
System Support (annual)
Time (months) 12
EPA Staff (person-months) + 3
Contractor Funds (1000%) 34

3ssumes three months of preparation and one month of presentations.

£6
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Table 6-7.

Activities Required for Emission Projection and Allocation

Mount and operate system 5

Obtaining copy of code.

Loading on computer.

Identifying computer bugs - i.e., incompatibilities between 6.
received version of code and computer installation,

Resolving hardware and software problems.

Testing of system with simple test cases,

Assemble basic data - all systems must have this step,

It is almost independent of system used although the
availability of a given type of system (e.g., CAASE)
might require getting data that would ordinarily not be

used (e.g., Census tapes).

Prepara data for analysis - some information must be

processed manually; other may be processed by wmachine,

=2

either as part of a CEPA system or externally,

Develop grid system.

Select sources to be considered as points, areas, lines,

Identify source characteristics needed - e.g., stack
height, VMT on 1link, etc.

Select calculation procedure to be used - Level 1, 2, 3,
or Order 1, 2, 3.

Determine variables needed - surrogate parameters, fuel
characteristics, etc.

Assemble or estimate needed variables.

Process data - perform the calculations with an eventual output
of a point, area, and line source emission inventory suitable
for use in a model,

Identify and/or calculate activity parameters.

Apply emission factors to activity parameters,

Apply control efficiencies based on existing regulations, com—

pliance informaction, etc.
Allocate activity and emissions to grid cells.

Review and correct anomalous data.

Generate 1nput file for dispersion model.

Assemble growth data - all systems must have this step. Again, depending

on the system used, certain types of data would be used that would

ordinarily not be.

Develop growth factors - using the assembled growth information, trans-

form chese into growth factors, specific levels of growth, etc. (This
is not a growth analysis, but & conversion from the planning version of

growth to the version that can be applied to the basic data set.)

Apply growth factors

Apply the growth factors to the base data set.

Determine growth at new, modified, existing sources.

Distribute growth to known sites, projected growth sites.

Apply emission factors representing NSPS, SIP and other regulations.
Allocate activity and emissions to grid cells.

Generate projected input file for dispersion model.

Assemble control strategy information -~ Parts of this step are common to

all systems, but the availability of a CEPA system might encourage the use
of more detailed information.
Identify types of control strategles - emission limits, fuel controls,
land use controls, traffic controls, etc.
Determine control level (i.e., the controlled emission factor) - NSPS,
LAFR, etc.

Determine sources to be affected.

Apply control strategies

Calculate controlled growth and development rate.

Calculate controlled emission rates for affected sources.

Distribute controlled activity and emissions to known sites,
projected sites.

Allocate activity and emissions to grid cells.

Review and correct anomalous data.

Generate controlled input file for dispersion model.

Repeat for additional strategles based on modeling results.

%6
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were asked to estimate effort of a senior engineer, junior engineer, junior
engineer/programmer, programmer, and data clerk(s) required to do each of the
nine tasks on Table 6-7 in each of the three scenarios given above. The Phase
I feasibility study indicated\that some or all of these persomnel types would

be responsible in a contrel agency for doing the air quality analyses.

The effort estimated by each of the six people was converted to a cost
estimate using a salary survey of air pollution control agencies plus an average
827% overhead charge. Table 6-8 gives the cost used for each of the skill cate-
gories. The cost difference between using the manual procedure and the CEPA
system was then computed. The estimates varied widely, most probably because of
differing interpretations on what comstituted each of the nine tasks. For this
reason, and because of the small sample size, it was decided to reject data that
was more than one standard deviation from the mean of the six estimates and to
recompute the mean on the basis of the remaining data. In virtually all cases
this led to the rejection of only one or two very high or very low estimates,
which would have reasonably been considered out of line. Table 6-9 summarizes

the cost estimates and Table 6-10 shows the cost savings of the CEPA system.

Figure 6.1 shows the range of estimates of the cost savings.

The data show that some of the tasks will result in a cost penalty if a
CEPA system is used., The cost of mounting and operating the system is an obvious
one, but some of the data collection tasks might also incur a cost penalty since
additional information might have to be collected and coded into appropriate
formats for CEPA use., The biggest cost savings are in the data processing,
application of growth factors, and application of control strategies tasks.
Qverall, the use of a CEPA system is estimated to save the control agencies money
under all three scenarios. In the case of the large data analysis the savings

are in excess of $40,000 for each analysis dome.

These cost savings results must be interpreted cautiously in light of the
wide range of estimates shown in Figure 6.l. In all three scenarios it was esti-
mated by at least two of the six people that the use of a CEPA system could
actually cost more. This resulted from a change in the distribution of skills
and not from increased total effort. CEPA would, as estimated by these people,
require more skilled people and the time and effort savings would not be enough

offset the higher charge rate.
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ggble 6-8, Control Agency Personnel Costs

a

Skill Classification ($/per§gifmonths)
Senior Enginner 3185
Junior Engineer 2584
Junior Engineer/Programmer 2584
Programmer 1984
Data Clerk 1456

aIncludes average salary plus 82% overhead charge for fringe benefits and
administrative expenses,



Table 6-9. Cost of Emission Projection and Allocation

Cost?, $1000

Small Analysis Moderate Analysis Large Analysis
Task Manual With CEPA Manual With CEPA Manual With CEPA

1. Mount and operate system 2.1 8.2 2.1 8.2 2.1 8.2
2. Assemble basic data 14.7 14.9 33.5 33.8 52.6 53.7
3. Prepare data for analysis 7.3 7.9 10.6 10.7 18.5 18.7
4. Process data 7.2 2.8 10.0 2.5 25.3 7.5
5. Assemble growth data 8.1 8.1 9.7 9.7 20.1 21.0
6. Develop growth factors 3.1 2.4 4.8 2.8 9.9 4.2
7. Apply growth factors 6.8 2.2 11.8 3.7 21.1 6.2
8. Assemble control strategy

information 7.5 7.5 13.2 13.2 16.7 16.6
9. Apply control strategies 9.3 4.4 18.4 8.4 28.8 14.9

TOTAL 66.1 58.4 114.1 93.0 195.1 151.0

aComputed as the mean of six estimates with data >1o discarded.

L6



Table 6-10. Summary of CEPA Cost Savings

Task

Cost Savings

a,b

of CEPA System, 1000$

Small Analysis

Moderate Analysis

Large Analysis

Mount and operate system
Assemble basic data
Prepare data for analysis
Process data

Assemble growth data
Develop growth factors
Apply growth factors

Assemble control strategy
information

Apply control strategies

TOTAL

4.9

7.7

10.0

21.0

1409

0.1

13.9

44.0

8Negative numbers indicate use of CEPA would be more costly.

b
Numbers may not add due to rounding.
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The final point of comparison is the question of whether these anti-
cipated cost savings are sufficient to offset the investment required to make
the CEPA system available. To make this assessment it would be necessary to
project the extent of CEPA system use in air quality analyses. This is highly
speculative in that it would require estimating the decisions that would be
made on an agency by agency basis to use CEPA or a manual procedure. The indi-
cations from the Phase I study are that a CEPA system would at least be given
consideration in many agencies (all agencies surveyed indicated they would
consider it) and that it would be used in-house. Nevertheless, for the pur-
poses of this study it will be more instructive to estimate how many applica-
tions the system would need to have in order for the investment costs to be

recovered,

Figure 6.2 shows the total investment cost plottéd against the number
of analyses that the CEPA system would be required to be applied to in order
to recover the cost. The three bounding lines correspond to the cost savings
from Table 6-9 realized when doing small, moderate, and large analyses. The
horizontal lines indicate the range of costs for the modification of the ESAQ,

AQUIP, CAASE, and MWCOG systems and for new system development.

Using the moderate analysis line as an average indicatoer, it can be seen
that the investment in modifying ESAQ could be recovered if the system were
used on 10-15 applications, In the worst case of maximum cost to develop a new
system, the investment would be recovered in about 38 moderate applicatioms.
These values appear entirely reasonable when it is considered that there are
161 designated Air Quality Maintenance Areas all of which will have to have some
analysis done on them, When the number of potential other applications of CEPA,
as outlined in Section 2, is considered it appears reasonable to exﬁect that the
investment in CEPA could be recovered through the cost savings to the states.
The potential for cost savings in large analyses lends further weight to this
conclusion. Considering the highest investment cost, a use in only 18 applica-

tions would still recover the investment.

For small analyses, the lower limit for investment recovery is about 30
applications; the upper limit is about 102. Although this is still less than
the total number of AQMAs needing analysis it may represent an unreasonably
high expectation for system use. It appears that the cost savings must be

accrued through some combination of small, moderate, and large analyses.
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For the annual cost of system support ($34,000 from Table 6-6) only
1-4 analyses per year would be needed to recover that investment. It appears

that this would be easily attainable.
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7 CONCLUSIONS AND RECOMMENDATIONS

This Phase II feasibility study on the development of a computerized
emission projection and allocation system has focused on an evaluation of
existing computer systems in an attempt to determine if any of them could be
used to satisfy the CEPA requirements. The evaluation methodology consisted
of (1) the definition of the CEPA requirements in general, without reference
to any existing system, (3) the comparison of each existing system to those
requirements, (3) an identification of deficiencies in existing systems, (4)
an estimation of the effort and cost required to remove those deficiences,
(5) an estimation of the effort and cost of developing an entirely new CEPA
system, and (6) an estimation of the expected cost savings that would be
realized through use of a CEPA system. The results of applying this methodo-

logy are given in this section.

7.1 SYSTEM EVALUATION

Four existing computer systems were evaluated as part of this study

along with an evaluation of the development of a new CEPA system.

7.1.1 AQUIP

The AQUIP system does not now satisfy many of the CEPA requirements.
It was designed primarily as a tool to evaluate land use plans and, as such,

it has an orientation that does not cover all of the aspects of an air quality

analysis that would be required of CEPA.

The principal component of AQUIP that is of interest is the LANTRAN
routine, This program provides a method of mapping arbitrarily shaped areas
into a rectangular grid. Apart from any application as part of a CEPA system,
this routine has value in and of itself. This mapping process can be extremely
tedious and prone to error if done manually. LANTRAN has the potential for

providing the air quality analyst with an easier way of carrying this out.

The primary weaknesses in the AQUIP system are its treatment of point
sources, which are handled as input with little opportunity for processing new
information, and its land use orientation. The latter problem makes it diffi-
cult to treat non~land-use-related problems, which constitute the majority of

air quality analysis situations being dealt with today.
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The cost of modifying the AQUIP system to meet CEPA requirements was
estimated to be between $306,000 ~ $473,000. Considering the extent of the
changes necessary, it is quite possible that the modification could encounter
substantial difficulties and the overall cost could approach that of develop-
ing an entirely new CEPA system, On this basis it is recommended that AQUIP
not be considered as the foundation of the CEPA system. However, some con-
sideration may be given to improving the documentation on the LANTRAN routine
and providing it to the states as an analytical tool to assist in the gridding

process.
7.1.2 CAASE

The CAASE program also does not now satisfy many of the CEPA require=-
ments., It was designed to perform the specific task of developing a master
grid based on population distribution and mapping countywide area source data
into these grids. As such, it serves a valuable function and experience shows

that some states are attempting to take advantage of its capability.

The principal deficiences of CAASE with regard to CEPA requirements are
its lack of treatment of point sources and its focus on the Level 1 and 2
types of analyses in distributing emissions. Its strong points are the ability
to handle Bureau of the Census information and the capacity to generate a master

grid network.

The cost of modifying CAASE to meet CEPA requirements was estimated to
be $350,000 - $493,000. As with the AQUIP system, the upper end of this estimate

approaches the cost of developing an entirely new system. This, combined with
the fact that the bulk of the CAASE system centers around developing the master

grid, which is only peripheral to the CEPA requirements, leads to the recommen-
dation that CAASE not be considered as the basis for a CEPA system. CAASE

appears to have benefits by itself that do not entirely overlap CEPA require-

ments and there is little need to force-fit it into CEPA needs.

7.1.3 ESAQ

The ESAQ system comes the closest to meeting the CEPA requirements., It
is built around the EIS/P&R system and can perform many of the CEPA tasks., It

was originally designed to handle a general air quality analysis and so does

not suffer from the limited objectives of AQUIP and CAASE.

The principal deficiencies of the ESAQ system are in two areas. First,

there is no formal documentation available. The remarks made about the system
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must be qualified by this consideration. The system has never been used out-
side of Engineering-Science and must, therefore, be considered as an in-house pro-
gram that is not generally available. Although this is not a serious problem
to resolve, it does cast a measure of uncertainty on the potential utility of

the systemn,

Second, the system treats growth and control strategies through the use
of the in-line COBOL retrieval portion of the EIS/P&R system. While the use of
the COBOL retrieval program is desireable from a data handling perspective, it
may become cumbersome in the application of complex growth and control strategy
scenarios. What would be more desireable is to couple the retrieval code with

a user—-oriented growth and control strategy package. This would greatly enhance
the potential for system use.

The cost of modifying ESAQ to meet all the CEPA requirements was estimated
to be $235,000-355,000. This is the lowest cost of all the options considered.

Reviewing the areas on which the effort would be spent indicates that many of
the tasks are related to CEPA requirements that may not be absolutely essential.
A reduction of these cost estimates may be achieved through a scaling down of

CEPA requirements,

On this basis it is recommended that the ESAQ system be given serious

consideration as the basic component of a CEPA system.
7.1.4 MWCOG

The MWCOG system is actually a set of individual programs, each of
which generates a data set that is input to another program. The principal
advantage of the system is its relative simplicity and ease of operatiom.
There is little reason to suspect that most of the control agencies would have

difficulty using it.

This ease of use, however, has also lead to the biggest deficiency of the
system. The program makes several simplifying assumptions in the course of the
analysis. These assumptions are well within the requirements of EPA guidelines
but the resulting computer codes do not allow the user to do a more sophisti-

cated analysis. Also the system does not treat point sources with any detail.

It was estimated that $306,000-$444,000 would be required to modify
the MWCOG system to bring it up to CEPA requirements. As with AQUIP and CAASE,
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the upper limit is about equal to that required to develop an entirely new
system. It is, therefore, recommended that the MWCOG system not be used as

the foundation for CEPA.

7.1.5 New CEPA System

The development of an entirely new CEPA system was the most expensive
option of the five considered. It could cost from $483,000-$789,000. .The
lower end of this cost is about the same as that required to do major modifi-
cations on AQUIP, CAASE, or MWCOG,

In the light of the fact that the ESAQ system already meets most of the
CEPA requirements, it is recommended that the development of an entirely new
CEPA system not be comnsidered as it would be duplicating existing capability.
However, should the ESAQ system be ruled as inappropriate either through the
discovery of system problems through documentation and field use or through
the consideration of its general unavailability, then the development of a
new CEPA system would be the only reasonable choice to provide the states with
the desired amalytical tools. As with ESAQ, a reduction in the CEPA require-

ments might also be used to cut the overall cost of system development.
7.2 SYSTEM USE

For the sake of determining the extent to which a CEPA system would
have to be used to recover the investment of making the system available, the
cost savings of using a CEPA were estimated. These estimates can also be
used to evaluate the option of not pursuing the development of any CEPA sys~

tem.

The estimates of cost savings varied widely and it must be emphasized
that these are estimates. There is little hard data that can be used to
firmly determine the time and money to be saved in using a CEPA system as
compared to a manual procedure. Nevertheless, the assessments do indicate that
the potential for cost savings is significant, ranging from over $7000 per
study for small analyses to $44,000 per study for large analyses. At this
rate it appears that even the highest cost investment in a CEPA system (i.e.,
development of an entirely new system that runs into significant problems and
overruns) has a reasonable chance of being recovered through savings in state

and local control agency use.
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It can reasonably be argued that the indications of savings, although
admittedly of a high-risk nature, are significant enough to warrant considera-
tion of making somé type of CEPA system available to the states. The savings
in cost to the states might, in reality, be a savings in cost to EPA because
of the extensive Federal support given to air quality analyses. The benefits
that may be accrued in improving the quality of the analyses are not included

in this assessment.
7.3 ALTERNATIVE COURSES OF ACTION

The development of a CEPA system will involve the commitment of a
significant level of resources both in time, effort, and money. The nature of
the information presented here indicates that this is a high-risk situation in
which the actual effort required to do the job may vary considerably (nominally
by a factor of two in all cases) and the actual savings to be realized are
based on considered judgements rather than hard data. WNevertheless, there are
indications of considerable savings in making a CEPA system, in some form,
available. The following options are presented as alternatives for consideration

along with the authors' recommendations on each.

7.3.1 No Further Action

This option would cease any further consideration of developing a CEPA
system and would rely on the states and their contractors to make their own
provisions. This is not recommended because of the potential for savings and
because the Phase I feasibility study indicated that the states would, in fact,

consider using a federally-developed system.

7.3.2 Modify AQUIP, CAASE, or MWCOG

This option is not recommended because of the aforementioned considera-

tion that problems may be encountered that will drive the cost to that. of new

system development. Also, these systems serve purposes unique to their specific

design and need not become part of a CEPA system to see further use,

7.3.3 Initiate New System Development

This option is not recommended at this time because of the potentially
high cost involved and because of the availability of an existing system that
meets many CEPA requirements. This option may be the recommended course of

action at a later date,
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7.3.4 Modify ESAQ

This option would involve the initiation of ESAQ modifications to meet
all of the CEPA requirements. This option 1s not recommended at this time
because of the uncertainty of the availability and ease of use of ESAQ (i.e.,
resulting from the lack of documentation). It is the authors' feeling that,
although the system looks extremely promising, these are too many unknowns to
commit a significant amount of resources to system development. This option

may become the recommended course of action at some later date.

7.3.5 Proceed with Stepwise Modification of ESAQ

This option would proceed to modify the ESAQ system in a stepwise fashion
with decision points at various milestones to determine if the system use justi-
fies continuing further. Based on the review of the system in Section 5 it is
felt that the system has a sufficient amount of capability in its current form
to warrant issuance of it for general use by the states. The first step in
this option would, therefore, be to prepare adequate documentation for it to be
used by a control agency. This step could also include the funding of several
test applications of the system on various types of air quality analyses. These

applications would be carried out by control agency staff.

The second step would be to develop growth and control strategy routines.
As these routines will interact with the EIS/P&R system, their development could
be considered as part of an EIS/P&R update and could be initiated before the
first step is completed. Subsequent steps would add successively more of the

CEPA requirements to the system as need demands.

This option is recommended since it allows significant decision points
to be incorporated into system development and also makes a useful tool avail-
able to the states in the shortest time period. The incremental improvement
of the system should not be anymore costly than the modifications made all at

once because of the modular nature of the system.

7.4 SUMMARY

The results of this Phase II feasibility study has made some very
distinct points. The development of a CEPA system will be expensive. There
are no low cost options apart from discarding some of the requirements. The

potential cost savings also appear to be substantial, but this is based on
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estimates of effort and is not easily substantiated by actual data. The
resulting decision on how to proceed from this point must be made with careful

consideration of all the possible outcomes. For this reason it is recommended

that CEPA system development proceed in a stepwise fashion with adequate
decision points built into the process,
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APPENDIX A
Detailed Evaluation of the AQUIP System

The tables included in this Appendix compare the AQUIP system with
the CEPA requirements described in Sections 2 and 3. The evaluation is based
on whether the system will do the required calculation. If it does not, the
significance of the lack of this capability is given along with the changes
that would be necessary to enable the system to perform as desired. An esti-
mate of the effort, in man-months (mm), of making the modification is also
given. If the system does the required calculation, the reasonability of the

data requirements and the accuracy of the calculation are evaluated. Finally,
any extra features of the system are identified.



Table A-1.

Computation Comparison for Residential Fuel

Combustion Sources - AQUIP

Calculation

+. Emissaion Update

Al

Fuel Use Tnput (Level 1, 2)

L. 1Input state/county fucl con-
sumption in residential sector

2. Distribute fuel to county/sub-
srea by surrogate varlable (e.g.,
d.u., population) distribution

3. Extract point sources

L. Go to C.

Survopate Variable Input (Level 3)

}. laput scace, county, subarea,
surrogdate variable (e.p.,
population, d.u., floor area,
land use)

"0

Input fuel consumption factors

3. Computa subarea fuel use

4. Extract point sources

5. Go tu C.

Emission Computation and Mapping

1. Map fuel consumption to master
prids

2. Apply emission factors

1. Cenerate vutput in model-
compatable form

Does the system do
the calculation?

Significance of
the Lack

Changes Necessary

Reasonable Data
Requirements

Accuracy of
Calculation

Extra Features

Yes. Uses du/acre only
as surrogate

Yes. Factors based on
Btu/d.u.-hr. Seasonally
variable.

Yes. Need to know
residential acreage.

No. Must start with
separate point and area
source totals.

Yes

Yes, but for MARTIK
model only. Slight
change for use with
other models.

Would be difflcult for
agency seeking to do a
simplified analysis.

A small inconvenience.
User must manually
separate point and area
source totals.

an

Modification of code to

accept data on a wide area
{e.g., county ) and distri-

bute it to "figures"

2-4 qm

Modification of code to
scan point source lavea-
tory to determine if any
large sources need to be
extracted from area
source totals

1-2 mm

Keyed almost exclusive-
ly to data obtained fram
a land use plan. DIffi-
cult to use other types
of data.

Yes.

Yes. Linked to land use
plan as above but pro-
gram computes area of
"figures"

Yes. Must specify
“figures" and master grid

Yes.

Yes.

Basically the same as
Level 3.

More detailled since
factors vary by season.

Same as Level 3.

Probably much less
prone to error than
manual system.

Standard procedure.

Standard.

Can deal with arbitrary
and changing subareas
easily.

Very desirable.

(43!



Table A-1.

Computation Comparison for Residential Fuel

Combustion Sources - AQUIP

(Contd.)

Calculation

Does the system da
the calculation?

Significance of
the Lack

Changes Necessary

Yes

Reasonable Data
Requirements

Accuracy of
Calculation

Extra Features

11,

II1.

Growth Analysis

A. Input Growth Data
1. X growth or actual values

2. Future fuel wix

B. Apply Growth Factors

Strategy Analysis
A. Emission Limits

1. Change emission factors

B. Fuel Controls

1. Change fuel mix

2. <Change fuel characteristics

C. Growth and Development Plans

1. Change surrogate variable
distribution

No. Must input new
actual values.

Inconvenience to user who
must generate new growth
values by hand. May limit
the number of growth
scenarios that can be con-
sidered.

Yes. Input new
actual values.

Yes. Input future
fuel mix.

Modification of code and
input data set to permit
growth factor to be
applied to base data.

Yes, but must change
input data set.

Yes, but must change
input data sec.

Yes, but must change
inpur data set.

€Can change population
densities and dwelling
unit densities. Agailn

Standard

Standard

Standard

Standard.

Standard

Basically the same
as Level 3,

keyed almost exclusively

to a land use plan.

€11



Table A-2.

and Industrial Sources - AQUIP

Computation Comparison for Commercial/Institutional

vulculation

Does the system da
the calculatlon?

Significance of
the Lack

Changes Necessary

Reasonable Datas
Requirements

Accuracy of

Calculation Extra Features

boissdon Update

A

fuvl Use fnput (Level 4, 2)

fupul statefcounty fuel con-
sumpt fon in comm/inst/indus
sector

Distribute fuel to county/
subared by surrogate variable
(¢.g., cmployment, land acea)
distributfon for C/I, I sector
Extract puint souries

[EUNN < VN

SulTupdte Vartable Input (Level 3)

L.

lnpul state, couunty, subarea
surrogate variable (e.g., popu-
latlop, d.u. floor area, land
use)

Input fuel consumption factors

Compute subarea fuel use

Extract point sources

Emlssion Computation and Mapping

2.

ro

Map fuel consumption to master
urids

Apply emission factors

Gefetale outpul in @model-
compatable form

No

Yes. Uses % sq. fr.,
and X coverage, pupils/
class.

Yes. Factors based on
Btu/sq.fL-hr, Btu/class-
room. Seasonally vari-
able.

Yes. Need to know cocal

sq. foorage, cuverage,
number of classrouvms.

No. Must start with
scparate point and area
source totals.

Yes.

Yes, but for MARJIK
wodel only. Slight
change for use with
other models.

Would be difficult for an
agency sveklng to da a
simplifled analysis.

An inconvenfence. User
must manually separate
peint and area source
totals. May be a signi-
flcant effort for indus-
trial sources.

Modificatlon of cade to
accept data on a wide arca
{e.g., county), separate
residential and commerclal/
institutional/industrial, and
distribute to flgures.

1-2 mm

Modification of codeé to scan
point source inventory to de-
termine {f any large sources
nced to be extracted from
darea source totals.

1-2 mm

Keys almost exclusive-
ly tu data oblained
from a land use plan.
Difficult to use
other types of data.

Some arca and clasyu-
room fuel require-
ments may be dLffi-
cult to obtain,

Yes. Linked to land
use plan as above but
program compules ared
of "flgures"

Yes. Must specliiy
"figures' and master
grid.

Yes.

Yes.

Basically the same as Level 3.

More detailed eince factors
vary by season.

Same as Level 3.

Probably much less prone ro error

Can deal vith arbitvary
than manual system.

and changing subareas
easily. Very desirable

Standard procedure.

Standard,
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Table A-2. Computation Comparison for Commercial/Institutional
and Industrial Sources - AQUIP (Contd,)

No Yea
Does the system do Significance of Reasonable Data Accuracy of Extra
Calculacion the calculation? the Lack Changes Necessary Requirements Calculation Features
II. Growth Analysis
4. Ioput Growth Data
1. % growth or actual values Yes Yef.lnpu[ new actual Standard.
ues.
2. Future fuel mix Yes Yes. Input new acrual Standard.
values.
B. Apply Growth Factors No. Must input new Inconvenience to user who Modification of code and
actual values. must generate new growth input data set Lo permit
values by hand. May limit growth factor to be applied
the number of growth to base data.
scenarios that can be con-
sidered.
III. Strategy Analysis
A. Ewmission Limitg
1. Change emission factors. Yes. Yes, but must change Standard.
input data set.
B. Fuel Controls
1. Change fuel mix Yes Yes, but must change Standard .
input data set.
2. Change fuel characteris—~ Yes. Yes, but must change Standard.
tics. input data set.
€. Growth and Development Plans
1. Change surrogate variable Yes Can change population Basically the same as Level 3.
distribution densities, % sq. ft.,

% coverage, puplls/
classroom. Again,

keyed almost exclusively
to a land use plan.

STT



Table A-3.

and Internal Combustion Sources - AQUIP

Computation Comparison for Electric Generation

Calculation

Does the syatem do
the calculacion?

Extra Features

Electric Generation
1. Treat power plants similar to

industrial process sources.

11. Project electrical demand and
load factors.

loternal Cowmbustion

TI. Treat similar to industrial
process sources

No Yen
Significance of Reagonable Data Accuracy of
the lLack Changes Necessary Requirements Calculation
See comments on Indus- See comments on Industrial
trial Process sources. Process sources.
Does not give the user Modification to code to
information on electrical determine electrical

requiremencts, demand from surrogate

variable (e.g., population)
2-3 mm

See comments on Indus~
trial Process sources.

See comments on Industrial
Process sources.

911



Table A-4. Computation Comparison for Industrial Process Sources - AQUIP

Calculation

Does the system do
the calculation?

Significance of
the Lack

1. Emisgion Update

A.

Receive emisslon inventory
{nput.

1. NEDS

2. Other systems.

Retrieve and summarize
inventory data.

Modify inventory with source
specific data.

Perform internal consistency
checks.

Generate ourput in model~
compatable form.

1. Point sources

2. Area sources

1l. Crowth Analysis

a,

Input source specific
informat ion.

Apply guneralized growch
factors,

No. Cannot read NEDS
point source data.

Yes. Point sources

input in generalized form.

No.

No. Must input entire
data file.

No.

Yes, but for MARTIK model
only. Slight change for
use with other models.

Same comment as 1.

No.

Problem for user who must
convert his input 1into
NEDS format.

Major inconvenilence.

Major inconvenience.

Inconvenlence to uset who

must check data separately.

Inconvenience to user who
must generste uew growth
manually. May limit the
aumber of growth scenarios
considered.

Extra Features

No Yes
Reasonable Data Accuracy of
Changes Necessary Requirements Calculation
Scraight-forward pre-
processor to convert
format or medification
of code input require-
ments.
4-1 mm
Standard
Yes
Write entirely separate
data manipulation routines
or tie in with existing
system (e.g., EIS/PER).
2-3 mm
Same comment as B.
Same comment as B.
Yves Standard
Yes. Standard
Standard

Yes, but must input
entlre new data set.

Modification of code and
input data set to permir
growth factor to be applied
to base data. (Same as
residential and commercial/
insritutional).
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Table A-4.

Computation Comparison for Industrial Process Sources - AQUIP (Contd.)

Calculation

Does the system do
the calculation?

Changes Neceasary

Accuracy of
Calculation Extra Features

L. Disaggregate growth to exist-
{ug, new, dnd unknown sources.

2. Allocate growth at unknown

sources by surrogate parameter.

Tll. Stratepy Analysis
a. Apply emission limits.

B. Apply growth and development
controls.

€. Apply land use countrols.

No.

No. Allocacion must be

defined off-line and input.

Several modes are avail-
able.

Significant inconvenience

to user who must make this
disaggregation manually.
Could present major problems
for large inventoriles.

Write new code to make
this disaggregation,

Inconvenience to user who
wmust do the allocation

Some modification of

Yes, but must change
emission factors on

Yes, but must change

Several methods of allo-
cation are available.

Standard

Scandard

Better than other procedures
because of direct connection to
land use plans.
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Table A-5,

Computafion Comparison for Tramnsportation Sources - AQUTIP

No
Does the syatea do Significance of Reasonable Data Accuracy of Extra
Calculation the calculation? the Lack Changes Necessary Requirements Calculation Features
Highway Vehicles
1. Emission Updace
A. Fuel Consumption Input No Some {nconvenience to an Modification of code to
{Level 1) agency seeking to do a accept data on a wide area
simplified analysis although (e.g., county) and distri-
this praocedure is not used bute to "flgures". (Simi-
very frequently. lar to residential sources.)
1-2 mm
1. Input state/county fuel
sold.
2. Estimate VMT.
3. Distribute VMT to sub-
areas by surrogate
variable (e.g., population)
4. Go to C.
B. Specific Daca Input (Level 2, 3)
1. Input VMT, vehicle type dis-

tribution, speed, etc. data.

a. Link Yes Yes. Inputs mafor Standaxd.
highway links and
craffic volume.

b. Traffic zone Yes Yes, although required Vehicle density approach
input of vehicle den- way not be as accurate as
sity in zones wmay wmake direct zone VMT estimates,
it difficult to use
other rypes of data.

2. Go to C.
C. Emission Compucation and Mapping

1.

Map traffic data to master Yes
grid and/or links.

Apply emission factors. Yes

Cenerate output in model-
compatable form.

a. Line sources No

D. Area sources Yes, buL for MARTIK model
only. Slight change for
use with other models.

Line source format is
aat generated but data
i{s available in code.

Minor change to output
formac.

Y-1 om

Yes. Must specify
“figures", liaks and
master grid.

Yes. Uses standard
emission factors.

Probably much less prone

ta error than manual system.

.

Standard.

Standard.

Can deal with arbitrary
and changing subareas
easily. Very desireable.
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Table A-5,

Computation Comparison for Transportation Sources - AQUIP (Contd.)

111,

1.

I

11,

No Yeu
Dues the system do Significance of Keasonable Data Accuracy of Extra
Caleulution the calculation? the Lack Changes Necessary Requicements Calculation Featurvs
Urowth Analysiy
A, loput new highway construccion Yes. Yes. Must input as Standard.
data. part of a new data
set.
0. luoput generaliced growth pro- No. Must input entirely Inconvenience to user who Modification of code and
jections. new data set. must develup VMT due to input data set to allow
growth externally. May growth factors to be
lim{r the number of growth applied to base data sets.
scenarlos considered. (Similar to residential
sources.)
2-3 mm
Stratupy Analysis
Apply emission limits. Yes Yes, but must change Standard.
input data set.
8. Apply traffic concrols, Yes. Yes, but must change Simulation of traffic controls
input data set. 1s not very detailed because of
data formats in vehilcle density
L. Apply growth and development Yes. Yes, but must input terms.
concrols, entirely new data set Standard. Can simulate land
representing controls. use changes very
easgily.
Other Vehieles
Activity Parameter loput
A. Input vehicle activity. Yes Yes, but may need to Some loss of detail because of
tie input data to land land use tie.
use through some
density function.
B. Apply emission factors. Yes. Yes. Standard.
missfon loput
A, Input emlasions directly. Yes Some careful manipu- Standard.
lacion of input data
is required to have
the code treat the
data as emissions and
not activity.
Casoline Handling Evaporation Losses
Gasoline Marketed Input
Standard.
a. Input gasoline sold. Yes. Yes. n
B. Apply emission facrors. Yes. Yes, but requires some Standard.
manipulation of input
data.
Surrogate Variable Input
A. Input per capita gasoline Yes. Yes. Standard.
consumption rate.
B. Compute gasoline marheted. Yes. Yes. Standard.
Yes Yes. Stendard.

¢. Apply emlssion factors.
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Table A-6.

Computation Comparison for Solid Waste Disposal Sources - AQUIP

No Yes
Does the system do Significeance of Reasonable Data Accuracy of Extra
Calculation the calculation? the Lack Changes Necessary Requirements Calculation Features
1. Emissfon Update
A. Surrogate Variable Input (Level 1,2)
1. Input surrogate variable Yes. Yes, Uses standard Standard.
to be used. input to LANTRAN
routine.
2. Input solid waste Yes. Yes. Standard.
generation factors.
3. Input disposal technigque Yes. Yes, but must treat Standard.
distribuction, each disposal techni-
que as a separate
variable.
4. Compute solid waste Yes. Yes. Yes.
generation and disposal
technique in subareas.
5. Extract point sources. No, must start with A small inconvenience. Modification of code to scan
separate point and area User must manually separate point source inventory to
source totals. point and area sources. determine if any large poiat
sources need to be extracted
from area source totals.
(Similar to residential sources).
X~-1 mm
6. Go to C.
B. Solid Waste Data Input No. Inconvenience ro user. Modificarion of code.
(Level 3) May not be many users who 2-3 mm
exercise this option except
for point source municipal
incinerators.
1. Input solid waste generation
and disposal data from local
sources.,
2. Extract point sources.
3. Go to C,
C. Emission Computation and Mapping
1. Map solid waste generatfon Yes. Yes. Must specify Probably much less Can deal with arbitrary
and disposal technique to "figures" and master prone to error than and changing subareas
master grids. grid. manual method. easily. Very desireable.
2. Apply emission factors. Yes. Yes. Standaxd,
3. Generate output in model- Yes, but for MARTIK Yes. Standard.

compatable form.

model only. Slight
change for use with
other models.
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Table A~6, Computation Comparison for Solid Waste

Disposal Sources - AQUIP (Contd,)

No Yes
Doea the system do Significance of Reasonable Data Accuracy of Extra
Calculation the calculation? the Lack Changes Necessary Requirements Calculation Features
1I. Growth Analysis
A. Input Growth Data
1. Surrogate variable Yes Yes. Ilnput new Standard.
projections. actual values.
2. Solid waste generation Yes. Yes. Input new Standard.
rates. generation rates.
3. Accept local solid waste No. Same comment as I, B Same modification as I, B.
projections. above.
4. Disposal techniques. Yes. Yes, but must treat Standard.
each disposal techni-
qQue as a separate
variable.
IIT. Strategy Analysis
A. Emission limits, Yes Yes, but must change Standard.
input data set.
B. Growth and development Yes. Yes, but must change Standard.
controls. "input data set.
C. Disposal restriction. Yes Yes, but must make Standard.

the distribution to
new disposal processes
prior te input.
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Table A-7.

Computation Comparison for Miscellaneous Sources - AQUIP

Yes

Does the system do Significance of Reasonable Data Accuracy of FBxita
Calculation the calculation? the Lack Changes Necessary Requirements Calculation eatures
Solvent Evaporation
I. Emission Update
A. Direct Data Input
1. Input actual solvent use. No. Would prevent use of actual Modification of code to
data. accept this data.
1-2 am
B. Surrogate Data Input
1. Input solvent consumption Yes. Yes. Standard input. Standard.
factors
C. Emission Computation and Mapping
1. Map solvent use to master Yes. Yes. Must specify Probably much less prone Co
grids. “figures" and master error than manual system.
prid.
2. Apply emission factors. Yes. Yes. Standard Standard.
procedure.
3. Generate output in model- Yes, but for MARTIK Yes.
compatable form. model only. Slight
change for use with
other models,
11. Growth Analysis
A. Apply growth factors. No. User must apply growth Modification of code (similar
factors externally. May to residencial sources).
limit the number of growth
scenarlos considered.
III. Strategy Analysis
A. Emission limits. Yes Yes, but must change Standard.
input data setr.
Standard.
B. Solvent use restrictions. Yes Yes, but must specify an
this through input
data set.
€. Growth and development Yes. Yes, but must change Standard.
controls. Laput data set.
Fires
I. Input basic activity factor. Yes Yes, can use standard Standard.
information.
II. Input allocation parameter. No. Must distribute to the Modification to code.

"figures" manually.

Similar to residential
sources, Fuel Use Iaput.
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Table A-7.

Computation Comparison

for Miscellaneous

Sources - AQUIP (Contd.)

No

Does the system do Significance of Reasonable Data Accuracy of Extra
Calculation the calculation? the Lack Changes Necessary Requirements Calculation Features
iIl. Apply emission facrtor. Yes. Yes. Standard.
Fugitive Dust
I. Input basgic activity faccor. Yes. Yes. Can use standard Standard.
information.
II. 1Input allocation parameter. No. Must distribute to Modification to code.
"figures” manually. Similar to residential
sources, Fuel Use Input.
I11I. Apply emission factor. Yes. Yes. Can use standard Standard.
information.
IV. Apply Control Strategy. Yes Yes, but must change Standard.
input data set.
Other Sources
I. Generalized Format Yes Depends on the source. Standard.
Keyed heavily to land
use information.
1I. Emission Input Yes Yes, but must mani- Standard.

pulate the input data
carefully.
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Table

A-8,

Computation Comparison for Gridding - AQUIP

Caleculation

Does the system do
the caleulation?

Significance of
the Lack

Chauges Necessary

Reasonable Data
Requirements

Accuracy of
Calculation

Extra
Features

Map from subarea to master grid
using previously determined
fractions.

Map several subareas to master
grid.

Map process activity inscead
of emissions.

Map into changing master grid.

No. Computes the mapping
fractions on every run.

Yes.

No. Converts activity

to emissions on "“figures"
and then maps emissions
on to grid.

Yes.

No inconvenience to user

but results in extra machine
time if the "figures" and
grids do not change from one
run Lo another.

Can generate problems of
irrelevant distribution of
activity (see Sec. 2.6)

Modification of code to store
mapping fractions from one
Tun to another. May not be

a simple task.

2-4 mm

Significant rewrite of code
to map the activicy first.

3-5 mm

Yes, but must be done
with care.

Yes. FEasy to do since
grid is input on each
run. Grid flexibility
is one of the strongest
points of model.

Probably less prone
than manual system.

Probably less prone
than manual system.

to error

to error

One of the biggest benefits
of LANTRAN is the ability to
deal with arbitrary land use
configurations.
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Table A-9,

Computation Comparison for Growth - AQUIP

No

Does the system do Significance of Reasonable Data Accuracy of Extra
Calculation the calculation? the Lack Changes Necessary Requirements Calculation Features
I. Determine growth from specific Yes Yes, but must input Standard.
data. an entirely new set
of data for each run.
II. Determine growth from gener- No. Inconvenience to user who Modification of code.
alized growth factors, must apply growth factors Discussed under source
externally. May limit the categories.
number of growth scenarios
considered.
I11. Link growth between activities.
A. Provide linkages Yes Yes. Can do with As accurate as user pro-
user-generated sub- vides in new subroutines.
Toutines.
B. Provide output for data No. Does not supply user with Major change to code to
consistency checks. interpretive information. identify growth in the
data set rather than as a
separate input on each run.
3-5 mm
IV. Process more than one grawth No. Each scenario is Requires user to run each Small change to code to begin
scenario per run. treated separately. scenarlio separately. reading new data input.
<1 mm
V. Provide summary tables of

emission and activity growth.

No. Result of treatment
of growth separately.

Does not supply user with
interpretive information.

Same as III, B above.
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Table A-10.,

Computation Comparison for Control

Strategies - AQUIP

Yes
Does the system do Significance of Reasonable Data Accuracy of Extra
Calculation the calculation? the Lack Changes Necessary Requirements Calculation Features
1. Separate control strategy routine. No. Inconvenience to user who Major rework of the code to
must identify controls on have input coatrol strategies
each source in the input applied to input data set.
stream separately. May 1-5 am
limit the number of strate-
gles considered.
I1. Process more than one control No. Requires user to run each Small change to code to begin
strategy per computer run. control stracegy separately. reading new data set.
<1 mm
III. Apply regulations only to Yes. Yes, but must input Standard.
affected sources. entire data set re-
flecting coatrol.
IV. Provide summary tables for No. Does not provide user with Major change to code to

regulation evaluation.

interpretive information.

identify base case and
regulated case.

3-5 mm
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Table A-11. Evaluation of Computer Requirements - AQUIP

Reguirement

Does the System Meet
the requirement?

No

Significance of the Lack

Modifications Necessary Extra Features

Ir.

v.

VI.

Computer System
A. UNIVAC 1110

B. IBM

Propramming Language

A. FORTRAN and/or COBOL

B. ANSI standard

Mode of Operation

A. Batch and interactive

B. Interactive only,

Program Structure
A. Modular

B. Complete or single
module run capability,

Off-Line Storage

A. Permanent-tape,
cards.

B. Transient - tape, disk,
data cell. drum.

Input Format
A. NEDS compatible.

B. EIS/P&R compatible.

C. Census tapes.

No.

Yes. Was developed on
IBM 0S facilities.

Yes.

Unknown .

Yes.

No. There 1s no interactive
component.

Yes, but major component of
interest to CEPA (LANTRAN) is
a single routine.

Yes.

Yes.

Yes.

No. Must input point and
area sources in specified
form.

No.

No. Does not handle census
at all,

Cannot be run on EPA faciliry.

Cannot use NEDS data directly.

Does not allow user to take
advantage of EIS/P&R features.

Census information must be
processed manually.

Must be converted to UNIVAC

form. 1-2 om

Has option to call
uger-prepared
subroutine,

Must prepare a preprocessing
routine to convert NEDS format
to AQUIP format.

Rewrite input format to accept
EIS/P&R information.
2-3 mm
Major new code to process
census data.
3-4 om
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Table A-11. Evaluation of Computer Requirements — AQUIP (Contd.)

No
Requirement Does the System Meet
the requirement? Significance of the Lack Modifications Necessary Extra Features
VII. Output Format
A. Models Compatible with MARTIK model Cannot use other models Relatively small change to
only. directly. output.
1-3 mm
1. AaqQbM
2, CDM
3. 1pPP
4. VALLEY
B. Isopleth programs Yes. Available for a variety
of plotting uses.
C. Hard copy by area or Yes.
subarea,
VII. Documentation
A. User's guide Yes, but is difficult to
interpret,
B. Programmer's manual No, Difficult to make program- Manual must be prepared.
ming changes. 2-4 om
IX. Portability
A, Easily transferable. Uncertain. Has not been
widely used.
B. Transferred by cards, Yes. Cards and tape.
tape (binary or source
form batch process).
X, Compatibility
A. AEROS No., Does not have proper Cannot be supported by AEROS Documentation must be
documentation. system, prepared.

4-6 mm
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APPENDIX B

Detailed Evaluation of the CAASE System

The tables included in this Appendix compare the CAASE System with the
CEPA requirements described in Sections 2 and 3. The evaluation is based on
whether the system will do the required calculation., If it does not, the
significance of the lack of this capability is given along with the changes
that would be necessary to enable the system to perform as desired. An esti-
mate of the effort, in man-months (mm), of making the modification 1is also
given, If the system does the required calculation, the reasonability of the
data requirements and the accuracy of the calculation are evaluated. Finally,

any extra features of the system are identified.



Table B-1,

Combustion Sources - CAASE

Computation Comparison for Residential Fuel

Calculation

Does the system da
the calculacion?

Significance of
the Lack

Reasonable Data

Changes Necessary Requixements

Accuracy of

Calculation Extra Features

1. Emission Update
a. Fuel Use Input (Level 1, 2)

1. 1Input state/county fuel comn-
sumption 1in residential
sector.

2. Distribute fuel to county/
subarea by surrogate vari-
able (e.g., d.u., population)
distribution.

3. Extracc point sources

4. Go to C.

B. Surrogate Variable Input (Level 3)

1. Input state, county, subarea
surrogate variable (e.g.,
popularion, d.u., floor area,
land use)

Input fuel consumption factors
Compute subarea fuel use
Extract point saurces

Go to C.

wos e N

C. Emission Computation and Mapping

1. Map fuel consumprtion to
master grids

2. Apply emission factors

3. Generate output in model-
compatable form.

IT. Growch Analysis
A. Input Growth Data

1. % growth or actual values

Yes. Does this simul-
taneously with step C.1.
(CAASE 4 & 5)

No. Must start with
area source totals.

No. There is no pro-
vision for inputing

any surrogate variables
and making emission
calculations.

Yes. Does this simul-

taneocusly with step A.2.

Yes

Yes. In IPP format.

Yes.

A small inconvenience.
User must manually separ-
ate point aad area source
totals.

Significant. Does not
allow user to make use
of more detailed data.

Yes. Takes countywide
input from NEDS.

Yes

Major new coding effort.

Program does not treat

polnt sources at all.
{See Industrial Process
sources.)

Moderate madifications and
new coding. Must write new
emission computation sub~
rourines.

3-4 am

Yes.

Yes.

Yes. Must inpul new
actual values in NEDS
foruat.

Standard.

Allocation much less prone to

error than manual method but must
start with countywide data. Cannot
start with more detailed information.

Kuch less prone to error than
manual system.

Scandard.

Standard,

Scandard.
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Table B-1.

Combustion Sources - CAASE (Contd.)

Computation Comparison for Residential Fuel

Caleulation

Does the gystem do
the calculation?

Significance of
the Lack

Changes Necessary

Reasonable Data
Requirements

Accuracy of
Calculation

Extra Features

I,

2.

Future fuel mix

Apply Growth Factors

Strategy Analysis
Emission Limits

A,

B.

1.

Change emlssion factors

Fuel Controls

L.

CGrowth and Development Controls

Change fuel mix

Change fuel characteristics.

1.

Change surrogate varilable
distribution

Yes.

No. Must input new
actual values.

No, since there is not
provision for surrogate
variable manipulation.

Inconvenience to user.
Must do growth projections
manually. May limit the
number of growth scenarios
considered.

User must determine effect
of controls externally.
May limit the number of
controls considered.

Modification of code and
input data set to apply
growth factors to base
data.

2-4 om

Modification of code to
handle surrogate variables.
Similar to modifications
needed in steps I, B and
II, B above.

1-2 mm

Yes. Must input new

fuel mix in NEDS

format.

Yes. Must

DATA statements in

code.

Yes. Must
input data

Yes. Must
input data

change

change
set.

change
set.

Standard.

Somewhat prone to error
since appropriate factor
to change must be located.

Standard.

Standard.
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Table B-2,

Computation Comparison for Commercial/Institutional
and Industrial Fuel Combustion Sources - CAASE

Does the system do

No

Significance of

Reasonable Data

Accuracy of

Calculation the calculation? the Lack Changes Necessary Requirements Calculation Extra Pestures
I. Emigaion Update
A. Fuel Use Input (Level 1, 2
1. 1Input state/county tuel con- Yes Yes. Takes countywide Standard
sumptian in comn/iasc/indus seccor input from NEDS.
2. Distribute fuel to county/sub- Yes. Does this simul-
area by surrogate variable (e.g., taneocusly with step C.1. Yes. Uses surrogate of Notr as good as other possible
employment, land area) distribu- (CAASE 4 & 5). population only. variasbles (e.g. employment,
tlon for comm/inst/iadus sector. land vuse).
3. Extract point sources No. Must start with area A small incoavenience. Major new coding effort.
source totals. User must manually sep- Program does not treat
arate point and area point sources at all. (See
4. Ga to C. source totals. Industrial Process sources),

<.

Surrogate Variable Input (Level 3)

Input state, county, subarea
surrogate variable (e.g,, popu-
lation, d.u.,floor area, land use)

1.

Emission Computation and Mapping

Map fuel consumption to master

1.

Input fuel consumption factors

Compute subarea fuel use
Extract point sources

Go to C.

grids

Apply emission factors

Generate output 1in model-

compatable form

TI. Growth Analysis
Input Growth Data

A

1.

2.

% growth or actual values

Future fuel mix

No. There is no provisioca
for imputing any surrogate

varisbles and computing
emissions.

Yes. Does this simulta-

neously with step A.2.
Yes

Yes. In IPP format.

Sigaificant., Does not
allow user to make use
of more detailed data.

Moderate wodificarions and
new coding. (Similar to
residencial sources).

1-2 o

Yes, Must input new sctual
values in NEDS format,

Yes, Must lnput new fuel
mix in NEDS format.

Much less prone to error than
manual system.

Standard.
Standard.

Standard .

Standard,
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Table B-2. Computation Comparison for Commercial/Institutional
and Industrial Fuel Combustion Sources - CAASE (Contd.)

Calculation

Does the gystem do
the calculation?

Significance of
the Lack

Changes Necessary

Accuracy of
Calcularion

Extra Features

B.

Apply Growth Factors

1LL. Strategy Analysis

A,

Emission Limits

L.

Change emission factors

Fuel Controls

1.
2.

Change fuel mix

Change fuel characteristics

Growth and Development Plans

1.

Change surrogate vartable
distribution

No. Must input new actual
values.

Yes

No, sirce there is no

provislon for surrogate

variable manipulation.
F

Inconvenlieace to user
Must do growth projections
manually. May limit the
number of growth scenarios
considered.

User must determine effect
of controls externslly.
May limit the number of
controls considered.

Modif ication of code and
input data set to apply
growth factors to basic
data. (Similar to resid-
ential sources). 1-2mm.

Modif ication of code to
handle surruvgate variables.
Similar to modifications
needed in steps I, B and
11, B abuve. 1-2 mm.

Must change DATA
statements in code.

Must change tnput data set

Hust change input data set.

Somewhat prone to error since
appropriate factor to change
must be located

Standard

Standard

et



Computation Comparison for Electric Generation
and Internal Combustion Sources - CAASE

Calculation

Does the system do
the calculation?

No Yes

Significance of Reasonable Data
the Lack Changes Necessary Requirements

Accuracy of
Calculation

Extra
Features

Electric Generation
I. Treat power plants similar to
industrial process sources.

I1. Project electrical demand and
load factors.

Internal Combustion

I. Treat similar to indusctrial
process sources

No.

See comments on Industrial Process Sources.

Dées not give the user Major modification of code to
information on electrical handle surrogate variables and
requirements. point sources (see Residential

and Industrial Process) and
determine electrical demand.

2-3 mm

See comments on Industrial Process Sources.

SET



Table B-4, Computation Comparison for Industrial Process Sources - CAASE

Does the system do Significance of Reasonable Data
Calculation the calculation? the Lack Changes Necessary Requirements

Accuracy of Extra
Calculation Features

1I.

ITI.

Emission Update

A. Recelve emission inventory No. CAASE was never designed to handle point sources. 1t is
input. strictly an area source computation procedure. Modifica-
1. NEDS tion for it to handle point sources would be equivaleat

to writing an entirely new code in the form of a new CEPA
2. Other Systems system,

8-10 mm
B. Retrieve and summarize

inventory data.

C. Modify inventory with source
specific data.

D. Perform internal consistency
checks.

E. Generate output in model-
compatable form.
1. Point sources.

2. Area sources

Growth Analysis

A. Input source specific growth
information.

B. Apply generalized growch
factors.

C. Disaggregate growth to existing,
new, and unknown sources.

D. Allocate growth at unknown sources
by surrogate parameter.

Strategy Analysis
A. Apply emission limits.

B. Apply growth and developmenc
controls,

€. Apply land use controls.

9¢l




Table B-5,

Computation Comparison for Transportation Sources - CAASE

Calculation

Daes the aystem do

the calculation?

Significance of
the Lack

Changes Necessary

Reasonable Data
Requirements

Accuracy of
Calculation

Extra Features

Highway Vehicles

1. Emission Update
A. Fuel Consumption Input (Level)

1. lnput stare/county fuel
sold.

2. Estimate VMT.

3. Distribute VMT to subareas
by surrogate variable
(e.g., population).

4. Go to C.
B. Specific Data Input (Level 2,3)

1. Input VMF, vehicle type dis-
tribution, speed, etc. data.

a. Link
b. Traffic zone
2. Go to C.
C. Emigssion Computation and Mapping

L. Map trafflc daca co waster
grid and/or links.

2. Apply emission factors.

3. Generate autput in model-
compatible form.

a. Line sources

b. Area sources

II. Growth Analysis

A. Input cew highway construction
datra.

B. TInput generalized growth pro-
jeccions.

Yes,

Yes.

Yes. Does this
simultaneously
with Step C.1.

No.

Yes. Does this
simultaneously
with Step A.3.

Yes.

No. Does not

treat line sources

at all.

Yes. In IPP for-
mar.

Yes, but cam only
deal with county
tocals.

No.

Significant lack. Pre-
cludes the use of local
VMT daca.

Cannot run certain
models (e.g. HIWAY).

Inconvenience to user.
Must go the growth
projection externally.
May limit the number
of growth scenarios
congidered.

Significant new code de-
velopment to handle other
than couantywide data.

4=f mm

Significant new code de-
velopment in connection
with I.B.

Modification of code
and input variables to
apply growth factors

to base data set.
(Similar to residenttal
sources), - 2 mm

Yes. Takes county-
wide ilapur from NEDS.

Yes. Takes county-
wide input from NEDS.

Yes. Uses surrogate
of population or
population density.

Yes. Must input new
county total VMT.

Standard.
Standard.

Standard at this
level of analysis.

Standard.

Standard.

Standard.

Loss of spatial
regolution of new
facilities.

LET



Table B-5.

Computation Comparison for Transportation Sources - CAASE (Contd.)

Does the system do

No

Significance of

Calculaction

the calculation?

the Lack

Changes Necessary

Reasonable Data
Requirements

Accuracy of
Calculation

Extra Features

L1,

s
A.

trategy Anuslysis

Apply ealssion limies.

Apply traffic controls.

No.

Apply growth and development Yes.

contruls

OTHER VEHICL

Activity Parameter [nput

A.  Input vehicle activiry. Yes
B. Apply emission factors. Yes.
TI. Ewmigsion Input -
A. Input ewmissions directly. No.
GASOLLNE HANDLING EVAPORATION LOSSES
1. Gsesoline Marketed Input
A. loput gasoline sold. Yes
B. Apply emlssion factors. Yes.
11. Surrogate Variable Input
A.  lInput per capita gasoline No.
consumpilon rate.
B. Cowmpute gasoline marketed. No.
€.  Apply emission factors. Yes

Not sensitive
to these controls
since data 1s on
county level.

El{minates a significant
class of control strate-
gles that could be con-
sidered.

User cannot do a re-
fined calculation and
input the results.
Eliminates special
cases.

Inconvenience to user.

Inconvenience to user.

Major rework of code to

handle other than county-

wide data. (Similar to
1,8,1)

2-3 mm

Modification of code to
handle a direct emis-
sions input.

Minor modification
since population is

already treated.
1 mm

Same as above.

2-3 mm

Yes. Must change
DATA statewents in
code.

Yes. Must input new
data set in NEDS
format.

Yes. Input data in
NEDS format.

Yes.

Yes. Input county~
wide data in NEDS
format.

Yeg.

Standard.

Standard.

Standard.

Standard.

Standard.

Standard.

Standard.
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Table B-6.

Computation for Solid Waste Disposal Sources - CAASE

Calculatlon

Does the system do
the calculation?

Significance of
the Lack

Changes Necessary

Reasonable Data Accuracy of

Extra Features

1. Emission Update
A. Surrogate Variable Toput (Level 1,2

1. Input surrogate variable to
be used.

2, Input solid waste gener—
ation factors.

3. Input disposal technique
distribution.

4. Compute solid waste gener-
ated and disposal technique
in subareas.

5. Extract peint sources.
6. Go ro C.
B. Solid Waste Data Input (Level 3)

1. Input solid waste genera-
tion and disposal data from
local sources.

2. Extract point sources.

3. Go to L.

C. Emission Computaticn and Mapping

1. Map solid waste generation
and disposal techaique to
mascer grids.

2. Apply emission factors.

3. Cenerate output in model~
compatible form.

Il1. CGrowth Analysis

A. Input Growth Data

1. Surrogace variable projec-
tions.

No. There is no
provision for in-
putting any surro—
gate variables and
making emission
calculations.

Yes.

No. Must start
with area source
totals.

Yes. Does Lhis
simultaneously
with Step B.l.

Yes.

Yes. In TPP,
AQDM format.

No. Must input
new actual values.

Significant. Doea not
allow user to make use
of different estimat-
ing procedures.

Major new coding effort.
Program does not treat
point sources at all.
(See Industrial Process
Sources.)

Inconvenience to user.
Must do growth projec-
tions manually. May
limit the number of
growth scenarios con-
sidered.

Moderate modifications and
new codiag. (Similar to
residential sources.)

1-2 mm

Modification of code te
accept surrogate vari-
ables and apply growth
factors.

2-4 mm

Requirements Caleulation

Yes. Extracts data Standard.

from NEDS.

Yes Much less prome to
error than manual
system.

Yes Standard,

Yes Standard.
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Table B-6. Computation for Solid Waste Disposal Emissions - CAASE (Contd.)

No Yes
Does the system do Significance of Reasonable Data Accuracy of
Calculal fon the calculation? the Lack Changes Necessary Requirements Calculation Extra Features
«.  ¥olid waste genwiation No. Madificacion of code in
rates. coajunccion with 1I,a,1
above .
s Accept Yocal sodid waste Yes. Yes. Must input new Standard.
projections. actual data in NEDS
format.
4. Disposal techulques. Yes. Yes. Each technique Standard.
must be identified in
111, Stracegy Analysis NEDS format.

A, Bamlsston limics. Yes. Yes. Must change Somehwat prone to
DATA statements in error since appro—
code. priate factor to

change must be
located.

B.  Growth und development Yes. Yes. Must change in- Standard.

controls, put data set.

. Uisposal restriccions. Yes. Yes. Must change ia- Standard.

puL data set.

0%t



Table B-7.

Computation Comparison for Miscellaneous Sources -~ CAASE

Calculation

Does the syatem do
the calculation?

Hu

Xes

Signtficunce of
the Lack

RKeavonable Data

Changes Necessary Requirements

L Evaporativn
twission Update
A. Direct Data tapuc

1. laput actual solvent usze.

B, Surrugate Data

loput
1. Inpur sulveot cunsuaptioa
factors.

C. Ewlaslon Cowputation and Mapp luyg.
1. Map aolvenl uae Lo masler
grids,
2. Apply culasion tactora.
3. Geuerate output fn wodel-

compatible form.

Growth Analysty
A, Apply growth factors.

Strategy Analysis

A. /btmlsston limits.

B. Solvent wuse restrletions.

C. Growth and development conbrols.

Yes.

Yes.

Yes.

Yes for 1PP, AQUM
models.  Slight
chaage for use
with other wodels.

Yes,

lacanveateace (o user.

Inability to wmanipulate

this type of daca.

User must apply growth
factors externally.
May limit the nuabcer
uf prowth scenarios
coasldeced.

Yes. Standard NEDS

format .
Modification of code and
input data.
1-2 om

Yex.

Yes. Standard pro-
cedure.

Yes.

Hodificacion of code.
(Slwilar to residenttal
saurces.)

Yes, but must change
factors in DATA
stateacnt.

Yen., but must specify
thils through input
data sec.

Yen, but aust change
(nput duafa set.

Accuracy of
Calculatton

Extra Features

Scandard.

Probably wuch less
prone to error thaa
manual system.

Standard.

Standard.

Hay be proae (o some
erEOF since appro-
priate data to change
aust be located.

Standard.

Standard.

%1



Table B~7. Computation Comparison for Miscellaneous Sources - CAASE (Contd.)

No Yun
Does the system Ju Significaoce of Reasonable Duta Accuracy of
Calculation the calculatton? the Lack Changes Neccusary Requircments Cslculation Extra Features
1 Ioput basle activity factor. Yes. Yes. (an use stand- Standard.
ard NEDS infurmation.
11, laput sllocatlon parvameler. Yes. Yes. Can use scand- Standard.
ard allocutloa para-
®eters or Anpul an
overridlng paramefer.
VL. Appy cwlaslon factor. Yeu. Yes. Stundard.
Pugilive Dusy
! Input basic activity factor. Yes. Yes. Cup une stand- Standard.
ard NEDS Information.
1. Input allocativw pavametor. You, Yes. Lan use stand- Standard.
asd allocation pare-
weLers or 1nput an
overriding pavawecer.
1. Apply catssiova taccor. Yes. Yes. Can use stand- Standard.
ard inforwarion.
V. Apply vontrol scrategy. Yua. Yed, but wuat change Staadard.

input data set.

Uther Sourcey

1 Cenerallzed forwat. No. Uses NEDS foc- Inconvenfent [0 user. Minor modification of
wat only. code to accept addi-
tional input.
4 m
L. Eamlssion laput. No. Uscs NEDS for- laconvenieal Lo user. Minor wodification au

wat only. above.

(428




Table B-8,

Computation Comparison for Gridding — CAASE

Cslculatlion

boes the system do
the calculaclon?

Signtficance of
the Lack

Changes Necessary

Heasonable Data
Requirements

Accuracy of
Calculatien

Extrs Features

A. Mup fcom subafed Lo master goid uzsing
peeviously determined Fraceions.

8. Map several swbareas to master grid.

€. HMap process actlvity lostead of
cuisslons.

». Map lato changing master grid.

Yea.

Ho. Uses census
data only.

Yeu.

No. Uses ovne muy-—
ter grid based on

population density.

Siguificant. Lialts
the user to one data
saurce.

Limfty the user Lo one
grid system. Cannol
use any other than
populatfon vriented
grid.

Hajor ouew coding effort
to trear other data
sources. Equivaleag ta
writing nev package.
2-~3 an

Hajor new coding effort.

3~4 om

Yen. Udses gevecoded
census data from
standard tapes.

Much less prone to
ervor than manual
systea.

Standard.

Helps develop the waster grid based
on population density. A powerful
feature but aomewhat external to
CEPA.

evi



Table B-9,

Computation Comparison for Growth - CAASE

No Yeu
Doen the system do Significance of Kiasunable Data Accuracy of
Calculation the celculation? the Lack Changea Necussugy Bequireaents Calculation Extra Festures
5. Deteralne growth €rum specific Yes. Must  luput Standard.
daca. entire new duta set.
Wl. Determloe growth from geoccallzed No. laconveunlence to user. Hodlflcatlon uf code and

growth facturs.

I, Link grouilh between activities

A. Pravide llinkages.

8. Provide wutput for dale con-
slsicacy checks.

V. Process more than vne growth
scenario per run.

v. Provlde susmary tables ol emlsslun
and uctivity growth

No. Data input in
NEDS forwat only.

No.

No.

Hunt do growth projuc-
tions manually. May
iimit the nusber of
growth scenarfos con-

sildered.

inconvenicace
Must make che
@anually.

Inconvenlence

luconvenience

lnconvenieace

€0 user.
tinkages

{0 usger.

1o user.

to user.

taput. (See Reaidential
sources.)

Hodification of input
format and codlng.
2-3 am

HModificaclon of code to
Lreat basellne and growth
data and pclat changes.
3-4 o
Hinor aodificacton of
code 1o vead in succes—

slve data seks.
1l am

Mudification of code. Re-
lated 1o I1E,B above.
1-2 aa
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Table B-10. Computation Comparison for Control Strategies — CAASE

Ho
Does the aystem do Significance of Kessonable Daca Accuracy of
Calculacton the calculation? the Lack Changes Neaceussry Requireaents €alculacion Extra Features
1 Separate conlrol strategy roukline. Ho. laconvenlence o user. Modiflcaction to code to
Must apply strategivs change loput data veflect~
separately. ing control,
-4 ma
1. Procese wore than one control sirut- No. luconvenience Lo user. Minor sodiflcation to code
egy per compulerl run. to read in successive data
seea.
1 aa
11k, Apply regulations only io affected Yes. Yes. Done by Input- Standard.
gources. cing entire data set.
iV. Provide susmary tables for regula- o, Inconvenient Lo user. Hodiflcatlon to code to

tlon evaluation.

Does nok supply inter-
pretive information.

treat regulaced and un-
regulated data sets.
-3 e

eyl



Table B-11,

Evaluation of Computer Requirements - CAASE

Requirement

No

Does the System Meet

the requirement? Significance of the Lack

Modifications Necessary Extra Features

11.

11X,

Iv.

Computer System

A. UNIVAC 1110

B. IBM

Programming Language

A. FORTRAN and/or COBOL

B. ANSI standard

Mode of Operation

A. Batch and interactive.

B. Interactive only.

Program Structure

A. Modular

B. Complete or single module
run capability

No.

Yes. Was developed on
IBM OS System.

Yes,

No. There is no inter-
active component.

Yes, but output of some
modules have relevance to
other modules only.

No. Must run in 5 steps.
(See Growth)

Not significant for CAASE 1-3
since these are generally run
only once. An inconvenlence
to user for CAASE 4 and 5.

Is currently undergoing modi-
fications for use on UNIVAC 1110.

Major effort for CAASE 1 - ) since
an Intermediate step of hand-
plotted grids 1s necessary. Minor
coding change, or JCL change, for
CAASE 4 and 5. Currently under
extensive modification to elimi-
nate hand-plotted grids.
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Table B-11,

Evaluation of Computer Requirements - CAASE (Contd.)

Requirement

Docs the System Meet

the requirement?

No

Sigaificance of the Lack

Modifications Necessary

Extra Features

Vi.

VII.

Office Storage
A. Permanent - tape, cards,

B. Transient - tape, disk,
data cell, drum.

Input Format

A. NEDS compatible.
B. EIS/P&R compatible.

C. Census tapes.

Output Format

A. Models
1. AQDM
2, CbMm
3. 1Ipp
4. VALLEY

B, Isopleth programs

C. Haxd copy by area
or subarea

Yes, Everything is tape.

Yes. Everything 1s tape,

Yes. Takes input from NEDS,

No.

Yes. Takes input from
Census tapes.

Yes. Whole area comes out

broken down by grid.

Does not allow user to take
advantage of EIS/P&R
capabilities.

Does not allow user to map
emission densities.

Moderate effort to change

loput format to accept EIS/P&R

1aformat ion.
2-3 mm

Relatively minor modification
to add standard plotting
package.

1 mm

Significant capa-
bility to process
Census tapes.

L9T



Table B-1l. Evaluation of Computer Requirements - CAASE (Contd.)

Requirement

Does the System Mcet

the requirement? Significance of the Lack

Modifications Necessary-

Extra Features

V1lt,

IX.

Documentat fon

A. User's gulde

B. Programmer's manual

Portability

A. Easily transferable

B. Transferred by cards,
tape (binary or source
form, batch process).

Compatibility

A. AEROS

Yes. New one being prepared.

Yes. Only in Alr Qualicy
Maintenance Guideline (Vol. 8).

Yes, but some plotting CALLS are
specific to University of N.C.
(system developer), and not easy
to get.

Yes. Cards and tape,

No. Does not have proper Cannot be supported by
documentation. AEROS system.

Is being changed to
identify IBM plotting
packages.

Documentation must be
prepared.
4-6 mm

8%T
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APPENDIX C
Detailed Evaluation of the ESAQ System

The tables included in this Appendix compare the ESAQ system with
the CEPA requirements described in Sections 2 and 3. The evaluation is based
on whether the system will do the required calculation. If it does not, the
significance of the lack of this capability is given along with the changes
that would be necessary to emable the system to perform as desired. An esti-
mate of the effort, in man-months (mm), of making the modification is also
given. If the system does the required calculation, the reasonability of the

data requirements and the accuracy of the calculation are evaluated. Finally,
any extra features of the system are identified.



Table C-1.

Combustion Sources - ESAQ

Computation Comparison for Residential

Fuel

L. Eastssion Updute

L. Groueh Analysls

No Yun
Does Lhe systenm do Significance of Reasoasble Dats Accuracy of
Calculut bua the calculation? the Lack Chunges Necessary Requircaenty Calculatton Extra Festures
A. tuol Use lnput (lLavel 1,2)
1. Input swate/county tuel Yes Yes. lnput in NEDS Standard.
conasuwpifon 1o restdea- formac.
tial eccror.
2. Ulsiribute fuel o Yues. Yes. Cun inpur Scandard .
county/subsres by wsurco- allocattan factucs.
gate variable (e.g., d.u,
populacion) distcibution.
J. Extract polnt sovurcea No. Muse vtart wich A small faconvenlence. User Moderste coding effort to
weeas source rotals. wust manually separace point process point source data
und sres source totals. and retrieve fuel com-
bustion.
1-2 v
4. Go to C.
B. Surrugate Vartable Input (Level 3)
1. lupul stace, county, subacea Yes. Yes. Uses building Standard.
surrogste vactable (e¢.3., size and fuel use
population, d.u., flour acea, dlstribucion.
Yand use) .
2. Ilaput fuel counsumption tsctocs Yes. Yes. Uses standard Standard,
factorw of Bru/deg-
day/housing unit.
3. Cumpule subsres fued use. Yoo . Yes. Standard.
&. Excract puofnt voulces No. Same asz A.3 above.
5. Go to C.
C. Emlssion Computalion and Mapplug
+. Hap fuel consumptian to Yes. Yes. HMust input Standacd,
master grids porclou of each
subarea in grid.
2. Apply eatsafon tactucs Yeu. Yes. Standard.
). CGenerate output in model- Yesa. Catrrently set up
compalible form, for AQDM and HIWAY.
A, luput Growth Balg
i. 1 xrowth uf actual velues Yes. Uses EIS/PSR Yes, but wust prou- Standard,

la-1ine COUOL relrteval.

grom (in COBOL) spource
category separately.
Complex growth sceaar-
fus not easlly
handled.

0ST



Table C-1. Computation Comparison for Residential Fuel
Combustion Sources - ESAQ (Contd.)

No Yen
Loes the sysiew do Signtfitcance of Reasonable Data Accuracy of
Calculation the calculacion? the Lack Chunges Necessary Requirements Calculattion Extra Features
2. Future fuel mix Yes. Uses EIS/PSR fa-line Yes, but muvt program Standard.
CUBOL recrrieval. {in COMOL) each source

category bepavately.

B. Apply Growth Factors Yes. Uses ELS/P&R. Yes, but must program Standard.
each source separately.

ILI. Stracepy Analysis
A. Ealssion Limits
1. Clange emlsslon factors Yes, Uses EIS/PaR. Yes. Standard.

8. Fuel Cuntrols
1. Change fuel @ix Yus. Uses EIS/PGR. Yes. Scandard.

2. Change fuel Yes. Uses E1S/P&R. Yes. Standard.
characteristics.

C. urowth and bDevelopuent Controls

Yea, but must change Standard.

1. Change surrugate veriable Yus.
inpur data set.

distribut ton.

€T



Caliulation

L. tulnulon Update

a. tuel Use Iuput (Level &,

1.

)

4.

6. Surrogate Varfable Input (1.

lapul state, counly, subarca
surrogate varlable {e.g., popu-

2.

»

3.
4.
S.

. Emission Computstlon und Mapping

1.

Tuput statu/county toucl con-
sumption tn cows/inat/indus

seclor.

Pistctbute fuel to cyunty/sab-
arca by surrogate vailable

(e.g., employment, laud arcu)

datrlbutton for comultast/

indus sector.

Extrucl polat svuices

Go to C.

u

lattlon, d.u. floor area,

land uwe) .

loput tuel consumpi lon

faciors.

Compute subarva fucl use

Extracl pulafk aources.

Gu Lo L.

Map fuel consumptlon to

master grids.

Apply calsston factor

Genecale oulpul i eodel-

compat ible furm.

1l. Growth Ansly=is
A. Input Gruwth Uata

1.

2 growth or actuadl values

Table C-2,

Computation Comparison for Commercial/Institutional

and Industrial Fuel Combustion Saurces — ESAQ

bLuvs the aystoen do
the cutculaiton?

Stgnlficunce of
the lLack

Changes Necwssary

Reusonable Bacs
Requirements

Accuracy of
Calculstion

Extra

Features

Yun.

Yuea,

No. Must start with area
source totals.

A smpll faconvenicnce.
User wust manually
separate polut and ayea
Bource totals.

Yes,

Nu. See 1.A.]} sbove.

Yes.

Yes., Currently set up
for AQDH and HIWAY.

Yes. Uses EES/PAR da-
liae COBOL veirieval.

Moderate coding «fforc to
proceas point source datas

and rerrieve fuel coa-

bustion. (Stailar to

cesidential sources.)

Yea. laput ia NEDS
format.

Yes. Can input
allocation factors.

Yea. Cun uae floor
epace or other
parameter.

Yea. Can juput
standurd factors.

Yes,

Yes., Must laput
portion of each wub~
area io grid.

Yes.

Yeu, but musl program

(in COBOL) each souxce

caregory eepatately.
Coamplex yrowth sce-
narios not eastly
handled.

Standaxd.

Standard.

Standard.

Standard.

Standaxd,

Standard.

Standasd.

Standacd.

ST



Table C-2,

Computation Comparison for Commercial/Irllstitutional and
Industrial Fuel Combustion Sources - ESAQ (Contd,)

No Tes
voge the systwm do Significance of Secasonable Data Accuracy of
Calculacion the calculatical the Lack Clhangus Necessary Requireaent s Calculation Extra Features
2. Future fuel mix Yes, Usea EIS/PSR in-line
COBOL retrteval. Yes, but must program Standard .
(in COBOL) each source
category separately.
B. Apply Gsowih ¥actors Yes, Usecs EIS/PSR. Yes, bul must program Scandard.
each source category
separately.
[LE.Sirategy Analysis
A. Eafsston liaits
13 .
1. Change emlswlon factors Yes. Uses EIS/P&R. Yes. Standard
8. Fuel Coutrols
L. Change fuel oix Yes. Uses EIS/PSR. Yes, Standard.
2. Change fuel charactecistlics. Yes., Uses EIS/P&R. Yea. Scandaxd.
€. Growih aud Duvelopment Plans
1. Change surrogate variable Yes. tes, but must change Scaadard.

distribotion

input data set.

€T



Table

c-3.

and Internal Combustion

HNo

Computation Comparison for Electric Generation

Sources - ESAQ

Calculuttun

Elactiic Generation

i

1.

bues the systewn do
the caleulation?

Signilicance of

the Leck Changen Neceseary

Reswunable Data

Accuracy of
Requiveacars

Calculation

Extra Features

Treat power plunts sfwblus to
industrisl process dources.

Project electrical demsnd and
load facturs.

Llateinal Coabuat bon

frest similar co industrisl
procesa sourcens

No.

Bocs not glve user
taformat kon on elec-
trical requilrements.

Hudificatlon to code to
determine elecirical demaad
from surrogate vartable
{c.g. population)

2-3 wa

See coamenta on Indusfcial Prucess sources.

See comments ov Induatsrial Prucess sources.
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Table C-4.

Does the systea do

Computation Comparison for Industrial Process Sources - ESAQ

Significance of

Reasonable Data

Calculation the caleulactoon? the Lack Changes Necessary Requiremencs Calculation Extra Peatures
[ Emisgion Update
A Recelve emisslon laventory
{aput.
1. REDS Yeu Yea Scandard
2. Uther Syetems Yes. EES/PGR Yeo Standard
b. Retrleve and summarize Yed. Uses full EIS/PSH Yes Standard
L. HModify inventory with source Yes. Uses EIS/P&R Yeo Standacd
epecific dura. f1le management.
0. Perform internal cou- Yes. Uses EIS/P&k Yes Standard
ststency checks. checka
E. Generate output In wodel-
compatible form.
Y. Polint wources. Yes., Set up for Yes ‘Standurd
AQDH.
2. Area sources Yeu. Set up for AQDM Yes Standard
kL. Crowth Anulysis
A.  Input source specifle growth Yes, Uses E(S/PSK Yea Standard
inforaation. file managemant.
B. Apply generalized growth Yes. Uses EIS/PSR Yea, bur Standard
facturs. in-line COBOL retrleval. must program
{ia COBOL) each
source catugory
separately. .
c. Disaggregate prowch to No. Significant Ilnconvenience Write new code to
exfsting, new, and unknown to user who must wmake dls- aake thia dle-
sources . aggregation manually. aggregation.
2-Jmn
Could presenc major pro-
bluws for large Inventocy.
u. Allucate growth at unknown No. Allocation must be taconvenience Lo user who Some wodiflcarion

sources by surrogate parawmcters.

deflued of€-Viae and
lupuc.

aust do the allocation
munually.

of code.
1

[~

Accuracy of

ee1



Table

C~4, Computation

Comparison for Industrial

Process Sources - ESAQ (Contd.)

Caleulativa

Ho

Doea the aystes do
the caleulstion?

Extra Festurwas

i Stvatepy Analysis
A.  Apply calsston Vialts.

B.  Apply geoweh and
developuenut coatrols

C.  Apply luud use contruls.

Yes. Uses EIS/PSR

Yeo. Uses LES/PaR

No. Has no ruuclne
to 1nterface with
a 1and use plan.

Yeo
Significance of Reasonable Data Accuracy of
the tack Changes Necedwary Requirements Calculation
Yeo Standard
Yeus, but must Standard

Uuer cannot slmulate
a land use coutrol dir-
ectly.

Write new code.

2-Jum

prograa ( io
CDBO§.) each
eaurce category
separately.
Complex controle
may be ¢ifflcult
to wodel.
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Table C-5,

Computation Comparison for Transportation

Sources -~ ESAQ

Ho

e

Does the dystem do

Reusopable Data

Accuracy of

Calculacion the calculacton? Clhunges Noecosuary Requirements Calculation Extra Featurcs
Bighway Vehicles
1. Ealastion Update
A. Puzl Consuwplion lapui (Level i)
1. Input etate/county fuel Yes. Yes. Standard, Level | analysis.
sold.
2. Eatfwmate VHT, Ho. Minor cadlong chunge.
3. Distribute VMT to subarcas Yes. Allocution parametors Yes Srandard,
by surxogate variable. are lnput.
{(¢.g. populacion)
4. Lo ta C.
B. Specific Data Inpuc {Level 2,3)
1. Iaput VMT, vehicle Lype diu-~
ctribution, spred, etc.,data.
a. Link Yes. Yes, slehough system Hot as good resolutlon on vehicle
ts curreatly ided to speed and class discribution an
TRIMS tra€fic mudel, could be.
Some generalizatlon
may be pecessary.
b. Traffic zone Yes. Vea. Seme comment Same comment as above.
e8 above.
2, Goto C,
C. Emlsslon Computabion aud Hupplug

1. #ap tvaftic datu 10 manter Yes. HMalntalos link flle
grid and/or links. for CO, area file for TSP,

502.
2. Apply vatssioa factors. Yeu.
1. Generatc output tu model-
compatible form.
a. Line sources Yes.
b. Area sources Yeu.

II. Growth Analysis

a.

Laput aew highway cunstruction Yes. Has scparate routiae
daka. fur £his.

Yes, bulL aay peed
sone wodification
to do all pollutants
on link or zome.

Yes.

Yes. Uses HINAY,

Yes. Uses AQDM,

Yea. Heed tupul
only changes.

Standacd,

Standard.

Stundard.

Standard

Standard

Hay separate foulinc Lo generale
model -formatved data. Easy to
wmodify.

LST



Table

C-5

. Computation Comparison for Transportation Sources - ESAQ (Contd.)

Does che systen do

Stguificance of

Ressonable Data

Accuracy ol

Calculacton the calculation? the Lack Changes Necessary Requirements Calculatian Extra Features
o. Input generalized growth Nu. Must input eutirely Inconvenience €o user who Modificacion of code to
projectiona. wew data set. aust develoup VMT due to allow grawth facktor to Le
growth externally. applied to base data ser.
Current system uses TRINS 2-3 am
@odel to do chis.
III. Scratepy Analysts
A. Apply calsslon llales. Yes. Yes. Scaadard.
o, Apply tratfic controls. Yes Yes, but muat fnput Standard.
new data set.
C.  Apply growth sad develupaent Yes. Yes, bul must input Standard.
controla, new data set.
Other Vehicles
I. Activity Parsweter laput
A. laput vehlcle activity. Yes Yes. Must input Stendsrd.
activity in NEDS
format.
8. Apply emission facturs. Yes Yes. Standard.
11. Ewtssaion ¥nput
A. laput emisstons directiy. Yeso Yes, bul some careful Standard.
wanipulacion of
EIS/PLR required.
Gayoline Handling Evapupatlon Lusses
1. Gasoline Marketed Input
A, Input gasoline sold. Yes Yes. Input county Standard.
data in NEDS furmar.
8. Apply unilssion facturs. Yes Yes. Scandard .
1L. Surrogate Varlable lInput
A. laput per caplta gasoline No. Incaonvenjence to user. Minor modificatlon since
conswaption rate. population is already treaced.
1 am
B. Compute gasoline mirheted. No. Inconvenience to user. Same as above.
C. Apply calsslon tactors. Yes. Yes Standord.

8sT



Table C-6,

Computation Comparison for Solid Waste

Disposal Sources - ESAQ

Yea
Dors the systun do Sigaificance of Reasonable Duta Accuracy of
Calculation the calculationt the Lack Changus Necessary Requireaents Calculation Extra Features
1. Ealsslan Update
A. Surrogate Vartable Input (Level 1,2)
1. Input surrogate varfable to be No. There 18 mo pro- Sigalflcanc. Duoes not allow Moderate modifications
used. viaton for Llaputting ueer to make use of different and new coding.
surrogate variablea for  estimating procedures. 1-2 aa
solid vaste disposal.
2, loput aolid waste generation
factacy,
3. luput disposal technique
distribution,
4. Coumpute sulid waste gencraced
and disposal cechalgue In
dubareas.
5. Extract polnt sources.
6. Goato C.
B. Solid Waste Data Yaput (Level 3)
1. Input solld waste genecation Yes. Yea. Inputs data in 8candard,
aad disposal data from local HEDS format.
8s0urLcEs.
2. Extract point sources. No. Must start with Iaconvenience to user who Moderate coding effort
area source totals. must separate point and to process poilnt source
area souxce totals data and rvetvrieve solld
wanually. waste disposed of.
1-2 mwm.
3. Co o C.
€. Ewlsslon Loaputation snd Mapping
1. Map salld waste geueraclon Yes, Yes. Allocatlon dune Standard.
sud disposal technique to alang with other
master grids. vaciablesa.
2. Apply emisslon factors. Yes. Yea. Standard.
3. Generste output 1ln model- Yes. Currently set up Yes, Scandard,

compatible fora.

il. Growth Analysls

A. Input Grovth Data
L. Surroguate vartable projec-
tlons.

for AQDM.

No. Same as L.A.s abuve.

6ST



Table

C-6. Computation Comparison for Solid Waste
Disposal Sources - ESAQ (Contd.)

Calculation

Dous the sysfen Jdo
the calculation?

Significance of
the Lack

Changes Necessary

Reasonable Nota
Requirements

Accuracy of
Calculatiton

Extra Features

2. solid waste gepcgation
rates.

3. Accept local wolid waste
projections.

. VDiuposal techniques,

ILl. Stratepy Analysis
A talsulon llwlta.

8. Growth and development
controla.
.. Dispusal scstcdetions.

Hu. Same as sbove.

Yes,

Yea.

No. Because of lack of

surrvogate variable.

Yeu.

User canaut easlly simulate
the effect of thia type of
strategy.

Hoderate new coding
efforc.
1-2 um.

Yes. Inpul ia NEDS
format .
Yes. Input in HEDS
format .

Yes, but wust change
Input data 1in NEDS
format .

Standard.

Staundard.

Standard.

Standard,

091



Table C-7,.

Computation Comparison for Miscellaneous Sources - ESAQ

Does the system do

No Yeu

Significance of Reagonable Duta Accuracy of

Calculacion the calculation? the lLack Changes Necessary Requiremeats Calculation Extra Features
Solvent Evaporatian
L. Emlssion Update
A. Dlzect Data Inpuc
1. Input actual solvent use. Yes. Yes. Standard NEUS Scandard
formar.
8. Surrogate Data
ZTaput
1. [Input solvent counsumption No. laconven lence Lo user. Muderate audificacion of
factors. Inubility te manipulate code since basic surro-
this type of dara. gate dara can already be
lapue.
1-2 mm.
C. Emiasiun Cowputation and Mapping.
L. Hap solvent use to mastey Yes. Yes. Using BEDS data Standard
grids. to stare from.
2. Apply emisston factors. Yen. Yes. Standard
3. Geaerate oufput in model- Yes. Currently set Yes. Standard
compat ible form. up for AQDM.
11. Crowtb Analysis
A. Apply grouth factoss. Yes. Using EES/P&R. Yes. Standard
1. Scrategy Analysis
A, Emisslon limity Yes- Yes. Standard
b. Solvent usc restrictions. Yes
Yes, but wust munlpu- Standard
late EIS/PAR data
carefully.
€. Cruwth and developuent controls, No. There is no Lic User cannot simulate

to a surrogate vaciable,

Hoderate coding change
thls stratepy easily. and nev code.

1-2 w,

19T



Table

C-7.

Computation Comparison for Miscellaneous Sources - ESAQ (Contd.)

Calculation

Does cthe systes do
the calculatfon?

Significance of
the Lack

Changua Neceswvary

Reasonable Data
Requirements

Accuracy of
Calculat fon

Extra Features

Input basic accivity faccor

Input allocatlon parumeter

Apply emiuston factor

Fugttive Dust

1K,

1.

v.

Input baslc activity faclor.

tonput sllocution psrameter.

Apply ealssion tactor.

Apply cuntrel strategy.

Other Sources

1.

11,

GCenucaltzed formac.

taisslon faput.

Yen,

Yes.

Yes. Can use
standard NEDS
informat jon.

Yes. Can use
standard allocation
parsweter or lnput
overriding parameter.

Yes.

Yes. Can usc standard
NEDS tnformativo.

Yeu. Can use atandard
allocation parameter
or input overriding
parameter .

Yes.

Yes, bul aust change
laput data sec.

Yes, but must manip-
ulate BIS/PER
carefully.

Yes, bul must sanip-
ulate EIS/PSR
carefully.

Stundard

Stundard

Standard

Standard

Standard

Standacd

Standard

Standard

Standard
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Table C-8.

Computation Comparison for Gridding - ESAQ

Calculatlon

Dous the syutem do
the calculation?

Significance of
the Lack

Changes Necessary

Reagonable Data
Requirement s

Accuracy of
Calculatton

Extra Features

Map frow subarca to muster grid using
previously determined fractioas.

Map sevaral subareas to master grid.

Hap procesa actlvicy lnutcad of
calsslons.

Map luto chunging msster grid.

Yes.

Nu. Can use only one
geid system.

No. Use one madters
grid only.

Inconvenience to user.
Limits the different
data €ileus thar can be
used,

Inconventence to user.

Some reprograming to keep

accurare bookkeeping of

varlous subareas to grids.
1-2 ma.

Some reprogramming us
above.

1-2 .

Yes.

Standard

Standard
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(10

C-9. Computation Comparison

for Growth - ESAQ

Cubeulat fon

Boes the aystem do
the calculation?

Significance of
the Lack

Clhanges Necessary

Heasonable Duta
Requirements

Extra Fueaturea

Ducermiue growth from spectflc

duta.

Deterwlne grawth trom
guenetallzed gruwth
factors,

Link growth betveen act-
lvitles

A Provide Llnkages

B, Provide outpur tor duts
consistency checks.

Process more than vne growth
syenario per rua.

Vruvide vnmmary tables ot
cmisslon and dctivity
groweh

Yes. Uses ETS/PaR

Ho.

No.

No. Each scenarlu
Is treated
scparately.

Ho.

lncuovenience Lo user
who must muke the llnk-
ages manually

Does not supply user

with interprecive
toforwstion.

Inconvenience tu vser.

lucunvenlence tu user.

Modificactun of
code
2-Juma.

Hodiflcatlon of
output formats.

1-2um
Minor mod-
lficatfon of code.
1-2oua.

Hodificatlon of

output formats 1- 20

Yes, but must
input new
data aet.

Ycea, but must
program (in
COBOL) for each
source category.

Yes
Accuracy of
Calculation
Standard
Staandard

79T



Table C-10.

Computation Comparison for Control Strategles -~ ESAQ

Calculation

Doee the syetem do

the calculation?

Significance of
the Leck

Chiunges Necessary

Bessonable Data

Requirements

IL.

11l

Separate control strategy routiae.

Procesw more than one control
gtrategy per compuler Fuir.

Apply regulaclous only to affected
sources.

Provide sumisury tables for regu-
latton evaluation.

No.

Uses EIS/PSR

Inconvenience to uaer who
must program (in COBOL)
the particulax control
atrutegies for each source
category.

Requizes user to run each
control strategy separately.

Does pot provide user with
incerpretive lnforaation.

New code o handle the wost
common strategies.
3-5 =m

Small change to code.
1 oa

Hoderate output changes.
1-2 aa.

Yes.

Accuracy of

Calculation Extra Features

Uses ELS/PSR.

Huch wore convenient and less
prone to error thaon inputiag
eatirely new data set.

691



II.

Iv.

VI.

Table C-11.

Evaluation of Computer Requirements - ESAQ

Requirewment

Does the system meet
the requirement?

No

Significance of
the Lack

Changes Necessary

Extra Features

Computer System
A. UNIVAC 1110

B, IBM

Programning Language

A. FORTRAN and/or COBOL
B, ANST standard

Mode of Operation

A. Batch and interactive.

B. Interactive only.

Program Structure

A. Modular

B. Complete or single module
run capability

Off-Line Storage

A. Permanent - tape, cards.
B. Transient - tape, disk,
data cell, drum.

Tnput Forumat -
A. NEDS compatible.
B. EIS/PSR compatible.

€. Census tapes

No. Has never beea run on
other than ES System.

Yes. Was developed on IBM
0S System.

Yes.

No. There 1s no interactive
component .

Yes.

Yes, but package 1s not
likely to be run straight
through.

Yes.

Yes.

Yes.
Yes. Built around EIS/P&R.

No. Processes census infor-
mation input on cards.

Cannot be run on EPA
facility.

User must manually load
census data. Can be
significant effort wich
a large data set,

Must be converted to UNIVAC

form. 1-2 am

Moderate modification of code

to read census tapes.

1-2 am.

99T



Evaluation of Computer Requirements - ESAQ (Contd.)

Requirement

Does the system meet
the requirement?

No

Significance of
the Lack

Changes Neceasary

Extra Features

VII.

VIIL.

IX.

Qutput Format

A. Models
1. AQDM
2, CDM
3. 1IpP
4. VALLEY
B. Isopleth programs
C. Hard copy by area
or subarea
Documentation
A, User's guide
B. Programmer's manual
Portability
A. Easlily transferable
B. Transferred by cards,

tape (binary or source
form, batch process).

Compatibility

A.

AEROS

Yes.
No.

No.

No.

Yes. Isopleths used in air
quality packages. May need
some generalization.

Yes.

There is no documentation
available for general use.

Uncertain. Has not been
used outside ES.

Yes.

No. Does not have proper
documentation.

Currently not possible
for anyone outside of ES
to use system.

Cannot be supported by
AEROS systems.

Minor modification.
<1 am.

Minor modification.
< 1 mm.

Minor modification.
<1 pm.

Significant effort to
document work.
3-4 mm.

Documentation must be
prepared.
4-6 om.

L91
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APPENDIX D
Detailed Evaluation of the MWCOG System

The tables included in this Appendix compare the MWCOG system with
the CEPA requirements described in Sections 2 and 3.

The evaluation is based
on whether the system will do the required calculation.

If it does not, the
significance of the lack of this capability is given along with the changes

that would be necessary to enable the system to perform as desired. An esti-

mate of the effort, in man-months (mm), of making the modification is also
given.

If the system does the required calculation, the reasonability of the

data requirements and the accuracy of the calculation are evaluated. Finally,
any extra features of the system are identified.



Table D-1.

- MWCOG

Computation Comparison for Residential Fuel
Combustion Sources

Dovs the systun do

No

Significance of

Ressonable Dsta

Accurscy of

1. [Inpul state, countly, subsrce

sucrogsce vaciable (e.g.,

populacion, d.u., flour ares,

lsnd une).

*

lupus €uel consumpclon
fuctors.

3. Compule subareca fuel use.
4. Batract polnt suurces.

3. Go to C,

ta sy (an Compucactun and Happlug

1. Map fuel consumptlon Lo
mastler grids.

2. Apply emtssfon factors

3. Generate valput la model-
compatible fora.

Yes.

No, Basellne fuel con-
sumpt foa by subarca s
an input data sel,

No.

No.

Yus, but applies emlssion

factors (step 2) Firsc.

Yes. Does this befure
step 1.

Yes. Can modity for use

with several wudels.

User 16 confined to one base-
line daca set. HNew updated
data for bhaseline aust be
coaputed manually and input.

Same #3 shove.

Sawe as 1.a.3 above.

Hoderate coding e¢fforc.
All the basilc 1lnformation,
except the fuel consusption
factors, are available.

1-2 e

informacion fe fopuf.

Yeu. Can specify
allocatfon on the
basis of area, popu-
lation, employment
ox other parameger.

Yes.

Cabiulation the calcularion? the Lach Changus Necessary Requirements Calculattion Extra Feuturea
Emission Update
A. PFuol Uue laput (Leved +,2)
1. luput wgste/covaty tuel Yus, bul data 45 loput Yea. Vees fual uee Scandard.
congumpilon In residea- on & subsrea basis. aurvey.
tia) sector.
z. Ulsrribute tuel o Nu. Must dnput dats Iocouvendtnce to user sccking MInor coding change sluce
county/subarca by surro- slready dleasgyregated to do a simplified anslysis. all necessary information
gute vaciable (e.y., Lo subareas. iy there.
d.u., pupulacton) 1 am
distribution.
3. Extract pulat svurces Nu. Hust start with A s®mall inconvenleace. User Mouderate coding efforL
area source totals. must manually separate point in addition to new cade
and area source botols. required to haodle point
sources (see Induskrlal
Procesa Sources).
1-2 s
4. Go to U,
Suitrogate Yurfable luput (bevel 3)
Yea. Eatire Cenuuns Standard .

Leuw desirable than mapping
sctivity flrst. Could lead
to unusual results.

Standard.

0LT



Table

D-~1,

Combustion Sources - MWCOG (Contd.)

Computation Comparison for Residential Fuel

Calculacton

bDoea the systea Jo
the calculattaon?

Significance of

the Lack Chaages Necewsary

Reagonable Data
flequirements

Accuracy of

Calculatian Extra Features

ir.

Crowth Anslysis
A. Input Growth Data

1. I growth or actual values

2. Future fuel mix
B. Apply Growth Factars

III. Strategy Analysis

A. taission Limics

1. Change emissfan factors

o. Fuel Controls
1. Change fuel mix

<. Change fuel
characceristics,

€. Growth and Uevelopacat Cantrols

1. Change surrogate varlable
distriburion.

Yes. Can input actual
values.

Tes,
Yes. GROWTH routine

calculates growth factors.

Can override these with
inpuc to GBOM.

Yes,

Yes.

Yes.

Yes. Operaces froa
planning data.

Yes,

Yes.

Yes, buc must apply
data carefully as
emigaton factor change
is Intevpreted as a
change 1o the effec-
tive growth rate.

Yes.

Yes, bug the change
1¢ interpreced as an
effective growch
change as above.

Yeu. Easily done
slince growth scenarlo
is & direct inpur.

Standard.

Standacd.
Scandard.

NHot as accurste a procedurse as
could be done. Prone to scae
clerical errora.

Standard.
Sams problem ase I1I.A.1 above.

Standard.

LYAS
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Table D-2.

Computation Comparison for Commercial/Institutional

and Industrial

Fuel Combustion - MWCOG

Calculattivn

Does the aystan do
the caliulation?

No

Significance of
the Lack

Reasunable Data
Requirements

Accuracy of

Changes Necessary Calculation

Extru

Features

tatssfon Updute

Fuel Use luput (Level ), 2)

1. laput slatefcountly fuel con-
suaptlon tn coma/lnst/fndus
sector

2. Dlstiibute fuel to county/sub-
area by surrogate vaciuble
(e.g., coployment, land area)
disteibucton for cuma/insc/

indue sector.

3. Extiact puint sources

a. W e L.

Surxugute Varlable Juput {level 3)

1. luput state, cuunty, subarea
surzugate vatlable (e.y., popu-
lagion, d.u., flovr area,
land uwe).

2. laput fuel consumptlon
factors.

3. Compute subarea tuel use
4. Extiact polnil sources,

5. Lo to C.

Yes. Hut daca Ls inpuc
on a aubares basls.

No. Musl inpul data al-
ready Jdisaggruegated co
subaress.

No., Must starc with
ares source totals.

Nu. Baseline tuel
consumpt fun by sub-
are¢a Ls an laput data
set,

No.

Nu.,

Encunvenlence to user
seeking to do a simplified
analysis

A small Ilncoavenlence.
User must manually scparate
polat and ares source rotals.

User s contined co one
baseline data set. New up-
dated data for baseline
must be computed manually
and fnput.

Same as sbove,

Sawe as a.n. 3 abuve.

Yes, Uses fuel use Standasrd

survey.

Minor ceding change.
Sletlar co reatdeacial
sources.

Moderate coding eftorc in
additlon to new cude re-
quired tu handle potac
sources, Similar to resi-
dential soucces.

Yes. Entlre census Standard
inforuation ia

fnput,

Moderate codlng etfort,
All the basic taformacion,
except the fuel consump-
tion factors, are avail-
able, Sawe as residen-
tial sources.

LT



Table D-2 Computation Comparison for Commercial/Institutional
and Industrial Fuel Combustion - MWCOG (Contd.)

No Yes
Dovs the system do Significance of Heasunable Data Accuracy of
Calculacton the calculation? the Lack Changes Necessary Requirements Calculation Extra Features
L. Ewission Update (Conc'd)
C. Ewission Cowputatlon and Mappin
1. Map fuel cuonsumption Fo Yes, bul applici emis- Yes, Can apecify Less desirable ch;n
master grids. slon factors (step 2) allocation on the mapping activicy firse,
firac, basis of area, gop- Could lead ro unusual
ulacion, enployment results.
or other parameler.
2. Apply emisslon tactor Yes. Dues this before Yes. Scandard
step L.
3. Generate output In model- Yes. Can modity for use
compacible form. with several models.
11, Gruwth Analysis
A, luput Groyth bata
L. X growth or actudl values Yes, Can input actual Yes. Operates frua Standard.
values. planning data.
2. Future fuel wix Yes. Yes. Standard,
B. Apply Gruwih Factors Yes. GROWTIl routlne cal- Yes. Standard,
culates growth factars.
Can overribde these with
Loput to GROM.
111, Serategy Analysis
A. Ewission Limlts
1. Chunge caulssion lacturs Yus Yus, bul wuse apply Not as accurate a pro-
daca carcfully as cedure 45 should be
conission factor done. Proane o some
change is incerproted clerleal errors.

B. Fuel Contruls
1. Clunge fuel wix

2, Change fuel characieriscics

€. Crowih and Develupment Plans

1. Ullange surrugate variable
distribution

as & change fo the
effective growth rate,

Yis Yes, Standard,
Yes Yes, buc cthie change Same problem ay 111,
ia laterpreced as A, 1 above.

an uffective groweh
change as above,

Yes Yes, Eastly done Scandazd,
slace groweh
scenario is a direct
taput,

€LT



Table D-3.

Computation Comparison for Electric Generation

and Internal Combustion Sources

Culculation

Does the system do
che calculagion?

- MWCOG

Significance of
the Lack

Changes Necessary

Keasonsble Data

Accuracy of
Requirements

Electric Ceuepation
1. Treat powes plants siwmilar to

fodustrlal process sources.

1, Project clectrical demand and
load factors.

Internal Cumbustion

1. lrcat sialler o Industrial
proceds sourced.

Yes.

No.

Doy oot glve user
informatlon on electrical
requirements.

Hodificacion to code to
deteraine electrical
demand from surrogate

variable (e.g. population).

2-3 wa

Calculatton

Extra Features

See comments un Induscrial Procesa Sources.

See comaents on Industilal Process Saurces.

L1



Table D-4. Computation Comparison for Industrial Process Sources - MWCOG

No Yes
Boes the systum do Signiflcance of Reasonable Pata Accuracy of
Calculatton the calculatton? the Lack Changes Necessary Requicementa Calculation Extra Features
silo No. The MWCOG system was ool designed to do any camputations
ith potnt sources. The polat source information Is all
A. Becedve ealsston favent with po
t::::a e ventory handled mansally and s uscd oaly as laput into the
dlgperstion modeln. 8-10 an
1. NEDS

2. Other systems

8. HRecrbeve dnd summsrize
inventory dara.

€. Modify inventory with eource
spectfic data.

P. Pexform internal consistency
checks.

R. CGenérate output la model-
compatible form.

L. Polnt soucces
2. Arca sources
Growth Analysie

A.  Ioput suuece specific growth
{nforuar fou.

o. Apply genvralized growth
factors.

C. Ulesaggregate growch fo exisclng,
aew, and unknows sources.

0. Allocate growth at unknown sources
by surrogate paraseler.

Stratcpy Ana)ysis
A. Apply embaston lalts.

B. Apply growth and development
controls.

C. Apply land use controls.

GLT



Calculatton

1 halssfon Update
A. Fuel Consuaptjun Jopur {Leved

Table D-5,

Computation Comparison for Transportation Sources - MWCOG

1. laput stete/covaty
fual sold.

2. Estimate VHT.

3 Distribute VHT tu sub-
arves by surfogate varlabl
(e.g. population).

4. Gotu C

8. Specific Duts Input (Level 2,3)

1 lapul VKT, vehtcle type
distribucion, speed, cte.,
data.

a. Link

b. Teaffic zone

No  Yes
Lues the oystem du Signiticance uf Heasonable Data Accuracy of
the calculation? the Lack Changea Necessary Requircaents Calculation Extra Features
1) No. Syutem uses a tranv- User cannot do simplificd Huderate coding change slace
poriation demand model. snalysls. all necessary data ts
available.
1-2 om.
e
Yos. Uses transpor- Yes. Mune from Standard.
tetfon demand model. planning data.
Yes. Yeu. Staadard .
Yes. Yes. Scandard.

L. Ealsslon Compulation swd Mapplog

. Map teafflc duta Lo masler
geid and/or links.

2. Apply comtuston tactors.

3. Lunerate vulpul la awdel-
compattble form.

a. Line soutces,

L. Arcd souries

a. Giowth Analysils

A.  laput aew highway coustguctlon
data.

B. fEnput genciollicd growth
projectlons.

Yes, but applices
vaisslon factors (step 2)
fiesc,

Yes. Does this betore
step L.

No. Does oot freat line
a0ufces.

Bo. Thece i3 no pro-
vision for handling
spec Iftc highway datu.

User cannot model line
suurces.

User cannol use any avall-
able data on nuew highways.

Yes. Can specify
allocatlon parameter.

Lesy devirable than mapping
activity €irut. Could lead
to uauaual ceaulis.

Yes. Standard.

Moderate modif icarion of
cude sloce link data ts
avaltable.

2-3 ma.

Yes Standagd.

Mudification o cude and
courdination of new highwny
daca with output (rom demand
wodel .

2-3 ma.

Yes, but user wust
develop an entire
growth scenario to
operate the gravel
deaund model. May re-
quire some modificacion
to slwplify the inpuc
of slmple grouth
factors.

Standacd.

2-1 oa.
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Table D-5,

Sources - MWCOG (Contd.)

Computation Comparison for Transportation

Calculation

Does the ayatem do
cthe calculation?

No

Significaace of
che Lack

Changes Hecesaary

Reasonable Dats
Bequireacnts

Accuracy of
Calculation

Extra Features

IIX.  Scrategy Anslyala
A. Apply emtesion limica.

8. Apply treffic controla.

C. Apply growth and developaeut

controls.

Other Vehicles

1. Aceivity Paranerer Inpuc
A. loput vehicle accivicy.

6. Apply emfaston factors.

II. Emlgstoan laput
A. Input culsslons directcly

Cavoline Handling Evaporation losses
. Guaoline Marketed loput
a. Input gasoline sold.

B. Apply emisaton factors.

11. Surrogate Variable Input
A. TapuC per caplta gasoline
consumpt lon race,

B. Cowpute gasoline markeled.

€. Apply emlasston factocs.

Yes,

Yes.

Yes.

Ha. Huse laput data in
ares source emission
inveatory faormat.

No.

Yes.

No. HMust Input data in
area source emission
inventory fommat.

Na.

No.

User must manually calcu-
late the emiaston rate for
inpuc.

Sume as above.

User must wanually calcu-
late the emfssion rate for
ioput.

Same aa above.
User must wake the surro-

gate variable calcula-
tions externally.

Hodiftcation of input and
addit fon of calculation
roucines. 23 ma.

Modificacion of iapuc and
additlon of calculation

rout ines. 1-2 am.

Hew coding eifort.l_z .

Yes, but aust change
baglc data in EMIS
code .,

Yus, but sust modify
output of demand wodel.

Yesa, but must reruvn
demand aodel.

Yes. Input as parc of
area soutrce {nventofy

Standard.

Standard.

Standard.

Lesa accurace than is
posajble when dofng growth
analysia,

LLT



Table D-6,

Caliulat fon

Computation Comparison for Solild Waste Disposal Sources - MWCOG

Does the systen do
the calculacion?

No

Significance of
the Lack

Hewsonable bata

Changey NeCuoosacy Requiresent s

Accuracy of
Calculatjon

tutrs Featuros

tmlenlog Update

AL

Suttogate Varfuble luput (Level 1,2)

1. lupul surrugate variable (o be
used.

2. luput sulid waste genctat ton
factorw.

5. lnput dispusel tuchnlyue
dietribution.

w. Cosputle wolid weste generatod
and disposal techulque la
subarean.

3. buctack putal soufces.
5. Lo tu C.

dulid Waste Bars dnput (Levei 3)

1. lnput solid waste geacration
and dlspusal duta from local
soulces.

&, hatract polnt sources.

3. Go o L.

balanlon Lomputat bon and Happiag

1. Hap s0lid wasie geucration
and dispasal tecluiique to
master gilds.

<. Apply calsalun facturs

3. Geoerate vulpul 1an wodel-
compacible form.

o, Thase is no pro-
vistlua toc loputtiog
surrogdte vardsbles for
sulld wasie dispoas.

No, Hust luput data
in arva suurce emiss
slon iaventory furmac.

Ho. Must stact wich
srea source fotals.

Yes, bul maps cmis-
stond.

No. Maps lupul caja-—
slons,

Yes

Sigattlcant, Does not allow
the usec to make use of dif-
ferent estimatlng procedures.

User must manually compute
loput emissiocns.

Inconvenlence o user whu
must separate polac and acca
souEce totals wanually.

Moderate modif lcaclons
aad nev codlng.,
1-2 am

Hodiflcatlon of Lnput
and new coding

1-2 ma
Hew coding effort Ila con-
nection wich addictonal
polut source routlnes.
(See industrial process

soucces) 1-2 ma

Yes, Can
specity allo-
cation para-
LTS

Huoe. The mapping uf activity can be dune when Che
computation procedure (L.B.1 above) iz changed,

Tes,

Liss desivable chaa
wapping sctivicty firsc,

Standard.

8L(1



Table

D-6, Computation Comparison for Solid Waste Disposal

Sources - MWCOG

(Contd.)

Calculakfon

Doea the sysiem du
cthe calculation?

Significance of
the Lack

Heusonable Data
Chunges Necessary Requircaents

Accuracy of
Calculatton

txtra Featurea

LI, Growth Analysis
A. laput Growth Data

1. Surrugate varlasble projec-
cluna,

2. Solid waste gencration
rfaces,

3. Accept local solid waste
projections.

4. Dlapusal restrictions.

11, Straceyy Auulysis
A, Emission Mmirs.

b. Gruwth und developeent
controly,

©. Dispusal restrictivns.

No. Same ay
above.

Nu. Same as
No. Sase as
above,

No. Sase as

ey,

Ho. Hecause

ol surrvgate

No,

l.a,

abuve,

2.8,

above.,

of lack
varlable.

User cannot casbly siwu-
late the effect of this
slracegy.

User aust manvelly deter-
wine the effect of chis
sirategy on emlusions,

Yes, but wust 8lou-
late as an effec-
tive growth rate.

New coding e furc
1-2 va

New coding eftort (@awe
as 1.B8.1)

Nut an accurate
pracedure,

6.1



Caliutlat fon

Computation

Comparison for Miscellaneous Sources

- MWCOG

Ducs the systew do
the calculatlon?

No

Significance of
the Lack

HBeayunable Data

Cluanges Necessary Requirewents

Accuracy of

Calculation Extra Features

Sulvent tvaporation

1i.

[ RN

Emisnton Updute

Al

Diyucl Data Input

1. laput actuul asolvent use.

Surrugate Data

Lnput
5. luput aolvent consumption
fuctors.

bmiysfon Computation and Mappiug

1. Map solvent use to master
grid,

2. Apply cmlsston factors.

3. Geuerate output in model-
compat ible form.

Growth Analysis

Al

Apply grouth fucturs.

Stvatery Analysts

A

b,

tuiselon lialts

Solveal use restetccions,

Growth soad Jevelopment
coaltuls.

No. User aust tnpuc
calssions.

Nu. No proviaion tor
handling a surrogate
varfable for this
source.

Yes, but wapy cmissions.

No. Maps input
vafsslons.

Yeu.

Nu,

No.

User must asnuslly compute
emissions.

lnconvenleace Lo user.
Inabilicy to wanipulace
this cype of data.

Nune,

Modlficetlan to input snd

new code.
1 am,

Moderate modification of
code 1n connection with
T.A.1 above.

Yes. Can specify
allocation parametec.

The mapping of activity can be done when

the computation procedure (I.A and B above) is

changed.

User must sanually detec-
sine the effect of this on
emjsslons.

User cannot custly simulate
the cffect of this type of
strategy.

Yes. Can use etther
populacion or a non-

deaographiie growth rate.

\
Yes, but aust slmulate
as an effective grouth
rate.

New coding effort (same
ag [.A and I.B abave).

New coding efforc.
1-2 aw.

Less deairable than wmapping
activicty First.

Standard.

Hot an accurate procedure to
apply growth rate to emissions
directly.

Not an accurate pracedure.
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Table D-7.

Computation Comparison for Miscellaneous Sources

- MWCOG (Contd.)

Yo Yes
Doey the syslem do Significance of Beasvanable Data Accyracy of
Caleulation the calculacion? the Lack Changes Necessary Requireaents Calculatton Extra Features
Fixes
I. Input basic acciviey factor. No. User must faput Uger must ®anually compute Hew coding.
enlgsions. eaisalons. 1 mn,
¥1. Input allocatlom parameter. Yeu. Yea. Can use alloca- Standard.
tion routine in GROM.
111, Apply emissyion factor. No. Same as I abave.
Fugteive Dust
I. Input basic activity factor. No. User must inpul User must manually coupute New coding.
eatsslons. eaisstons. : 1-2 =
II. Input allocatlon parsameter. Yes. Yes. Can use alloca- Standard.
tion routine in GROW.
11X, Apply ealssion factor. No. Same av I above.
IV. Apply control stratepy. No. User must maaually compute New coding.
the effect of strategy on 1 mua.
ewissfons.
Other Svurces
I. CGeneralized forwar. No. User mustl input User muet manually compute New coding.
emtsnlons. emissions. 1 o
Yes Standard.

II. Ewmlasion lopul.

Yes.

181



Table D-8,

Computation Comparison for Gridding

- MWCOG

Colculut fon

Dues the syateu do
the caleulation?

HNu

Stgaificauce of
the Lack

Reasonable Data

Changed Necessary Requirements

Accuracy of
Calculatlon

Extra Feutures

A. Mup 31um subaiua Lo muster yoid using
previvualy deteralned fraccions,

B. Map suveral subavoeass to master grid,

L. Map process activicy lnscead ot
cobsulons.

v, Hap Into cheuglug master geold,

Yes. Done ia CUNVKT.

Ho, Use only vie grid

system,

Ro. Maps wslsslona.

No. Uses otk uwaster
grid only.

lacoavenlence o user.
Limits the different
data files that can be
uaed.

Not as deslrable a fea-

ture. Could lead to in-

correct diseributions.

Inconvenlence to usec,

Yes,

Some rcprogramming to keep

accurace bookkeeplng of

various subareas to grids
-2 am.

Consldered uader Lndividual
Suurce cabegories.

Some seprograwsing as in B
above
1 - 2 wa.

Stundard,

[4:1



Table D-9. Computation Comparison for Growth - MWCOG

Does the systes do Signlflcance of

fleasonable Deca

Accuracy of

Calculatton the calculation? the Lack Changes Necessary Requirements Calculat jon Ex
tra Features
I, Determine groweh from specific Yes. Done in GROWTH Yes, Scandard.
data, rtout fue.
LI. Determlne goowth from gencralleed Yes. Computes growih Yes, Standasd.
growth factors factors
11, Link groweh between activitles
A, Provide Mokages Yes. Can compule Yeu. Standard
growth om the basis
of cuwebioacions uf
parametess.,
b. Provide ouctput for daga Yes. Yes. Standard.
constavency checks.
V. Process more Chan one growth Yes. Yes. Standard,
Geenacio pes rua.
V. Provide sumsary €ables of emlssion Yes. Yes Standard,

and activicy growth,

12:78
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Caliulution

Table D-10.

Computation Comparison for Control Strategies - MWCOG

boes Lhe systen do
the calculation?

Nu

Significance ot
the Lack

Reasonable Dats

Changes Necessary Requirements

Accuracy of
Calculation

Extre Features

Scparate tonivul stiategy outine,

Process wore than vuc control

strategy pef compuler tua.

Apply acgulationa unly Lo afrected

BUGLCRS

Pruvilde aouuwary tables Tor regu-—
tatlon evaluacion.

Ho .

Na.

No.

Nu.

Vuer must Inteipret contiol
strategy manually or by
using an effective growth
rate.

Kequires usce to run each

coutrol strategy separately.

User must spply regulacivos
manvally.

bBoes nut provide user with
Intecpretive taformacion.

Hew code.
3 -5 am

Change €0 code tn cun-
aeceion with 1 abuve.
1 o

New cude in connect lon
with 1 above.
-2 ma

Output change in cunnec-
Lion wich 1 above.
1

v8T



Table D-11,

Evaluation of Computer Requirements - MWCOG

Requirement

Does the system do
the calculation?

No

Significance of
the Lack

Changes Necessary Extra Features

II.

1r.

iv.

VI.

Computer System
A. UNIVAC 1110

B. IBM

Programming Language
A. FORTRAN and/or COBOL
B. ANSI scandard

Mode of Operation

A, Batch and interactive

B. Interactive

Program Structure
A. Madular

B. Complete or single module
run capability

Off-Line Storage

A. Permanent - tape, cards.

B. Transient - tape, disk,
data cell, drum.

Input Format
A. NEDS compatible,

B. ELS/P&R cowpatible

C. Census tapes

No. 1ilas been run on
IBM 370/168.

Yes.

Yes. FORTRAN only.

Yes.

Yes.

No. The interactive
component has been
eliminated.

Yes,

Yes, but would require
appropriate JCL to run

stralght through; not
likely to be used in
this manner.

Yes.

Yes.

No, Recelves polnt
source information
in state-supplied
format.

No,

No. Processes aggre-
gated Census
information.

Cannot be run on EPA
facility.

User caanot use NEDS data
directly.

User cannot use EIS/P&R
system.

Inconvenience to user, Must
create an aggregated census
tape first.

Must be converted to
UNIVAC form.

1 mm

Modification of input.
1-2 mm

Major new coding effort,
(See industrilal process
sources).

Minor modification.
1 mm
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Table

D-11.

Evaluation of Computer Requirements - MWCOG (Contd.)

Requirement

Does the system do
the calculation?

Significance of

the lLack Changes Necessary

Extra Features

VII.

VIIIL.

IX.

X.

Output Format

A. Models
1. AQDM
2., COM
3. 1IpP
4. VALLEY

B. lsopleth prYograms

C. Hard copy by areca
oxr subarea

Documentation

A. User's gulde

B. Programmer's manual

Portabilicy
A. Easily transferable

B. Transferred by cards,
tape (binary or source
form, batch process).

Compatabilicy
A. AEROS

No.

Yes,

No.
No.

Yes., SYMAP isopleths
used in air qualicy
packages. May need
some generalizacion,

Yes. Special rou-
tine (EMSUM).

There is no documen~-
tation available for
general use although
the programs have ex-
tensive comments.

Yes, Select programs
have been used else-
where,

Yes. Cards.

No. Does not have
proper documentation.

Minor modificacion
< 1 mm

Minor modification
< 1 mm

Minor modification
< 1 mm

A user must interpret the
programs himself. WNot
especially difficult since
the codes are short and
straightforward.

Prepare documentation

2~-4 mm

Cannot be supported by
AEROS system.

Documentation must be
prepared. 4-6 om

o0
1t
)

-
\

1
t

10,

3
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APPENDIX E
Development Effort of a New CEPA System

The table contained in this Appendix gives an estimate of the effort
required to develop an entirely new CEPA system. These estimates are given
for each task involved in an air quality analysis. They are comsistent with
the estimates of modifications to the existing systems in that the effort re-
quired to make a major modification is assumed to be equivalent to developing
that component of a CEPA system anew.



Table E-1. Development Effort of New CEPA System

Effort Required Total Effort For Effort Required Total Effort For
to Program Source Calegory to Program Source Category

Source Category (man-months) (nan-wonths) Source Category {man-months) (man~months)
Residentdal Fuel Combustion Righway Vehicles
. Ewlestion Update I. Emtssion Update
A. Fucl Usce laput 2-4 A, Fuel Consumption Input 1-2
B, Surivgate Variable Inpur 3~4 B. Specific Data Ianput 4-6
€. Eulaslon Cowputation aund C. Emission Computation and
Mapping 1~2 Mapping 2-3
1i. Growcth Analysis LI, Growth Analysis 2-4
A.  lupul Growth Ddata 1-2 111, Strategy Analysis 3-5
B. Apply Growth Faccors 2~4 12-20
L. Strategy Analysis Other Vehicles 3-4 3-4
A. Lmission Limits 2~}
G o - " 4 i - -_
. Fuel Controls 12 aso)}ine Handlipng Evaporation Losses 2-3 2-)
€. Growth aud Development 1-2 Solid Waste Plsposal
13-23 1. Ewissloa Updace
Commercial /Institutional and Industrial A. Surrogate Variable Input 1-2
Fuel Cowbustion B. Solid Waate Data Input 2-4
misst Upd C. Ewission Computation and
1. tmission Update Mapping 1-2
A. Fuel Use loput 1-2
II. Growth Anal -
B. Surrogate Variable lnput 1-2 rowth Analysis 24
C. Ltmlssivn Cowmputation and I¥l. Strategy Analysis 1-2
Mapping (Same as Resldencial) 7-14
11. Crowth Anoglysis Miscellaneous Sources
A. loput Growth Data 1-2 . .
Solve E -
B. Apply Growth Factors 1-2 Fci)ran( vaporation i_;
11, Strategy Analysis Fugitive Dust 2-4
A, Emission Limits 1-2 Other Sources 1-2
B. Surruvgaete Variable lnput (Same as Residential) 6-13
C. Ewmlssion Computstion and
[ - -
Mapping 1-2 ridding 5~10 5-10
) - -
6~12 Growth 7-11 7-11
} -1 -
Eleciric Generacioa Control Strategies 6-10 6-10
1. ‘freat Power Plaats (See Industrial Process Sources) Computer
. . . Census Tapes 3-4
1. Project Electrical Demand 2-3 Documentat ion
2-3 Users Cuide 2-3
. . N Programmers Guide 2-3
Interns)l Combuscion (See Industrial Process Sources) AEROS Requirements 46
11-16
Induserial Process Saurces TOTAL EFFORT 87-149
I. Emission Update 3-4
11. CGrowth Analysis 2-3
111, Strategy Analysls 2-3
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