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1.0 INTRODUCTION

In March of 1981, the U.S. Environmental Protection Agency (EPA)
issued guidelines for applying the city specific Empirical Kinetics
Modeling Approach (EKMA).l EKMA is a procedure that can be used to
estimate reductions in emissions of Volatile Organic Compounds (VOCs)
that are needed to achieve the National Ambient Air Quality Standard
(NAAQS) for ozone. Application of city-specific EKMA according to the
March 1981 guidelines entails using the Ozone Isopleth Plotting Package
(OZIPP) to relate peak ozone concentrations to its precursors - Nonmethane
Organic Compounds (NMOC) and Oxides of Nitrogen (NOX).Z’3 0ZIPP is a
computer program that incorporates a simplified trajectory model and a
chemical kinetics mechanism (known as the DODGE mechanism) that mathe-
matically simulate ozone formation. Since the issuance of the March 1981
guidelines, the use of other chemical mechanisms with EKMA has been
suggested.4,5 In response, supplemental guidance on using other mechanisms
was circulated to EPA Regional Offices in December of 1981.6 The supple-
mental guidance contained generalized recommendations regarding the
application of other mechanisms, but did not provide specific details on
how any one particular mechanism might be incorporated in an EKMA modeling
analysis. The purpose of this document is to provide more specific
information regarding the use of one a]tefnative mechanism - the Carbon-

Bond III mechanism (CB-3) developed by Systems Applications, Incorporated.’

The March 1981 guidelines dealt exclusively with using the DODGE

chemical mechanism and the EKMA technique. Those guidelines contained



recommended approaches for formulating OZIPP input variables and applying
EKMA to estimate the VOC emission reduction needed to achieve the ozone
NAAQS. Many of these recommendations are appropriate for the CB-3
mechanism as well. In a few instances, however, the recommendations were
based on the results of sensitivity tests conducted with the DODGE
mechanism. Because the CB-3 and DODGE mechanisms do not always exhibit
the same sensitivity to a particular model input variable, some of the
March 1981 recommendations need to be modified when CB-3 is used with
EKMA. This document focuses primarily on those modifications that are
needed to use the CB-3 mechanism with EKMA in an appropriate manner, but

also summarizes the recommendations that remain unchanged.

The recommended approach for applying EKMA with the CB-3 mechanism
(hereafter referred to as EKMA/CB-3) parallels the one outlined in the
March 1981 guidelines for using EKMA/DODGE. As a consequence, the format
of this document is similar to that of the 1981 guidelines. Procedures
are recommended for transforming available emissions and aerometric data
into model input values. Alternative procedures are suggested for those
cases in which sufficient information is available to warrant their use.
Also, every effort has been made to provide so called "default" values
that can be used in the event of missing data. Because of the similarities
between an EKMA/CB-3 and EKMA/DODGE analysis, this document is intended
to serve as a companion to the March 1981 quidelines. The reader will
more than likely find it useful to refer to the 1981 guidelines for
discussions on the concepts underlying the modeling analysis or for

details on any particular portion of the modeling approach.



As discussed in the March 1981 guidelines, the EKMA technique is
applied by using the OZIPP computer program that internally incorporates
the DODGE mechanism. While OZIPP could be modified to replace the DODGE
mechanism with CB-3, extensive revisions to the computer code would be
required. However, an alternative program that accepts as input any
chemical mechanism is available. This program, Ozone Isopleth Plotting
With Optional Mechanisms (0ZIPM) is very similar in structure to 0ZIPP,
but provides the flexibility needed for dealing with optional mechanisms.8
Since it is considerably easier to deal with O0ZIPM rather than modify
QZIPP, the discussions that follow will focus exclusively on using the

CB-3 mechanism with the 0ZIPM program.

The remainder of this document is divided into three chapters.
Chapter 2.0 contains a discussion of the CB-3 mechanism and its relationship
to the OZIPM program. Chapter 3.0 describes the modifications to the
March 1981 guidelines that are needed for an EKMA/CB-3 application.
Finally, Chapter 4.0 illustrates how the model inputs described in
Chapters 2 and 3 are actually used with OZIPM in order to apply the EKMA

technique.

One final point should be made concerning the evolution of the
recommendations contained herein. As noted previously, the CB-3 mechanism
was developed by SAI. Because of their unique expertise with CB-3 and
their familiarity with EKMA, EPA contracted with SAI to develop a
methodology for using CB-3 within the city-specific EKMA framework.? The

recommended methodology was used by the EPA to formulate an initial set



of guidelines which were discussed with representatives of EPA, SAI and
the University of Morth Carolina (UNC). Subsequent to these discussions,
the guidelines were revised, and then circulated to the same representa-
tives, and to other interested parties for further comments. The final
guidelines thus represent a synthesis of ideas expressed by a number of

interested groups.



2.0 THE CB-3 MECHANISM

As the name implies, CB-3 is the third in a series of evolving
chemical kinetics mechanisms. Each of the successive carbon bond
mechanisms contains revisions that reflect increased knowledge of the
photochemistry leading to ozone formation. The CB-3 mechanism is currently
the most recent version of that generic series. It has been designed to
simulate laboratory smog chamber experiments using detailed data bases,
as well as atmospheric situations in which much less information is
typically available. While a comprehensive discussion on the scientific
basis of the CB-3 mechanism is beyond the scope of this document, some
introductory material on basic concepts is included below for those

unfamiliar with CB-3.

A distinguishing feature of any chemical mechanism is the manner in
which organic reactivity is treated. Because the construction and use of
a mechanism that includes all atmospheric species is virtually impossible,
individual organic species must be combined, or lumped, into some sort of
functional group, or groups. Thus, the discussion of any chemical mechanism
must necessarily address the manner in which organic chemistry is repre-
sented in the mechanism. The concepts underlying the treatment of organic

reactivity in CB-3 are discussed in Section 2.1 below.

As noted in Section 1.0, use of the CB-3 mechanism in a city-specific
EKMA analysis is most easily accomplished with the O0ZIPM computer program.
While the CB-3 mechanism has been designed in general form for use with

any photochemical model, some adjustments are normally required to "fit"



the mechanism to any particular computer code, and OZIPM is no exception.
In addition, OZIPM requires a special input format for chemical mechanisms
that warrants some explanation. These items are addressed in Section 2.2

below.

2.1 ORGANIC REACTIVITY

As described in Section 2.0, a characteristic that typically
distinguishes chemical mechanisms is the manner in which organic compounds
are represented in the mechanism. A number of approaches have been
taken, but most have focused on lumping similar species into a single,
identifiable molecular species that represents the chemistry of that
particular class of compounds. For example, propylene might be used to
represent the chemistry of all alkenes. The CB-3 mechanism is somewhat
different in that the primary functional organic groups are based on
various types of structural units (e.g., single-bonded carbon atoms) as
opposed to molecular type (e.g., alkanes). As will be seen below, this
kind of structuring results in some organic species being represented by

more than one functional group.

In CB-3, seven functional groups are used to represent the role of

organic species, each based on various types of carbon bonds:

(1) single-bonded carbon atoms, termed paraffins and represented
by PAR;
(2) slowly reacting double bonds, almost exclusively ethylene

and represented by ETH:



(3) relatively reactive double bonds, termed olefins and
represented by OLE;

(4) reactive aromatic compounds, termed aromatics and represented
by ARO;

(5) carbonyl compounds such as aldehydes and ketones, termed
carbonyls, and represented by CARB;*

(6) highly photolytic, o -dicarbonyl compounds such as methyl
glyoxal and biacetyl, termed dicarbonyls and represented by DCRB; and

(7) nonreactive compounds, represented by NR.

Of the seven groups listed above, users will be mostly concerned with
Groups 1-5 and 7. DCRB compounds are primarily formed as products of
chemical reaction. Hence, they are present, by and large, as a result of

reactions occurring amongst the first five functional groups.

Just as important as the definition of the functional groups themselves
is the manner in which individual organic species are apportioned to
those groups. As noted above, a particular organic compound is assigned
to a CB-3 group, or groups, on the basis of molecular structure. To
illustrate the procedure, consider the propylene molecule which contains
one single carbon-carbon bond and one double carbon-carbon bond (see
Figure 2-1). In the CB-3 mechanism, the propylene molecule is represented

by 1 paraffin and by 1 olefin. In essence, the molecule has been

* In addition to aldehydes and ketones, olefins with internal double
bonds are included in this group in order to eliminate intermediate
species that have short 1ifetimes.
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apportioned on the basis of the carbon-carbon bonds: the double-bond
represented by OLE, and the one single bond by PAR. Similar classifica-
tions have been determined for scores of other compounds, and they provide

the basis for establishing the overall reactivity of an urban mix.

In the propylene example discussed above, note that the number of
carbon-atoms associated with PAR is one, while the number for OLE is two.
A general principle underlying use of the carbon-bond mechanism is that
the number of carbon atoms associated with any individual carbon-bond
group is fixed. (Table 2-1 shows these characteristic carbon numbers for
all six reactive carbon-bond functional groups.) By making use of the
carbon numbers, concentrations of each CB-3 group can be determined from
concentrations of individual organic species. To illustrate, consider
the propylene example discussed above, and further assume that the con-
centration of propylene is 3 ppmC. Since propylene is represented in
CB-3 by one PAR and by one OLE, the 3 ppmC total propylene concentration
must be apportioned to these two carbon-bond groups. Of the three carbon
atoms in a propylene molecule, one is PAR and two are OLE (see Figure 2-1).
Thus, one-third of the carbon atoms can be thought of as PAR, and two-thirds
as OLE. Since concentration is proportional to the number of carbon atoms,
the concentrations of PAR and OLE in the CB-3 mechanism would be 1 ppmC and
2 ppmC, respectively.* This same concept can be extended to multicomponent

mixtures as well. In such cases, concentrations of the individual organic

*7.e., CpaAR = 1/3 x 3 ppmC and CoLg = 2/3 x 3 ppmC



Table 2-1. Carbon Numbers for CB-3 Organic Species.

Carbon-Bond Group Number of Carbon Atoms

Paraffins (PAR) 1
Ethylene (ETH) 2
0lefins (OLE) 2
Aromatics (ARO) 6
Carbonyls (CARB) : 1
Dicarbonyls (DCRB) 3
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species are first apportioned to their respective CB-3 group. The total
concentration of any particular CB-3 group is then obtained by summing
the contributions due to the individual organic species. This procedure

will be more fully discussed in Chapter 3.

In using the CB-3 mechanism with the OZIPM program, absolute
concentrations of the individual CB-3 groups are not directly input to
the model. Rather, the total NMOC concentration is specified, and the
fraction of carbon attributable to each CB-3 group is input. For example,
assume that the total NMOC concentration is 2.0 ppmC, of which 1.4 ppmC
is PAR (as determined by the procedure described in the preceding
paragraph). Then the apportioning factor, or carbon fraction, for PAR
would be 0.70, indicating that 70% of the total carbon is categorized as
PAR. The CB-3 carbon fractions correspond conceptually to the DODGE
mechanism apportioning factors of 25% propylene, 75% butane, and 5% added
as aldehydes. The CB-3 fractions can be determined on a city-specific
basis, or a special set of default values can be used. Both options will

be discussed in Section 3.5.

2.2 USE OF CB-3 IN OZIPM

The general form of the CB-3 mechanism that is recommended by SAI
for use with OZIPM is contained in Appendix A. The rationale and
background information leading to this recommendation are contained in
Reference 9. More extensive information on the evolution of the carbon
bond mechanism in general can be found in References 7, 11, 12, 13, and

14.

11



As noted in Section 1.0, the OZIPM program is designed to accept any
alternative mechanism, provided it is coded in a specified format. In
addition to coding the chemical reactions and corresponding rate constants,
all photolytic reactions and primary organic functional groups must be
identified. Furthermore, those chemical species that undergo photolysis

must be given special, pre-defined names. All of this information is

input to OZIPM by means of the MECH option (see Reference 8 for details).

The specific inputs necessary to use CB-3 in OZIPM are contained in
Appendix B (details of the format are contained in Reference 8 and sum-
marized in Appendix B). It should be noted that to conform with OZIPM
input requirements, the names of two species in the CB-3 mechanism listed
in Appendix A must be changed: CARB to HCHO and DCRB to ALD2.* The
species NR represents the nonreactive portion of organic compounds. Note
that it is included as part of a “do-not;ing" cycle, and does not affect
the other reactions nor the amount of ozone formed. Finally, two addi-
tional reactions have been added to reflect the effect of tropospheric

background on ozone formation (reactions 90 and 91 in Appendix B). The

basis for these reactions will be discussed in Section 3.2.5.

The discussions in Section 2.1 and above have provided a general
overview of the CB-3 mechanism and its relationship to the OZIPM program.

In most instances, consideration of the details of the mechanism will not

* Even though the species labels HCHO and ALD2 are used in OZIPM, the CB-3
nomenclature of CARB and DCRB will be used throughout the text.

12



be required in any particular model application. The major concern in
most applications is the determination of the total NMOC concentration,
and then the specification of the carbon-bond fréctions required to

apportion the total carbon concentration to the individual carbon-bond
groups (i.e., PAR, ETH, OLE, ARO, CARB, DCRB, and NR). The procedures
for developing these and other model inputs for an EKMA application are

the subject of the next chapter.

13



3.0 PROCEDURES FOR APPLYING EKMA/CB-3

Although the March 1981 guidelines deal explicitly with 0ZIPP and
the DODGE mechanism, many of the concepts described in that document are
relevant to the use of EKMA with other mechanisms as well. For example,
selecting the cases to model and the manner in which isopleth diagrams
are used to compute VOC emission reduc;ions are unaffected by choice of
chemical mechanism. Nevertheless, use of CB-3 with 0ZIPM does require
some special considerations. This chapter will focus primarily upon
these circumstances, but will also describe, in general terms, all other
facets of conducting an EKMA modeling analysis. Again, the reader may
refer to the March 1981 guidelines document for details regarding some

aspects of the modeling methodology.

The ensuing discussion of using CB-3 with EKMA can perhaps be
facilitated by a brief overview of the general modeling procedure. The
OZIPM program is used to generate ozone isopleth diagrams that explicitly
relate peak hourly ozone concentrations to initial (i.e., 8 a.m.) ambient
levels of the ozone precursors NMOC and NOy (see Figure 3-1). The diagrams
are used with a measured peak ozone concentration and a city's NMOC/NOy
ratio to compute, on a percentage basis, the VOC emission reduction
needed to lower the observed peak to the level of the standard. While
isopleth diagrams are explicit functions of initial NMOC and NOy, the
positioning of the ozone isopleths on the diagram are also affected by
model input variables that are related to meteorology, emissions occurring

throughout the day, and pollutants transported from areas upwind of the

14
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city under review. Because these factors vary from day to day, the
highest VOC emission reduction estimate will not necessarily correspond
to the highest, observed ozone peak.1s7 To account for this phenomenon,
the modeling approach recommended in the March 1981 guidelines consisted

of:

(1) modeling a number of high, observed ozone peak concentrations;

(2) computing the amount of VOC emission reduction needed to
lower each peak to the level of the standard;

(3) selecting a final VOC emission reduction target that is

consistent with the statistical form of the ozone standard.

Subsequent to the distribution of these recommendations, EPA issued
supplemental guidance further recommending that predictions of peak ozone
be compared to observed levels.® If the agreement between predictions
and observations is found to be poor, review and possible adjustment to
key model inputs are suggested prior to computing VOC emission reductions.
While good agreement between predictions and observations does not com-
pletely insure accurate control estimates, successful prediction of
observed ozone peaks does provide some confidence that the chemical and

physical processes leading to ozone formation are being adequately simulated.

The modeling procedure described in the preceding paragraph can be

divided into five basic steps:

(1) selecting the observed ozone peaks to model;

(2) formulating the model inputs;

16



(3) predicting peak ozone;
(4) computing VOC emission reductions; and

(5) selecting the overall VOC emission reduction target.

The remaining discussion is divided along these lines. For reference,

only items 2, 3 and 4 above contain information that is new or significantly
different from that found in the March 1981 guidelines. The other two
topics are included for completeness, even though no major modifications

have been.made to the recommended approaches.

3.1 SELECTION OF MODELING CASES

As noted in Section 3.0, the highest VOC control estimate may not
correspond to the highest observed ozone concentration. Further, the
statistical form of the ozone NAAQS permits on average, one daily maximum,
1-hour average ozone concentration above 0.12 ppm per calendar year
at each site.l5 Consideration of these two factors led to the recommendation
that a number of observed peaks above 0.12 ppm be modeled. The VOC
emission reduction target is then selected from these results in a manner
that is consistent with the statistical form of the ozone NAAQS. For an

EKMA/CB-3 analysis, the same procedure is recommended.

One additional issue could possibly arise when EKMA/CB-32 is used to
replicate a modeling analysis conducted with EKMA/DODGE. In this situation,
one may desire to use the original set of modeling results to reduce the
modeling candidates for EKMA/CB-3 to some smaller subset. Given the

complex nature of the nonlinear interactions embedded in the 0ZIPM model,

17



the case with the highest VOC emission reduction may be different with
EKMA/CB-3 than with EKMA/DODGE. As a result, the arbitrary elimination
of any modeling case runs the risk of affecting the final VOC emission
reduction target. Therefore, using EKMA/DODGE results to screen modeling

cases from consideration with EKMA/CB-3 is not recommended.

Recommended Procedure: The recommended procedure for selecting
the cases to be modeTed is identical to that delineated on page 10 of the
March 1981 guidelines document. Summarizing, the five (5) highest daily,
maximum ozone concentrations at each site should be selected as candidates
for modeling. Only ozone peaks that occur within or downwind of the
urban area under review should be included. The five highest values
should generally be chosen from the most recent three (3) years during
which measurements were made at a site.

3.2 DEVELOPMENT OF MODEL INPUTS

As just described, the five highest, daily maximum ozone peaks at
each site are selected for modeling. Two basic objectives of the modeling
analysis are to predict the observed ozone peaks, and to compute the VOC
emission reductions needed to lower each observed peak to the level of
the ozone NAAQS. To best accomplish these objectives, the model inputs
should be based on the atmospheric conditions associated with each observed
peak. Thus, their derivation ought to be done on a case-by-case basis.
In some instances, however, insufficient or inadequate data preclude such
a determination, and appropriate approximations or defaults are needed.
The major purpose of this section is to describe the methodologies

recommended for deriving the model input values under both circumstances.

Table 3-1 summarizes the model input variables that require

consideration, regardless of the intended purpose of the model simulation.

18



Table 3-1. O0ZIPM/CB-3 Model Inputs.

Model Input Variables Section* New Recommendations
> CB-3 mechanism -- ’ X
> Sunlight intensity 3.1.1 -
> Dilution 3.1.2 -
> Post-0800 emissions 3.1.5 -
> 03 transport 3.1.3 -
> Precursor transport 3.1.4 X
> Initial NO2/NOyx ratio 3.1.6 -
> Organic reactivity 3.1.6 X

* Refers to section numbers in the March 1981 guidelines (Reference 1).

19



Procedures for estimating many of these inputs have been discussed in

the March 1981 guidelines, and the corresponding section numbers are

shown for reference. With EKMA/CB-3, however, some supplemental guide-
lines for developing model inputs need to be provided, and are so noted

in Table 3-1. While the discussion below will focus primarily on the

new procedures, those that remain unchanged are briefly reviewed for
completeness. Subsequent to that review, the recommendations for deriving

the other model inputs are discussed in more depth.

Before discussing each of the model input variables, one final point
should be added. The recommendations discussed below deal with model
inputs that correspond to conditions associated with the observed ozone
peak (i.e., so called base-case conditions). Some of these conditions
might be expected to change in future years subsequent to the implementa-
tion of VOC control programs. Factoring these potential changes into the
modeling ané]ysis will be discussed in Section 3.4. Thus, the recom-
mendations discussed below concerning the derivation of model input
values will necessarily focus on data corresponding to emissions and
atmospheric conditions associated with a particular ozone peak observed in

the base case.

3.2 1 Model Inputs Without Significant Changes In Recommended
Procedures

A number of model input variables are unaffected by the choice
of chemical mechanism and, as a consequence, many of the recommendations

contained in the March 1981 guidelines are also appropriate for CB-3. As

20



might be expected, these variables primarily relate to the physical
processes affecting ozone formation (as opposed to chemistry related
variables). Examples include sunlight intensity, 03 transport and
dilution. While a detailed discussion of the procedures used to derive

these inputs will not be repeated here, a brief review is included for

background.

Light Intensity. The O0ZIPM program uses a city's latitude,

longitude and time zone, and the day of the year being modeled to generate
the appropriate diurnal pattern of photolytic reaction rates. While
updates have been made to some of the photolytic rates, these have been
incorporated in the CB-3 mechanism related inputs. Thus, no changes need

be made for this set of model inputs.

Dilution. In the O0ZIPM model, dilution occurs as a result
of the rise in atmospheric mixing height that typically occurs between
early morning and mid-afternoon. The mixing height can be viewed as the
top of a surface-based layer of air which is well-mixed due to mechanical
and thermal turbulence. Specific inputs to OZIPM include the early
morning mixing height, the maximum afternoon mixing height, the time that
the mixing height rise begins, and the time at which the maximum mixing
height is finally attained. In the March 1981 guidelines, procedures were
provided for estimating the early morning mixing height and maximum after-
noon mixing height from available radiosonde measurements. In the absence
of such measurements, appropriate defaults were listed. Further, the

0ZIPM program will internally calculate the rate of rise in mixing height
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based upon a characteristic curve developed by Schere and Demerjian.16,17
This is the procedure that is generally recommended for EKMA/CB-3 modeling
analyses. However, OZIPM also contains an option whereby mixing heights
can be specified for hourly intervals of the simulation period. This
option can be used in place of the general recommendation whenever suf-

ficient information is available to make such estimates.

Post 0800-Emissions. Post 0800-emissions refer to emissions

occurring along the trajectory subsequent to the start of the model
simulation. The actual model inputs are expressed as the fractions of
initial NMOC and NOy concentrations that should be added each hour to
represent the effect of fresh precursor emissions. The March 1981
guidelines delineated the computational procedures that can be used to
calculate emission fractions from the emissions data, the initial mixing
height, and initial precursor concentrations. These same procedures are
recommended for EKMA/CB-3 as well. (Note that the reactivity of the

organic emissions will be addressed in Section 3.2.3.)

Initial NO2/NOy. The March 1981 guidelines recommended

a default value of 0.25. Alternatively, the initial NO2/NOyx ratio could
be derived from early-morning, urban core measurements of NO and NOo.

No changes to these procedures are needed for application of EKMA/CB-3.

Ozone Transport. Ozone may be transported into a particular

city either (1) within the surface-based mixed layer, or (2) above the

early-morning mixed layer with downward mixing into the surface layer
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taking place as that layer increases in depth during the day. The March
1981 guidelines delineated procedures for deriving estimates of these
quantities based on either direct measurement, indirect measurement or
default estimate, and these are the procedures recommended for EKMA/CB-3
applications as well. However, some question has arisen as to the
appropriateness of the assumption imbedded within 0ZIPM (and OZIPP) that
the concentration of ozone aloft is constant throughout the simulation
period.4 Since little information is 1ike1y to be available to address
this issue on a city-by-city basis, and since the effects of ozone aloft
are 1ikely to be most pronounced in mid-morning (i.e., the time at which
the mixing height rises most rapidly), the assumption of a constant level
aloft is still deemed most appropriate. However, if specific information
is available to support a different approach, then appropriate adjustments
could be made to the modeling procedure. It should be added that any
such adjustments would require modifying the OZIPM computer code.

Summary of Recommended Procedures. The procedures recommended
for formulating model input values for light intensity, dilution, post-0800
emissions, initial NO2/NOy, and ozone transport are identical to those
delineated in the March 1981 guidelines. However, if sufficient city-
specific information is available, then alternative approaches may be

used to estimate a diurnal mixing height profile, or a diurnal profile in
the concentration of ozone aloft.

3.2.2 C(CB-3 Mechanism

An introduction to the CB-3 mechanism was presented in
Chapter 2, and the specific inputs that are needed to enter CB-3 into
0Z1PM have been included in Appendix B. Consequently, no more detailed

discussion of the mechanism will be presented here. However, it should
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be added that the CB-3 mechanism recommended by SAI has undergone a wide
range of tests, some of which have led to the selection of specific
mechanism parameters. Further, the mechanism labeled as CB-3 in this
document differs in several details from the mechanism identified as "CB-3"
in References 7 and 24. In applying procedures described in this document,
the mechanism described in Appendix B is the recommended version.

Recommended Procedure. The form of the CB-3 mechanism

recommended for EKMA/CB-3 applications is contained in Appendix B. Pages
B-2 through B-3 show the mechanism in the format that is required for
input to OZIPM, with an accompanying explanation on page B-4.

3.2.3 Organic Reactivity

The fundamental concepfs underlying the treatment of organic
reactivity in the CB-3 mechanism were described in Section 2.1. As noted
in that section, the organic reactivity input that is required by OZIPM
consists of specifying a set of apportioning factors, or as they are more
commonly termed, carbon-fractions. Specification of these fractions
permits the OZIPM progam to apportion total NMOC concentration into the
individual carbon groups - PAR, ETH, OLE, ARO, CARB, DCRB and NR.* (The
apportioning procedure is carried out within the model for the NMOC
concentrations that occur both initially and as a result of subsequent
post-0800 emissions.) For comparison, the apportioning factors for the
DODGE mechanism are 25%, 75% and 5% for propylene, n-butane and aldehydes,
respectively.

F ATthough DCRB is an organic carbon-bond group, initial concentrations

and emissions of this group are very small compared to the others.
Thus, the carbon fraction input for this group is normally zero.
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Three basic approaches are possible for estimating the
carbon-fractions. The recommended approach consists of using a set of
default fractions that have been derived by SAI through analyses of
available ambient organic species data, emissions inventory data, and
review of pertinent, scientific experimental results.”>9 The second, an
alternative approach, requires the analysis by gas chromatography (GC) of
individual organic species' concentrations in ambient air within the city
under review. Typically, this approach requires a special field sﬁudy.
Another alternative approach involves the analysis of VOC emissions
inventory data. In this case, the carbon-fractions are derived directly
from the emissions data, provided that information is available on the
quantity of species emitted by individual sources or source categories.

Each of the three approaches is discussed in more detail below.

The recommended approach of using a default value rather than
making a city-specific determination arises primarily as a consequence of
two factors. First, the default values are estimated by SAI to be
representative of typical urban reactivity based on ambient sampling
results conducted in a number of locales./ While some city-to-city
variations in organic composition are to be expected, the default recom-
mendations should adequately represent most U.S. cities.’»? The second
factor relates to the resource requirements associated with the two
alternative approaches. Since they require either a special ambient
sampling program or the compilation of emissions inventory data that is

more detailed than normal, the resources needed to carry out these programs

25



can be significant. Thus, use of the default values is normally recom-
mended because of the expense associated with the more resource-intensive

approaches.

Instead of using default values, carbon-fractions can be computed
from GC analysis of ambient samples. References 18 and 19 discuss the
monitoring aspects of GC analysis, and will not be repeated here. However,
it should be noted that GC analysis is not an automated technique, and is
most often done on a special study basis. Thus, a monitoring program of
Timited duration‘is the most pragmatic approach for developing the informa-
tion needed to compute carbon fractions. While it is difficult to prescribe
exactly the number of samples needed, enough should be analyzed to ensure
that representative, average carbon-fractions can be computed. Since the
carbon-fractions will be used to apportion initial concentrations and
concentrations due to fresh emissions, the most appropriate sampling
period is one prior to the onset of significant photochemical reaction.

As with continuous total NMOC monitoring, sampling during the 6-9 a.m.

time period within the area of maximum emission density (i.e., usually

the center city) is generally recommended. Ambient samples for GC analysis
can be collected either by integration over a period of one hour or more,
or by grab sample in a few seconds. In general, the integrated method is
preferable since the possibility of measuring short term fluctuations in

species concentrations will be minimized.

The third basic approach involves the derivation of carbon-

fractions from emissions inventory data. The technique makes use of a
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set of "split factors" that distributes total VOC emissions from a
particular type of source, or source category, into individual organic
species, which can then be aggregated according to the appropriate carbon
bond groups.20 The split factors can be determined on a source-by-source
basis by source testing, or taken from literature sources such as
Reference 21. Obviously, if a substantial number of source tests are
undertaken, then this approach can be extremely resource intensive. In
practice, the apportionment of total VOC emissions to carbon bond groups
can be a rather intricate process, and should be conducted with the aid
of a photochemical modeling specialist familiar with the carbon-bond
mechanism. Publications that discuss the actual computational procedures
include References 7, 9, 20, 21, 22, and 23. Because of the complexities
involved, the details of the procedure will not be discussed in this

document.

The three recommended approaches described in the preceding
paragraphs lead to the derivation of a single set of carbon-fractions
which apply to both the initial concentrations and the concentrations
resulting from fresh emissions. Conceptually, the possibility exists for
a separate set of carbon-fractions to be developed for the initial
concentrations and the concentrations of the fresh emissions. Taking
this concept one step further, carbon-fractions could even be developed
for each hour of fresh emissions in order to account for potential spatial
and temporal variations in the emissions of different species. (Obviously,

the latter would require that an emissions inventory be of sufficient
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spatial and temporal resolution to identify such differences.) While

these concepts are intuitively appealing from a modeling point of view,
their inclusion in an EKMA/CB-3 modeling analysis is not recommended
because the added sophistication does not justify the extra expense. If
any of these last concepts are adopted, modifications to the 0ZIPM computer
code will be required, since OZIPM is presently structured to handle only

one set of carbon-fractions.

Regardless of the technique employed in their derivation, the
carbon-fractions are used to apportion total concentrations of organic
compounds which are based upon ambient measurements. Of the two organic
compound monitoring techniques (i.e., continuous and GC), both rely on a
flame ijonization detector that is relatively inefficient in responding to
many oxygenated compounds such as aldehydes and ketones (i.e., these
techniques measure hydrocarbons only). SAI has estimated that, initially,
total carbonyl compounds (i.e., those including aldehyde and ketones, as
well as some surrogate carbonyls) are about 5% of total nonmethane hydro-
carbon concentrations.9 Only about 1% of the total carbon that is measured
can be classified in the carbonyl group (i.e., surrogate carbonyls). The
remainder of the carbonyls (i.e., 4% of the nonmethane hydrocarbons that
are measured) is attributable to oxygenates that are not detected. Thus,

the carbon-fractions should normally sum to 1.04 (or 104%).* If ambient

¥ Note that this concept corresponds to the procedure used with the
DODGE mechanism where total nonmethane hydrocarbon (NMHC) is split
into 25% propylene and 75% butane, but 5% of the NMHC is added as
aldehydes.
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measurements of aldehydes are available, a city-specific determination of
the carbonyl fraction can be made. However, these measurements tend to
be complex, using techniques that have not been standardized since they
are mostly conducted by research groups. As a consequence, carrying out

a special aldehyde monitoring program cannot be routinely recommended.

Whenever city-specific estimates are made by the techniques
discussed above, special care must be taken to insure that the computed
carbon-fractions represent a realistic distribution of NMOC species. SAI
has developed ranges of probable carbon-fractions in order to ascertain
whether the possibility of computational or measurement error has been
introduced (Table 3-2). The use of any carbon distribution with an
outlying carbon fraction(s) is not recommended with the version of CB-3
discussed in this document. The CB-3 mechanism has been tested over
these ranges, and specific mechanism parameters have been chosen on this
basis. Use of values outside this range will require a reformulation of
the CB-3 mechanism. Thus, if a carbon-fraction falls outside of a prob-
able range, the derivation of that value should be reviewed to insure
that no errors have been made. In the event that no errors can be found,
and the modeler is sure that use of a distribution with outlying carbon-
fractions is warranted, the CB-3 mechanism should be modified. Obviously,
consultation with a photochemical modeling specialist thoroughly familiar
with the details of the CB-3 mechanism will be required to make any

changes to the mechanism.
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Table 3-2. Ranges of Urban NMOC Composition.*

Carbon-Bond Group** Carbon-Fraction
PAR 0.50-0.70
ETH 0.02-0.11
OLE 0.02-0.07
ARO 0.10-0.40
CARB 0.03-0.10
NR 0.05-0.22

* From Reference 9

** DCRB assumed to be negligible
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Recommended Procedure. The carbon-fractions recommended
for use in an EKMA/CB-3 analysis are listed below:

PAR = .58
- ETH = .04
OLE = .03
ARO = .19
CARB = .05
DCRB = .00
NR = .15

They can normally be used unless sufficient information is available to
derive city-specific information by one of the methods discussed below.

Alternate Approach. If analyses of ambient air samples by
gas chromatography are available for a particular city, the results can be
used to derive carbon-fractions. The ambient samples should be taken in
the high emission density area (normally the urban core) within the 6-

9 a.m. Local Daylight Time (LDT) period during the ozone season. Inte-
grated samples are generally preferable to instantaneous grab samples.

It is desirable that enough samples be analyzed to provide a representative
average. For supplemental information regarding monitoring aspects, the
reader is referred to References 18 and 19, and for details on how carbon-
fractions are computed from the sampling results, the reader is referred

to Appendix C of this document.

Alternate Approach. If a detailed, speciated VOC
emissions inventory 1s available, then those data may be used to compute
carbon-fractions. For details of the procedures for compiling a speciated
inventory and apportioning the emissions into carbon bond classes, the
reader is referred to References 7, 9, 20, 21, 22, and 23. The aid of a
photochemical modeling specialist familiar with the CB-3 mechanism will
normally be required to conduct such an analysis.

Caveat: If either of the alternative approaches is used,
the resultant carbon-fractions should fall within the ranges shown in
Table 3-2. 1If they do not, it is strongly recommended that the data and
computations be thoroughly checked to insure that no errors have been
introduced. If the problem cannot be resolved, use of the default carbon
fractions listed in the recommended procedure above is preferable.
Because some mechanism rate constants were derived on the basis of the
ranges given in Table 3-2, use of carbon fractions that fall outside of
this range with the recommended form of the CB-3 mechanism may lead to
unrealistic results, and is not recommended.
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3.2.4 Precursor Transport

The guidelines for applying EKMA/DODGE contained a recommendation
that precursor transport (both in the surface layer and aloft) not normally
be considered. Sensitivity tests conducted with EKMA/DODGE revealed that
VOC control estimates are not substantially altered by typical levels of
precursor transport.l Also, the measurements that are typically required
to characterize the levels of precursor transport can be expensive,
difficult to make and generally require special field studies. Given
these problems, the routine consideration of precursor transport in
EKMA/DODGE is difficult to justify. (Nevertheless, the 1981 March guide-
lines do provide for its consideration for the benefit of those who
desire to account explicitly for its effect.) Sensitivity tests conducted
with EXMA/CB-3, however, suggest that these same recommendations are
not always appropriate for EKMA/CB-3 analyses. Thus, some supplemental

guidance in this area is needed.

First, consider the role of NOy transport. Sensitivity tests
conducted with EKMA/DODGE have revealed that control estimates are not
critically affected by typical levels of NOy transport. The same general
finding holds true for EKMA/CB-3 as well. Thus, routine consideration of
NOy transport is not generally recommended, but the procedures outlined
in the March 1981 guidelines can be used to incorporate it in an EKMA/CB-3
analysis if so desired. As noted in the 1981 guidelines, measurements
that may not be routinely performed are required to estimate NOy transport
levels. The reader is referred to Appendix B of the 1981 guidelines

for additional details.
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As noted above, EKMA/DODGE exhibits relatively little sensitivity
to typical organic precursor levels that may be transported into a city
from upwind areas. Such is not always the case with EKMA/CB-3, however.

As a consequence, dealing with precursor transport in an EKMA/CB-3 analysis
warrants special consideration. For analysis purposes, it is convenient

to divide the precursar transport into two components: (1) naturally
occurring background, and (2) "manmade transport” that is generated by
significant, upwind source areas.9 Natural background represents a
ubiquitous component of ambient organic compounds that is irreducible
(i.e., the background organics will Tikely be unaffected by the implementa-
tion of YOC control programs). On the other hand, "manmade transport”
levels will depend on a city's location relative to other source areas

and the meteorological patterns that affect transport between source

areas. Consequently, one would expect the manmade transport levels to

vary from city-to-city, and that future levels might be reduced as a

result of the implementation of VOC control programs in upwind source
areas. Thus, the approaches for dealing with each are necessarily

different, and the discussion below will be divided along those lines.

Natural Background. SAI has investigated the role of

background organics vis-a-vis photochemical modeling with the CB-3
mechanism.9,24 In their studies, SAI has subdivided naturally occurring
background into two components: (1) a tropospheric component that occurs
on a global scale, and (2) a continental component that is associated

with the surface-based mixed layer over the continental portion of the
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United States. For purposes of the ensuing discussion of these two types
of background, reactivity is defined as the rate at which hydroxyl radicals

react with atmospheric organic compounds to form peroxyl radicals, e.g.,
OH + HC ---> RO," (3-1)

The peroxyl radicals are responsible for converting NO to NO2 in the
sequence of reactions that eventually lead to significant ozone formation.
High concentrations of slowly reacting species can have the same reactivity
as low concentrations of highly reactive compounds. True background
mixtures will usually react slowly, and be relatively stable in terms of
concentration. Species that react more rapidly are normally associated

with fresh emissions.

As noted above, tropospheric background is intended to represent
background reactivity on a global scale. It is based on measurements of
light hydrocarbons and CO taken over the eastern Pacific Ocean. The
reactivity of this mixture has been calculated, and photochemical mechanisms
used to estimate the equilibrium concentration of other compounds, such
as carbonyls.9 It should be added that some of the compounds that make
up the tropospheric background are normally considered unreactive because
of their relatively slow rate of reaction with hydroxyl radicals (examples
include methane and ethane). Nevertheless, the sum effect of their
presence should be accounted for in an EKMA/CB-3 analysis. However,
because the concentrations of the tropospheric background compounds do

not vary substantially, their effect can be accounted for in the CB-3
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mechanism directly. SAI has recommended that the tropospheric component
be included in the chemical mechanism by means of the following two

reactions:*

OH ---> MEQ2 K

1}

28 min-1 (3-2)

OH ---> HO2 88 min-1 (3-3)

<
]

As can be seen in Appendix B of this document, these two reactions have
been included as reactions 90 and 91 in the recommended form of the CB-3

mechani sm.

In addition to the natural tropospheric background just discussed,
boundary layers over land masses receive a variety of organic emissions
that result in a continental background contribution over and above that
of the tropospheric component. These emissions occur as a result of
various biogenic, geogenic and anthropogenic processes. In general,
distinctions among these sources cannot be made from ambient measurements
alone because the composition of organics emitted from these sources
exhibit considerable overlap, and because the composition of some emissions,
especially those from biogenic sources, has not been well characterized.
It should be added that the measurements referred to here have been taken
in relatively "clean air" within the continental United States. Thus,
this continental background represents an irreducible component of ambient
organic compounds, although a portion may actually be the result of

anthropogenic activity.

¥ Source: Reference 9
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The continental background concentrations recommended by EPA
are, in turn, based on recommendations by SAIl which consider measurements
taken in rural areas, and represent continental "“clean air" conditions.

In their review of the data, SAI found that the concentrations of organic
species attributable to continental background gradually decreased with
height until the tropospheric background was approached at heights typically
above the early morning mixed layer. SAI recommends that the total mass
loading of the continental background be represented by a single concen-
tration that represents the average level within the surface-based mixed
layer. To account for variations in the height of this layer, SAI further
recommends that the average concentration should be inversely proportional
to mixing height. For EKMA/CB-3 applications, this recommendation can be
implemented by deriving the continental background concentration relative

to the initial mixing height. The estimated continental background
concentration should then be assumed to prevail throughout the surface

layer in the model. For an initial mixing height of 250 meters, SAI
recommends that the concentrations of carbon-bond species shown in Table 3-3
be added to the urban initial NMOC concentration.? If the mixing height

is greater than 250 meters, then the total background NMOC concentration
should be reduced by a factor that is proportional to the ratio of 250
meters to the higher initial mixing height. For example, if the initial
mixing height were 500 meters, the total NMOC concentration of .038 ppmC

(Table 3-3) would be reduced by a factor of 1/2 (i.e., 250 meters = 1/2).
meters

Thus, continental background can be viewed as the result of continuous
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Table 3-3. Recommended Continental Background.

Recommended Computed

Species Concentration, ppmC Carbon Fraction

PAR 0.020 .53

ETH 0.002 .05

OLE 0.001 .03

ARO 0.005 .13

CARB 0.010 .26

DCRB 0.000 .00

NR 0.000 _.00
TOTAL 0.038* 1.00

*

The 0.038 ppmC total is relative to a 250 meter initial mixing height.
For other initial mixing heights, the total concentration should be
adjusted by the following equation (with the same carbon fraction
used):

(250 meters)

Cgkg = (0.038 ppmC) Ho
where
Cgkg = adjusted background concentration, ppmC
Hg = initial mixing height, meters
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areawide emissions producing ambient concentrations that are proportional

to the depth of the mixed layer.

Manmade Transport. The tropospheric and continental

backgrounds discussed above represent a ubiquitous and irreducible
component of ambient organic concentrations.* As noted above, the
possibility exists that organic precursors generated by upwind source
areas may be transported into a city. In the discussions that follow,
the manmade component is to be viewed as the contribution of organic

precursors over and above those occurring naturally.

In the context of the 0ZIPM model, manmade transport could
occur in the surface layer, aloft (i.e., above the early morning mixed
layer), or both. Of particular importance with EKMA/CB-3 is the concen-
tration of organics aloft. To illustrate its importance, a series of
sensitivity tests were conducted with EKMA/CB-3 in an effort to quantify
the potential effect, and the results are summarized in Table 3-4.
Predictions of peak ozone in the base case are not substantially affected
by the assumed levels aloft, but VOC control estimates are relatively
sensitive to the assumed levels.** Further, measurements taken aloft in

a number of cities encompass the levels used in these sensitivity tests.26,27

¥ Trreducible in this context means that the background organics will
1ikely be unaffected by the implementation of control programs.

** It should be added that this same sensitivity may not be exhibited

under all conditions. Nevertheless, the model inputs chosen for these
tests are similar to those used for many urban areas.
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Table 3-4. EKMA/CB-3 Sensitivity to Precursor Concentrations Aloft.

Precursor concentration aloft,* ppmC 0.000 0.010 0.020 0.030 0.040 0.050

Prediction of peak ozone, ppm 0.223 0.223 0.227 0.229 0.231 .232
VOC control estimate,t % 39 43 43 46 48 51

* See page 43 for the assumed composition of precursors aloft

t A1l estimates made assuming a 40% reduction in levels aloft in future years
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These measurements indicate that levels aloft vary from city to city.

A comprehensive review of NMOC measurements aloft is underway, and this
review may enable recommendations concerning default estimates to be made
in the future. The only alternative approach that can currently be
recommended is to measure organic precursors aloft on a city by city
basis. Unfortunately, such measurements are difficult to make, and very
resource intensive. Nevertheless, they appear to be necessary to

characterize typical levels aloft.

Appendix B of the March 1981 guidelines describes the
measurements that are needed to estimate concentrations of precursors
aloft being transported into an urban area. However, it is more than
likely that measurements will not be available for some of the days that
need to be modeled. In these cases, the March 1981 guidelines recommended
that median concentrations from all available measurements be used. This
procedure can be enhanced by associating particular measurements with
prevailing wind direction and possibly atmospheric conditions associated
with ozone episode conditions. For example, a particular city could be
located such that a heavily populated and/or industrialized area lay to
the south, but predominantly rural areas extend to the west. Early
morning organic measurements taken upwind or aloft would provide some
indication of the manmade transport. However, the manmade transport
contribution would be expected to be much greater for a windflow out of
the south rather than one from the west. Thus, the available measurements

could be grouped according to wind direction, in order to estimate manmade
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transport levels on other days with similar flow patterns.* The measure-
ments could be further stratified according to ozone episocde conditions
(i.e., days with high ozone levels versus those with low levels). Again,
median values for each category could be used as estimates for those

cases in which day specific measurements are unavailable.

A second factor to consider with regard to these types of
measurements is the heights at which they are taken. The results of
studies conducted previously to characterize organics aloft suggest that
concentrations vary with altitude.27 Any measurement program that is
undertaken should attempt to characterize the concentrations of organics
within the layer that will be entrained into the afternoon mixed layer as
a result of the increase in mixing height later in the day.** For example,
if the mixed layer normally grows from 250 meters to a height of 1500
meters by the afternoon, then the measurements should be taken at varying
heights between 250 meters and 1500 meters. The 0ZIPM model inputs
should then be based on the average concentrations found in the 250 meter
to 1500 meter layer. If measurements are available at only one height,

then these measurements alone will have to suffice.

¥ Tdeally, wind measurements should be taken aloft at altitudes below
the maximum afternoon mixing height. If only surface wind measurements
are available, relationships between surface wind and wind aloft on
days with NMOC measurements aloft should be used in categorizing days
on which surface wind measurements alone are available.

** Note that the measurements should be taken in the early morning, before

the growth in the mixed layer begins, in order to determine the
concentrations that will be entrained later in the day.
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Given that measurements of organic compounds aloft are available,
some additional adjustments should be made in order to estimate the final
0ZIPM model inputs. First, the tropospheric background embedded in the
CB-3 mechanism accounts (at least partially) for unreactive compounds
that may exist aloft, and for about 0.010 ppmC of all reactive compounds.
Thus, if concentrations of individual species are available (e.g., by GC
analysis), then only the reactive constituents need be considered when
estimating total concentrations of organics aloft. (Table C-1 of
Appendix C identifies those compounds classified as unreactive.) Further,
the total concentration aloft that is derived from the measurements
should be reduced by 0.010 ppmC to avoid "double-counting" the reactive,
tropospheric background component. Finally, if the measurements aloft
are made by Flame Ionization Detector (FID), oxygenated compounds (i.e.,
carbonyls) will not be detected. While precise estimates are difficult,
SAI's study of photochemical modeling results suggest that roughly 15% of
nonmethane hydrocarbons transported into an urban area can be classified
as carbonyls.? In the absence of specific measurements of oxygenated

compounds, the 15% value is recommended as a default.

To illustrate the recommendations described above, assume that
nonmethane hydrocarbon measurements, including only reactive compounds,
totaled 0.040 ppmC. First, the 0.010 ppmC reactive tropospheric component
would be subtracted from this level, and then the resultant increased by
15% to account for unmeasured carbonyls (i.e., [0.040-0.010] x 1.15 =
0.035 ppmC). Thus, 0.035 ppmC would be the OZIPM estimate for organic
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compounds aloft. However, the composition of the levels aloft must also
be specified. If measurements of individual species are available, then
the average composition derived from the measurement concentrations can
be used. If such measurements are not available, then the following

default carbon-fractions are recommended:

PAR = 0.61
ETH = 0.06
OLE = 0.03
ARQ = 0.15
CARB = Q.15
DCRB = 0.00
NR = 0.00

The default was calculated from the fractions used for the continental
background (Table 3-2), but adjusted to reflect only a 15% carbonyl
composition. This default composition is consistent with SAl's estimate
for manmade transport, although slightly lower in carbonyls and ethylene,

and s1ightly higher in aromatics and paraffins.9

Recommended Procedure. (1) To account for a global,
tropospheric background of organic compounds, two reactions have been )
included in the recommended form of the chemical mechanism. No additional
input is required of the user. (2) A specified set of concentrations
have been recommended to account for a continental background (Table 3-3).
These backgrounds represent irreducible components of atmospheric organic
compounds, and are recommended for all EKMA/CB-3 analyses. The continental
background concentration should be considered in the surface layer of the
model only. (3) While measurements for manmade transport are complex and
resource-intensive, the sensitivity of EKMA/CB-3 control estimates to this
factor suggests its explicit consideration. Such measurements should be
taken above the mixed layer in the early morning at varying heights in
order to establish the average concentration in the layer that will be
entrained as the mixing height grows to its maximum. Since tropospheric
background accounts for some of the species concentrations measured aloft,
only the reactive components should be considered and the measurements
should be reduced by 0.010 ppmC to account for the reactive tropospheric
background component. If measurements of oxygenated compounds are not
available, then the resultant concentration should be increased by 15%
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(al1 CARB) to account for these compounds. The composition of the organics
aloft can be determined from the measurements by the procedures described
in Appendix C. Alternatively, the composition listed above can be used.
In the event NMOC data aloft do not exist for certain of the days to be
modeled, wind data should be examined so as to categorize each day with
measurements. If sufficient information exists, the days with measurements
should be further categorized by ozone episode conditions. Then, for
those days without measurements, the median NMOC level of a particular
category can be used as an estimate for a day that corresponds to that
category.
3.3 PREDICTING PEAK OZONE

In one study, it was found that EKMA could yield a lower control
estimate for a case when peak ozone is underpredicted as compared to one
in which peak ozone is more accurately predicted.4 In extreme cases of
underprediction, a solution may not be possible with EKMA. In a similar
fashion, a large overprediction could lead to a control estimate that is
higher than that obtained when good agreement is found. As part of the
supplemental EKMA guidance issued in-December of 1981, EPA addressed this
problem by recommending that predictions of peak ozone be made on a
routine basis, and appropriate adjustments or compensations be made if
poor agreement is found.® In this section, the procedures for making the
predictions, comparing them with observations and making appropriate
adjustments are described. It should be added that the discussion below

is not peculiar to the CB-3 mechanism, but applies to use of any mechanism

with the EKMA technique.

3.3.1 Procedures for Making Ozone Predictions

In Section 3.2, most of the OZIPM model inputs that are needed

either to predict peak ozone or to estimate VOC emission reductions were
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discussed. In order to make predictions of peak ozone, one additional
set of model input variables is needed: the concentrations of NMOC and
NOy that are representative of the initial (i.e., 8 a.m.), urban core
levels. These model inputs are the most critical for making predictions,
and should be estimated on a case-by-case basis. Because of the model
sensitivity to these inputs, use of mean or median values compiled from
measurements taken across a number of days may lead to erroneous results.
Thus, day-specific measurements should normally be used to make these

estimates.

As for estimating the initial concentrations, the recommended
procedure is to make use of ambient NMOC and NOy measurements routinely
taken in the urban core. The initial concentrations are intended to
represent the NMOC and NOx that is initially present within the mixed
layer at the start of the model simulation (i.e., 8 a.m.). While several
approaches could be taken, the recommended method is to use the 6-9 a.m.
average concentration measured by collocated NMOC and NOx monitors within
the urban core. If more than one pair of measurements are available from
a set of such monitors, then the 6-9 a.m. average concentration at each
monitor should be averaged to obtain an overall, urban average NMOC and
NOy concentration. Algebraically, the above procedure can be expressed

as follows:

N
r [(Cnmocle-914
(Cnmoclo = i=1 . (3-4a)

and
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N
t [{Cnox)6-914

(CNOox)o = j=1 (3-4b)
N
where
(Cnmoc)os (Cnox)o = initial concentrations of NMOC

and NOy (in units of ppmC
and ppm, respectively) input
to 0ZIPM simulation
[(Cnmoc)6-91is [(Cnox)6-917 = the 6-9 a.m. average concen-
trations of NMOC and NOx (in
units of ppmC and ppm,
respectively) taken in the
urban core (or high emission
density area) at site i
N = total number of collocated
monitors for which day-specific
NMOC and NOy measurements are
available.

As noted above, the initial NMOC and NOx concentrations are
derived from day-specific measurements of NMOC and NOy. In-some instances,
an NMOC measurement may not be available for the day being modeled. In
such a case, the initial NMOC concentration can be approximated by making
use of the median NMOC/NOy ratio and a day-specific measurement of NOy
alone, provided it is available. The initial NMOC concentration for use
with the OZIPM simulation can be computed as the product of the median
NMOC/NOy ratio and initial NOy concentration, or

(CnMoc)o = (Chox)o (NMOC/NOy) (3-5)

where

the initial NMOC concentration for the 0ZIPM
simulation, ppmC

(CNMoOC Jo

the initial NOy concentration calculated by
equation 3-4b, ppmC

(CNox)o
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(NMOC/NOy) = the median NMOC/NOy ratio as derived according
to the procedures outlined in Section 3.4

It should be emphasized that this approach is an approximation, and the

one described in the preceding paragraph is preferable.

With the estimates of initial NMOC and NOy, and the corresponding
day-specific inputs listed in Table 3-1, the CALCULATE option of OZIPM
may be used to perform a single model simulation. An example simulation
will be described in Section 4.2, and additional information is contained

in Reference 2. Thus, no additional.discussion will be included here.

Recommended Procedure. The CALCULATE option of the 0ZIPM
program should be used to predict peak ozone for comparison with the
observed peak. The model inputs discussed in Section 3.2 should be used,
with initial concentrations that have been derived according to
equations 3-4a and 3-4b, using data that are specific to the day being
modeled. In the event that day-specific NMOC measurements are unavailable,
the initial NMOC concentration can be approximated by means of equation 3-5,
with the recognition that some uncertainty may be introduced in the
analysis. If day-specific measurements of NMOC and NOy are not available,
predictions of peak ozone cannot be made. In this case, computation of
VOC control estimates are recommended, but without the requirement of
reasonable agreement between prediction and observation.

3.3.2 Comparisons of Predictions With Observations

The principal output of concern obtained with a CALCULATE
simulation is the predicted ozone. By numerically integrating the
differential equations describing ozone formation processes (i.e., chemical
reaction, emissions, dilution, etc.), instantaneous concentrations of
ozone are computed throughout the simulation period. (For example output
see Section 4.2). From this computed profile of instantaneous ozone

concentrations, the OZIPM program calculates the maximum l-hour average
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concentration occurring during the model simulation. It is this maximum
1-hour average concentration that is generally recommended for comparison
with the observed ozone peak. The model performance measure that is
generally recommended is the relative deviation of the prediction from

the observation, or

DEV = En%%a x 100 (3-6)
where
DEV = deviation of the model prediction from the observation,
percent
Cp = maximum l-hour average predicted peak ozone, ppm
Co = observed peak ozone, ppm

If the relative deviation is found to be within + 30%, then agreement
between the prediction and the observed peak is judged to be sufficient
to proceed with control estimate calculations. If the model underpredicts
by more than 30% (i.e., DEV < - 30%) or overpredicts by more than 30%
(i.e., DEV > + 30%), then review of, and possible adjustment to, key
model inputs according to the discussion of Section 3.3.3 below is
warranted. It should be noted that the observed ozone peak (not the
predicted) is recommended for subsequent control calculations.
Recommended Procedure. The relative deviation of the
model prediction from the observed peak should be computed according
to equation 3-6 above. The model predicted peak to be used in this
computation is the maximum l-hour average ozone concentration calculated

by the OZIPM program. If the computed deviation is within + 30%, then
the model results are sufficiently accurate for control estimate
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calculations. If the deviation is outside the + 30% envelope, then the
procedures discussed in Section 3.3.3 should be applied in an attempt to
improve the simulation results.

3.3.3 Review and Adjustment to Model Inputs

If inadequate agreement between a model prediction and an
observed peak is found, review of the model inputs is recommended. The
objective of this review is to investigate whether some modifications
to key model inputs can be made in order to improve the model predictions.
This review should focus on those model inputs that most critically affect
predictions of peak ozone. Of most importance are the init%a] NMOC and NOy
concentrations, dilution and post-0800 emissions. Adjustment of these
inputs, within the uncertainties associated with their development, is
warranted if improvements in model predictions can be made. Obviously,
any errors that may have been made in their derivation should be corrected

as well.

While specific recommendations in trouble-shooting poor model
performance are difficult to make, some general guidelines can be made
depending on the nature of the problem, be it an underprediction or an
overprediction. Consider the case of underprediction first. Causes of
underprediction could result from initial concentrations being too low
or dilution being too great (i.e., the initial mixing height being too
low, the maximum afternoon mixing height being too great, or both).
These inputs should be reviewed to see if any errors have been made in
their estimation. If some uncertainty exists with regard to the data

from which they were derived, then the inputs can be adjusted within that
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range. For example, assume that an initial NMOC concentration had been
derived from 6-9 a.m. measurements taken at three monitoring sites.
However, the 6-9 a.m. concentration at one site (say site A) deviated
substantially from the concentrations measured at the other two sites
(say sites B and C). Then, improved agreement between model predicted
and observed ozone might be found if the initial NMOC concentration for
the day in question was derived solely from the measurements taken at the
two sites in agreement (i.e., sites A and B). Note that, if the initial
concentrations and/or the initial mixing heights are adjusted, corres-
ponding modifications should be made to the post-0800 emissions as well.
In addition, alterations to the initial mixing height would require
changes to the assumed continental background concentrations as discussed
on pages 36-37. Another possible cause for underprediction could lie in
the organic reactivity inputs that are used with the CB-3 mechanism. The
values that are being used should be checked to insure that they lie
within the recommended ranges listed in Table 3-2. However, day-specific

adjustments are not recommended.

Guidelines for correcting a problem of overprediction are
similar in concept to those for underprediction. For example, initial
concentrations could be too high, and/or dilution too Tow. Again, these
inputs might be adjusted within the range of reasonable uncertainty. As
an example, assume that mixing height data were computed using two sets
of radiosonde measurements and the averages used as model inputs. 1In a

case of overprediction, then, the largest of the two afternoon maximum
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mixing heights might be input rather than the average. In addition to
these types of adjustments, it is recommended that the ozone predicted at
the time of the observed peak also be reviewed.* A situation could exist
whereby the observed peak occurs relatively early in the simulation
period, and the model predicted maximum l-hour average ozone occurs late
in the simulation. If the ozone level predicted at the time of the
observed peak agrees to within + 30% of the observed level, then that
result indicates adequate agreement for control calculation purposes, and

no further adjustments need be made.

As noted above, two key model inputs that substantially affect
model predictions of peak ozone include the initial NMOC and NOy
concentrations, and initial mixing height. The possibility exists that
mass balance techniques could be used to evaluate the appropriateness
of a particular set of initial concentrations and an initial mixing
height. For example, one could test by means of a simplified box model
whether or not a city's emissions are sufficient to generate the measured
initial concentrations within a mixed layer corresponding to the postulated
initial mixing height. While such an approach is intuitively appealing,

such calculations may not be able to account properly for ventilation,

* The predicted, hourly average ozone concentration at the time of the
observed ozone peak can be approximated from the instantaneous predic-
tions by averaging the instantaneous predictions corresponding to the
hours bracketing the time of the observed peak. For example, if the
observed peak occurred between 1 and 2 p.m., then the instantaneous
predictions at 1 p.m. and 2 p.m. could be averaged. Alternatively,
more rigorous integration techniques could be used to compute the
integrated, hourly average.
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and for advection of pollutants from source areas nearby the precursor
monitors. Nevertheless, it does provide one means of assessing the
reasonableness of the postulated model inputs. Again, it should be added
that any adjustment to the initial concentrations and/or initial mixing
height will affect the post-0800 emission fractions, necessitating their

recomputation.

Recommended Procedure. Model inputs can be manipulated
within reasonable ranges to determine if improvement can be made in the
agreement between the model predicted peak ozone and the observed peak.
Specifically, the key model inputs are initial NMOC and NOy concentrations,
mixing heights and post-0800 emissions. In addition, CB-3 organic reactivity
inputs should be checked to insure that they conform to the recommended
ranges listed in Table 3-2, but day-specific adjustments are not recommended.
While the other model inputs can be reviewed and adjustments made where
appropriate, their relative importance vis-a-vis predicting peak ozone is
not deemed as critical as the aforementioned variables. Finally, model
inputs should only be adjusted within the range of reasonable uncertainty,
and not just selected such that good agreement between the model prediction
and observed peak is obtained. Finally, if acceptable agreement cannot be
found, control estimates should still be made and the procedures discussed
in Section 3.5 applied.

3.4 COMPUTING VOC EMISSION REDUCTIONS

The procedures for computing VOC emission reductions from ozone
isopleth diagrams have been described in Reference 1, among others. In
the first step, the OZIPM program is used to generate a base-case isopleth
diagram. This is normally accomplished by using the same model inputs
that are used to make predictions of peak ozone, except that the CALCULATE
option is replaced with the ISOPLETH option. A base, or starting, point
is then located on that diagram using two pieces of empirical data - a
city's prevailing NMOC/NOx ratio and the observed ozone peak for the case

being modeled. If changes in VOC and/or NOy emissions are the only
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changes projected, then the base-case diagram can be used by itself to
make the necessary computations. However, if changes in factors such as
ozone transport or precursor transport are projected to take place concur-
rently with changes in precursor emissions, then a second, future case
diagram must be generated. This section will focus on developing the
empirical data that are needed, generating the base case diagram, and
factors to consider in the generation of a future case diagram. For
details of the computational procedures that are involved in making VOC
emission reduction estimates, the reader is referred to Reference 1, the

March 1981 gquidelines.

3.4.1 Derivation of Empirical Data

As noted above, two pieces of empirical data are used to
establish a starting point on the base case isopleth diagram. The first
is simply the ozone peak that was measured on the day being modeled. The
second is the NMOC/NOx ratio prevailing in the city under review. The
procedures that are recommended for estimating these values for an EKMA/
CB-3 application are identical to those delineated in the March 1981

guidelines.l They are briefly summarized below.

Recommended Procedure. Details of the recommended procedures
for estimating the ozone peak and a city's prevailing NMOC/NOx ratio that
should be used to establish the starting point on a base-case isopleth
diagram are contained on pages 39 through 43 of the March 1981 guidelines.l
In summary, the ozone peak is the maximum l-hour average level measured
at the site/day under review. The NMOC/NOy ratio is determined from 6-

9 a.m. measurements taken at collocated monitoring sites within the urban
or high emission density area. If measurements are taken at only one
monitoring site, then the ratio to be used in EKMA calculations should be
the median of the ratios found on all days that are being modeled for
which accompanying NMOC and NOy data are available. Use of a day-specific
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ratio is recommended only when data are available at more than one monitoring
site, and the individual ratios at each site do not differ by more than
+ 30% from the average ratio.

3.4.2 Generating Base Case Diagrams

Generation of a base case diagram with O0ZIPM is carried out by
using the model inputs described in Section 3.3 and the ISOPLETH option.
The only additional inputs associated with the ISOPELTH option are those
controlling the NMOC and NOy scales of the diagram. As with EKMA/DODGE,
these values should be chosen such that the starting point is located
towards the right-hand portion of the isopleth diagram in order to
facilitate accurate VOC emission reduction calculations. This topic is

addressed in greater detail in the OZIPP User's Manual, Reference 2.

As was noted in Section 3.3.3, some situations may arise in
which predicted peak ozone values agree more closely with observed levels
if the predicted value corresponds to the time of the observed peak,
rather than to the maximum value occurring during the simulation. Such a
factor might suggest that, for control calculation purposes, the length
of the simulation should be shortened to correspond to the time needed to
reach the observed peak. In general, full 10-hour simulations are recom-
mended for these cases, but the option exists to shorten the simulation
using the OZIPM TIME option (see Reference 8). However, modeling analyses
suggest that ozone peaks are likely to occur later in the day as VOC
controls are implemented.25 As a consequence, when a simulation length is
shortened for the generation of the base case diagram, a future case

diagram generated with a full 10-hour simulation length is recommended.
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This procedure will insure that the VOC control calculations will properly
account for the lengthening of the time to peak ozone associated with the

implementation of a VOC control program.

Recommended Procedure. Standard techniques for generating
base case diagrams are recommended. An example problem is discussed in
Section 4.3. One possible option that can be invoked is one of shortening
the simulation length to correspond to the time of the observed peak.

The approach would normally be taken only if the ozone predicted at the
time of the observed peak agreed much more closely with the observation
than the simulation maximum. In any event, a future case diagram using a
full 10-hour simulation period is recommended.

3.4.3 Generating Future Case Diagrams

As explained above, the generation of a future case diagram is
only necessary if changes in factors other than precursor emissions are
projected to take place. Such factors could include projected changes in
ozone transport, precursor transport, and/or a possible shift in organic
reactivity. (Note that only one future base diagram is needed to
incorporate all of these changes.) This section will focus exclusively
on how these changes are estimated. The procedures for generating the
diagrams are identical to those used for the base case diagram, with only
the relevant model inputs changed. For additional background material,

the reader is referred to pages 49-61 of the March 1981 guidelines document.l

The March 1981 guidelines provided procedures for projecting
changes in ozone and precursor transport due to the implementation of VOC
control programs upwind of a city. Basically, these recommendations remain
intact. With regard to ozone transport, the diagram on page 54 of the

March 1981 guidelines document can be used to project the changes in ozone
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transport. Likewise, the guidelines document recommended that NMOC
precursor transport levels could be reduced by 40% if a city was impacted
by nonattainment areas upwind, 20% if otherwise. Again, these same
recommendations hold with the added caveat that only "manmade" NMOC
transported levels should be reduced (see Section 3.2.5). In addition,
no adequate procedure currently exists to project how the composition of
the manmade, transported organic compounds might change in the future.

As a consequence, the same composition of manmade and background organics

is recommended for both base and future cases.

The possibility exists that, as VOC emission controls are
implemented, a shift in a city's organic reactivity could take place.
This could occur if particular NMOC species are controlled to a greater
or lesser extent than others, and/or if the control program itself caused
a shift in the emissions of particular species. Conceptually, this
possiblity can be accommodated in the modeling analysis by generating a
future case diagram using the projected change in NMOC composition (i.e.,
a set of carbon-fractions representing the future case). Because of
the great uncertainties associated with making such projections, attempting
to account for reactivity shifts is not generally recommended. The only
means available for making these projections is through an analysis of a
detailed, speciated, VOC emissions inventory reflecting the imposition of
the VOC control program. Accounting for projected changes in organic
reactivity requires that (1) a speciated emissions inventory of acceptable

detail is available, and (2) some procedure for estimating how a particular
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control program may change the reactivity of any source or group of
sources. Because of the difficulties associated with each, such projec-
tions are likely to contain significant uncertainties, and thus are not

generally recommended.

As discussed in the previous section, one additional factor
could precipitate the generation of a future case diagram. If the
simulation length is shortened in the generation of the base case diagram,
then a future diagram using a full, 10-hour simulation period is recommended
in order to account for the possibility that the time to peak ozone may
increase when VOC controls are implemented. Again, this factor can be
incorporated simultaneously with the other potential changes that were

discussed above.

Recommended Procedure. Procedures for generating future
case diagrams are simiiar in concept to the recommendations contained
in the March 1981 guidelines document. For ozone transport, the recom-
mended procedures are identical. A similar situation exists for NMOC
transport, except that only the manmade levels can be reduced, with all
background levels held constant. Further, a constant composition of
background and manmade transport, from base to future case, is recommended.
A similar recommendation exists for the composition of the city's organic
composition. However, if an adequate data base exists (i.e., a detailed,
speciated emissions inventory), then a shift in organic reactivity can be
accommodated, provided sufficient information is available to do so.
Finally, if any base-case diagram was generated with a shortened simulation
period, then a future case diagram reflecting a simulation length of at
least 10 hours is recommended for VYOC reduction calculations.

3.5 SELECTION OF THE VOC EMISSION REDUCTION TARGET
After all site/day combinations have been modeled, the final step of
the modeling analysis involves the selection of the overall VOC emission

reduction target. In essence, this procedure is dictated by the form of
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the ozone NAAQS, and is identical to the method recommended in the March
1981 guidelines document.l In summary, a control target is selected for
each site that permits, on average, one hourly-average concentration

above 0.12 ppm per year. This corresponds to selecting the fourth highest
control level if three years of data are available, the third highest
control for two years of data, and the second highest control estimate

for only one year. The overall control target is then chosen as the
highest of the site specific control estimates to insure that the ozone

standard is attained at all sites.

The only additional factor that could affect the procedure just
described is the consideration of model predictions versus observations.
Recall from Section 3.3.3 that a VOC emission reduction estimate should
not be used when the model predicted peak ozone disagrees with the observed
peak by more than +30%. However, it has been observed that substantial
underpredictions of base case, peak ozone may lead to control estimates
which are too low.}? Conversely, significant overpredictions of base
case, peak ozone may yield control estimates which are too high. Under
some circumstances, this finding enables one to use control estimates for
those days in which base case, peak ozone is poorly predicted. To
illustrate, consider an example in which model predictions and control
estimates have been made for a site with three years of ozone data (see
Table 3-5). Note that for Day 1, peak ozone is substantially underpredicted,
and the control estimate is the highest of all days. If any improvements

were made to predicted peak ozone, the control estimate for this day
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Table 3-5. Example I1lustrating Effect of Model Predictions on Selection

of Control Target.

Observed Predicted Relativet Control Rank of
Day Ozone, ppm Ozone, ppm Deviation, 4 Estimate, % Control Estimate
1 0.27 0.18 -33 55 1
2 0.22 0.20 -9 47 3
3 0.20 0.22 +10 51 2
4 0.18 0.18 0 45%* 4
5 0.15 0.21 +40 42 5
predicted - observed
t Deviation = observed x 10

** Control Target = fourth highest control estimate (for 3 years of data)
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would likely be increased even more. Since the control estimate for Day 1
is already higher than the control target (i.e., 45%), any improvements
in model predictions would not affect the selection of the final control
target. Thus, the results from Day 1 can be used, even though the model
significantly underpredicted peak ozone. The converse situation occurs
for Day 5. In this case, any improvements in model predictions would
1ikely reduce the control estimate for that day, again having no bearing
on the choice of the final control target. If the model prediction is
poor, but neither of the situations described above occur (i.e., over-
prediction and high control estimate, or underprediction and low control
estimate), then it is recommended that the site/day be discarded, and
replaced by the day with the next lowest peak ozone concentration.
Recommended Procedure. To obtain the final YOC emission
reduction target, see the procedures described.on pages 11 through 16 of
the March 1981 guidelines. In general, a candidate control estimate is
chosen for each site based on the number of years of data and the statistical
form of the ozone standard (i.e., fourth highest control for three years,
third highest for two years, and the second highest for one year). Of
the candidate site-specific control estimates, the highest one is selected
as the overall VOC emission reduction target. However, all cases in

which predictions and observations disagree by more than 30%, should be
discarded, unless:

(1) peak ozone is underpredicted and the VOC reduction
estimate is greater than the candidate site-specific estimate;

(2) peak ozone is overpredicted and the VOC reduction
estimate is lower than the candidate site-specific estimate.

In the event that a day is eliminated, the next lowest peak at the site

in question should be added for modeling.
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4.0 USING THE CB-3 MECHANISM WITH 0ZIPM

The previous chapter focused on the derivation of model inputs and
the modeling procedure for an EKMA/CB-3 application. In this chapter,
attention is focused on how the model variables are input to 0ZIPM. As
was mentioned earlier, OZIPM is very similar in structure and operation
to the OZIPP model. While a detailed description of these computer
programs is beyond the scope of this document, a brief review should
facilitate further discussion. For more background information and
additional detail, the reader is referred to both the OZIPP and OZIPM

User's Manuals, References 2 and 8.

Functionally, the OZIPM program can operate in one of two ways: (1)
perform a single simulation in which peak ozone is predicted, and (2)
generate an ozone isopleth diagram. The two functions are activated by
means of an input record with the code letters CALC or ISOP, respectively,
placed in the first four character locations. Additional inputs can
follow in one of six 10-column fields: Field 1 includes columns 11-20,
Field 2 corresponds to columns 21-30, etc. Other model inputs are handled
in a similar manner. Four letter codes are used to identify particular
types of model input variables. (Table 4-1 lists several of the more
commonly used ones.) Some of these options also require that input data be
coded on input records immediately following the option record. In these
cases, the data also follow the 10-column field format, except that the

fields begin in column 1.
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Table 4-1. Summary of OZIPM Codes For Model Input Data.

CODE Type of Input Data

MECH Chemical mechanism

PLAC Light intensity

DILU Mixing heights

TRAN 03, NMOC and NOyx transport
EMIS Post-0800 emissions

REAC Reactivity inputs
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A11 model input variables have been initialized to default values.
As a consequence, if any inputs are to be changed, over-riding values
must be entered prior to either the CALC option or the ISOP option. As
for the numerical data, virtually all inputs are in floating-point format
(i.e., decimal rather than integer). In order to minimize the possibility
of coding errors, numerical data can always be entered with accompanying
decimal points. This convention will be followed throughout

this document.

The remaining portion of this chapter deals with the appropriate
structure of the model input data that should be used with OZIPM and the
CB-3 mechanism. Recall that the CB-3 mechanism is itself an input to OZIPM.
As a consequence, the first block of input records in any OZIPM/CB-3 run
should always be those input records listed in Appendix B on pages B-2
through B-3. In the discussions below, this block of data will always
be indicated by the single code word MECH. Note that this really implies

a total of 87 records.

The remainder of this chapter is primarily devoted to the coding and
structure of the other model inputs. First, a benchmark run will be
discussed so that a prospective user may insure that 0ZIPM is functioning
properly, and that CB-3 is correctly coded. The subsequent sections deal
with problems of predicting peak ozone, generating a base case isopleth

diagram, and generating a future case diagram.
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4.1 O0ZIPM/CB-3 BENCHMARK

When dealing with a model and chemical mechanism as complex as OZIPM
and CB-3, special emphasis should be placed on insuring that the program
is operating correctly, and the mechanism has been properly coded and
entered to the program. The easiest way to check is by comparison with a
benchmark. The input data for the benchmark has been kept as simple as
possible in order to avoid the possibility of introducing errors that
could be due to some of the other model inputs. Thus, before proceeding
to city-specific simulations, replication of the benchmark simulation

discussed here is recommended.

The input data required to generate the 0ZIPM output for comparison
with the benchmark are shown in Table 4-2. Note that the MECH option
actually indicates all of the CB-3 mechanism inputs (Appendix B) are to
be positioned in front of the remaining input records. The DILU option
is set so as to eliminate dilution from the simulation. The REAC option
is used for organic reactivity input data. The 7.0 (located anywhere
within columms 21-30) indicates that there are seven organic compounds
whose respective carbon-fractions will follow in the next input record.
The order must be the same as that used in the CB-3 mechanism inputs,
which in this case is PAR, ETH, OLE, ARO, CARB, DCRB, and NR (see
Appendix B). The carbon-fractions used in the benchmark correspond to
the default values discussed in Section 3.2.3. They are entered in
consecutive 10-column fields (i.e., 1-10, 11-20, 21-30 etc.). Following

the reactivity data is the input record instructing OZIPM to perform a
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single simulation with an initial NMOC concentration of 1.0 (within

columns 11-20), and an initial NOy concentration of 0.100 (within columns
21-30). The value of 1.0 (within columns 31-40) causes a detailed printout
of species concentrations, chemical reaction rates, photolytic rate
constants, etc. Finally, "blank record" following the CALC option indicates

that a blank record is always the last record of an OZIPM input stream.

The output that is generated by OZIPM using the inputs in Table 4-2
is shown in Appendix D. Prospective users should find relatively close
agreement between their output and that shown. However, some discrepancies
will likely occur as a result of differing computer systems. As a rule
of thumb, predicted ozone concentrations should agree fairly closely to
the third decimal place. It is also worthwhile to check to insure that
all rate constants, especially those for photolytic reactions, are correct.
Rate constants for all reactions are printed for each hour of the model

simulation (see Appendix D).

4.2 PREDICTION OF PEAK OZONE

Table 4-3 shows the input structure for a sample case in which a
single simulation is to be conducted for the purpose of predicting peak
ozone. Again, the MECH record is included to indicate the CB-3 input
records. Following these records is the record labeled PLAC, which
contains information on the city's latitude, longitude, time zone, and
the date of the day being modeled (i.e., June 24, 1980 in this example).
A free format input record follows, indicating the city's name. The next

record contains the initial and maximum afternoon mixing heights. The
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Table 4-2. Input Data For Benchmark Run.

1 MECH

2 DILU 100. 100.

3 RELC 7.0

% .58 ) .03 .19 .05 .00 .15
5 CALC 1.0 .100 1.0

] BLANK RECCRD

NOTE: (1) A1l code words begin in column 1.

(2) The code word MECH represents the 37 records contained in
Appendix B.

(3) Numerical entries are contained in 10-column fields (i.e.,
columns 1-10, 11-20, 21-30, etc.).

(4) "BLANK RECORD" indicates that the last record in an OZIPM
input data set should not contain any entries.
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Table 4-3. Example Inputs For Predicting Peak QOzone.

1 MECH
2 PLACE 39.9 75.1 5.0 1950. 6.0 24.0
3 CITY NAME
% oIy 250. 1235.
5 EMIS -8.0 .17 .17 .17 .10 .02
6 .02 .02 .02
7 .35 .35 .35 .19 .03 .03 .03
8 .07
9 REAC 7.0
10 .E8 .04 .03 .19 .05 .00 .15
11 TRAN .Gl .07 -7.0 -7.0 0.0 0.0
12 .033 53 .05 .03 .13 .26 .00
13 .00
14 .049 .61 .06 .03 .15 .15 .00
15 .00
16 CALC 1.10 .120
17 BLANK RECCRD

NOTE: (1) A1l code words begin in column 1.

(2) The code word MECH represents the &7 records contained in
Appendix B.

(3) Numerical entries are contained in 10-column fields (i.e.,
columns 1-10, 11-20, 21-30, etc.).

(4) "BLANK RECORD" indicates that the last record in an 0ZIPM
input data set should not contain any entries.
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post-0800 emissions data are encoded on the next four records, beginning
with the code work EMIS. The reactivity inputs (i.e., REAC) are identical
to those discussed in the previous section. The TRAN option is used to
input information on transported (and background) pollutants. The first
two numerical values are the surface and aloft concentrations of ozone
(i.e., 0.01 and 0.07 ppm, respectively). The next two fields are for
surface and aloft concentrations of NMOC. The OZIPM convention for
entering these data is to code a "-7.0" within columns 31-40 and 41-50.
(The minus sign indicates concentration data are to follow, and the seven
refers to the number of organic species.) Then the actual input data are
coded in the next records, with the first entry giving the total NMOC
concentration, and subsequent entries containing the carbon fractions.

In this example, 0.038 ppmC is input on the 12th record to account for
background reactivity in the surface layer (Table 3-3). The following
record indicates that 0.040 ppmC is to be included as manmade transport
aloft (see Section 3.2.5). The two sets of carbon-fractions for the seven
CB-3 organic species that are shown in Table 3-3 and on page 43 are coded
following the total NMOC concentrations within columns 11-20, 21-30, etc.
(Note that one additional record is needed to input the carbon fraction
for the seventh species in each case, i.e., record numbers 13 and 15.)
The final two fields on the TRAN record refer to surface and aloft trans-
port of NOx, both of which are assumed zero in this example. Finally,
the CALC option directs 0ZIPM to perform a simulation with the initial
NMOC and NOy concentrations shown in the fields following the CALC code.
Again, "blank record" following the CALC option refers to the need for a

blank input record at the end of the input stream.
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The output generated using this input stream is contained in Appendix E.
Worthy of note is the fact that the predicted ozone concentrations are
printed for each hour of the simulation period. Also note that the maximum
1-hour average concentration occurring during the simulation period is
printed near the end of the output. It is this value that is normally

compared to the observed peak, as discussed in Section 3.3.

4.3 GENERATING A BASE CASE DIAGRAM

The example discussed in this section is a follow-on to the one just
described. Suppose that, using the same model data, the goal is to
generate an ozone isopleth diagram rather than make a single prediction
of peak ozone. Here, the diagram is presumed to represent existing, or
base case, conditions. This can be accomplished by using the same input
stream that was used in the previous example, but simply replacing the
CALC option with the ISOP option (see Table 4-4). Since no other informa-
tion is included on the ISOP input record, default values are used to
determine the NMOC and NOyx scales on the resultant diagram. Appendix F

contains the OZIPM generated output.

4.4 GENERATION OF FUTURE CASE DIAGRAM

The final OZIPM application example is another follow-on to the
preceding two examples. The isopleth diagram described in the preceding
section represented base case conditions. Assume now that a future case
diagram is desired in order to reflect projected changes in ozone aloft

and manmade transport. In this example, ozone aloft is reduced from
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Table 4-4,

VIR 4 O 000U ul o

b bt s b2

4
15
15
17

NOTE:

Example Inputs For Generating A Base Case Isopleth Diagram.

HECH

PLACE 39.9 75.1 5.0 1980. 6.0 24.0

CITY NAME

DILU 250. 1235.

EMIS -3.0 17 .17 .17 .10 .02

.02 .02 .02

.35 .35 .35 .19 .03 .03 .03

.07

REAC 7.0

.55 N .03 .19 .05 .00 .15

TRAN .01 .07 -7.0 ~7.0 0.0 8.0

.038 .53 .05 .03 .13 .26 .03

.00

.0a0 .61 .05 .C3 .15 .15 .C0

.C0C

IsCP

BLANK RECQRD

(1) A1l code words begin in column 1.

(2) The code word MECH represents the 87 records contained in
Appendix B.

(3) Numerical entries are contained in 10-column fields (i.e.,
columns 1-10, 11-20, 21-30, etc.).

(4) "BLANK RECORD" indicates that the last record in an 0ZIPM

input data set should not contain any entries.
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0.07 ppm to 0.06 ppm,* and manmade transport of organic compounds from
0.040 ppmC to 0.024 ppmC. As shown in Table 4-5, these are the only
inputs that are changed from those needed to generate the base case
diagrams. Appendix G contains the output, which differs only slightly
from that in Appendix F. The base and future case diagrams shown in
these appendices could then be used to compute the VOC emission reduction
that is needed to lower the ozone peak observed on this day to a level of

0.12 ppm.

*Such an estimate is arrived at by using the graph on page 54 of the
March 1981 guidelines.
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Table 4-5.

bt gk et et A |t Rt
N U S WO 00U P Ul R

NOTE:

Example Inputs For Generating A Future Case Isopleth Diagram.

MECH

PLACE 39.9 75.1 5.0 1920. 6.0 24.0
CITY NAME

DILY 280 1235

ENIS -8.0 .17 .17 17 10 02
.02 .02 .02

.35 35 .35 .19 03 03 03
.07

REAC 7.9

.53 0% .03 1l 35 co 5
TRAN 01 .05 -7.0 -7.0 0.0 2.0
.033 53 .05 03 13 5 3]
.¢0

026 61 g6 03 1z 15 03
.00

IsSoP

BLANK RECORD

(1)

(3)

(4)

A1l code words begin in column 1.

The code word MECH represents the 87 records contained in
Appendix B.

Numerical entries are contained in 10-column fields (i.e.,
columns 1-10, 11-20, 21-30, etc.).

"BLANK RECORD" indicates that the last record in an OZIPM
input data set should not contain any entries.
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APPENDIX A

{B-3 Mechanism Recommended for OZIPM



Table A-1. CB-3 Mechanismt

Rate Constant Activation
. at 298 K Energy
Reaction (ppm-1 min-1) (°K)
1. NOgz --->NO + 0 1.0% 0
2. 0+ (0y) + (M) -=-> 04 4.40 x 10°™* 0
3. NO + 03 ---> NOz + 0p 26.6 1450
4. NOp + 03 ---> NO3 + 07 0.048 2450
5. N0, +0 --=> NO + 0, 1.3 x 104 0
6. OH +703 ---> H0p + 0p 100 1000
7. HOp + 03 ---> OH + 207 2.40 1525
8. OH+ NOZO;——> HNO; 1.60 x 104 0
9. OH +CO ---> HOp + COp 440 0
10.  NO + NO + (0p) ---> NOp + NOp 1.50 x 1074 0
11.  NO + NO3 ---> NO, + NO, 2.80 x 104 0
12. N0, + NOg + (Hy0) ---> 2HNO4 26.0 -1.06 x 104
13.  NO + HO, ---> NO, + OH 1.20 x 104 0
14, HO, + HO, --=> Hy0, + O, 1.50 x 10 0
15. X + PAR ---> 105 0
02
16. OH + PAR ---> MEQ2 + H20 1200 560
17, 0+ 0LE o MEOZ + ACO3 + X 2700 325
18. 0 + OLE ---> CARB + PAR 2700 325
19, OK + OLE -2 RAO, 3.70 x 104 -540
20. 03 + OLE ---> CARB + CRIG 0.008 1900
21. 03 + OLE ---> CARB + MCRG + X 0.008 1900
22. 0+ ETH o> MEO2 + HO2 + CO 600 800
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Table A-1. CB-3 Mechanismt (continued - 2)
Rate Constant Activation
at 298 K Energy
Reaction (ppm-! min-1) (°K)
23. 0 +ETH ---> CARB + PAR 600 800
2. OH+ ETH o> RBO, 1.20 x 104 -382
25. 03 + ETH ---> CARB + CRIG 0.0024 2560
26.  NO + ACO; 2, NO, + MEO, 1.04 x 104 0
27.  NO + RBO, g§-> NO, + CARB + HO, + CARB  1.20 x 10% 0
28. NO + RAO, ---> NO, + CARB + HO, + CARB  1.20 x 10% 0
29.  NO + MEOp 2, NOz + CARB + MEO2 + X 3700 0
30.  NO + MEO2 2, NO2 + CARB + HOp 7400 0
31.  NO + MEOp ---> NRAT 900 0
32. 03 + RBOp ---> CARB + CARB + HO2 + 0 5.0 0
33. 03 + RAOz ---> CARB + CARB + HOp + 0 20 0
34.  OH + CARB ---> CRO + X 100 0
35, OH + CARB o> HO + CO 9000 0
36, OH + CARE -2e> ACO3 + X 8200 0
37.  CARB ---> CO + H (0.24)% 0
38a. CARB ---> QQ (.564)* 0
200
38b. QQ ---> HOz + HOp + CO 8867
38c. QQ ---> MEOp + MEOp + X + XCO 1133
38d. XCO ---> X + CO 104
39.  NOg + ACO3 ---> PAN 7000 0
40.  PAN ---> ACO; + NO, 0.022 1.35 x 10
41. HO, + ACO; ---> stable products 1.50 x 104 0
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Table A-1. CB-3 Mechanismt (continued - 3)

Rate Constant Activation

at 298 K Energy
Reaction {ppm~1 min-1) (°K)
42. HOp + MEDp ---> stable products 9000 0
43.  NO + CRIG ---> NO, + CARB 1.20 x 104 0
44. NOp + CRIG ---> NO3 + CARB 8000 0
45. CARB + CRIG ---> Ozonide 2000 0
46. NO + MCRG ---> NO, + CARB + PAR 1.20 x 10 0
47. NOp + MCRG ---> NO3 + CARB + PAR 8000 0
48. CARB + MCRG ---> Ozonide 2000 0
49. CRIG ---> CO + H90 670%* 0
50. CRIG ---> stable products 240** 0
51. CRIG 9§-> HO2 + HOp + CO 90** 0
52. MCRG ---> stable products 150** 0
53. MCRG 9§_> MEO2 + OH + CO 340%* 0
54.  MCRG ??-> MEQ2 + HO 425%* 0
55.  MCRG ?§-> CARB + HO2 + CO + HOp 85** 0

56. OH + ARO 9§-> RARO + H20 6000 600

57.  OH + ARO -2-> HO, + OPEN 1.45 x 104 400
58. NO + RARO 9§_> NO2 + PHEN + HOp 4000 0
59.  OPEN + NO 9§_> NO2 + DCRB + X + APRC 6000 0
60.  APRC 9§-> DCRB + CARB + CO + X 10%* 0
61.  APRC ?§-> CARB + CARB + CO + CO 104+ 0
62. PHEN + NO3 ---> PHO + HNOj3 5000 0
63. PHO + NOp ---> NPHN 4000 0



Table A-1. CB-3 Mechanismt (continued - 4)

Rate Constant

Activation

at 298 K tnergy
Reaction (ppm-1 min-1) (°K)
64. PHO + HOp ---> PHEN 5.00 x 104 0
65. OPEN + 03 ---> DCRB + X + APRC 40 0
66. OH + PHEN ?§_> HO, + APRC + PAR + CARB 3.00 x 10% 0
67. DCRB ?§-> HOp + ACO3 + CO (0.02 x Kp)*** 0
68. PHEN + OH ---> PHO 104 0
69. CRO, + NO ??-> NO, + CARB + ACO3 + X 1.20 x 104 0
70.  DCRB + OH ---> ACO4 + CO 2.5 x 104 0
71.  HONO ---> OH+ NO (3.1)* 0
72.  OH + NO ---> HONO 9770 0
73. 04 ---> 01D (0.53)* 0
74. 010+£@2> 0 4.44 x 1010%= 0
75. 01D + (H,0) -=-> OH + OH 6.8 x 107** 0

76. 03 -==> 0 1.0%
* Sunlight-dependent; rate constant is scaling factor for 0ZIPM input.

** nits of min-1,

*** Synlight-dependent; rate constant is scaling

by rate constant for Reaction 1.

t Source: Reference 9.
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APPENDIX B

CB-3 INPUTS FOR OZIPM

This appendix contains a listing, and corresponding explanation, of
the inputs that are required to incorporate the CB-3 mechanism in the
OZIPM program. The inputs themselves are contained in Table B-1. For
reference, each input record has been numbered sequentially. Table B-2
contains a brief explanation of the model input values. For a more

comprehensive discussion of these inputs, the reader is referred to

Reference 8, the User's Manual for the OZIPM program.



Table B-1.

OO~V LM

MECH

67.
PAR

02

03
03

03

NO2

-CO

]

NO3
NC3
HO2
HO2
PAR

OLE
OLE
OLE
OLE
OLE
ETH
ETH
ETH
ETH
ACO3
rE02
A02
MEO2
MEOQZ
MEQ2
RBO2
RAOQ2

HCHO
HCHO
HCHO
HCHO
GQ
jete
XCO0
ACO3
PAN
ACO3
MEO2
CRIG
CRIG
CRIG
MCRG
MCRG
MCRG

CB-3 Mechanism Inputs For OZIPM.

HO2

NO2

HO2
HO2
NO
NC2
HCHO

NOo2
HCHO

99.
71.

ETH
2.

ol BN I SRV

7.0

OLE
2.

NO

NO2
NO3
NO
HO2
CH

HO2
NO2
NQo2

NO2

MEQ2
MEQ2
HCHO
RAQZ
HCHO
HCHO
MEO2
HCHO
REBO2
HCHO
NO2
NO2
NO2
NOo2
NO2

HCHO
HCHO
CRO2
HO2

co

HOZ
MEO2

PAN
ACO3
NO2
NO3

NO2
NO3

7.0
73.

ARO

NO2
NO2

OH

ACO3
PAR

CRIG
MCRG
HO2
PAR

CRIG
MEQ2
HO2
HO2
MEQ2
HCHO

HCHO
HCHO

co
ACO3

HO2
MEOQ2
co

NG2
HCHO
HCHO

HCHO
HCHO

B-2

HCHO
1.

HCHO
HCHO
HCHO
HO2

HO2
HO2

PAR
PAR

37.

ALD2

S.

HCHO
HCHO
X

XCO

1.0
67.

NR
1.

1.0CE+0
G.40E+6
2.66E+1
G.8E-2
1.30E+4
1.0E+2
2.4E+0
1.6E+4
G.4E+2
1.50E-4%
2.8E+4
2.6E+1
1.2E+4
1.5E+4
1.0E+5
1.2E+3
2.7E+3
2.7E+3
3.7E+4
8.0E-3
8.0E-3
6.0E+2
6.0E+2
1.2E+4
2.4E-3
1.04E+4
1.2E+4
1.2E+4
3.70E+3
7.40E+3
9.0E+2
5.0E+0
2.0E+1
1.0E+2
9.0E+3
8.2E+3
2.4E-1
5.64E-1
8.867E+3
1.133E+3
1.0E+4
7.0E+3
2.2E=2
1.5E+4
9.0E+3
1.2E+4
8.C0E+3
2.0E+3
1.2E+4
8.0E+3
2.0E+3

1450.0
2450.0

1000.
1525.0

-10600.

560.0
325.0
325.0
-540.0
1500.0
1990.0
800.0
800.0
-382.0
2560.0

13500.0



Table B-1. CB-3 Mechanism Inputs For OZIPM.

RN RIS
OOV WNOU PN

~ s

OH
NO
NO

HO3
NO2
HO2
FHEN
OH
OH

NG

co

HO2

MEQ2
MEG2
HCHO
RAROC
HO2
NO2
N32
ALD2
HCHO
FHO

PHEN
ALD2
HO2
HO2
PHO
NQ2
ACO3

HCN
01D

HO2
MEQ2

HO2

CH
HO2
HO2

OPEN
FHEN
AlLD2
HCHO
HCHO
HNO3

AFRC
ACO3

HCHO

HO

CH

B-3

co

co

HO2

HO2

co

APRC
PAR

ACO3

(continued)

co

APRC

co

HCHO

X

65.7E+2
2.4E+2
3.0E+1
1.5E+2
3.G6E42
4. 25E+2
8.5E+1
6.0E+3
1.45E+%
4.0E+3
6.CE+3
1.0E+4
1.0E+4
5.CE+3
4.0E+3
5.0E+4
4.0E+1
3.0E+4
2.0E-2
1.0E+4
1.2E+4
2.5E+4
3.1E0
9.77E+3
5.4E-1
4.44E+10
6.8E+9
8.8E+1
2.BE+]
1.0E+40
1.0E+0

600.0
400.90



Table B-2.

Explanation of OZIPM/CB-3 Inputs.

Rec # Columns Value Description
1 1- 4 MECH Signifies mechanism inputs to follow
1 11-13 86. Identification number of last chemical reaction
1 21-23 7.0 Number of photolytic reactions
1 31-33 7.0 Number of organic species
1 61-63 1.0 Number of photolytic reactions with rates
proportional to the NO2 photolysis rate (kj)
2 1- 2 1. Identification number of photolytic reaction 1
2 11-13 71. Identification number of photolytic reaction 2
2
2 61-63 67. Identification number of photolytic reaction 7
3 1- 3 67. Identification number of photolytic reaction with
rate proportional to NO» photolysis rate (kj)
4 1- 3 PAR Name of first organic species
4 11-13 ETH Name of second organic species
4 .
4 51-52 NR Name of seventh organic species
5 1- 2 1. Carbon number of first organic species
5 11-12 2. Carbon number of second organic species
5
5 51-52 1. Carbon number of seventh organic species
6-87* 1- 4 - Reactant 1
7-10 - Reactant 2
13-16 - Reactant 3
17-18 - Identification number of reaction
25-28 - Product 1
33-36 - Product 2
41-44 - Product 3
49-52 - Product 4
55-64 - Reaction rate
66-72 - Activation energy
*

Record numbers 5 through 87 contain the CB-3 chemical reactions.
Thus, a general description of the input variables is provided.
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APPENDIX C

Computation of Carbon-Bond Fractions From GC Data

In this appendix, the computation of carbon-fractions from results
of gas chromotagraphic (GC) analysis is discussed. As noted earlier, GC
analysis actually measures the concentrations of individual organic
species, which must then be grouped according to the CB-3 organic
reactivity classes. In order to keep the computations relatively simple
for illustrative purposes, hypothetical exampies are discussed. For more
detailed discussion, including consideration of "real" data, the reader

is referred to References 7 and 9.

At the heart of the computational procedure is the definition of how
individual species should be categorized according to carbon bond type.
SAL has provided such definitions for approximately 200 individual species,
and these are reproduced in Table C-1. These definitions, or species
profiles, give the number of bond types found in each CB-3 category.
Using this information, along with the carbon numbers shown in Table 3-1,
it is possible to compute concentrations of individual carbon bond classes,
and then determine percentage of carbon in each class. These computations

will be illustrated below by the examples in Tables C-2 and C-3, respectively.

Table C-2 presents example calculations for a hypothetical example.
The individual species that might be detected by GC analysis are shown in
column 1, and their associated concentrations, in units of ppbC, are shown
in column 2. The remaining columns are associated with the carbon bond

computations.
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Table C-1. Bond Groups Per Molecule (in alphabetical order).

Species Profiles by Bond Group

Saroad Chemical Name OLE PAR ARC CARB ETH UNREACT
—No,

43814  1,1,1-TRICHLOROETHANE - - - - - 2
43820  1,1,2-TRICHLOROETHANE - - - - - 2
43813  1,1-DICHLOROETHANE - - - - - 2
45225  1,2,3-TRIMETHYLBENZENE - 31 - - -
45208  1,2,4-TRIMETHYLBENZENE - 31 - - -
45207  1,3,5-TRIMETHYLBENZENE - 31 - - -
43218  1,3-BUTADIENE 2 - - - - -
46201  1,4-DIOXANE 1 2 - 2 - -
43245  1-HEXENE 1 4 - - - -
43224  1-PENTENE 1 3 - - - -
43312 1-T-2-C-4-TM-CYCLOPENTANE - g8 - - - -
43296  2,2,3-TRIMETHYLPENTANE - g8 - - - -
43276  2,2,4-TRIMETHYLPENTANE - g8 - - - -
43299  2,2,5-TRIMETHYLPENTANE - g8 - - - -
43251  2,2-DIMETHYLBUTANE - 6 - - - -
43280  2,3,3-TRIMETHYLPENTANE - g8 - - - -
43279  2,3,4-TRIMETHYLPENTANE - g8 - - - -
43234  2,3-DIMETHYL-1-BUTENE 1 4 - - - -
50001  2,3-DIMETHYLBUTANE - 6 - - - -
43274  2,3-DIMETHYLPENTANE - 7 - - - -
43277  2,4-DIMETHYLHEXANE - g8 - - - -
43271  2,4-DIMETHYLPENTANE - 7 - - - -
43278  2,5-DIMETHYLHEXANE - g8 - - - -
43308  2-BUTYLETHANOL - 5 - 1 - -
43311  2-ETHOXYETHANOL - 3 - 1 - -
43452  2-ETHOXYETHYL ACETATE - 4 - 2 - -
50002  2-ETHYI~-1~BUTENE 1 4 - - - -
43310  2-METHOXYETHANOL - 2 - 1 - -
43229  2-METHYL PENTANE - 6§ - - - -
43225  2-METHYL-1-BUTENE 1 3 - - - -
43228  2-METHYL~2-BOTENE - 3 - 2 - -
50004  2-METHYL-2-PENTENE - 4 - 2 - -
43275  2-METHYLHEXANE - 7 - - - -
43230 3-METHYL PENTANE - 6 - - - -
43223  3-METHYL~1-BUTENE 1 3 - - - -
43211  3-METHYL-1-PENTENE 1 4 - - - -
43270  3-METHYL~T-2-PENTENE - 4 - 2 - -
43298  3-METHYLHEPTANE - g - - - =
43295  3-METHYLHEXANE - 7 - - - -
43293  4-METHYL~T-2-PENTENE - 4 - 2 - -
43297  4-METHYLHEPTANE - g8 - - - -
45221  A-METHYLSTYRENE - 2 1 1 - -
50025  A-PINENE 1 g8 - - - -
43503  ACETALDEHYDE - 1 - 1 - -
43404  ACETIC ACID - 1 - - - 1
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Table C-1. Bond Groups Per Molecule (in alphabetical order‘).‘ (continued - 2)

Species Profiles by Bond Group

saroad Chemical Name OLE PAR ARC CARB ETH UNREACT
No.

43551 ACETONE - 3 - - - -
43702 ACETONITRILE - 1 - - - 1l
43206 ACETYLENE - 1l - - - 1
43704 ACRYIONITRILE 1 1l - - - -
50015 ANTHRACENE - 8 1 - - -
50020 B~-METHYLSTYRENE 1l - 1 l - -
50026 B-PINENE 1l 8 - - - -
45201 BENZENE - 1 - - - 5
50024 BENZYLCHLORIDE - 1 1 - - -
43213 BUTENE 1 2 - - - -
43510 BUTYRALDEHYDE - 3 - 1l - -
50003 C-3-BEXENE 1 4 - - - -
43115 C-7 CYCLOPARAFFINS - 7 - - - -
43116 C-8 CYCLOPARAFFINS - 8 - - - -
43117 C-9 CYCLOPARAFFINS - 9 - - - -
43511 C3 ALDEHYDE - 2 - 1l - -
43512 C5 ALDEHYDE - 4 - 1l - -
43289 C6 OLEFINS 1 4 - - - -
43294 C7-0OLEFINS 1 5 = - - -
43513 C8 ALDEHYDE - 7 - 1 - -
43290 C8 OLEFINS 1 6 - - - -
43807 CARBON TETRABRCOMIDE - - - - - 1l
43804 CARBON TETRACHLORIDE - - - - - 1l
43443 CELLOSCLVE ACETATE - 4 - 2 - -
43803 CHICROFORM - - - - - 1
43217 CIS~-2-BUTENE - 2 - 2 - -
43227 C1S~2-PENTENE - 3 - 2 - -
50019 CRYCFLCURANE (FRECON 114) - - - - - 2
43248 CYCLOHEXANE - 6 - - - -
43264 CYCLOHEXANCNE - S - 1l - -
43273 CYCLOHEXENE 1 4 - - - -
43242 CYCLOPENTANE - 5 = - - -
43292 CYCLOPENTENE 1 3 - - - -
43207 CYCLOPRCPANE - 3 - - - -
50027 D~LIMONENE 1 6 - 2 - -
43320 DIACETONE ALCOHOL - 5 = 1 - -
43823 DICHLORCDIFLUCROMETHANE - - - - - 1
43802 DICHLORCMETHANE - - - - - 1l
50018 DIMETHYL ETHER - 2 - - - -
43450 DIMETHYL FORMAMIDE - - - - - 3
50017 DIMETHYL~2,3,DIHYIRC-1H~INDENE - 5 1l - - -
45103 DIMETHYLETHYIRENZ ENE - 4 1 - - -
50012 DIMETHYLNAPHTHALENE - 6 1 - - -
43287 DOCOSANE - 22 - - - -
43285 EICOSANE - 20 - - - -



Table C-1. Bond Groups Per Molecule {(in alphabetical order). {continued - 3)

Species Profiles by Bond Group

Saroad Chemical Name OLE PAR ARO CARB ETH UNREACT
_No,

43202  ETHANE - 04 - - - 1.6
43433 ETHYL ACETATE - 3 - - - 1
43438  ETHYL ACRYLATE - 3 - 2 - -
43302  ETHYL ALCOHOL - 2 - - - =
43812  ETHYL CHLORIDE - - - - - 2
43351  ETHYL ETHER - 3 - 1 - -
43219  ETHYLACETYLENE - 48 - - - -
43721  ETHYLAMINE - 1 - - - 1
45203  ETHYLBENZENE - 21 - = -
43288  ETHYLCYCLOHEXANE - g8 - - - -
43203  ETHYLENE - - - - 1 -
43815  ETHYLENE DICHLORIDE - - - - 1 -
43370  ETHYLENE GLYCOL - 2 - - - -
43601  ETHYLENE OXIDE - 1 - - - 1
50011  ETHYLNAPHTHALENE - 6 1 - - -
43502  FORMALDEHYDE - - - 1 - -
43368  GLYCOL - 1 - 1 - -
43367  GLYCOL ETHER - 1 - 1 - -
43286  HENEICOSANE - 2 - - - -
43282  HEPTADECANE - 17 - - - -
43232  HEPTANE - 7 - - - -
50005  HEPTENE 1 5 - - - -
43281  HEXADECANE - 1% - = = -
43231  HEXANE - § - - - =
43214  ISO-BUTANE - 4 - - - -
43306  ISO-BUTYL ALCOHOL - 4 - - - -
43304  ISO-PROPYL ALCOHOL - 3 - = - =
43446  ISOBUTYL ACETATE - 6 - - - -
43451  ISOBUTYL ISCBUTYRATE - 7 - 1 - -
43215  ISOBUTYLENE - 3 - 1 - -
43120  ISOMERS OF BUTENE - 2 - 2 - -
45105  ISOMERS OF BUTYLBENZENE - 4 1 - - -
43109  ISOMERS QF DECANE - 10 - - - -
45106  ISOMERS OF DIETHYLBENZENE - 4 1 - - -
43112  ISOMERS OF DODECANE - 12 - - - -
45104  ISOMERS OF ETHYLTOLUENE - 3 1 - - -
43106  ISOMERS OF HEPTANE - 7 - - = -
43105  ISOMERS OF HEXANE - 6 - = = -
45234  ISOMERS OF METHYLPROP, BENZENE - 4 1 - - -
43108  ISOMERS OF NONANE - 9 - - - -
43107  ISOMERS OF OCTANE - g - - - -
43114  ISOMERS OF PENTADECANE - 15 - - - -
43122  ISOMERS OF PENTANE - 5 - - - -
43121  ISOMERS OF PENTENE - 3 - 2 - -
45108  ISOMERS CF PROPYLBENZENE - 3 1 - - -
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Table C-1. Bond Groups Per Molecule (in alphabetical order). (continued - 4)

Species Profiles by Bond Group

Saroad Chemical Name CLE PAR ARC CARB ETH UNREACT
—No._

43113 ISOMERS OF TETRADECANE - 14 - - - -
43111 ISCMERS OF TRIDECANE . - 13 - - - -
45107 ISCMERS OF TRIMETHYIBENZENE - 3 1 - - -
43110 ISOMERS OF UNDECANE - 11 - - - -
45102 ISOMERS COF XYLENE - 2 1 - - -
43243 ISOPRENE 1 1 - 2 - -
43444 ISCPROFPYL ACETATE - 5 - - - -
43119 LACTOL SPIRITS - 8 - - - -
50022 M-CRESOL (3-METHYLBENZENOL) - - 1 1 - -
45212 M-ETHYLTOLUENE - 3 1 - - -
45205 M-XYLENE - 2 1 - - -
43201 METHANE - - - - - 1
43432 METHYL, ACETATE - - - - - 3
43301 METHYL ALCOHOL - 1 - - - -
43445 METHYL, AMYL ACETATE - 8 - - - -
43801 METHYL CHLORIDE - - - - - 1
43552 METHYL ETHYL RETONE - 3 - 1 - -
43560 METHYL ISCBUTYL KETONE - 5 - 1 - -
43559 METHYL N-BUTYL RETONE - 5 - 1 - -
43209 METHYLACETYLENE - 1.5 - - - 1.5
50016 METHYLANTHRACENE - g 1 - - -
43261 METHYLCYCLOHEXANE - 7 = - - -
43262 METHYLCYCLOPENTANE - 6 - - - -
43272 METHYLCYCLOPENTENE 1 4 - - - -
43819 METHYLENE BRCMIDE - - - - - 1
50010. METHYLNAPHTHALENE - 5 1 - - -
43118 MINERAL SPIRITS - 7 - 1 - -
45801 MONOCHLORCBENZ ENE - 5 - - - 1
43212 N-BUTANE - 4 - - - -
43435 N-BUTYL ACETATE - 5 - - - 1
43305 N-BUTYL ALCOHOL - 4 - - - -
43238 N-DECANE - 10 - - - -
43255 N~DODECANE - 12 - - - -
43260 N-PENTADECANE - 15 - - - -
43220 N-PENTANE - 5 - - - -
43303 N-FROPYL ALCOHOL - 3 - - - -
45209 N-PROPYLBENZENE - 3 1 - - -
43259 N-TETRADECANE - 14 - - - -
43258 N~-TRIDECANE - 13 - - - -
45101 NAPHTHA - 8 - - - -
43284 NONADECANE - 15 - - -
43235 NONANE - 9 - - - -
50021 O~CRESOL (2-METHYIBENZENOL) - - 1 1 -
45211 O-ETHYLTOLUENE - 3 1 - - -
45204 C-XYLENE - 2 1 - - -
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Table C-1. Bond Groups Per Molecule (in alphabetical order). (continued - 5)

Species Profiles by Bond Group

Saroad Chemical Name OLE PAR ARC CARB ETH UNREACT
—No.

43283 OCTADECANE - 18 -~ - - -
43233 OCTANE - 8 - - - -
43265 OCTENE 1 6 - - - -
50023 P-CRESOL (4-METHYLBENZENCL) - - 1 1 - -
45206 P-XYLENE - 2 1 - - -
43817 PERCHICROETHYLENE - - - - - 2
45300 PHENCLS - - = - - 6
50006 PROPADIENE - 1 - 2 - -
43204 PROPANE - 1.5 =~ - - 1.5
43504 PROPRIONALDEHYDE - 2 - 1 - -
43434 PROPYL ACETATE - 4 -~ - - 1
43205 PROPYLENE 1 1 - - - -
43369 PROPYLENE GLYCOL - 2 - 1 - -
43602 PROPYLENE OXIDE - 2 - - - 1
50013 PROPYLNAPHTHALENE - 7 1 - - -
43208 PROPYNE - 2 - - - 1
45216 SEC-BUTYIBENZENE - 4 1 - - -
45220 STYRENE - 1 1 1 - -
43123 TERPENES 1 g8 - - - -
43309 TERT-BUTYL ALCOBHOL - - - - - 4
45215 TERT-BUTYLBENZENE - 4 1 - - -
43390 TETRAHYIROFURAN - 3 - 1 - -
45232 TETRAMETHYLBENZENE - 4 1 - - -
45202 TOLUENE - 1 1 - - -
43216 TRANS-2-BUTENE - 2 - 2 - -
43226 TRANS-2-PENTENE - 3 - 2 - -
45233 TRI/TETRAALKYL BENZENE - 5 1 - - -
43824 TRICALORCETHYLENE - - = - 1 -
43811 TRICHLORCFLOUROMETHANE - - - - - 1
43821 TRICHLOROTRIFLOURCETHANE - - - - - 2
43740 TRIMETHYL AMINE - 3 - - - -
43822 TRIMETHYLFLUCROSILANE - - = - - 3
50014 TRIMETHYLNAPHTHALENE - 7 1 - - -
43241 UNDECANE - 1 - - - -
43000 UNKNOWN SPECIES .1 4 .25 32 .16 -
43860 VINYL CHLORIDE - - - 1 -
45401 XYLENE BASE ACIDS - 2 1 - - -



Table C-2. Example Problem™ - Part 1

Computation of Carbon Bond Concentrations

Measured Compound

Species Profile*

Carbon-Bond Concentration

Species ppbC PAR ETH OLE ARO CARB NR PAR ETH OLE ARO CARB NR
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Ethylene 20 1 20

Propylene 30 1 1 10 20

n-butane 170 4 170

Trans-2-butene 10 2 2 5 5

2,3 dimethyl-
butane 100 6 100

Toluene 70 1 1 10 60

M-xy1ene 40 2 1 10 30

Benzene _60 6 80
Totals 500 305 20 2090 5 60

* Blank entry corresponds to zero

TThis is a hypothetical problem, and is not necessarily intended to be
indicative of the NMOC composition of ambient air.
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Columns 3-8 show the species profiles, as taken from Table C-1. Columns
9-14 contain concentrations of the individual carbon bond groups that are
attributable to the organic compound shown in column 1. These concentrations

are calculated according to the following formula:*

o Asp)iiCyleN)y
Cij =77 (c-1)
z (Splyj(Cn)y
i=1
where
Cijj = concentration of carbon-bond group i due to species j,
ppbC
Cj = measured concentration of species j, ppbC
(Sp)ij = species profile number for carbon-bond group i and
species j (Table C-1)
(Cy)i = carbon number for carbon-bond group i (Table 2-1)

To illustate, consider the apportionment of 30 ppbC of propylene into its
individual components. From Table C-1, we see that one bond is defined
as olefin and one as paraffin. Thus,

(1.0)(30 ppbc)(1)

Cear = TT- = 10 ppbC
and

(1.0)(30 ppbc)(2)
CoLE = TT. + 1. = 20 ppbC

¥ Tn all subsequent formulae, the number 7 refers to the total number of
carbon-bond groups requiring inputs: PAR, ETH, OLE, ARO, CARB, DCRB,
and NR. However, since DCRB is always zero in this example, it has
been omitted from the computations in Tables C-2, C-3 and C-4.
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Note that the governing equation, C-1, results in the measured concentration
being multiplied by the fraction of carbon defined for each carbon-bond

group.

After all of the species concentrations have been apportioned to the
carbon-bond groups, then the fraction of carbon corresponding to each

group can be calculated. To use the same notation as before:

N .
% Cij
j=1 (C-2)
fy =7 N
r I GCjj
i=1l j=1
where
fi = carbon fraction for carbon-bond group i
Cij = concentration of carbon-bond group i due to species j
N = total number of species measured

Stated more simply, the concentrations of each individual carbon bond
group are divided by the total concentration measured. Tabie C-3 shows
the results of these computations for the example problem presented in
Table C-2. Note that, initially, the sum of carbon-fractions is 1.0.
Since oxygenates are not normally measured by GC analysis, 0.04 would be
added to carbonyls to account for their presence. Thus, the final set of
carbon fractions that is consistent with 0ZIPM/CB-3 sum to 1.04, and they

are shown in the right-hand column of Table C-3.
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Table C-3. Example Problem - Part 2

Computation of Carbon Fractions

CB-3 Class Concentration, ppbl 1Initial Carbon FractionZ Final Carbon Fraction3

PAR 305 0.61 0.61
ETH 20 0.04 0.04
OLE 20 0.04 0.04
ARO 90 0.18 0.18
CARB 5 0.01 0.05
R 60 | 0.12 0.12

TOTAL 500 1.00 1.04

1 From Table C-2

2 Computed by dividing the carbon bond concentration by the total
concentration (i.e., 500 ppbc)

3 CARB adjusted to account for unmeasured oxygenates
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The preceding discussion focused on computations associated with the
analysis of one GC sample. For 0ZIPM/CB-3 applications, however, a number
of samples are recommended. Since it is extremely unlikely that alil
samples will yield identical results, some method is required to reconcile
differences. The approach recommended here is to average fractions across
the samples, and then normalize those results to the value of 1.04. In

general notation,

K
~ £ fik
fi = k=1 (C-3)
—<—
and
?‘.
- 1
fi = 1.04 7 (C-4)
DI
i=1
where
T; = mean carbon-fraction found from K samples
fik = carbon-fraction for carbon bond group i and sample k
K = total number of samples
fi = normalized carbon-fraction for carbon bond group i

Table C-4 summarizes an example set of computations. Of course, the
normalized fractions (right-hand column) would typically be used in an

EKMA/CB-3 computation.
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Table C-4.

Computation of Average Carbon Fraction

Example Problem - Part 3

Species
PAR
ETH
OLE
AROQ
CARB
NR

Total

1 Example:

2 Example:

PAR

PAR

Sample Number
2

Carbon Fraction

H

L2 3
0.61  0.59  0.60
0.04 0.02 0.06
0.04 0.06  0.02
0.18  0.22  0.20
0.05 0.05  0.05
0.12  0.10 0.1l
1.0  1.04 1.0

(0.61 + 0.59 + 0.60)/3 = 0.60
(1.04/1.03)(0.60) = 0.61

C-12

Averagel

0.60
0.04
0.03
0.20
0.05

0.11

1.03

Normalized2

0.61
0.04
0.03
0.20
0.05
0.11

1.04



APPENDIX D

Output for Benchmark Run
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APPENDIX E

0ZIPM Output Corresponding to Inputs Shown in Table 4-3
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APPENDIX F

0ZIPM Output Corresponding To Inputs Shown in Table 4-4
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APPENDIX G
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