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PREFACE

This document is one of five related to application of EKMA and the use
of 0ZIPM-4 (Ozone Isopleth Plotting with Optional Mechanisms), the computer
program used by EKMA. Listed below are the titles of the five documents and a
brief description of each.

"Procedures for Appliying City-specific EKMAY, EPA—450/4—89—012, July 1989

- Describes the procedures for using the tmpirical Kinetic -Modeling
Approach (EKMA). The major focus is on how to develop needed inputs for
OZIPM-4. In addition this document describes how to determine a control
target once OZIPM-4 has been run.

"A PC Based System for Generating EKMA Input Files", EPA-450/4-88-016,
November 1988

- Describes a program that creates EKMA input files using a menu driven
program. Tnis sofware is only available for an IBM-PC or compatible
macnhine. Files built using this system can be upioaded to & mainframe
computer.

"User’s Manual for OZIPM-4 (Ozone Isopleth Plotting with 0pt1ona1 Mechanisms)-
Volume 1", EPA-450/4-889- 009a, July 1989

- Describes the.conceptual basis behind 0ZIPM-4. It describes the
chemical mechanism, Carbon Bond 4, and each of the options available in
OZIPM-4. Formats for each of the options are outlined so that a user
can create input files using any text editor.

"User’s Manual for OZIPM-4 (Ozone Isopleth Plotting with Optional Mechanisms)-
Volume 2: Computer Code"., EPA-450/4-85-009D, July 1989

- Describes modifications to the computer code that are necessary in
order to use OZIPM-4 on various machines. A complete listing of OZIPM-4
is also found in this publication.

"Consideration of Transported Ozone and Precursors and Their Use in EKMA"
EPA-450/4-89-010, July 1989

- Recommends procedures for considering transported ozone and

precursors in the design of State Implementation Plans to meet national
ambient air guality standards for ozone. A computerized (PC) system for
determ1n1ng whether an ozone exceedance is due to overwhelming transport
is described. This document is necessary, only if an area is suspected
of experiencing overwhelming transport of ozone or ozone precursors.




EKMA may be used in several ways: (1) as a means for neiping 1o focus more
resource-intensive photochemical grid modeling analyses on strategies most
Tikely to be successful in demonstrating attainment; (2) as a procedure to
assist in making comparisons between VOC and NOx controls; (3) in non-SIP
applications, such as in helping to make national policy evaluations assessing
cost/benefits associated with various alternatives and (4) for preparation of
control estimates consistent with Timitations/provisions identified in Clean
Air Act Amendments.
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In March of 1981, the U.S. Environmental Protection Agency (EPA) 1issued
guidelines for applying the city-specific Empirical Kinetics Modeling Approach
(EKMA) (Gipson, et al, 1981). EKMA is a procedure that can be used to
estimate emission reductions that are needed to achieve the national ambient
air quality standard (NAAQS) for ozone. Application of city-specific EKMA
according To the March 1981 .guideh‘nes entails using the Ozone Isopleth
Plotting Package (OZIPP) to re]até.beak ozone concentrations to its
preéurSOfs--nonmethane organic compounds (NMOC) and oxides of nitrogen (NOX)
(Whitten and Hogo, 1978; and EPA. 1978). OZIPP is a computer program that
incorporates a simplified trajectory model and a chemical kinetics mechanism
(known as the DODGE mechanism) that mathematically simulate ozone formation.
After the issuance of the March 1981 guidelines, the use of other chemical
.mechanisms with EKMA was suggested (Jeffries, et al, 1981: and Carter, et al,
1982). In response, supplemental guidance on using other mechanisms was
circulated to EPA Regional Offices in December of 198] (Rhoads, 1981).
Specific guidance regarding the use of one a]tgrhative mechanism-the Carbon
Bond III mechanism (CB—B)Q-waS'issued in Febrdary of 1984 (Gipson, 1984).

Since 1984, newer chemical mechanisms have been developed (Gery, et al,
1988; and Lurmann, et al, 1987). This document focuses on information
necessary to apply EKMA utilizing the Carbon Bond IV meéhanism (CB-4) and
provides details on all necessary input parameters. The discussions that
follow will focus exclusively on using the CB-4 mechanism with the 0ZIPM4
program. This program, Ozone Isoplefh Plotting With Optional Mechanisms 4

(OZIPM4), is an updated version of OZIPP which contains the most recent




Chemita: K1iNEliLs anG STOICHiomeTric Information. Any appiicalion of EKMA
should be carried out with the OZIPM4 code described in EPA (1989).

The remainder of this document is divided into two chapters. Chapter 2
contains a discussion of the CB-4 mechanism and its relationship to the 0ZIPM4
program. Chapter 3 describes the information necessary to develop input data
suitable for use of EKMA/CB-4.

ir tne 0ZIPM4 model, & cojumn of air conta1’-n1'ng o0zone and Dprecursors is
transported along an assumed straightline trajectory. The trajectory is
defined so that the simulated column of air over the city being simulated
arrives at the site observing the daily maximum ozone concentration at fhe
time of the observed maximum. As the column moves, it encounters gridded
emissions of fresh precursors that are mixed uniformly Qithin the column. The
column is assumed to extend from the earth’s surface through the mixed layer.
~ The assumed horizontal dimensions of thfs column are such that the
Eontentration gradients -are small enough to make the horizontal exchange of
air between the column and its surroundings insignificant. The air within the
column is assumed to be uniformly mixed at all times. .

At the beginning of 2 simulation, the column is assumec to contain some
specified initial concentrations of NMOC, NGO, , and CO. As the column moves
along the assumed trajectory, tﬁe height of the column will change because of
variations in mixing height; it is assumed to_change with time during a user-
selected period (for example, 8 a.m. - 3 p;m.), and to be constant before and
after that pekiod, As the height of the column increases, its volume
increases, and air above from the inversion layer is mixed in. Pollutants

above the mixed layer are described as "transported above the surface layer"




oY “Transported aloft.” Any 0zonme Or 0ZONE Precursors above the mixec Tayer
that are mixed into the column as it expands are assumed to be rapidly mixed
throughout the column.

Concentrations of NMOC species, NO, N02, C0, and 03, within the column
are physically decreased by dilution due to the inversion rise, and physically
increased both by entrainment of pollutants transported aloft and by fresh
emissions. A1l species react chemically according tO'the"kinetic mechanism
selected. Photolysis rates within that mechanism are functions of the
intensity and spectral distribution of sunlight, and they vary diurna11y

according to time of year and location.
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2.0 THE CB-4 MECHANISM

As the name implies, CB-4 is the fourth in a series of evolving chemical
kinetics mechanisms. Each of the successive carbon bond mechanisms contains
revisions that reflect increased know]edge»of the photochemistry leading to
ozone_formation. The CB-4 mechanism is currently the most recent version of
that aeneric series. It has been designed to simulate Taboratory smog chamber
experiments using detailed data baseé, as well as atmOSphefic situations in
which much Tess information is typically available. While a comprehensive
discussion of the scientific basis of the CB-4 mechanism is beyond the scope
of this document, some introductory material on basic concepts is included
beiow for those unfamiliar with CB-4.

k distinguishing feature df any chemical mechanism is the manner in
which organic reactivity is treated. Because the construction and use of a
mechanism that includes all athospheric speéies 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 represented
in the mechanism. The concepts underlying the treatmenﬁ-of drganic-reactivity
in CB-4 are discussed in Section 2.1 below.

As noted in Section 1.0, use of the CB-4 mechanism in a city-specific
EKMA analysis 1is mosf easily accomplished with tﬁe O0ZIPM4 computer program.

2.1 Organic Reactivitv»

As described in Section 2.0, a characteristic that typically
distinguishes chemical mechanisms is the manner in which organic cdmpounds are

represented in the mechanism. A number of .approaches have been taken,




DUl most nave focused on jumping 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-4 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 wil) be seén:be]owz this kind of. structuring results in some
organic species being partitioned among more than one functional group.

In CB-4, nine functional groups are used to represent organic species,
éach based on various types of carbon bonds: | '

(1) single-bonded paraffinic carbon atoms, and represented by PAR:

(2) sTowly reacting olefinic doubie -bonds, -aimost exc1us§ve1y
ethylene and represented by ETH;

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

(4) less reactive aromatic compounds represented by TOL;

(5) more reactive aromatic compounds represented by XYL;

(6) formaldehyde represented by FORM;

(7) acetaidehyde and high aidehydes represented by .ALD2;

(8) isoprene, represented by ISOP;

(9) nonreactive compounds represented by NR.

Just as important as the definition of the functional groups themselves
is the manner in whichAindividua1 organic species are apportibned to those
groups. As noted above, a particular organic compound is assigned to a CB-4
group, or groups, on the basis of molecular structure. To illustrate the

procedure, consider the propene molecule which contains one single carbon-bond




and one double carbon-carbon bong (see Figure z-1). 1In the CB-4 mechanism,
the propene molecule is represented by one paraffin and by one olefin. In
essence, the molecule has been apportioned on the basis of the carbon-carbon
~bonds: the double bond represented by OLE, and the one single bond by PAR.
Similar classifications have been determined for hundreds of other compounds,
and they provide the basis for establishing the overall reactivity of an urban
mix.

In the propene example illustrated in Figure 2-1, note that the number
of carbon atoms associated with PAR is one, while thé number for OLE is two.
A general principle underlying use of the carbon bond mechanism is that the
number qfvcarbon atoms associated with any individual carbon bond group is
fixed. (Table 2-1 shows these characteristic carbon numbers fdr the carbon
bond functional groups.) By making use of the carbon numbers, concentrations
- of each CB-4 group can be'determined from concentrations of individual organic
species. To illustrate, consider the propene-example discussed above, and
further assume that the concentration of propene is 3 ppmC. Since propene is
represented in CB-4 by one PAR and by éne OLE, the 3 ppmC total propeﬁe
concentration must be apportioned ‘to these two carbon bond groups. OF the
three carbon atoms in a propene molecule, one is PAR and two are OLE (see
Figure 2-1). Thus, one-third of the carbon atoms can be thought of as PAﬁ, and
two-thirds as OLE. Sincé concentratién is proportional to the number of
carbon atoms, the concentrations of PAR and OLE in the CB-4 mechanism would be
1 ppmC and 2 pme; respective1y.* This same concept can be extended to

multicomponent mixtures as well. In such cases, concentrations of the

“i.e., Cppg = 1/3 X 3 ppnC and Co g = 2/3 x 3 ppnC
| 6




H H H

]

C=C-C-H

| l

H H

Propene

H T H
? !
C=¢C -C-H
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Figure 2-1. Example of Carbon Bond Lumping Procedure
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TABLE 2-1

CARBON NUMBERS FOR CB-4 ORGANIC SPECIES

Carbon Bond Group Carbon Number (carbon atoms per
mo]ec}u]e)
PAR i
ETH 2
OLE 2
TOL 7
XYL ' 8
FORM 1
ALD2 : 2
N ' 1
I1Sop ' 5




iNCIVidua: organic Species are T1rst apporvioned 1o their respective (B-4
group. The total concentration of any particular CB-4 group is then obtained
by summing the contributions due to the individual organic species. This
procedure will be more fully discussed in Appendix C.

In using the CB-4 mechanism with the 0ZIPM4 program, absolute
concentrations of the individual CB-4 groups are not directly input to the
model. Rather, the total NMOC concentration 1s specified, and thé fraction of
carbon attributable to each CB-4 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 percent
of the total carbon is Categorized as PAR. A special set of default values
for CB-4 fractions is normally used. These defaults were derived from 1984-86
NMOC species data collected in mahy cities (Jeffries, 1987).

2.2 Use of CB-4_ in 07IPMA

The CB-4 mechanism that is contained in 0ZIPM4 is outlined in
Appendix A. A discussion of the development and testing of this mechanism is
contained in Gery, et al, 1988. More extensive information on the evolution
of the carbon bond mechanism in generé] can be found in Killus and Whitten,
1983; Killus and Whitten, 1982; Whitten and Hogo, 1977; Whitten, et al, 1980;
Whitten, et al, 1978.

The specific inputs necessary to use CB-4 in OZIPM4 are coﬁtained in
EPA, 1988 and EPA 1988. The discussions in Section 2.1 and ébove have
provided a general overview of the CB-4 mechanism and its relationship to the

0ZIPM4 program. In most instances, consideration of the details of the




mecnanism wWwill not be 1'“equ'1red in any particular model application. The major
concern in most applications is the determination of the total NMOC
concentration. In cases where defaults are not used, specificatibn of the
carbon bond fractions required to apportion the total carbon concentration to
the individual carbon bond groups (i.el, PAR, ETH, OLE, TOL, XYL, FORM, ALDZ,
ISOP, and NR) is also of concern. The procedures for developing these and
other mode! inputs for an EKMA ‘app)ication are the supject of the next

chapter.
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3.0 PROCEDURES FOR APPLYING EKMA/CB-4

Although the March 1981 guidelines deal explicitly with OZIPP and the
DODGE meéhanism, many of the concepts described in that document are relevant
‘to the use of EKMA with OZIPM4 and the CB-4 mechanism. For example, selecting
the cases to model is unaffected by choice of chemical mechanism. Neverthe-

- Tess, use of CB-4 with 0ZIPM4 does require some special considerations. This
chapter will focus primarily upon these circumstances, but will also describe
all other facets of coﬁducting an EKMA modeling analysis.

The ensuing discussion of using CB-4 with EKMA can perhaps be facili-
tated by a brief overview of the general modeling procedure. While the
following section describes EKMA in terms of ozone isopleth diagrams, it is no
Tonger necessary to develop these diagrams in order to determine the VOC
control requirements. By using the EKMA option the control requirement is
deétermined without drawing isopleth diagrams. The OZIPM4 program is used to
geﬁerate ozone isdp]éth diagrams that explicitly relate peak hourly ozone
concentrations to initial (i.e., 8 a.m.) ambient levels of the ozone pre-
cursors NMOC and NG, (see Figure 3-1). The diagrams are used with a measured
peak 0zone concentration and»a cit;’s NMOC/NQX ratio to compute, on a percent
basis, the VOC emission reduction needed to Tower the observed peak to the
Tevel of the standard. While isoplieth diagrams are explicit functions of
initial NMOC and NO,, the positioning of the.ozone isopleths oﬁ the diagram is
affected by model input variables that are related to'meteorology, emissions
occurring throughout the day, and pollutants transported from areas upwind of

the city under review. Because these factors vary from day to day, the
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hignest VCU emizzicon reduction estimate wiil not necessarity correspona to Lne
highest, observed ozone peak (KiTlus and Whitten, 1983; and Killus and
Whitten, 1982). 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 1s 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 (Rhoads, 1981). If the agreement between
predictions and observations is found to be poor, review and possible
adjustment to key mode] 1nputs‘are suggested prior to computing VOC emission
reductions. While good agreement between predictions and obsefvations does
not compietely ensure accurate control estimates, successful prediction of
observed ozone peaks does provide some confidencg that the Ehemica] and
physical processes 1eading-to ozone formation are being adequate1y.simu1ated.

The modeling procedure described in the preceding paragraphs can be
divided 1nfo five basiéﬂsteps which should be followed:

(1) selecting the observed ozone peaks to model;

(2) formulating the model inputs;

(3) predicting peak ozone;

(4) computing VOC emission reductions; and

(5) selecting the overa]]_VOC emission reduction target.

13




.o Sgieciion 0f mMog2iine Lases

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. Consideration of these two factors led to the recommendation that a
number of observed peaks above 0.12 ppm be modeled for each site. 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-4
analysis, the same procedure is recommended.

Recommended Procedure: The five (5) highest daily, maximum ozone
concentrations at each site should be seiected as candidates for modeling.
Only ozone peaks that occur within or downwind of the urban area under review
should be included, The five highest such values should generally be chosen
from the most recent 3 years during which measurements were made at a site.

A State may choose to include an additional year if data from another
ozone season become available between the time of the SIP call and the time
when the analysis is conducted. While an additional year may be added, a year
may not be replaced (i.e., 4 years of data must be used). If 4 years of data
are included, the six (6) highest daily, maximum ozone concentrations at each
site should be selected as candidates for modeling. If there is a tie for the
last daily maximum value, both days should be modeled. In the event that a
Significant amount of time (a few years) passes between the time of the SIP
call and the start of the modeling analysis, the appropriate EPA Regional
office should be contacted to determine the appropriaie years to model.

In some cases, it may happen that on days initially selected as
candidates for modeling, daily maximum ozone (05) is most 1ikely the result of
"overwhelming transport" from upwind areas. That is, it is unlikely that
locally generated emissions have an appreciable effect on the observed daily
maximum. Procedures for determining whether an observed daily maximum results
from overwhelming transport are described in detail by Meyer and Baugues

(1989). In general, overwhelming transport is a strong possibility if the

14




daily maximum occurs before iU a.m. or if the timing of the observed maximum
is inconsistent with available 10 a.m. - 4 p-m. surface wind data and the
orientation of the monitoring site with resbect to the Metropolitan
Statistical Area (MSA) under review. Even if it is Tikely that an observed
daily maximum 03 concentration results from overwhelming transport, it is
possible that the selected day should still be modeled. This would be
appropriate if the following occurred: (a) concentrations greater than 0.12
ppm occurred at other times of the day; (b) surface wind data and monitor
orientation were consistent with impacts from the local MSA at these times;
and (c) the 03 concentration judged td resu]i from Tocal emissions was one of
the top five Tocal peaks. Unless all of the preceding three conditions are
met, the day should be discarded and replaced by'the previously unselected day
having the highest observed daily maximum. Overwhelming transport can also
affect selection of which estimate for VOC and/or NO, controls is needed to
attain the NAAQS. This latter issue is addfessed in Section 3.5. |
3.2 Development of Model Inputs

As Jjust described, the five or six highest, daily maximum ozone peaks at
each site are selected for modeling. Two basic objectives of the modeling
ana]}sis are to predict the observed ozone peaks, and to compute the VOC
emission reductions needed to Tower each observed peak to the level of the
ozone NAAQS. Tolbeét 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
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section is te describe the methodologies recommendec for deriving the mode]
input values under both sets of circumstances.

Table 3-1 summarizes the model input variables that require
consideration, regardless of the intended purpose of the model simulation.
Before discussing each of the model input variables, one additional point
should be added. The recommendations discussed below dea1.w1th 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 implementation of VOC control
programs. Factoring these potential changes into the modeling analysis will
be discussed in Section 3.4. Thus, the recommendations discussed below
concerning the derivation of model input values w111 necessarily focus on data
corresponding to emissions and atmospheric conditions associated wifh a
particular ozone peak observed in the base case.

3.2.1 Light Intensity

The OZIPM4 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. wﬁiWe updates héve been made to
some of the photolytic rates, these have been incorporated in the 0ZIPM4
computer code. Thus, no changes need be made for this set of model inputs.
The correct set of numerical time zones for the continental United
States is as follows: |

Numerical Time Zone Common Name

Eastern Daylight Time
Central Daylight Time
Mountain Daylight Time
Pacific Daylight Time

~NoOYyor
joJjeBala
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Mode]l Input Varijables

‘Sunlight Intensity
Dilution

Post-0800 Emissions
Ozone Transport
Precursor Transport
Reacfivity
Temperatufe

Water Vapor

Biogenic Emissions

Table 3-1

0ZIPM4/CB-4 MODEL INPUTS

17
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T¢ produce standard time simulations. even thouah the output will show
daylight time units, a false time zone of one unit (hour) more can be used.
Thus, Pacific Standard Time photolysis constants would be generated if a 8.0
were entered instead of the correct 7.0 time zone.

Recommended Procedure: To proper1y simulate Tight intensity in OZIPM4,
input the city’s latitude, longitude, time zone, and the day of the year being
modeled.

3.2.2 Dilution
In the OZIPM4 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 OZIPM4 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 mfxing height is finally attained. Pﬁocedures for_
estimating the early morning mixing height and maximum afterhoon mixing height
from available radiosonde measurements are outlined in Appendix B of this
document. The OZIPM4 program will internally calculate the rate of rise in
mixing height based upon a characteristié curve déve]oped by Schere and
Demerjian (EPA 1981; Schere, et al, 1977).

Recommended Procedure: It is recommended that city-specific estimates
of 0800 LCT mixing height and maximum afternoon mixing height be computed

using procedures outlined in Appendix B. Minimum 0800 LCT mixing height used
should be 250 meters. )

3.2.3 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 emission densities (kg/kmz) of NMOC, NO,, and carbon
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monoxide (CC, concentrations that should be added each hour to represent the
effect of fresh precursor emissions. The requirements have changed from the
March 1981 guidelines in two respects: (a) large point sources of NO, are
differentiated from other sources and (b) CO emissions are considered.

The following exampTe ilTustrates how to defermine which county’s "
emissions should be used for each hour. Figure 3-2 shows an example
trajectory. In this case the peak ozone occurs in Rockdale County between 3
and 4 p.m. The parcel starts at 8 a.m.-in Fulton County. Between 8 a.m. and
4 p.m. are 8 hours, indicated on the sfraight—1ine frajectory in Figure 3-2.
Each value oh this Tine represents the location of the parcel at 1 through 8
hours.

During hour 1 (8-9 a.m.), the parcel is entirely in Fulton County.
Emissions for 8-9 a.m. from Fulton County should be used in 0ZIPM4. During
the.second hour the.parce1‘moves into Dekalb County. Emissions for'Q—IQ (hour
2) should be averaged between Fu1ton'and Dekalb Counties. During hours 3
through 6, the parcel is entirely in Dekalb County and emissions should be
based ubon Dekalb County. During hour 7, the parcel crosses into Rockdale
County. Emissions for hour 7 (2-3 p.m.).shou1d be:averaged between Déka1b and-
Rockdale counties. Emissions for hour 8 shod]d be from Rockdale County.

In developing post-8 a.m. emission densities for EKMA, it is necessary
to determiﬁe whether significant NO, point sources havg effective stack
heights greater than the initial mixing height (usually 250 meters). If the
effective stack height is greater than the iﬁif1a1 mixing height, the NO,

emissions from that source will not be contained within the mixed surface
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iayer during the first few hours of the OZIPM4 simulation. At someiime later
in the day, as the mixing height rises, these NO, emissions will be entrained
into the mixed surface lTayer. Sources which should be reviewed to determine
effective stack height include large industrial process boilers and power
plant boilers. Only significant sources of NO, (those greater than 5 percent
of the total NO, emission inventory) should be reviewed to estimate effective
stack height.

Each day is modeled to determine hourly mixing heights. The days must
then be rerun adding in the tall stack NO, emissions. These emissions should
be added to the hour (and only to that hour) where the mixing height first
equals or exceeds the effective stack height.

The recommended procedure for estimating effective stack height is to
run PTPLU (EPA, 1982). This mode] fequires‘stack height, stack gas
temperature, stack gas velocity, and inside stack diameter. The
meteoro]ogica] conditions of interest are C stability and 5 m/s wind speed (at
10 meter heigh}).

An alternative proéedure is contained on the following pages for those
individuals who do.not have access to PTPLU.

Recommended Procedurg: Post-0800 emissions should be entered as
emission densities (kg/km“). Large NO, sources may require a review of
effective stack height to determine if the NO, emissions are within the mixed
surface layer. Emission densities are required for NMOC, NOX, and CO.

3.2.4 Initial Nogzml |

The March 1981 guidelines recommend a default value of 0.25.
Review of recent data indicates that this ratio may vary over a wide range

(.1-.9) and that "median" ratios for individual cities may also vary
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sigriticantiy . ModelIng ana”yse: have incicatec fnas EHMEA-CBS
sensitive to this ratio. Thus the default vaiue of (.25 should be used.
Recommended Procedure: A city-specific value for the nitrogen dioxide

to oxides of nitrogen ratio [(NOZ)/NOX] need not be estimated. The default
value of 0.25 should be used.

3.2.5 (0zone Transport
The two possible mechanisms by which ozone is transported into an
urban area are:

1. Advection of ozone along the earth’s surface, and

2. Advection of ozone aloft, typically at night and during early
morning hours above the ground-based mixed Tayer, with downward mixing when
the mixing Tayer increases later in the day.

Ozone transported at the surface is subject to surface reactions and
scavenging by other species [e.g., nitric oxide (NO)] emitted during the
night. As a result of nighttime atmospheric stability, oione transported
.aloft does not come into contact wifh scavengers emitted during the night.
Thus, overnight advection of ozone aloft is the more significant mechanism of
transport from one urban areé to another (EPA, 1977; and Chan, et al, 1979).

| Control strategies designed to attain and/or maintain the ozone standard
r individual urban areas must take into consideration the impact of
transported ozone on peak afternoon concentrations.

A.  Present Transport of Ozone at the Surface

The chief impact of ozone transport near the surface is expected to

be the more rapid conversion of NO to NOZ. Several field studies have shown

*Reca11 the discussion in Section 3.1, there are days when transport is
the predominant cause of observed 0,. The recommendations in Section 3.2.6
apply for instances in which this i% not the case.




ALTERNATIVE PROCEDURE FOR ESTIMATING
EFFECTIVE STACK HEIGHT

Estimate wind speed at stack height

where: h is the physical stack height in meters

Estimate F (the flux parameter)

_ 2
F = g_VS d® DT/4T;
where: g = 9.8 m/s?
Vi = stack gas velocity (m/s)
d = inner stack exit diameter (m)
DT = T - T (stack_ gas temperatyre-ambient air
temperature) K
T, = ambient air temperature ‘K (assume 297°K)

Estimate crossover temperature ”DTC

For F < 55 DT, = 0.0297 T¢ v 1/3/q41/3
For F 2 55 T, - 0.00575 Ty v 2/3/q1/3
where: T = ambient temperature (K)
Vs = stack gas ve1ocify (m/s)
d = stack exit diameter (m)
If DT < DT. Go to step 4
If DT = DT. Go to step5
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4. rstimate momentum piume rise
Oh = 3 d V/u

where: d

stack exit diameter (m)

Vo = stack gas velocity (m/s)
u = wind speed at stack height (m)[from Step 1)
Dh = plume rise (m)
Go to Step 6

5. Estimate buoyant plume rise

For F < §5 Dh = 21.425 F-75y
For F > 5§ Dh = 38.71 F-& sy
where: Dh = plume rise (m)
F = flux parameter [from Step 2]
u =

wind speed at stack height (m)[from Step 1]

6. Estimate effective stack height

- H="hg+ Dh
where: H = effective stack height (m)
| g = physical stack height (m)
Dh = plume rise (m) [from Step 4 or 5]
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that ozone transported along the surface tends to be minimal (Chan, et al,
1979; Decker, et al, 1977; and Ludwig, 1979).

Recommended Procedure: Based on the previous discussion, it is
- recommended that, for most situations, the value for present ozone transported
at the surface be set equal to zero for each day modeled.

Alternate Procedure: If ozone levels are measured downtown during
6-9 a.m., surface ozone transport may be considered. It is recommended that
the 6-9 a.m. LCT average ozone concentration at an urban site(s) be used as
the estimate of the concentration of ozone transported into the urban ares
along the surface for the given day.

B.  Present Transport of Ozone Aloft

As noted above, it appears that unscavenged ozone transported aloft
is Tikely to have a far greater impact than surface transport on maximum
afternoon ozone levels observed within or downwind from cities. Thus,
estimates of ozone aloft are needed for control strategy developmerit with
OZIPM4/EKMA. Techniques for estimating the 1eve1 of ozone transported aloft
have been the subject of two studies (Chan, et al, 1979; and Eaton, et al,
1979). Five different techniques, which were considered to be feasible, were
field tested in Phi]ade]phia during the summer of 1978 zChan, et al, 1979).
The five methods are: (1) use of fixed ground based stations; (2) use of
airborne’measureménts in a dedicated aircraft; (3) use of airborne
measurements with a portable instrument package; (4) use of free 1ift balloon
soundings; and (5) use of soundings by tethered balloon. Chan, et al (1979),
contains a detailed description of each of these techniques as well as a
discussion of the findings 6f the study. Of the five measurement techniques

evaluated, surface measurements at fixed sites, airborne measurements by

dedicated instrumented aircraft, and soundings by ozonesonde beneath a free
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palloon Were judged € be oracticaW means 0f Drovﬁding information O QzONe
transported aioft. ' .

puring the summers of 1985 and 1986, measurements of ozone aloft were
made over siX cities using aircraft. cities involved in this analysis were:
Dallas, Texas; Tulsa, Ok1ahomas Atlanta, Georgias girmingham, Alabamas
Phi\ade\phia, Pennsy\vania; and New york, New York. Ninety oercent of the
ozone alofl values from this study £al1l1 between aoproximate1y 25 to 60 ppb.
[Baugues, 19871. Thus, measurements at other sites should De pear this range.
For those cities 1ocated in the ROMNET domain, an alternative procedure is
heing developed. present and future aloft values for NMOC, NOy» co and O3
will be based upon results from the ROMNET cimulations. Exact proCedures.and
data bases will be available in midfFY-QO.
Recommended procedure: In selecting this recommendation, consideration
has been given 10 such factors as technical capabilily and available funding,
and the intended use of the data. 0Ozone measurements faken on the day being -
modeled are'recommended as the best estimate of ozone aloft. These
measurements should be obtained at surface monitoring sites upwind of the city
during the first hour after breakup of the nocturnal jnversion. An acoustic’

radar (sodar) can pe used 1o determiné the time of inversion preakup for the
day. If the time of the breakup of the nocturnal radiative spversion 1S not

conTinuous measurements and, thus. agsurance that measurements exist for days

Alternate Procedure: Information on the vertical distribution of ozone
transported above the surface 1ayer in the early morning may pe used directly
if it is available. Such jnformat ion might include aircraft or free-1ift

ozonesonde measurements. The reader is referred o Chan, et al, 1979, for 2

detailed discussion of these techniques- yse of an alternate procedure is
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The coefficients "0.7" and "0.9" in the preceding expressions were
obtained by reviewing OZIPM4 runs with varying conditions. The preceding
expressions assume an irreducible background component of 0.04 ppm.

Without information to the contrary, future transport along the surface
should be assumed equal to zero. If significant nonzero concentrations are
found for present ozone transport along the surface, then future ozone
transport levels should be obtained using the relationships shown in
Figure 3-4.

For those cities located inm the ROMNET domain, an altérnative procedure
is being developed. Present and future aloft values for NMOC, NO,, CO and 08

will be based upon results from the ROMNET simulations. Exact procedures an
data bases will be available in mid-FY-90.

3.2.6 Precursor Transport
’ Just as for ozone, precursor pollutants could be transported in

both the surface layer and aloft. However, dutside urban areas, the surface
layer is expected to be very shallow. Thus, Tong-range transport of
precursors in the surface 1ajer may not be sign{ficant. Transported precursor
concentrations tend to be substantially less than concentrations within urban
areas (EPA, 1978). Recent measurements of NMOC aloft over six cities
indicates that most NMOC aloft values fall within a range of 0-50 ppbC. The
overall median value for these data is 30 ppbC [Baugues, 1987]. Future NMOC
aloft should be reduced 20 percent from present levels. Present and future
levels of NO, aloft should be set to 2 ppb (.002 ppm). Surface levels of NMOC
and NO, for both present and future conditions should be set to zero.

Carbon monoxide Jevels at the surface should bevset,to zero. Concen-
trations aloft shou1d be set to 0.5 ppm. Future levels of aloft CO may be
reduced 20 percent from‘bresent_levels. For those cities Tocated in the
ROMNET domain, an alternative procedure is being developed. Present and

future aloft values for NMOC, NO,, CO and O will be based upon results from
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the ROMNET simulations. Exact procedures and dzta bases will be available in
mid-FY-90.

Recommended Procedure: Transported concentrations of NO, and NMOC in
the surface layer should be set to zero. The recommended default NMOC aloft
value is 30 ppbC based upon recent data. Present and future levels of NO
aloft should be set to 2 ppb. Carbon monoxide levels aloft are recommended to
be set to 0.5 ppm. Future levels aloft CO may be reduced 20 percent from
present levels. The reactivity of NMOC aloft will be discussed in the
following section.

3.2.7 Oroganic Reactivity

A.  Surface NMOC

The fundamental concepts underlying the treatment of organic
reactivity in the CB-4 mechanism were described in Section 2.1." As noted in
that section, the organic reactivity input that is required by OZIPM4 consists
of specifying a set of apportioning factors, or as they are more commonly
termed, carbon-fractions. Specification of these fractions permits the OZIPM4
program to apportion total NMOC concentration into the individual carbon
Qroups--PAR, ETH, .OLE, ALD2, TOL, XYL, FORM, ISOP, and NR. (The apportioning
procedure is carried out within the model for the NMOC concentrations that
occur both initially and as a result of subseguent post-0800 emissions.)

Two basic approaches are possible for estimating the carbon-fractions.

The recommended approach consists of using a set of default fractions that
have been derived through analyses of available ambient organic species data,
and review of pertinent, scientific experimental results. The second, an
a1tern§t1ve appfoach; requires the ana1ysi§ by gas»éhrOMatography (GC) of
individual organic species’ concentrétions in ambient air within the city

under review. Typically, this latter approach requires a special field study.
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The recommended approach of using e default value rather thar mak inc &
city-specific determination arises primarily as a consequence of two factors.
First, the default values are estimated to be representative of typical urban
reactivity based on an ana]yﬁis of ambient sampling results conducted 1h a
number of locales (Jeffries, 1987). While some city-to-city variations in
organic composition are to be expected, the default redommendations should
adequately represent most United States cities (Jeffries, 1987). The second
factor relates to the resource requirements associated with the alternative
approach. The cost of conducting_a special ambient sampling program can be
substantial. | -

Instead of using default values, carbon-fractions can be computed from
GC analysis of ambient samples. Monitoring considerations in performing GC
sampling/analysis are discussed by Singk (1980) and EPA (1980), and will not
be repeated here. Howéver, it should be notéd_that GC analysis is not an
automated technique, and is most often done on a special study basis. Thus, a
monitoring program of 1imited duration is the most pragmatic approach for
developing the information needed to compute carbon—fracfions. WhETe it is
difficult to prescribe exactly the number of sampies 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 pribr'to the onset of significant photochemical
reaction. As with NMOC monitoring, sampling during the SjQ a.m. time period

within the area of maximum emission density (i.e., usually the center city) is
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generally recommended. Ambient samples for GC anzlysis should be coliected by
integration over a period of 3 hours. |

The GC analysis must identify all species up to and including C-12
(compounds containing 12 carbons). Identification of any peak over 0.5 parts
per billion (ppbC) is required. Where an individual peak cannot be identified
as a specific compound, it must be analyzed to determine the carbon number and
the class (paraffin, olefin, or aromatic).

‘Regard1ess of the technique employed in their derivation, the carbon-
fractions are used to apportion total concentrations of organié compounds
which are based upon ambient measurements; Of the two organic compound
monitoring techniques [i.e., PDFID (preconcentration direct flame ionization
detection) and GC], both rely on a flame ionization 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
aﬁdehyde and ketones, as we11‘as some surrogate garbony1s) are about 5 percent
of total nonmethane hydrocarbon concentrations (Killus and Whitten, 1983).
Only about 1 percent of the tbta1 carbon that is measured can be classified in
the carbony] group (i.e., surrogate carbonyls). The remainder of the
carbonyls (i.e., 5 percent of the nonmethane herocarbons that are measured)
is attributéb]e to oxygeﬁétes that are not detected. The carbon-fractions
which would sum to 1.05 (or 105 percent) are then adjusted so that they total
only 1.00 or 100 percént.' If ambient measurements of aldehydes aré available,
a city-specific determination of the carbonyl fraction can be made. However,

these measurements tend to be complex, using tethniques that are mostly
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conductec by research groups. As 2 consequence, carrving out a special
aldehyde monitoring program cannot be routinely recommended.

Whenever city-specific estimates are made by the techniques discu;sed
above, special care must be taken to ensure that the computed carbon-fractions
represent a realistic distribution of NMOC species.

Reactivities oF NMOC in numerous cities have been computed‘based upon
KOH values. KOH values are rate constants which give a measure of the
reactivity of a class of compounds with OH radicals. The weighted sum of
these Kgy values give an estimate of the overall reactivity of the NMOC mix.

The Koy value for an NMOC mix can be determined using the following
equafion:

KB; = PAR * 1203 + ETH * 5824 + OLE * 20422 + ALD2 * 11833 + TOL * 1284 +
XYL * 4497 + FORM * 15000 .

Where: Koy is the average Kqy value for the NMOC mix, PAR is the
fraction of the mix considered paraffin (based upon the CB-4
splits). ’

A typical city is expected to have an average Koy value that falls
between 2700 and 3600 min~l. If the computed Koy value, based upon a city-
specific NMOC distribution, does not fall within this range, the process of
determining the city-specific distribution shouid first be redone to check for
errors. If no errors are found, the default reactivity shou]d‘be utilized.

Requests to use reactivities other than the default must be reviewed and
approved by the appropriate Regional Office in cooperation with the Model

Clearinghouse.
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Recommended Procedure. Thne carbon-fractions recommended for use in an
EKMA/CB-4 analysis are 1isted below:

PAR = .564
ETH = .037
OLE = .035
ALD2 = ,052
FORM = .021
TOL = .088
XYL = 117
ISOP =10

NR = .085

They should normally be used unless sufficient information is available to
derive city-specific information by the method 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. Integrated samples are
required. It is desirable that enough samples be analyzed to provide a
representative average. For suppiemental information regarding monitoring
-aspects, the reader is referred to Singh (1980) and Rhoads (1987), and for
details on how carbon-fractions are computed from the sampling results, the
reader is referred to Appendix C of this document. Those considering this
approach should discuss it with the EKMA contact in the appropriate Regional
Office. K -

Caveat. If the alternative approach 1slused, the resultant reactivity
must fall within the range of 2700-3600 min~!. If it does not, it is strongly
recommended that the data and computations be thoroughly checked to ensure
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. '

BE. NMOC Aloft

OZIPM4 also requires carbon-fractions for the NMOC aloft. The
recommended approach is to use the default value provided. These values are
based upon GC speciation df aircraft samples taken over six cities during the
summers of 1985 and 1986 .[Baugues, 1987]. In order to develop a city-specific
distribution, a special field study would be required. Such an analysis is .

not recommended.
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rov those cities JTocated ir the ROMNET domain, arn alternative procedure
is being developed. Present and future aloft values for NMOC, NO,, CO and 0q
will be based upon results from the ROMNET simulations. Exact procedures and
data bases will be available in mid-FY-90.

Recommended_Procedure. The carbon-fractions recommended for use in
EKMA/CB-4 for NMOC aloft are:

PAR = .498
ETH = .034
OLE = .020
ALDZ = .037
FORM = .070
TOL = .042
XYL = .026
ISOP = O

NR = .273

3.2.8 JTemperature
Hourly temperature data must be utilized in OZIPM4. Use of hourly

temperatures allows reaction rates to be increased or decreased according to
the hourly temperature. If not specified, OZIPM4 uses a defau]t temperature
of 303°K. The hourly SUrfgce_temperatures to be utilized in OZIPM4 should be
from an urban meteorological station. Tapes which provide complete hourly
data-are avaiiabie from the National Oceanic and Atmospheric Administration
(NOAA) in Asheville, NC.

Recommended Procedure. Hourly surface temperatures from an urban
meteorological station are recommended for use in OZIPM4.
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3.2.59 Water Vapor
Reéent work has shown that ozone predictions are sensitive to the
amount of atmospheric moisture content. A new option has been included in
‘0ZIPM4 which will estimate the atmospheric moisture content given relative
humidity values and an ambient pressure Tevel. Hourly values of relative
- humidity can be found on meteorological tapes available from NOAA (in
Ashevilie, NC).

Recommended Procedure. Hourly relative humidity values are recommended
for use in 0ZIPM4. .

3.2.10 Biogenic Fmission Estimates

0ZIPM4 has recent]x been modified to contain an.option to allow
inclusion of biogenic emission rates. The inputs to OZIPM4 are emission
estimates of the biogenics, typically broken out as: 1soprene, a-pinené,
monoterpenes and unknowns. The units for these values are kilograms per
' square ki]ométer-per:hour (kg/kmz/hr).

The biogenic emission estimates are sensitive to severa] meteorological
parameters: air temperature, wind speed, relative humidity and cloud cover.
Therefore, biogenic emission estimates must be developed for each day modeled
and 'the values based upon;day'specific meteoroiogical parameters.

EPA will provide a computer program that can be run on an IBM-PC (or
compatible machine) which will estimate biogenic emissions rates on a county
basis. The user would need‘tO'providé.day specific .meteoroiogical parameters. .
This program should be available by mid-1990.

As with man-made emissions (Section 3.2.3), emission rates should be
included for the county in which the straight 1ine trajectory is over for_each

hour.
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OZIPME alsc requires initial values for biogenic species. Al: initial
values should be set to 0.0001 ppm in the absence of measured concentrations.
They should not be left at zero, as this may cause the program to "hang up".

3.3 Predicting Peak Qzone

In one study, it was found that EKMA could yield a Tower control
estimate for a case when peak ozone is underpredicted as compared to one in
which peak ozone is more accurate1y_predicted (Jeffries, et al, 1981). In
extreme cases of underprediction, a solution may not be possible with EKMA.
In a similar fashion, a large overprediction could Jead to a control estimate
that is higher than that obtained when good agreement is fdund, As part of
the supp]ementa1 EKMA guidance issued in December of 1981, EPA addressed this
problem by recommending that predictions of peak ozone be made, and
abpropriate adjustments or combensations be made if poor agreement is found
(Rhoads, 1981). 1In this section, the procedures for making the predictigns,
comparing them with observations, and making appropriate adjustments are

déscribed.

3.3.1 Procedures for Making Ozone Predictions

In Section 3.2, most of the OZIPM model inputs that are needed
either ﬁo predict peak ozone or to estimate VOC emission reductions were
discussed. In order to make predictions of peak ozone, one additional set of
model input variables is needed: the concentrations of NMOC, NOX, and CO that
are representative of the 1n1tia1.(1.e., 8 a.m.), urban core levels. These
mode1 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
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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, NOX, and CO measurements routinely takeh in
the urban core, but which represent neighborhood scale Tevels. The initial
concentrations are intended to represent the NMOC, NO,, and CO 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, NOX, and CO monitors within the urban core which represent neighbofhood
scale values. If more than one set of measﬁrements are available from several
such monitors, then the 6-9 a.m. average concentration at each monitor should
be averaged to obtain an overall, urban éverage NMOC, NOy, and CO

concentration. Algebraica11y, the above procedure can be expressed as

follows:
“(wocyo = | C(wmoc)s-9 1. (3-4a)
| N
and
n — —_—
Cvoxpo = 2 | Crnox)6-9 | (3-4b)
i=] b— —i T
N
and
2 [Coomnea | (3-4¢)
¢ - ) e
(cpo = I | Creope-g__|.

N
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where
(CNMOC)O, (CNO')O, (CCO)O =initial concentrations of
NMOC, NOX, and CO (in units of ppm@& ppm, and ppm, respectively) input to
0ZIPM4 stmulation
[(ENMOC)6-914, [(NO,)6-911 =the 6-9 a.m. average
[(“C0)6-9]1 concentrations of NMOC, NO,, and CO
' (in units of ppmC, ppm, and ppm,
respectively) taken in the urban
core (or high emission density area)
at site i
N = total number of coliocated
monitors for which day-specific NMOC and NO, measurements are available.

As noted above, the initial NMOC and NOX concentrations are derived from
day-specific measurements of NMOC and NOX. 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/NO, ratio (see Section 3.4.3) and a day-specific measurement of
NO, alone, provided it -is :available. The initial NMOC concentration for use
with the OZIPM4 simulation can be computed as the product of the median

NMOC/NOx ratio and initial NOx concentration, or

(*NMOC)o = (“No,)o (NMOC/NO, ) (3-5)
where
(CNMOC)o = the initial NMOC concentration for
the OZIPM4 simulation, ppmC
(CNOX)o = the initial NO, concentration
_ calculated by equation 3-4b, ppmC
(NMOC/NO,) = the median NMOC/NO, 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.
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With the estimates of initial NMOC , NOX, ancd CO, anag the corresponding
day-specific inputs listed in Table 3-1, the CALCULATE 6ption of OZIPM4 may be
used to perform a single model simulation. An example simulation and
additional information are contained in EPA, 1989. Thus, no additional
discussion will be included here.

. Recommended Procedure. The CALCULATE option of the OZIPM4 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, 3-4b, and
3-4c, 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, NO., and CO 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

Thé principal output of concern obtained with a CALCULATE
simulation is the predicted ozone. By ﬁumerica?1y 1ntegratin§ the -
differential equatioﬁs describing ozone formation processes (i.e., chemical
reaction, emissions, dilution, etc.), 1nstantane6us concentrations of ozone
are computed throughout the simulation period. From this computed profile of
instantaneous ozone concentrations, the 0ZIPM4 program caiculates the hour]y
average concentrations occurring during the model simulation. The predicted
ozone concentration that occurs at ‘the time of the observed peak is used in
the performance ﬁeasurexthat is recommended fo.gva1uate mode: performance.
This performance measure is the relative deviation of the prediction from the
observation, or |

DEV= C,-C,

—P 0 xi00 ~(3-6)

Co
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where

DEV = deviation of the model prediction from the
observation, percent

Cp = maximum 1-hour average predicted peak ozone, ppm

Ly = observed peak ozone, ppm

If the relative deviation is found to be no more than + 30 percent, then
agreement between the prediction and the observed peak is judged to be
sufficient to proceed with control estimate calculations. If the deviation is
outside the + 30 percent range, a comparison between the measured peak and
predicted peaks 1 hour before (or after) the time of the observed peak should
be made. Due to the uncertainty in trajectories, it is possible for the time
of the predicted peak to be off by an hour.

If the model underpredicts by more than 30 percent (i.e., DEV < - 30
percent) or overpredicts by more than 30 percent (i.e., DEV > + 30 percent),
the review of, and possible adjusfment td, key model inputs according to the
discussion of Section 3.3.3 below is warranted. 14 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 hourly average
ozone concentration calculated by the OZIPM4 program at the time of the
observed peak. If the computed deviation is within + 30 percent, then the
model results are sufficiently accurate for control estimate calculations. If .
the deviation is outside the + 30 percent envelope comparisons between the
measured peak and the predicted values 1 hour before (or after) the time of
the measured peak should be made. If the + 30 percent test is not met, then

the procedures discussed in Section 3.3.3 should be applied in an attempt to
improve the simulation results.
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3.3.2 Review and Adijustmen: to Mode! Inpuis

If inadequate agreement between a mode1 prediction and an observed
peak is found, review of the model inputs should be conducted. The objective
of this review is to investigate whether some modifications to key model
inputs can be justified on some physical basis in order to improve the model
. Predictions. This review should focus on those mode] inputs that most
critically affect predictions of peak ozone. Of most importance are the
initial NMOC, NO,, and CO concentrations; dilution; and post-0800 emissions.
Adjustment of these inputs, within the uncertaint%es associated with their
development, is warranted 1? 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 perform-
ance are difficult to make, some general guidelines can be made depending on
the nature of the problem, be it an underprediction or an overpredictfon. If
some uncertainty exists with regard_to the data fromﬁwhich t%ey were derived,
then the inputs can be adjdsted within that range of uncertainty. >In general,
initial NMOC,'NOX, and CO Jevels may be .adjusted by + 15 percent and maximum
afternoon mixing height by + 200 meters (Seila, 1986 and Rhodes and Evans,
1986). Outliers in the data may be deleted if adequate justification is
available. 'For exampie, 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. cbncentration at one site (say site A) déviated substantially
from the concentrations measured at the other two sites (say sites B and C).

Then, improved agreement between mode1 predicted and observed ozone might be
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found if the initial NMOC concentration for the dayv in guestion was derived
solely from the measurements taken at the two sites in agreement (i.e., sites
A and B). Consider the case of undérprediction first. The following steps
should be taken: '

1. Check -inputs for errors (especially morning and afternoon mixing
heights and ozone aloft).

2. Increase the initial NMOC, NO, and CO concentrations by 15 percent.

3. Reduce afternoon mixing height by 200 meters.

4, Increase original afternoon mixing height by 200 meters (may
improve situations where ozone aloft is high).

5. Increase morning mixing height by 50 meters.

A1l steps are cumulative, except for 3/4, where the step that improves
the situation should be included with Step 5. Steps are to be followed in the
order above, and carried out only until the deviation is wjthin'the‘i 30
percent range. Further adjustments should not be carried out ﬂd reduce the
deviation.

When changes are made to the morning mixing height, make sure that
changes are reflected in all options. The following options use the morning
mixing height: DILU (Dilution), MASS (Emissions), CRED (CO) and BIOG
(Biogenics). '

Guide]iqes for correcting a problem of overprediction are similar in
concept to those for Underprediction. The following steps should be taken:

1. Check inputs for errors (especially morning and afternoon mixing
heights and ozone aloft). Also make sure that all emission rates are being

read in as kg/kmz/hr and not in fractions of the initial concentration.
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>

Reduce initial NMOC, NO, and €O concentrations py 15 percent.

[#5 ]

Increase afternoon mixing height by 200 meters.

E-

Reduce original afternoon mixing height by 200 meters (may improve
cases where ozone aloft is high). A

5. Reduce morning mixing height by 50 meters.

The same rules apply that were described earlier for the underprediction
case.

As noted above, the mode] inputs that substantially affect model
predictions of peak ozone include the initial NMOC, NO,, and CO
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
&onéentrations within a mixed layer corresponding to the postulated 1nit5a1 '
mixing height. While such an approach is intuitively appealing, such
calculations may not be able to account properly for ventilation, 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.

Recommended Procedure. To improve agreement with observed 05 levels,
model 1inputs can be varied within reasonable ranges if justificatjon for doing

SO can be cited. Specifically, the key model inputs are initial NMOC, NO, ,
and CO concentrations, and mixing heights. Finally, mode] 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.
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3.4 CZomputine VO Emission Reductions

The recommended procedure for computing VOC emission reductions is to
use the EKMA option in OZIPM4. Use of this option eliminates the need to
generate isopieth diagrams. OZIPM4 performs the necessary calculations and
determines the VOC emission reduction. Several variables are needed to
perform this calculation. These include: initial NMOC, initial NO,, initial
CO, NMOC/NO, ratio, maximum observed ozone, present and future levels of NMOC
“aloft, NO, aloft, 05 aloft, and assumptions regarding future levels of NO, and
CO. Use of this option is discussed further in EPA, 1989.

3.4.1 Derijvation of EFmpirical Data

Two pieces of empirical data are needed for calculating control
requifements. The first is the maximum 1-hour average ozone concentration
observed at the site of interest. The degree of emission control necessary to
reduce this "peak" to 0.12 ppm is to be calculated; hence, the peak level will
be termed the daily site-specific ozone maxﬁma. |

The second piece of information needed is the NHOC/NO, ratio. This
ratio is derived from the 6-9 a.m. concentrations of NMOC‘and NO, within the
urban area. The ratio will be termed the design ratio. The procedures for
der1vﬁﬁg both the daily site-specific ozone control values and the design
ratios are described below.

3.4.2 Dajly Site-Specific Ozone Control Value

The daily site-specific ozone maxima is used in conjunction with
the NMOC/NOx ratio-For calculating control estimates needed to reduce the day-
specific and site-specific observed peak ozone to 0.12 ppm. The daily ozone

maxima should be expressed in ppm units rounded to two decimal places.
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Kecommaended Procedure: A daily site-specific ozone maxima is obtained
for each site which is downwind of the city, and/or within the city in the
case of 1ight and variable winds on the day for which the control strategy is
to be developed. Surface wind data should be examined to assure that the site
is not "upwind" of the city. Based on the results of field studies and
reviews in which ozone gradients downwind from urban areas were examined, peak
ozone concentrations should generally be observed within 15-45 km downwind of
the central business district (EPA, 1978; Martinez and Meyer, 1976; and EPA,
1976).

3.4.3 NMOC(NOX Ratios
The prevailing 6-9 a.m. LCT NMOC/NOX ratio measured in the urban

core of fhe city is the second piece of empirical data required. The design
ratio is viewed as characteristic of the city which would prevail during the
remafnder o% the morning and early afternoon in the absence of chemical
reactions. OZIPM4 expresses peak ozone concentrations as a function of the
initial concentfation of NMOC and NOX. Thus, the 6-9 a.m. LCT-NMOC/NOX;ratio
is considered to be the appropriate ratic for use in OZIPM4 since this ratio
is consistent with the conceptual basis of the model (Dimitriades, 1977).  To
ensure that Fepresentative ratios ére obtained, the NMOC and NO, instruments
should be collocated in the central core of the urban area. The site(s)
should be Tocated in an area of relatively uniform emission density-and not
sianificantly 1nf1ue;ced by any individual source. More detailed guidance on
siting NMOC instruments is contained in EPA, 1980. Guidance on the operation
of NMOC instruments is available in EPA, 1985.

Significant discrepancies have been found between NMOC/NO, ratios.
calculated on the basis of ambient measurements and those obtained from
emission inventory data (DriQas, 1978). Reasons for the lack of correlation
between the two ratio calculation procedures have not been resolved. As a

result, only ambient NMOC/NO, ratios should be used with EKMA since these
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raties ave consistent with the conceptual basis of the mede! and the emission
ratios have been shown to be poor surrogates for these ambient ratijos.

NMOC data analyzed only with the PDFID (preconcentration direct flame |
ionization detection) or GC (gas chromatograph) should be used with 0ZIPM4
(Rhoads, 1985). Due to the Targe uncertainty in low NOX values, any day with
a 6-9 a.m. NO, concentration at or below 0.020 ppm should be excluded from the
process of estimating NMOC/NOX ratios.

The NMOC data are to be collected during the season of peak ozone
concentrations (summer). Because NMOC concentrations are apt to be relatively
high in central urban locations at those times of the day (early morning) when
these measurements are required for use in EKMA more confidence can be placed
in the estimate. Because of the variability in individual NMOC readings, the
NMOC/NO* ratio calculated for'a single day is not recommeﬁded for use in city-
specific EKMA.‘ Considering instrument fe]iabi]ity and model sensitivity, the.'

following procedure is recommended for calculating NMOC/NOX ratios.

Recommended Procedure:

1. Individual NMOC/NO, ratios at a site are calculated as the ratio of
. the 6-9 a.m. LCT average NM5C and NOx concentrations, i.e., the average of the
hourly concentrations for ‘hours 6-7,77-8. and &-¢ LCT, respectively. Ratios
shoulc not be calculated for .any day with iess than two valid hours for either
NMOC or NO, . :

2. If precursor measurements from more than one urban site are
available for the same day, all NMOC and NOx measurements shouid be averaged
for: the day. The NMOC/NOx ratio is then found by dividing the average NMOC
level by the average NO, Value. )

3. The peak ozone level-for al] days with NMOC/NO, ratios is
determined. For jisolated cities this is fairly straightgorward. A1l ozone
monitors in the Metropolitan Statistical Area are reviewed and the peak values
chosen. If the area is subject to transport, site days which may be
experiencing transport should be analyzed using procedures outlined in Meyer
and Baugues (1989).
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4, Once the Tocal ozone peaks have beer getermined for all days with
NMOC/NO, ratios, the highest ozone days are selected. This consists of either
all days with ozone peaks above the NAAQS or the top 10 days if less than 10
days exceed the NAAQS.

5. The days selected in Step 4 are then ranked and a median NMOC/NOX
ratio determined.

It is the median NMOC/NOx'ratio that is to be utilized in OZIPM4. Two
examples of calculating a median NMOC/NOx ratios are shown in Table 3-2.

3.5 Selection of the VOC Emission Reduction Taraet

nl

3.5.1 Without "Overwhelming" Transport

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 the
ozone NAAQS, and is identical to the method recommended in the March 1981
guidelines document (Gipson, 1981). In summary, a controf target is selected
for each site that permits, on average, one hourly-average concentration above
0.12 ppm per year. This corresponds to §é1ecting the fourth highest control
Tevel if 3 valid years of data are available, the third highest control for
2 years of data,'and the second highest control estimate for only 1 year.*
The overall control target is then chosen as the highest of the site-specific
gontroT estimates to ensure that the .ozone standard 4is attained at all sites.

As noted in the March 1981 guidelines, an additional factor that could

affect the pfocedure Just described is the consideration of model predictions

A site is considered to have a valid year of data if valid daily maxima
exist for at Jeast 75 percent of the days -during the ozone season and there is
no obvious pattern of missing data during periods when maximum ozone is most
Tikely. A valid daily maxima exists if 75 percent of the hours in a day
report data and there is no systematic lack of data during times of day when
high ozone is most 1ikely. The reader is referred to EPA 1979b and ER (March
19, 1981) for further information.
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TABLE 3-2. EXAMPLE CALCULATION OF THE DESIGN NMOC/NO, RATIO

Example 1
' Max NMOC/NO, ratio '
Date Q3 (ppm) Site 1 Rapk NMOC NOL ratio
7/1 - .15 6.9 1 5.3

6/2 .15 7.5 2 6.7

7/3 .14 11.3 3 6.9

7/4 .14 14.0 4 7.5

8/5 .14 5.3 5 8.4

8/8 .14 8.7 6 8.7<---Median
7/9 ‘ .13 9.2 7 9.2

6/10 .13 6.7 8 9.5

7/11 .13 8.4 9 11.3

9/12 .13 9.5 10 12.1

7/15 - .13 12.1 11 14.0
Example 2

Max NMOC/NOX ratio

Date QB {(ppm) Site 1 Rank NMOQZNOL rgtio
8/1 - .16 5.8 1 5.8

7/2 : .16 8.4 2 7.8

6/3 .15 12.3 3 7.8

7/5 .14 8.8 4 - 8.3

g/8 : .13 7.8 5 g.4

9/9 .13 7.8 6 8.6<---Median
6/10 .13 8.3 7 8.8

7/11 .12 10.1 8 9.0

6/12 .12 9.0 9 10.1

g/15 .12 8.8 10 12.3
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Versus obéervations. Recall from Section 3.3.2 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 percent. This does not apply to days
which do not have day-specific measurement of NMOC and NO, . However, it has
been observed that substantial underpredictions of base case, peak ozone may
Tead to control estimates which are too low (Jeffries, et g], 1981).
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 %11ustrate, conﬁider én example in which mode]l
predictions and control estimates have been made for a site with 3 years of
ozone data (see.TabIe‘3-3). Note that for Day 1, peak ozone is substantially
underpredicted, and the control estimate is the highest of all days. If any
improvements weré made to predicted péak ozone, the cqntro1 estimate for this
day would 1ikely be 1ncfeased even more. Since the control estimate for Day 1
~is already higher than the control target (i.e., 45 percent), 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 mode]
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, aga{n having no bearing on the
choice of the final control target. If the}modej prediction is poor, but
neither'of the situations described above occur (i.e., overprediction and high

control estimate, or underprediction and Tow control estimate), then it is
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TABLE 3-3. EXAMPLE ILLUSTRATING EFFECT OF MODEL PREDICTIONS
ON SELECTION OF CONTROL TARGET

Observed Predicted Relativel Control Rank of

Day Ozone, ppm Ozone, ggm Deviation. % [Estimate. % Control Estimates

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 100

*%*  Control Target = fourth highest control estimate (for 3 years of data)
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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 VOC emission reduction
target, site-specific control requirements must first be determined. 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 3 years, third highest for 2 years, and the second
highest for 1 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 percent, 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 Jowest peak at the site
in question should be added for modeling.

3.5.2 Selection of & VOC Reduction Target at Sites Subiect to
Overwhelming Transport

In Section 3.1, we noted that some days initially §e1ected may be
discarded (for modeling purposes), if shown t0'be subject to "overwhelming
traﬁsport." Neverthe1e$s, a demonstration that the local MSA will attain the
NAAQS still needs to be made. Once a day has been discarded for local
modeling analysis, a determination needs to be made concerning what MSA/CMSA
is most 1ikely responsible for the excluded observed daily maximum.

Procedures for doing this are suggested by Meyer and Baugues (1989). These
procedures require a review of all surface National Weather Service (NWS) wind
data within 100 miles of the monitoring site plus any special study surface
wind data co]]ected at properly exposed sites (EPA, 1986). In genera1, if the
wind data suggest an air parcel located at the monitor at the time of the

observed maxima may have been within an upwind MSA/CMSA between 8 a.m. to
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noon. that upwind CMSA/MSE may be instrumenial in causing tne cobserved dGeiry
maximum. If the discarded day for the local MSA has a daily maximum ozone
level higher than that for the fifth highest modeled day for the upwind
CMSA/MSA, the discarded day should be included in the upwind CMSA/MSA’s
model ing ana1ysi§. If a discarded daily maxima js included in an upwind
MSA/CMSA’s analysis, it may be ignored in the local attainment demonstration.
In some cases, however, it may not be possible to identify the.upwind
CMSA/MSA most 1ikely responsible for an observed daily maximum ozone
concentration. If this happens, the event is referred to as an “irreducible .
exceedance." Presence of one or more irreducible exceedances at a monitoring
site has the effect of raising the local VOC control target needed to meet the
NAAQS at that site. For examplie, the site-specific control requirement at a
site with three valid years of data would become the third (rather than the
fourth) ‘highest control estimate if there were one "irreducible exceedance" at
the site. If the particular site-specific control requirement were the
highest amongst all the sites assigned to the local MSA, the Tocal MSA’s

overall VOC reduction target would be similarly affected.
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APPENDIX A

LISTING OF CB-4 MECHANISM

A-1




10.
11.
12.
13.
14
15.
16.
17.
18.
19.
20.
21.

TABLE A-1.

Reaction
NO2 -->N0O 4+ 0
0 --> 03

03 + NO --> N02
0 + N0, --> NO
0 + NOZ -=> N03
0+ NO --> NO,
NOZ + 03 -2 N03

03 --> 0
03 --> 01D
01D --> 0

01D + Hp0 --> 20H
03 + OH --> HO,
03 + HOp --> OH

NG, --> 0.89 NG, + 0.89 0 + 0.11 NO

NOy + NO --> 2 NO,

NO3 + NO, --> NO, + NO
NOy + NO, --> NZOS

NpOg + Hp0 --> 2 HNOy
NoOg --> NO; + NO,»

NO + NO --> 2 NO,

NO + NO, + H,0 --> 2 HNO,

A-2

CB-4 MECHANISM

Rate Constant Activation
at 298 K Energy
(ppm~ % min-1) (K)
1.0 0
4.323 x 105 - 1175
26.64 1370
1.375 x 104 0
2309 - 687
2438 - 602
0.04731 2450
0.053
1.0 0
4.246 x 10° -390
3.26 0
100 940
3 580
33.9 0
4.416 x 10 - 250
0.5901 1230
1853 - 256
1.9 x 1076 0
2.776 1.09 x 104
1.539 x 1074 - 530
1.6 x 10711 0




22.
23.
24.
25.
26.
27.
-28.
29.
30.
31.
32.
33.
34.
35.
36.

38.
39,
40.
41.
42.
43,

TABLE A-1.

Reaction
NO + OH --> HN02

HNO, --> NO + OH

OH + HNO, --> NO,

HNO, + HNO, --> NO + NO,
NO, + OH --> HNO4

OH + HNO3 --> NO4

HOp + NO --> OH + NO,
HO, + NO, --> PNA

PNA --> HO, + NO,

OH + PNA --> NO,

HO, + HO, -=> Hy0,

HO, + HO, + Ho0 --> H0,
Hy0p --> 2 OH

OH + Hy0, --> HO,

OH + CO --> HO,

FORM + OH --> HO, + CO-
FORM ;-> 2 HO, + CO

FORM --> €O

FORM + 0 --> OH + HO, + CO
FORM + NO3 ~-> HNO3 + H,0 + CO

ALDZ + 0 --> C203 + OH
ALD2 + OH --> 0203

CB-4 MECHANISM (CONTINUED)

Rate Constant Activation
at 298 K Energy

{(ppm_~ min~) (_K)
9799 -, 806
.1975 0
9770 0
1.5 x 1073 0
1.682 x 104 - 713
217.9 - 1000
1.227 x 10% - 240
2025 - 749
5.115 1.012 x 104
6833 - 380
4144 - 1150
.2181 - 5800
.189 0
2520 187
322

1.5 x 10% 0
1.0 0
1.0 0
237 1550
0.93 0
636 986
2.4 x 104 - 250



44.
45,
46.
47.
48.
49.
50.

51.
52,
53,

54.
55,
56.

57.

58.

59.

ROR --> 0.96 XO,

TABLE A-1. CB-4 MECHANISM (CONTINUED)

Reaction
ALD2 + NOy --> Cp05 + HNO5
ALD2 --> FORM + 2HO, + CO + XO,
Cp03 + NO --> FORM + NO, + HO, + XO,
Co03 + NO, ~-> PAN
PAN --> C,05 + NO,
Cx03 + Cx05 -=> 2 FORM + 2X0, + 2HO,

€503 + Ho0 --> 0.79 FORM + 0.79 X0, +
0.79 HOp, + 0.79 OH

OH --> FORM + XOZ + H02

PAR + OH --> 0.87 X0y + 0.13 OX,N +
0.11 HO, + 0.11 ALD2 -
0.11 PAR + 0.76 ROR

+1
2.1 PAR + 0.04 X02N + 0.02 ROR

ROR --> H02

ROR + NO, -->

0 + OLE --> 0.63 ALD? + 0.38 H02'+
0.28 X0, + 0.3 CO +
0.2 FORﬁ + 0.02 XOZN +
0.22 PAR + 0.2 OH

OH + OLE --> FORM + ALD2 - PAR + X0,
+ HOZ

O3 + OLE --> 0.5 ALD2 + 0.74 FORM +
| 0.22 X0, + 0.1 OH +
0.33 CO"+ 0.44 HO, - PAR

NO; + OLE --> 0.91 X0, + FORM +

0.09 XO,N + ALD2 +
NO, - PAR

A-4

.1 ALD2 + 0.94 HO, -

Rate Con§tant Activation
- at 298 K 1 Energy
(ppm™* min~1) (°K)
3.7 0
1.0

. 1.831 x 104 _ 250
1.223 x 10° - 5500
.0222 1.4 x 10%
3700 0
9600 0
21 1710
1203 0
1.371 x 10° 8000
9.544 x 104 0
2.2 x 10 0
5820 324
4.2 x 104 - 504
.018 2105
11.35 0




60.
el.

62,
63.

b4 .

65.
66.

67.
68.
69.
70,

72.

73.
74.

TABLE A-1.

Reaction

O+ ETH --> FORM + 1.7 HO, + CO +
0.7 X02 + 0.30 H

OH + ETH --> X0, + 1.56 FORM +
0.22 ALD2 + HO,

Oy + ETH --> FORM + 0.42 CO + 0.13 HO,

TOL + OH --> 0.44 HO, + 0.8 X0, +
0.36 CRES + 0.56 70,

TO, + NO --> 0.9 NO, + 0.9 HO, +
- 0.9 OPEN :
T0, --> CRES + H02

O + CRES --> 0.4 CRO + 0.6 X0, +
- 0.6 HOp, + 0.3 OPEN

CRES + NO3 --> CRO + HNO,
CRO + NO, -->
OPEN --> C,05 + HO, + CO

OPEN + OH --> X0, + 2 CO + 2 H02 +

OPEN + 03 --> 0.3 ALD2 + 0.62 C,05 +

0.7 FORM + 0.3 X0 3

0.69 CO + 0.8 OH 5

0.76 HO, + 0.2 MGLY
OH + XYL --> 0.7 HO, + 0.5 X0, + 0.2 CRES

-+ 0.8 MGLY + 1.1 PAR +
0.2 To,

OH + MGLY --> X0, + C,04

MGLY --> C203 + H02 + CO

A-5

CB-4 MECHANISM (CONTINUED)

Rate Constant Activation

at §98°K 1 Energy

(ppm_ - min~*) {_K)

1080 792
1.192 x 104 - 411
2.702 x 1073 2633
9150 - 322
1.2 x 104 0
250 0
6.1 x 10 0
3.25 x 10 0
2 x 104 0
8.4 0
4.4 x 104 0
c.015 500
3.62 x 104 - 116
2.6 x 10% 0
8.96 0




75.

76.

T7.

78.
79.
80.
8l.
82.

TABLE A-1. CB-4 MECHANISM (CONTINUED)

Reaction

0 + ISOP --> 0.6 HOE + 0.8 ALD2
E

+ 0.55 OCE + 0.5 X02
+ 0.5 CO + 0.45 ETH
+ 0.9 PAR

OH + ISOP --> X0, + FORM + 0.67 H02
+ 0.I3 XO,N + ETH +
0.4 MGL; + 0.2C203 +
0.2 ALD2

Oy + ISOP --> FORM + 0.4 ALD2 +

- 0.85 ETH + 0.2 MGLY +
0.1 PAR + 0.06 CO +
0.44 H02 + 0.1 OH

N03 + ISOP --> X02'N

X0, + NO --> NO,

X02N + NO -->.
X0y + X0 -->
NR --> NR

. A-6

Rate Constant Activation
at 298 K 1 Energy

(opm~ L min~1) (K}
2.7 x 104 0
1.42 x 10° 0
.018

470 0
1.2 x 104 0
1000 0
2000 - 1300
1 0




APPENDIX B
- ESTIMATION OF MIXING HEIGHTS FOR USE IN 0ZIPM4
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In OZIPM4, the rate of dilution of atmospheric pollutants is governed by
the diurnal change in mixing height. The mixing height is the top of a
surface-based layer of air which is well-mixed due to mechanical and thermal
turbulence. As described in Section 3.2.2, the input variables required for
OZIPM4 include: the mixing height at 0800 LCT, the maximum mixing height, the
time at which the mixing»height begins to rise if it starts to rise after 0800
LCT, and the time at which the mixing height reaches its maximum. The rate of
rise is computed internally by OZIPM4.

Three different procedures exist for determining daily morning and
afternoon mixing heights. The recommended procedure entails the use of
temperature soundings taken routinely by the National Weather Service at
various locations throughout the United States. If more direct measurements
are available (e.g., radiosondes taken in the urban area or sodar data), they
may be used instead of NWS data. If neither of the above two sets of
measurements can be used, then the use of 250 m for the 0800 LCT mixing height
and the climatological mean value for the maximum mixing height is
recommended. The procedures to be followed for each approach are described

below:

B.1 RECOMMENDED PROCEDURE USING NWS RADIOSONDES

Temperature Souhdiﬁgs are taken by the NWS at sites throughout the
United States. Soundings are usually taken every 12 hours at 1200 and 0000
Greenwich Mean Time (GMT), éorresponding to 0800 and 2000 Eastern Daylight
Time, respectively. Therefore, to estimate daily mixing heights‘(l), a NWS

site must be selected which is representative of the city of interest,
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o

(2) appropriate sounding data and urban surface data must be obtained, and (3)
these data must be used to compute the morning and '
max imum mixing heights. Eachfpf,these steps is discussed below.

g.1.1 Site Selection ; o
In selecting 2 NWS site as the basis'for mixing height estimatjon,
care should be taken to ensure that the sité is meteoro]ogica]Wy
représentative of the city of interest. Table g-1 contains recommended
sites for a number of cities."Backup sités are| 1isted for those cases in
which radiosonde data may not be available for 2 given day, or if the
site has signifﬁcantWy dﬁfferent.méteorOWOgical conditions. txampies of
the latter are the case in which a surface front 1ies between the sounding
site and the city or the city 1s clear but cloudiness Or precipitatﬁon

occurs at the sounding site.

B.1.2 SeTection_oF pay Specific Data
The daily mornﬁng.mixing height for the model 1is normally estimated
_using the 1200 GMT (0800 EDT) sounding, whilel the maximum mixing height
is estimated using the 0000 GMT (2000 EDT) souﬁding. In some cases,
these soundings may not be available or apprcp%iate an¢ alternate approaches
will be necessary. Table B-2 summarizes the order of preference in
selecting the radiosondes for estimating the daily mixing heights. The

actual datea may be obtained from the National Climatic Center (NCC).*

*National Climatic Center, Federal Building, Asheville, NC 28801
Telephone: (704) 258-2850, x203
Please allow about 4 weeks for NCC to £411 an order.
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City

TABLE B-1.

NHS RADIOSONDE STATIONS

m AGL)
Primay h_h__ﬁ_hﬁégkﬂaLgl_o___' MAX
A7;e?t°W”» PA NYC, NY; At City, Ng abany, Ny: pugga. AP, VA g
aitimore, wp Dulles AP, va  Wallops Is.. VA; At City, N 1825
Bostor, MA Portland, 'yr Albany, pv: Chatham, ma 1375
Briogeport, cT YC, Ny, At) City, Ny Albany, Ny 1500
:hicago,.IL/IN Peoria, IL Green Bay, Wi 1575
Zincinnatf, OH/KY Dayton, OH ¥ Huntington, Wy 1650
?7eve7and, OH Dayton, OH Buffa]o, NY 1650
ayton, OH *Dayton, OH untington,-WV 1661
enver, cp *Denver, Co rand Junction, co 3358
2troit, MI FTint, MI -Dayton,.OH 1700
‘e€sno, CA Oak]and, CA Vandenberg AFB, ca 2000
Ftford, c1 A?bany, NY » NY; Aty City, Ny 1500
Uston, tx .Victoria, TX Lake Char]es, LA 1525
dianapo?is, IN Dayton, OH Peoria, IL; Salem, 1 1600
3 Angeles, CA Vandenberg AFB, cA San Diego, ca 603
lﬁsv177e, KY/IN Dayton, OH NashviT]e, TN 1700
Waukee, y1 Green Ba » WI eoria, 1| 1575
sviile, TN *Nashvi??e TN Jackson, AL . 1845
Haven 7 NYC,\NY; At] City, Ng Albany, NY 1450
York, NY/Ng *NYC, NY; At1 City, Ng Albany, NY 1512
\delphia, PA/NJ NYC, Ny, At1 ¢ Y, NJ Dulies AP, va 1700
nix, Az - ucson, Az w1ns?ow, AZ ' 3250
sburg, pa P1ttsburgh PA Daytor, OH; Du?les-AP, A 1794
land, OR alem, oR Medford, OR; QuiIayute, WA 1575
idence, R New York, Ny Albany, NY; Chatham, MA 1350
' At) City,fNJ
onc, vgi DuTieS'AP, VA Greensboro,.NC; 1725
NaT]ops Is., va
nento, ca 0ak]and, CA Vandenberg AFB, ca 1600
wis, Mo/1L Salem, IL eoria, Jj. Monette, MO 1625
ake City, ut *Salt Lake City, NT Grand Junction,_CG 3673
rharding, cp - San Diego, cp ' Vandenberg AFB, ca | 1200
Bgo, Ca *San'Diego, CA Vandenberg-AFB, CA 564
inCisco, cp Oak]and, CA andenberg AFB, ca 625
mn, PA NYC, NY; at) City, Ng any, NY; At) City, Ny 1850
' Dulies AP, va '
, WA 0u17ayute, WA Salem, QR 1398
ield, ma any, NJ NYC, Y; At] City, Ng 1600
. NJ NYC, NY; At] City, Ng Dulles AP, vy 1700
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TABLE B-1 (CONTINUED)

Climatological
Mixing Heights

(m AGL)
City Primary Backup(s) MAX
Ventura-Oxnard, CA Vandenberg AFB, CA San Diego, CA 610
Washington, DC/MD/VA *Dulles AP, VA Wallops Is., VA 1884
Wilmington, DE Dulles AP, VA; Wallops Is., VA;

At1l City, NJ New York, INY 1700

Worcester, MA Albany, NY Portland, ME;
Chatham, MA 1500

Youngstown, OH Pittsburg, PA Buffalo, NY;
Dayton, OH 1700

*This station should be used unless the data are missing ﬁor all the times listed
in Table A-2. However, if a frontal passage occurs between the time of maximum
ozone and the time of the launch of the 0000 GMT sounding | (normaliy about 2300
aMT), the 1200 GMT sounding from that site should be used.

VOTE:  The NYC, NY radiosonde station was replaced by Atlantic City, NJ on September 2, 1980.
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TABLE B-2. PREFERENTIAL ORDER OF DATA SELECTION

Morning Mixing Height Estimate

1. 1200 GMT Sounding at Primary Site
2. 0600 GMT Sounding at Primary Site
3. 1200 GMT Sounding at Backup Site

4. 0600 GMT Sounding at Backup Site*

Maximum Mixing Height Estimate

1. 0000 GMT Sounding at Primary Site
2. 1800 GMT Sounding at Primary Site*
3. 1200 GMT Sounding at Primary Site
4. 0000 GMT Sounding at Backup Site
5. 1800 GMT Sounding at Backup Site*
6. 1200 GMT Sounding at Backup Site

*Soundings are not normally taken at these times, but may be available in
some instances.
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In addition to the sounding data, surface temperature and pressure data
are also needed for each day modeled. The urban surface temperature at 0800
LCT (or the average temperature between 0800-0900 LCT) and the maximum
temperature occurring prior tq'1800 LCT are needed to estimate the morning and
maximum mixing height, respectively. The surface temperature data should be
measurec to the nearest 0.1° C at a well ventilated site (EPA, 1986). The
site should be located near the center of the urban area. Surface atmospheric
pressure measurements are needed at the same time and location of the urban
surface temperature measurements, if af all possible. If these measurements
are not avaiiabie, a local NWS or Federal Aviation Administration weather
reporting station’s barometer reading may be used.

If the elevation of the pressure reading and the urban temperature site
are different, an adjustment should be made to the pressure measurement using

equation (3)

Psfe = Pobs *+ [-11mb/m x (Zgpo - Zggc)] | : (3)_
where

Zops = the elevation, in meters above sea level (mASL),
of the pressure measurement

Zsfc = the elevation (mASL) of the urban temperature
measurement

Pobs = the pressure, in millibars, at Z obs

PEfc = the pressure, in millibars, at the urban

_ temperature site
NOTE: Lops Will be equal to zero meters ASL when a pressure reduced at

sea level is used.
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The value of Pofe from equation (3} is an approximate value and can be rounded
to the nearest whole millibar.

B.1.3 Mixing Height Estimation

The procedures for estimating the 0800 LCT mixing height and the maximum
mixing height are outlined in Table B-3. The procedures in Table B-3 are
designed for use with the worksheet displayed in Table B-4. Figure B-1
contains a flow diagram of the process. The procedures use the mandatory and
significant pressure levels reborted for each sounding (Table B-5). The steps
" Tead to determination of the height at which the. adijabatic lapse rate
(extended from the surface temperature and pressure) intersects the vertical
temperature profile). (For background information, the reader is referred to
Wanta and Lowry, 1976; Hewson, 1976; and Slade, 1968). An example problem is
presented in Section B.4.

In some 1nsténces, the mixing heights estimated by this procedure may
not be fepresentative. If the 0800 LCT morning mixing height is estimated to
be Tess than 250 meters, then a value of 250 meters should be used.  This
‘assumed minimum value for the 0800 LCT m1x1ng he1ght accounts for the effects
of mixing due to mechan1ca7 turbu]ence caused by increased surface roughness
in the urban area (Godowitch, et al, 1979; and Bentley and Schulman, 1979).
Similarly, if the city’s maximum mixing height is greater than twice the
climatological maximum value (e.g., see Table B-1), the surface témperéture
and pressure used and the choice of sounding site should be checked for
representativeness using the guidelines in B.l.l‘and B.1.2 above. If no
backup data are available, twice the climatological value should be used as

the maximum. Also, a maximum mixing height less than or equal to the morning
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TABLE B-3. PROCEDURES FOR ESTIMATING MIXING HEIGHTS

Step 1 -- For reference, the information at the top of Table B-4 should
be listed (e.g., date, city, etc.). If the morning mixing height is to be
calculated, the 0800 LCT surface data are used. If the maximum mixing height
is to be calculated, the data corresponding to the time of maximum temperature
(i.e., between 800-1800 LCT) are used. In the row labled URBAN SURFACE DATA,
enter the following information: (1) the elevation of the urban temperature
site in meters above sea level; (2) the surface pressure in millibars (this
value is Pcc.); and (3) the surface temperature in degrees Celsius ( C).

Convert the surface temperature in column four to degrees Kelvin (:K) by
adding 273.2, and enter the result in column five. This value is Tsfc( K).

Use Equation 1 below and the values just entered to calculate -the
potential temperature at the surfaceo(osfc in ‘K to the nearest 0.1 K) and
enter this value under column six "( K)."

-0.286 :
ofc (in 'K) = Tsge (in 'K) Py 0(01'?nbmb) (1)

Step 2 -- Using the temperature sounding data, find the highest pressure
Tevel other than the gounding’s surface value that is Tess than the pressure
at the urban surface. From this pressure Jevel on the sounding, enter the
height (if listed), pressure, and temperature (in C) into the row marked
"(2)" on Table B-4.

tor example, if the urban surface pressure is 985 mb, and the sounding
pressures are: 1005, 1000, 963, 850 mb, etc., 963 mb is the "highest
pressure level that is less than the pressure at the urban surface." 850
mb is the "next Towest pressure Tevel" needed in Step 4.
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TABLE B-3 (CONTINUED)

Step 3 -~ Convert the temperature at this Tevel to the Kelvin scale and
enter in column 5. Compute the potential temperature () to the nearest 0.1°K
using the pressure (P, in mb) and temperature (T. in °K8 at this level in
Equation 2 below: P

-0.286

p (in K) = To (in K)  P_(in mb) (2)
1000 mb

Enter the value of B found from Equation (2) into the same row under the
column Tabeled "(K)F"

Step 4 -- If the potential temperature of the last row that
was entered is greater than the potential temperature fc» and this is the
first level above the surface, then 250 meters should Be used as the mixing
height (if given), pressure and temperature of the next Jowest pressure level
found on the sounding into the next row of Table B-4 and return to Step 3.

Step 5 -- The mixing height is between the Tast two levels entered into
Table B-4. If height values are given for both of these levels, the elevation
of the mixing height can be found using Step €. If one of the levels does not
have a height value, use 1inear interpolation to find the pressure value for
the potential temperature value ¢ *+ 0.1 K. Enter this pressure into the row
marked "MIXING HEIGHT" at the bo%tom of Table B-4 under the column "PRESSURE
in mb." Proceed to Step 7. -

Step 6 -- From the two levels where height is given on the sounding
surrounding the mixing height level, use Tinear interpolation to find the
height (in meters ASL) at the value fc + 0.1 K (i.e., the potential
temperature at the mixing height). Enter the value found by Tinear . .
interpolation into the row labeled "MIXING HEIGHT" under the column "HEIGHT
(mASL)" and proceed to Step 8. : '

Step 7 -- Use linear- interpolation to find the height .above sez level of
the mixing height using the pressure at the mixing height (found 1in Step 5)
and the pressure levels on the sounding above and below the mixing height
pressure that have both pressure and height values. Enter the height value
found into the row "MIXING HEIGHT" under the column marked "HEIGHT, (mASL)"
and proceed to Step 8.

Step 8 -- Subtract the elevation of the urban site (mASL) from the height
(mASL) of the mixing height. the result is the height of the mixing height in
meters above the surface of the city (mAGL). Enter this value into Table B-4.'

NOTE: Despite the fact that pressure and height, and potential
temperature and height, are not linearly related, linear
interpolation does not produce significant errors over the 1imited
ranges used above.

B-10




TABLE B-4. WORKSHEET FOR COMPUTING MIXING HEIGHTS

Date: Time of Mixing Height for Input Into Model:
City: _ Sounding Method:
Time of Sounding: LCT. Surface Elevation: mASL

Location of Sounding:

LOCATION OF URBAN SURFACE AREA (IF DIFFERENT THAN ABOVE)

1 2 3 .4 5 6 7
LEVEL HEIGHT PRESSURE TgMP. TEMP. . REMARKS
(mASL) (mb) { C) ( K) ( K)
Urban ' ’ <--
Surface : sfe
Data (1) '
(2)
o |
A4 ]
Osfc + 0.1°K | PRESSURE | HEIGHT Height HEIGHT USED IN
(K) (mb) (mASL) (mAGL) MODEL (mAGL)
MIXING
HEIGHT
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o

@ - ENTER URBAN SURTACE DATA
INTO TAELE A-i,
- CONVERT SURFACE TEMPERATURE
™ °%,
-FIND 6, USING EQUATION (1).

Y

@- ON TABLEA-4 LIST DATA FROM
SOUNDING ¥ROM THE FIRST PRESSURE
LEVEL ABOVE THEE URBAN SURFACE LEVEL.'

4

=~ CONVERT TEMPERATURE TO °*K AND
USE EQUATION (2) IO COMPUIE PO~
TENTIAL TEMPERATURE (&,) FOR
TEE LEVE, JUST ENTERED.

o

'HEIGHT YALUES GIVEN
OR THE LAST TWD ROWS
ERTERED INTO
TABLE A~47

¥

- USE LIREAR INTERPOLATION

TO FIND TEE PRESSTRE AT

e - USE LINEAR INTER=-

=ixing haighy POLATION TO TIND THE
ECIGET (mASL) AT

- ‘

“mixang heignt.

@-mmmmm(mmo‘:‘
OF THE MIXING HEIGHI! EY
LINEAR INTERFOLATION FROM
THE PRESSURE AT TEE MIZING

EEIGET.
‘L

®—TD€D’I‘EIEEIGHT-A.‘BOVETBE
URBAN AREA (mAGL) OF THE MIX-~
ING EEIGEI (TELS GIVES TEE

ANSWER) .

Figure B1. Flow Chart for Taple B-3. Numpers in cirtles are step numbers in Table B-3.
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TABLE B-5. SURFACE AND SOUNDING DATA

Hour Startinc at, iC7 Temperature € : Pressure, me
8 23.2 1010.3
9 23.9 1010.7

10 25.8 10]0.8
11 27.3 1010.6
12 28.7 1010.3
13 29.3 1010.0
14 30.1 1009.6
15 30.4 1009.?
16 30.8 1008.8
17 31.4 1008.6
18 31.2 1008.5

Sounding Data

1200 GMT Sounding 0000 GMT_Sounding
Pressure Height Temp. : Pressure Height Temp
(mb ) (m ASL) (C) (mb) (m ASL) (C)
S 1015 8* 23.0 S 1012 8% 31.0
M 1000 139 23.0 M 1000 114 30.6
S 967 --- 24.4 M 850 - 1537 16.4
M " 850 1550 16.2 S 831 ---  15.4
S 827 ves 14.2 S 791 --- 13.2
S 817 --- 13.6 S 778 --- 11.8
M 700 3168 4.6 S 760 ---  11.2
S 680 --- 5.6 M 700 3164 7.0
S 661 --- 5.6 S 628 --- 1.6
S 608 === - 0.4 S 560 --- - 1.5
M 500 - 5860 - 8.3 M 500 5860 - 7.3
S 491 --- - 9.3 M 400 7560 -18.9
S 453 --- -12.7 S 3711 --- -21.7
S 438 --- -13.9 - M 300 9650 -33.1
M 400 7560 -18.7 S 265 Co--- -39.9
S 388 ~-- -20.1 M 250 10900 -42.9
S 349 Coe-- -26.3 S 205 --- -52.9
S 324 ce- -29.7 M 200 12370 -53.3
M 300 9640 -33.7 M 150 14190 -61.1
S 267 --- -39.5 S 127 --- -64.9
M 250 10890 -47.7 S 120 --- -61.7
M 200 12370 . -51.7 M 100 16690 -63.3
M 150 - 14190 -60.9 M 70 18900 -58.5
S 148 -—- -61.5 M 50 21040 -54.5

M 30 24350 -49.9
M 20 27030 -44.7
S 15 ---  -42.1

NOTE: M = Mandatory Levels and S = Significant Levels
If NWS data are used, both the mandatory and significant Tevels
are needed. :
The 0000 GMT sounding is the foliowing day in GMT.
*The lowest level of the sounding should not be used in the mixing
height calculations. B-13




mixing height, or less than one-third the c]imato]ogiéa] maximum mixing height
value is suspect. Using data from a backup site may provide a more realistic
value. However, if the low afternoon mixing height is due to the existence of
a surfacebased stable layer, an adjustment to the procedureslout1ined in Table
B-3 can be employed. Replace the "Urban Surface Data" with the following data
from the sounding site: (1) the maximum temperature, (2) the estimated or

| observed surface pressure at the time of maximum temperature, and (3) the
height of the sounding surface level. Then compute the miiing height
according to the procedure in Table B-3. If this problem occurs on a majority
of modeling days, then an alternative, more representative site should be used

for all the modeling days.

B.2 USE OF ALTERNATE DATA

Other, more direct measurements of mixing heigﬁt may bé used to increase
the representativeﬁess of the estimated values. These methods include direct
- urban temperature sounding and sodar data. .The measurements should be taken
over the urban area near the center of the city at 0800 LCT, and close to the
time of the climatological maximum surface temperature. It is not recommended
that these measurements be taken specifically for the OZIPM4/EKMA techniques;
however, they may be employed if avai]ab1e; Examples are discussed below.

1. Local Urp;n Radiosonde -- The methods described in Section B.1.3 can
be used to find the mixing height from radiosondes taken within the urban area
as opposed to NQS sites. The radiosonde surface temperature and pressure

should be used in place of the URBAN SURFACE DATA.
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2. Urban_Helicopter Soundings -- Similarly, vertical temperature

profiles obtained from helicopter soundings can be used in place of the NWS
soundings. The urban sité surface temperature and pressure should be used as
the URBAN SURFACE DATA.

3. Sodar -- (also known as Acoustic Radar) the mixing height found by
sodar (in mAGL) can be used directly in the model.
NOTE: Regardiess of the procedure app]ﬁed, the limitations concerning the
morning and maximum mixing heights that were described in Section B.1.3 should

be observed.

B.3 USE OF CLIMATOLOGICAL MEANS

If radiosonde data are not avai]éble, 250 m should be used for the 0800
LCT mixing height and the city-specific ¢limatological mean value may be used.
for the maximum mixing height. Table B-i 1ists representative values for
several cities, and Holzworth, 1972, contains information for the contiguous
United States. If Holzworth is used, values for summer, nonprecipitation days
should be used. The appropriate starting and ending tiems of the mixing
height rise in the model are 0800 LCT and the time of the maximum temperature.

If the latter is unknown, 1400 LST (1500 LDT) may be assumed.

B.4 EXAMPLE PROBLEM
'To illustrate the procedure described in Section B.1.3, an example
problem is included for reference. Table B-5 shows relevant data typically

available. Note that both the 1200 GMT and the 0000 GMT soundings are used in
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the calculations, the former for the morning mixing height and the latter for
the maximum mixing height. Table B-6 shows the individual computational steps
for the morning mixing height calculation, while Table B-7 shows the same for

the maximum mixing height.
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TABLE B-6. MORNING MIXING HEIGHT DETERMINATION
Example from Table B-5:

08 LCT temperature = 23.2°C .

Maximum temperature after 08 LCT = 3.4 C at 17 LCT

08 LCT pressure = 1010.3 mb

Pressure at time of maximum temperature (1700 LCT) = 1008.6 mb Time of
morning mixing height = 0800 LCT

Time of maximum mixing height = 1700 LCT

Problem:

Find the 0800 LCT mixing height using data from the sounding shown in
Table B-5 (i.e., the 1200 GMT sounding). A worksheet is shown as Table
B-6A. The elevation of the urban surface site is 62 mASL.

Solution:
STEP 1

Enter 62., 1010.3, and 23.2 into row (1) of Table B-6A
' (URBAN SURFACE DATA)
Temp ('C) = ,23.2
Converted to 'K = 23.2 + 273.2 = 296.4 'K
Enter 296.4 into row (1) of Table B-6A under "TEMP( *K)" Using
Equation (1) on the Urban Surface Data:

__ -0.286

296.4°K 1010.3 mb

sfc

1000 mb

ofc = 295.5°K

STEP 2 - Enter 139., 1000., and 23.0 into row (2) of Table B-6A
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STEP 3 - 23.0 + 273.2 = 296.2°K
Using Equation (2):
__-0.286

0, = 296.2°K 1000 mb

1000 mb

0, = 296.2°K (enter this value into Table B-6A)

STEP 4 - 0, (296.2°K) is greater than Ogp. (295.5°K).

Since 0p is from the first Tevel above the surface, the 250 m
default”value should be used for the 0800 LCT mixing height.
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TABLE B-6A. EXAMPLE (HYPOTHETICAL DATA)

Date; Date of Modeling Time of-Mixing Height for Input Into Model: 0800 EDT
city: City to be Modeled sounding Method: NWS, Urban Radiosonde or Helicopter
Time of Sounding: 0800 LCT. Surface Elevation: (of sounding) mASL

Location of Sounding: Name of Sounding Site

LOCATION OF URBAN SURFACE DATE (IF DIFFERENT THAN ABOVE) - Street Address,
Building or Park, etc.

1 2 3 4 5 6 1
LEVEL \ HEIGHT \ PRESSURE TEMP. TEMP. . REMARKS
| (mASL) (mb) (C) ( K) ( K)

Urban \ . ' ' \ ‘ <-~sfc

Surface 62 1 1010.3 23.2 206.4 | 295.5 »

pata (1) \ \ \
level is
higher than
§£C+01

—
N
~
o1l
—
W
Vel
__'—.—________._——-——__—
—
(=4
o
L]
N
~N
w
o
N
v
(3]

Ocge + 0-17K | PRESSURE \ HEIGHT | Meight [HEIGHT USED IN
(°K) (mb)  |(mASL) (MAGL) | MODEL (mAGL)
MIXING 295.6 --- 0 0 250
HEIGHT _

B-19



*

TABLE B-7. MAXIMUM MIXING HEIGHT‘DETERMINATION

Example from Table B-5.

08 LCT temperatyre - 23.2°§
Max imum temperatyre = 31.4°C at 17 LCT
08 LCT Pressure = 1010.3 mb
17 LCT Pressure = 10084 mb
Time of morning mixing height
Time of max imum mixing height-

0800 LCT
1700 LcT

non

Problem:

Find the max imum afternoon mixing height using data from the sounding
shown in Table B-5 (i.e., the 0000 GMT sounding). A worksheet is shown
as Table B-74. The elevatjon of the urban site is 62 mASL .

Solution:
STEP )
Enter 62, 1008.6, ang 31.4 into row (1) of Table B-7A (Urban
Surface Data)
Temp (°C) = 31 4°¢ -
Converted tg K=31.4 4+ 273.2 = 304.6°K .
Enter 304.6°k into row (1) of Table B-7A under “Temp ( K)"
Using Equation (1) on the Urban_Surface_Data
-0.286
sfe = 304.6°K 1000 mb
—_—
1000 mb
sfc = 303.9
STEP 2

Enter 114, 1000., and 30.¢ into Table B-74.
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TABLE B-7 (CONTINUED)
STEP 3

30.6°C + 273.2 = 303.8°K

Using Equation (2): -0.286

303.8°K 1000 mb

1000 mb

303.4°K

p
STEP 4 - 303.8°K is less than 303.9°K

Therefore, enter 1537., 850., and 16.4 in Table B-7A and
return to STEP 3.

STEP 3 - 16.4°C = 273.2 = 289.6°K

Using Equation (2)

-0.286

289.6°K . 850 mb

1000 mb

p = 303.4°K

STEP 4 - 303.4°K is less than 303.9°K
Therefore, enter 831. and 15.4 into Table B-7A (note
that there is no height value for this pressure 1eve1)
and return to STEP 3.

STEP 3 - 15.4°C = 273.2 = 288.6°K
Using Equation (2):

___ -0.286

296.2°K 831 mb

1000 mb

304.3°K
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TABLE B-7 (CONTINUED)
STEP 4 - 304.3°K is greater than 303.9°K

STEP 5 o o o e
ofc + 0.1°K = 303.9°K = 0.1°K = 304.0°K

Using linear interpolation from temperature (0) to
pressure since a highest value is not given for the 831
mb pressure level

oK) Pressure (mb)
303.4 ‘ 850

304.0 P mixing height
304.3 831

Pixing height = 831 mb - (850 mb - 831 mb)(304.0°K - 304.3°K)
304.3 K - 303.4°K

831 - (19 mb)(-0.3°K)

0.9°K

837.3 mb

L

The pressure at the mixing height (rounded to the nearest
whoie millibar) is 837 mb.

STEP 7
Use linear interpolation to find the height above sea

level of the mixing height. Enter 3164. and 700. into
Table B-7A.

Pressure (mb)Height (mASL)

8501537.
8377 mixing height
7003164.

15637 m + (3164 m - 1537 m)(837 mb - 850 mb)
700 mb - 850.mb

Z mixing height

1537 m + (1627 m)(-13 mb)
-150 mb

|

Z mixing height = 1678 m
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TABLE B-7 (CONTINUED)

STEP 8
1678 mASL - height of mixing height
-__62 mASL - elevation of urban surface site
1616 mAGL = mixing height in meters above the urban

area

1616 m is the height of the maximum mixing height to
be used in the model with the time of 1700 LCT
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TABLE B-7A EXAMPLE (HYPOTHETICAL DATA)

Date: Time of Mixing Height for Input Into Model: 1700 EDT
City: Sounding Method: NWS
Time of Sounding: LCT. Surface Elevation: 8. mASL

Location of Sounding: Name of Sounding Site

LOCATION OF URBAN SURFACE AREA (IF DIFFERENT THAN ABOVE)

1 2 ‘ 3 4 5 6 7
LEVEL ‘|  HEIGHT PRESSURE TEMP. TEMP. . REMARKS
(mASL) (mb) (C) ( K) ( K)
Urban : <"sfc
Surface 62 1008.6 31.4 -304.6 .| 303.9
Data (1)
' Mixing height
(2) 114 1000. 30.6 303.8 303.8 | is between
: these two
1837 . 850. 16.4 289.6 303.4 | levels at
= 304.0 K
--- 831. 15.4 288.6 | 304.3
3164 - 700 --- --- --- Needed to

provide upper
height value
for interpola-
tion

Ogpc + 0.1°K | PRESSURE | HEIGHT Height HEIGHT USED IN
( K) _ (mb) (mASL) (mAGL) MODEL (mAGL)

MIXING
HEIGHT 304.0 837. 1678. 1616. 1616.
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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 chromatographic (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-4 organic reactivity classes. In order to
keep the computations relatively simple for illustrative purposes,
hypothetical examples are discussed. For more detailed discussion, the reader
is referred to EPA, 1989. |

At the heart of the computational procedure is the definition of how
individual species should be categorized according to carbon bond type.
Definitions for numerous individual species and are listed in Table C-1.

These definitions, or Species profiles, give the number of bond types found in
each CB-4 category. Using this information, along wifh the carbon numbefs
shown in Table 2-1, it is possible to compute concentrations of individual
carbon bond classes, and then determine percentages of carbon in each class.
These computations will be illustrated 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 the Teft
hand c61umn, and their associated concentrations, in units of ppbC and ppb,
are shown in the next two columns. The remaining columns are associated with

the carbon bond computations.
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TABLE C-1
CONFOUND KAKE

1,1,1-TRICH OROETHAKE
1,1, 2-TRICHLOROETHANE
1,2,3,4-TETRAE THYL BENZENE
1,23, 5 TETRANETHYLRENZENE
1,2, 3-TRINE THYLBENZENE
12,8, S-TETRANETHYLDENZENE
1,2, 8-TRINETHYLBENZENE
1,2-DIETHYLBENZENE
1,2-DINETHYL-3-ETHYLRENZENE
1,2~ DINETHYL~4-ETHYLBENZENE
1,3, S-TRINETHYLBENZERE
1,3-BUTADIENE
1,3-DIETHYLBENZENE
1,4-BUTANEBTOL
1,4-DIETHYLBENZENE
1-BUTENE
1-BUTYNE
1-CHLORDBUTANE
1-DECENE
1-ETHOXY-2-PROPANOL
1-HEPTENE
1-HEYENE
1-NETHYLCYCLOHEXERE
1-KETHYL-2-ETHYLBENZENE
- 1-NETHYL-3-ETHYLBENZENE
1-KETHYL~3-1S0PROPYLBEKTENE
1-BETHYL-3-N-PROPYLBENZENE
1-NETHYL-4-IS0PROPYLRENZENE
1-HONENE
1-0CTENE
1-PENTENE
1-UHDECENE
2,2, 3-TRINE THYLBUTAKE
2,2, 3-TRIKETHYLPENTAKE
2,2, 4-TRIKETHYLPERTAKE
2,7, 5-TRINETHYLHEXANE
2,2~ DICHLORONT TROANIL INE
2,2-DIMETHYLBUTANE
2,2-DINETHYLHEXANE
2,2-DINETHYLPROPANE
2,3, 3-TRINETHYLPENTANE
2,3, 3-TRINETHYL-1-BUTENE
2,3, 4-TRINETHYLPENTAKE
2,3, 5-TRINETHYLHEXAKE
2, 3-DINETHYLBUTANE
2,3-DINETHYLHEPTANE
2,3-DINETHYLHEXANE
2,3-DINETHYLOCTANE
2,3-DINETHYLPENTANE
2,3-DIMETHYL-1-BUTENE
2,4,4-TRINETHYL-1-PENTENE
2,4, S-TRINETHYLHEPTANE
2,4-DINETHYLHEPTAKE
2,4 DIRETHYLHEXANE

SPECIES

PROFILES BY BOND GROUPS FOR CB-4

FAF

2.0
2.0
1.0
L0
1.0

)
L

.0
2.0
1.0

2.9
4.0

4

2.0
i
4.0
B.0
1.0
5.0
4.0
5.0
1.0
1.0
2.0
2.0
2.0
7.0
6.6
3.0
7.0

7.6

8.0
8.0
9.0
1.6
6.0
B.0
3.0
8.0
6.0
8.0
9.0

b0

9.0
8.0

0.0

7!0
3
1.0

10.0

9.0
g.6

OLE

2.0

1.0

1.0

1.0
1.8
1.0

1.0
1.6
1.0
1.6

C-2
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1,0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
.0

1.0

llo

1.0
1.0
L.
1.0
1.0

N

&b
2.0

1.0

3.0




CONPOURND NANE

2 G- BIHETHYLOCTANE
2, A-DIKETHYLPENTANE

2, 5-DINETHYLHEPTANE
2,5 DINETHYLKEXANE

2, 6-DINETHYLOCTANE
2,6-DINETHYLSTYRENE
2-BUTYLTETRAKYDROFURAN
2-BUTYNE
2-ETHYLHEXANOL
2-ETHYL-1-RUTENE
2-ETHYL-1-HEXANOL
2-FURFURAL

2-HEXENE
2-KETHYLDECANE
2-NETHYLHEPTANE
2-NETHYLHEXARE
2-NETHYLOCTANE
2-NETHYLPENTANE
2-METHYLPROPAKE
2-SETHYLPROPENE
2-KETHYLPROPENE
2-METHYL-1,3-BUTADIENE
2-KETHYL~1-BUTEKE
2-NETHYL-1-PENTENE
2-HETRYL~2-BUTENE
2-NETHYL-2-PENTENE
2-METHYL-3-HEXANOKE
2-(2-BUTOXYETHOLY )-ETHANGL
3,3-DINETHYLPENTANE
3,4-DIKETHYLOCTAKE
3,5, 5-TRINETHYLHEXANE
3,5-DINETHYLHEPTANE
3-HEPTENE
3-NETRYLHEPTANE
3-HETHYLBEXAKE
S-NETHYLOCTANE
3~KETHYLPENTAKE
NETHYL-1-BUTERE
3-HETHYL-4~PENTENE
3-KETHYL-C18~2-PENTENE
3-NETHYL-TRANS~2-PENTENE
3-(CHLORDMETHYL )-HEPTANE
© 4, 4*NETHYLERE DIANILINE
§-NETHYLANILING
4-NETHYLHEPTANE
4-NETHYLNGNANE
4-NETHYLOCTANE
4-NETHYL~1-PENTENE
4-NETHYL-CI5-2-PENTENE
4-NETHYL~TRANS-2-PENTENE
4-PHENYL-1-BUTENE
ACENAPHTHENE
ACENAPHTHYLENE
ACETALDERYDE

P&k

109
7.0
9.0
B.¢

10.0

6.0
3.0
8.0
3.0
8.0
1.0
2.0
1.9
8.0
7.9
9.0
4.0
4.0
2.0
2.0

4.0
L0
3.0
4.0
1.0
4.0

7
1

10.0
7!0
9.0

7
[T

g.0
1.0
9.t
b.&

I
dx

40
4.0
.0
8.0
1.0

8.0

10,0

9.0
4.0
2.0
20
1.0
1.4

OLE ETH TOL XYL FORN alD2 ISOP MR

1.0

1.0
1.9

1.0
1.0

1.0
1.0
1.0
1.

1.0
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1.0

1.0

L0

1.0

1.0

1.0
2.0

1.0
1.t
1.0

2.0
2.0
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COEPOUND HAHE FeE OLE ETH  TOL XYL FORK ALY ISOF N

ACETIC ACID 1.0 .0
ACETIC ANHYDRIDE 2.6 2.6
ACETONE 30

ACETYLENE 1.6 1.0
RCROLEIN (PROPENAL) 1.0 1.0

ACRYLIC ACID 1.0 1.0
ACRYLONITRILE 1.0 1.0

ADIPIC ACID 4,0 2.0
ALIPHATICS (per carbon) 1.0

ALXENE KETONE .0 1.0

ANINDANTHRAQUINONE _ 2.0 12,0
ANILTRE 1.0 5.0
ANTHANTHRENE 1.0 A0 LD 7.8
ANTHRACENE 1.0 1.0 5.0
ANTHRAGUINGKE 2.0 12.0
A-PINEKE 6,0 0.3 1.3
BENZALDEMYBE 1.0 3.0
BENZENE 1.0 5.0
BENZOIC ACTD 1.0 v £.0
.BENZOPYRENES .0 6 1.0 3.0
BENZOTHIAZOLE 2.0 C3.0
EENZO(a) ANTHRACENE .0 10 3.0
PENZO(a)PYREME 1.t 1.0 1.6 3.0
BENZO{b)FLUORAKTHENE . 1.6 1. £y
KERZD{ ) PHEMANTHRENE .0 10 3.6
“BENZ0{e)PYRENE 1.6 .0 Lo 3.0
BENZD (g, h, 3 JFLUBRARTHENE 1.6 1.0 FR:
-BERIB{g, h,1)PERYLEKE £,0 1.0 1.0 6.0
BENZO(k)FLUDRANTHENT - .0 10 N
BEHZYLCHLORIBE _ 1.0

-BIPHENYL _ 1.0 5.0
BIPHENYLOL : 1.¢ 3.8
BROMODINITROAKILINE 1.0 5.0
BROMODINITROBENZENE 14 5.0
KUTENE ' 24 14

FUTOXYBUTERE : §,¢ 1.0 1.0
“BUTOXYETHOXYETHANOL 4.0 &0
BUTOXYETHOXYETHAKOL ACETATE N 2.0 1.0
BUTYL CARRITOL 4,0 2.9

BYTYL CELLOSOLVE 4.0 1.0
BUTYLACRYLATE L0 1.0 1,8
“BUTYLBENZENE 3.t 1.¢

BUTYLEENZCATE 5.0 - 8.0
BUTYLBEKZYLPHTHALATE S8 1.0 : 1.6
BUTYLCYCLOHEXANE 10.6 :
BUTYLISOPROPYLPHTHALATE 8.0 : 7.0
BUTYRALDEHYDE 2.0 1.0
B-PHELLAHDRENE &0 2.0

B-PINENE 8.0 1.0

C1 COMPOUNDS (DIESEL EXHAUST) 0.01 0.99
C10 ARDMATIC 3.0 1.9

C10 CONPOUNDS (DIESEL EXHAUST)  §.48 0.189 0.289 0.263

C10 OLEFING 8.0 1.0

€10 PARAFFINS 10.0
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COAPOUKD RAKE

CioRiz

CHONLE

LY

C11 CONPOUNDE {DTESEL EXHAUST)
C11 CLEFINS

C11 PARAFFIN

C11H10

C11H140

(12 COMPOUNDS (DIESEL EXHAUST)
C12 OLEFINS

£12 PARAFFIN

12622

13 CONPOUNDS {DIESEL EXHAUST)
(13 PARAFFIN -

C14 COMPOUNDS (DIESEL EXHAUST)
C13 CCHPOUNDS (RIESEL EXHAUST)
(16 BRANCHED ALKANE

C16 CONPOUNDS (DIESEL EXHAUST)
(17 COKPOUNDS (DIESEL EXHAUST)
(18 CONPOUMDS (DIESEL EXHAUST)
(1% COPDUNDS (BIESEL EXHAUST)
(L ALKYLANTHRACEMES

C2 ALEYLBENZANTHRACENE

€2 ALKYLBEWZDPHENANTHRENE

C2 ALKYLCHAYSERES

{2 ALKYLCYCLOREXANE

C7 ALKYLINDAK

€2 ALKYLNAPTHALENE

{2 ALXYLPHERAKTHRERES

C2 CONPOUKDS (DIESEL EXHAUST}
C20 CONPOUNDS (BIESEL EXHAUST)
(21 CONPOUNDS (DIESEL EXHAUST)
C22 CONPDUNDS- (RIESEL EXHAUST)
€23 CONPOUNDE (DIESEL EXHAUST)
€24 CGNPOUNDS {DIESEL EXHAUST)
£25 CMPOONDS {DIEGEL CXRAUST)
(26 CORPOURDS (RIESEL EXHAUST)
C27 CONPOUNDS (DIESEL EXHAUST)
{28 CONPOUNDS (DIESEL EXHAUST)
(29 CONPOUNDS (DIESEL EXHAUST)
C3 ALKYLCYCLOHEXRKE

3 ALKYLSTYRENE

C3 COMPOUNDS {DIESEL EXHAUST)
L3 PARAFFIN

£30 COMPOUNDS (DIESEL EXHAUST)
(31 CONPOUNDS (DIESEL EXHAUST)
(32 COMPOURDS (DIESEL EXHAUST)
€33 COMPOUNDS (DIESEL EXHAUST)
34 CONPOUNDS {DIESEL EXHAUST)
C35 COMPOUMDS (BIESEL EXHAUST)
{36 CONPOUNDS (DIESEL EXHAUST)
{37 CONPOUNDS (DIESEL EXHAUST)
(32 COMPOUMDS (DIESEL EXHAYST)
{39 CONPOUNDS (DIESEL EXHAUST)
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CONFOUND HARE

C3/T4/0% ALXVLEERZENCE

L& ALEYLFHEMOLE

C¢ ALEYLSTYRENES

{4 COMPOUNDS {DIESEL EXHAUST)
£4 OLEFIN

C4 PARAFFIN

C4 SUBSTITUTED CYCLOHEXARE

C4 SUBSTITUTED CYCLOHEXANDNE
(40 CONPOUNDS {DIESEL EXHAUST)
C41 CONPOUNDS {DIESEL EXHAUST)
£42 CONPOUNDS (DIESEL EXHAUST)
C43 COMPOUNDS (DIESEL EXHAUST)
{8 ALKYL CYCLOHEXAKE

(3 ALKYLBENZENES

{3 ALKYLRENZENES (UNSATURATED)
C3 ALKYLPRENOLS

C5 CONPOUNDS (DIESEL EXHAUST)
L3 ESTER

3 OLEFIN

(3 PARAFFIN

U3 PARAFFIN/OLEFIN

£3 SURSTITUTED CYCLOREXARE
£3H100

L4 ALKYLBENZEKE

. C6 CONPOUNDS (DIESEL EXHAUST)

€4 OLEFIRS

L6 PARAFFIN

C& SUBSTITUTED CYCLOHEXANE
CEH1B03STR

C7 ALEYLBENZENE

(7 CONPOUNBS (RIESEL EXHAUST)
(7. CYCLOPARAFFINS

€7 OLEFINS

€7 PARAFFING

7612

C7H120

07-C14

CB COKPOUKDS (RIESEL EXHAUST)
C& CYCLOPARAFFINS

€8 OLEFINS

C8 PARAFFIN

(8 PHEROLS

Cer14

£8H2404514

(9 COMPOUNBS (PIESEL EXHAUST)
£9 CYCLOPARAFFING

9 OLEFINS

9 PARAFFIN

9 PHENOLS

CANPHENE

CAPROLACTAN

CARBITOL

CARRON DISOLFIDE

CARRON TETRACHLORIDE
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CONPRUMD WAME
CERBONYL S FIDL
DARYOPHYLLENE
CCLLOSOLVE
CELLOSOLVE ACETATE
CHLORDBENZENE
CHLORSDIFL UORDKE THANE
CHLOROF ORY
CHLOROPENTAFLUGRDE THANE
CHLOROPRENE
CHLOROTRIFLUORONE THANE
CHRYSENE
CIS~1,4-DINETHYLCYCLOHEXANE
C16-2-BUTENE
C15-2-HEPTENE
CI5-2-HEXENE
CIS-2-0CTENE
CIS-2-PENTENE
C15-3-HEXEWE
CORGNENE
CREOSOTE
. CRESDL
CROTONALDERYBE
CUNENE (ISOPROFYL BENZENE)
CYCLOHEPTARE
CYCLOHEXAKE
CYCLOHEXANDL
CYCLOREXANOHE
. CYCLOHEXENE
CYCLOPENTAAKTHRACERES
CYCLOPENTAKE
CYCLOPENTAPHENANTHRENES
CYCLOPENTA(c, 4 )PYRENE
CYCLOPERTENE
* CYCLOPENTYLCYCLOPENTAME
DECALINS
DENATURANT
RIACETONE ALCOHO(
DIEEKIANTHRACENES
BIPENZOPYRENES
DIBEN20{ 4., b) ANTHRACENE
DIBENZPHENANTHRENES
DIBUTYL ETHER
BIBUTYLPHTHALATE
DICHLOROBENZENES
BICHLORODIFLUORONE THANE
DICHLOROKETHARE
BICHOLROTETRAFLUORDETHANE
DIETHYLCYCLOHEXAKE
DIETHYLENE 6LYCOL
DIETHYLNETHYLCYCLOKEXARE
BIHYDRONAPTHALENE
DIRYDROXYNAPTRALENEDIONE
BITSOPROPYLBENZENE
\DIMETHYL ALKYL ANIMES
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CONFOUND NAKE

PIRETHYLBENTYLALTCRG!
BIRETHYLRUTANE
DIRETHYLRUTAHEBTOATE
DTRETHYLBUTENE
DIHETHYLBUTYLCYCLOHEXARE
DINETHYLCYCLOBUTANONE
DISETHYLCYCLOREXANE
DINETHYLCYCLOPENTANE
DIKETHYLCYCLOPENTENES
DINETHYLDECANE
DINETHYLETHER
DINETHYLETHYLBENZOIC aCIR
DIKETHYLETHYLCYCLOHEXAKE
DINETHYLFORNANIDE
DIKETHYLHEFTANES
DIRETHYLHEPTANSL
DIKETHYLHEXRDIENE
DIRETHYLHEXANEDIDATE
DIKETHYLHEXAMNES
DINETHYLREXEME
DIKETHYLINDANS -
DINETHYLINRENE
DINETHYLNAPHTHYRIBINE
DINETHYLNAPTHALENE
DINETHYLHONARES
DINETHYLOCTANES
DIRETHYLOCTARAL
DIRETHYLOCTEMES -
DINETHYLOCTYNE
DINETHYLPENTANE
BINETHYLPENTANERIOATE
BINETHYLPENTARSL
DINETHYLPERTENE
DINETHYLPHTRALATE
INETHYLTEREPHTHALATE
- DINETRYLUNBECAKE

* DIPHERYLETHANE
"FIPROPYLENE GLYCOL
DIPROPYLPHTHALATE
DIVINYLEEMIERE
DI{ETHYLPHENYL)ETHAKE
DI-C8 ALKYL PHTHALATE
" DODECERE

B-LINONERE

EICOSANE
EPICHLORGHYDRIN
ETHARE

ETHANDLANINE

ETHYL ACETATE

ETHYL ACRYLATE

ETHYL ALCOHGL

ETHYL CHLORIDE

ETHYL ETHER
ETHYLANIHE

FaR

&0
§.9
4.0
12.0
6.0
8.0
7.0
3.0
12.0

2.0,

2.0
10.0
.0
9.0
9.0
2.0
6.0

N

6.0
3.0
1.0
3.0
4.0
11.¢
1.0
10.0
8.0
§.0
1.¢
5.0
7.8
5.0
3.0
3.0
$3.0

4.9
1.0

4.9
17.0
10.¢

4.0
20,0

3.0

0.4

0.4

3.0

2.0

0.4

2.0
0.4

gLe ETH

1.0

1.0

1.0

1.0

1.0

1.0

i.¢

1.9

1.0
1.0

1.¢

-8

oL

1.0

2.0

v

1.0

1.0
1.0

1.0

1.0

FORY ALDZ

2.0

1.0

2.0

1.0

156F

fik

2.0

1.0

10

2.0

1.0

.0

7.0
7.8

1.8

7.0

1.6
1.4
1.0
1.0
1.6
2.0

1.6




CORPOIUND KAKE

CTRYLEENIT
ETHYLEICYCLOREFTAKE
ETHYLCYCLOHEXANE
ETHYLEYCLORENTANE
ETHYLCYCLOPENTENE
ETHYLDINETHYLBENZENE

ETHYLDINETRYLCYCLOKEXANE

ETHYLDINETHYLOCTANE
ETHILDINETRYLPENTANE
ETHYLDINETHYLPHENL
ETHYLENE

ETHYLENE BIBRONEDE
ETHTLENE DICHLORIDE
ETHYLENE GLYCOL
ETHYLENE OXIDE
ETHYLENEANINES
ETRYLFURAN
ETHYLHEPTANE
ETHYLHEPTENE
ETHYLHEXANE
ETHYLHEXANOATE
ETHYLINBAN
ETHYLISOPROPYL ETHER
ETHYLNERCAPTAK

ETHYLNETHYLCYCLOHEXANE

ETHYLNETHYLCYCLOPENTANE
ETHYLNETHYLHEXANE
ETHYLKETHYLOCTANE
ETHYLOCTANE

ETHYLOCTENE
ETHYLPENTENE

ETHYLPHENYLPHENYLETHANE -

ETHYLPROPYLCYCLOHEXANE
ETHYLSTYRENE
ETHYLTOLUERE
ETHYL-T-BUTYL ETHER
FLUORANTHERE
FLUGRENE
FORMALDERYEE
FORKIC acIp
FURFURYL ALCOHOL
BLYCERQL

gLyco

GLYCOL ETHER
GLYOXAL

HENE ICOSANE
HEPTADIENAL
HEPTANE

HREFTANONE

HEPTENE
HEXABECANE
HEXABECANOIC ACID
HEXARIENAL
HEXAFLUGROETHAKE
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COXPOUND NAKE

HOAREETHYLENEDIAKTHE
HEXARAL

HEXANE

HEXEME

HEXYLENE GLYCOL

HEXYNE

THDANE

INDERE
INDEKO{1,2,3-cd)PYREKE
TSOANYL ALCOHOL
TS0ANYLBERIERE
TSOBUTANE

ISORUTYL ALCOROL
ISOBUTYLACETATE
ISOBUTYLACRYLATE
ISOBUTYLBENZERE
ISOBUTYLENE
1SGBUTYLISORUTYRATE
ISOBYTYRALDEHYDE
ISOMERS OF RUTEME
ISOHERS OF RUTYLBENZENE
TSOMERS OF C10R10
SOKERS OF C10H1R
ISOKERS GF CI11HZO
ISONERS OF COH16
ISOMERS OF -DECANE

ISONERS OF DIETHYLBENZEHE

TSOKERS OF DORECANE
ISOKERS ©F ETHYLTOLUENE
ISONERS OF HEPTADECANE
ISONERS OF HEPTAME
ISOMERS OF HEXANE
TSORERS OF NOMAKE
"TSONERS OF OCTADECARE
ISOKERS GF OCTAKE
ISOMERS OF PENTADECAME
ISORERS OF PERTAKE
"ISBXERS OF PEWTENC
ISOKERS OF PROPYLBERZENE
TS0KERS OF TETRADECAKE
ISOMERS OF TRIDECANE
ISONERS OF UNBECANE
ISONERS OF XYLENE
1500CTANE

ISOPERTARE

ISO0PRENE

ISOPROPYL ALCOHOL
I1S0PROPYLACETATE
1S0PROPYLBENZENE
180PROPYLCYCLOHEXANE
150PROPYLCYCLOPERTANE

TSOPROPYLNETHYLCYCLOHEXANE

TSOVALERALDEHYDE
LACTOL SPIRITS -
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CONPOYNE Nafi

LIRGNERL
NALETC ANHYEEIDE
KETHANE
HETHOXYETHOX YRUTANONE
RETHOXYETHOXYETHANOL
METHOXYNAPHTHALERE
HETHYL ALCOHOL
RETHYL C11 ESTER
KETHYL C12 ESTER
 METHYL C13 ESTER
NETHYL C14 ESTER
KETHYL 135 ESTER
HETHYL C19 ESTER
RETRYL C20 ESTER
KETHYLACETATE
BETHYLACETOPREMONE
KETHYLACETYLENE (PROPYNE)
NETHYLACRYLATE
HETHYLAL
HETHYLALLENE
KETRYLAKYL KETORE
NETHYLANTHRACENES
HETHYLBENZANTHRACENES
NETHYLBENZPHEHANTHRENE
HETHYLRIPHERYL
NETHYLBUTADIENE
KETHYLBUTENE
KETRYLBUTYL KETORE
KETHYLCARBITOL
HETHYLCELLOSOLVE
~ METRYLCHLORIDE
NETHYLCHRYSEMES
HETHYLCYCLOREXARIENE
RETHYLCYCLOHEXANE
KETHYLCYCLOHEXENE
RETHYLCYCLOOCTANE
EETHYLCYCLOFENTADIERE
RETHYLEYCLOPENTANE
RETHYLCYCLAPERTENE
NETHYLDECALIRS
METHYLBECANES
NETHYLDECEKE
KETHYLDIHYDRONAPHTHALE
NETAYLDADECANE
RETHYLBODECAMOATE
HETHYLENE FRONIDE
HETHYLENE CHLORIDE
HETHYLENERIS(CHANCO)
HETHYLEE(b)4-PHENYLISOCYARATE
NETHYLETRYL NETONE
RETHYLETHYLHEPTANE
NETHYLETHYLPENTANDATE
NETHYLFLUDRARTHENES
HETHYLFORNATE

FAR

Lo
3.0
3.0
1.0
12.0
13.0
14.0
15.0
16.¢
20.0
2.
2.0
1.0
4.0
1.0
3.0
1.0
1.0
2.9
1.0
1.0

1.0
3.0
&0

k4
']

1.0

1.0
L6
7.0
3.0
9.0

6.0
8.0
1.0
1.6
7.0
3.0
13,0
120

4.0
19.0
7.0
1.0
1.0

OLE  ETH TOL XYL FORK ALDZ [SOF Wk

2.6

—
< o

1.0

1.0

1.9

1.0

1.0

1.¢

1.0

.8

L.t

1.9 .0
1.0

1.0 _ 1.0

1.0 a0

Lt 1.0 30

L. L 3.0

1.0 .t
.0
1.6

k¢
1.0

1.9
L0 Lo 3.0
1.0 2.9

1.0

L€ 2.0

1.0

1.0

1.t

1.0
19
1.0

1.0 7.0
1.0 8.0

1.0

1.0 1.¢ 1.0
1.0

C-11

|




CORFOMND KARE

XETHYLEL VR AL
RETHYLHEFTAKE
KETHYLHEFTARDL
KETHYLHECTENE
HETHYLHERTYNE
KETHYLHEXADIENE
RETHYLHEXANAL
NETHYLHEXANE
NETHYLHEXENES
HETHYLINDANS
NETHYLINDENE
BETHYLISOBUTYL KETOKE

HETHYLISOPROPYLCYCLOHEXANE

-METHYLRETHACRYLATE
NETHYLKETHYLPROFENDATE
NETHYLNYRISTATE
KETHYLHAPHTHALENES
NETHYLKONAKE
NETHYLNONERE
HETHYLACTANES
METHYLPALNITATE
HETHYLPERTAKE
NETHYLPENTENES
NETHYLPHERARTHRENES

HETHYLPROPYLCYCLOHEXANE

'NETHYLPROPYLHORAKE
RETHYLSTEARATE
KETHYLSTYRERE
FETHYLUNDECANE
HETHYL-T-BUTYL ETHER
HINERAL SPIRITS
HYRCENE
K-DICHLOROBEMZENE
K-DIETHYLBENZENE
X-ETHYLTOLUERE
K-XYLENE

K-XYLENE AKD P-XYLEKE
NAPHTHA

NAPTHALENE
KITROBENZERE
HORADECANE
NONABIENE

NOMAKE

NEHERE

NOKENDNE
RORKYLPHENOL
N-ANYLRENZENE
K-BUTANE

N-BUTYL ALCOHOL
K-BUTYLACETATE
K-DECANE
N-PODECANE
H-HEPTABECANE
K-HEXYLBENZEKE

E.0
£.0
6.0
7.0
1.0
0
7.0
3.0
2.0

6.0
10.¢
2.0
¢
14.0
3.0
10.0
8.0
9.0
16,0
6.9
4.0
2.0
10,0
3.0
18.0

2.6
3.0
60
w0
1.0
2.0
.t

8.0
2.0
1.0

{9.¢
1.0
9.0
7.9
1.0
8.0
4.0
4,0
4.0
5.0

10.0

12.0

17.0
3.0

1.0

1.0

1.0

1.0

1.0

1.0

3.0

1.0

1.8
1.0

C-12

ETH

oL

1.¢

1.9
1.0

1.0

0L PN ALRS

1.0
1.0

1.0

1,6

1.t
1.0
1.8
1.0

1.8

2.0
1.0

1.6
1.0

2.0

TE0F

N

1.0

1.0
1.9
1.0

1.t

an
.
L=

1.0

3.0

3

1.0




CONFOUNE RANE

K-FLRTADECARS
N-FENTARE

N-FENTENE
H-PENTYLCYCLOMEXANE
N-PHENTLARILINE
N-PROPYL ALCOHOL
H-PROPYLACETATE
K-PROPYLBENZENE

K- TETRADECANE
K-TRIDECANE
K-UNDECANE
OCTAHYDROIHDENES
OCTANETHYLCYCLOTE TRASILOXAE
OCTAKE

OCTANOL

OCTATRIEKE

OCTENE

OXYGEHATES
0-DICHLORDBENZENE
O-ETRYLTOLUERE
B-XYLEKE

PALKITIC ACTD
PARAFFINS (C16-C34)
PARAFFING (C2-L7)
PARAFFINS/CLEFTNS (C12-C16)
PENTADIERE

PENTAKOL

PENTENYHE

- PENTYLBERTENE
PENTYLCYCLOHEXARE
PENTYLIDENECYCLOKEXAKE
PENTYNE
PERCHLORGETHYLENE
PERYLEN
PHENAKTHREKE

PHENOL
PHERYLISOCYANATE
PHEHYLNAPKTHALENES
PHTHALIC ANKYBRIDE
PIPERYLENE
POLYETHYLENE GLYCOL
PROPADTENE

PROPAKE

PROPENE _
PROPENTLEYCLONEXANE
PROPIONALDEHYDE
PROPIONIC ACID
PROPYLBENZENE
PROPYLCYCLOMEXANE
PROPYLENE BICHLORTOE
PROPYLENE 6LYCOL
PROPYLENE OXIDE
PROPYLHEPTENES
PYRENE
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F-ETHILTELY
P-TOLUALDEHYDE
F-XYLENE

SEC-BUTYL ALCOHOL
SEC-BUTYLBENZEME
EILOXANE

STYRENE

SUBSTITUTED C9 ESTER (C12)
TEREPHTHALIC ACID
TERPENES
TETRACHLOROBENZENES
TETRAFLUORDNETHANE
TETRANETRYLEEMZENE
TETRAKETHYLCYCLOBUTENE
TETRAMETHYLCYCLOPENTANE
TETRANETHYLREXAKE
TETRANETHYLPENTANONE
TETRANETHYLSTLANE
TETRANETHYLTHIOURER
TOLUENE

TOLUENC DITSOCYANATE
TOLEEWE ISOCYANATE
TOTAL ARONATIC AXINES
TOTAL £2-€3 ALDERYDES
TRANG -1 -PHENYLRUTEKE
TRANG-2-BUTENE
TRARS=2-HEPTENE
TRAKS-2-HEXEME
TRANG-2-NONEKE
TRAKS-2-PENTERE
TRANS-3-HEXENE
TRICHLORDBENZENES
TRICHLOROFLUOROMETHANE
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Measured Compound

TABLE C-2.

EXAMPLE PROBLEM®

PART 1

COMPUTATION OF CARBON BOND CONCENTRATIONS

Carbon Bond Concentration

ISOP

Species ppbC ppb OLE | PAR | TOL | XYL | FORM | ALD2 | ETH | NR
Ethylene 20 | 10 10
Propene 30 | 10 10 | 10
n-Butane 170 | 42.5 170
T-2-Butane 10 2.5 5
2,3-Dimethylbutane 100 | 1€.7 100
Toluene 70 | 10 10
M-xylene 40 5 5
Benzene 60 | 10 10 50
TOTAL 500 | 106.7 10 290/ 10 5 0 10 50 0

c-16

*This is a hypothetical problem, and is not necessarily intended to be indicative of the
INMOC composition of ambient air.




TABLE C-3.  EXAMPLE PROBLEM - PART 2
COMPUTATION OF CARBON-FRACTIONS

Initial Cagbon Final Carb

CB-4 Class Concentration (ppb)l Concentration (ppr!z Fraction Fraction8
OLE 10 20 0.04 0.04
PAR 290 290 0.58 0.55
TOL 10 | 70 0.14 0.13
XYL 5 40 0.08 0.08
FORM 0 0 0.00 0.02
ALDZ 5 10 0.02 0.05
ETH 10 20 0.04 - 0.04
1S0P 0 0o 0.00 0.00
N 50 50 | 0.10 0.09

[OTAL 500 -1.00 1.00

1From Table C-2

2Computed by taking concentration in ppb times carbon numbers from Table 2-1.

3Computed by dividing concentrations in ppbC by the total NMOC in ppbC (e.e., 500 ppbC).

4Unmeasured aldehydes added (.02 to FORM AND .03 to ALD2) and total readjusted to 1.00.
C-17




The individual concentrations in the nine entries in the right hand
column are obtained by multiplying the concentration of each species times the
number of bonds for that species found in Table C-1. For example, propene has
a concentration of 10 ppb in the example problem. Table C-1 shows that
propene has one olefin bond and one paraffin bond. Thus, 10 ppb are put in
each category (OLE and PAR).

After all of the species concentrations have been apportioned to the
carbon bond groups, then each column is totalled. These concentrations are in
ppb. To convert to ppbC, the assumed carbon number for each carbon bond class
are uti1i;ed. These are found in Table .2-1. When the concentrations in ppb
are multiplied by these carbon numbers, concentrations in ppbC are obtained.

Each total for a carbon bond class is then divided by the total NMOC (in
ppbC) to obtain initial carbon-fractions. The final step is to add 0.02 to
the FORM fraction and 0.03 to the ALD2 fraction. These adjustments are to
account for aldehydes which are-hot detected by the sampling/analytical
procedure. The fractions are then adjusted so that they total up to 100

percent.

c-18
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