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PREFACE

This document is one of five related to application of EKMA and the use
of OZIPM-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 Applying City-specific EKMA", EPA-450/4-89-012, July 1986

- Describes the procedures for using the Empirical 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 0ZIPM-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. This sofware is only available for an IBM-PC or compatible
‘machine. Files built using this system can be uploaded to a mainframe
computer. :

"User’s ManuaT for 0ZIPM-4 (Ozone Isopleth Plotting with Optional Mechanisms)-
Volume 1", EPA-450/4-89-009a, July 1989 , . '

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

"YUser’s Manual for OZIPM-4 (Ozone'ISOp]eth Plotting with Optional Mechanisms)-
Volume 2: Computer Code", EPA-450/4-8%9-009b, July 1989

- Describes modifications to the computer code that are necessary in
order to use OZIPM-4 on various machines. A complete 1isting 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 quality standards for ozone. A computerized (PC) system for
determining 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.
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EKMA may be used in several ways: (1) as a means for helping to focus more
resource-intensive photochemical grid modeling analyses on strategies most
likely 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 limitations/provisions identified in Clean
Air Act Amendments.
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1.0 INTRODUCTION

In March of 1981, the U.S. Environmental Prbtection Agency (EPA) issued
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 amb1ent
air quality standard (NAAQS) for ozone. Application of city- spec1f1c EKMA
accord1ng to the March 1981 guidelines enta1ls using the Ozone Isopleth
Ptotting Package (OZIPP) to re]até~peak ozone conceﬁtrations to its
precursors--nonmethane organic compounds (NMOC) and oxides of nit?ogen (NOX)
(Whitten and Hogo, 1978; and EPA, 1978). OZIPP is a computer program that
incorporates a simp]ffied trajectory model and a chemical kinetics mechanism
(known as the DODGE meéhanism) that mathematically simﬁlafe 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'mecﬁanisms was
'circu1ated to EPA Regional Offices iﬁ December of 1981 (Rhoads, 1981).
Spécific guidance régarding the use of one alternative mechanjsm-the’Cafbon
Bond III mechénism (CB-3)--was issued 1in Febrﬁary of 1984 (Gipson, 1954).

Since 1984, newer chemical mechani§m§ haye been developed (Gery, ef al,
1988; and Lurmann, et al, 1987). Tﬁis 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 Isopleth Plotting With Optional Mechanisms 4

(0ZIPM4), 1is an updated version of OZIPP which contains the most recent
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chemical kinetics and stoichiometric 1nf0rmétion. Any application of EKMA
should be carried out with the 0ZIPM4 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.

In the 0ZIPM4 model, a column of air containing ozone and precursors is
transported aTong an assumed straightline trajectory. Thé trajectory is
defined so thattthe.simu1ated column of air over the city being simulated
arrives at the site observing the daily maximum ozone concentration at the
fjme of the observed'maximum. As the-co]umn movés, it encounters gridded
emissions of fresh precursors that'are mixed unfform?y Qithin the column. The

column is assumed to extend from the earth’s surface through the mixed layer.

. The assumed horizontal dimensions of this column are such that the

_conééntration gradiehts are small enough to make the horizontal ekchange'of‘

air between the column and its surroundings insignificant.' The air within the

‘column is assumed to be uniformly mixed at all times.

At thg beginniﬁg of a simuTation, the co]uﬁn.is assumed to contain some
specified initial concentrations of NMOC, NOX, and CO. As the column moves
along the assumed trajectdry, tﬁe height of the column will change because of
variations in mixing height; it is assumedkto change with time during a user-
selected period (for example, 8 a.m. - 3 p.m.), and to be constant before and
after that period. As the height of the column increases, its volume

increases, and air above from the inversion layer is mixed in. Pollutants

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




or "transported aloft." Any ozone or ozone precursors above the mixed Tayer
that are mixed into the column as it expands are assumed to be rapidly mixed
throughout the column.

Concentrations of NMOC species, NO, NOZ, C0, and 03, within the column
are physically decreased by dilution due to fﬁe 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 mec¢hanism are functions of the

intensity and spectral distribution of sunlight, and they vary diurnai]y

according to time of year and location.




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 nefiect increased knowiedge.of_the photochemistry leading to
ozone formation.f The CB-4 meehanism is currently the most recent version of
that generic series. It has been_designed to simulate 1aboratory smog chamber
experiments using detailed data bases, as well as atmospheric 51tuations in
Wh1Ch much 1ess information is typicaiiy available. While a comprehenSive
discu5510n of the scientific basis of the CB-4 mechanism is beyond the scope
of this document, some introductory material on baSic concepts is included
below for those unfamiliar with CB-4.

| A distinguishing feature of any chemical mechanism is the manner in

which organic’reactivity is treated. Because the construction and use of a
mechanism that includes all atnospheric speeies is virtually impossible,
individual organic species must be combined, or 1unped,‘into some sort .of
functional group or Qroups. Thus, the discussion of any chemical mechanism
must necessarily address the manner in which organic chemistry is represented '
in the mechanism. The concepts underiying the treatment of organic 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 is most easily accomniished with the 0ZIPM4 computer program.
2.1 Organic'Reactivitx '

As described in Section 2.0, a characteristic that typically

distinguishes chemical mechanisms is the manner in which organic compounds are

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




but most have focused on lumping simi]af Epecies into-a single, identifiable .
molecular species that represents the chemistry of that particu]ar 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
funct1ona1 organic groups are based on var1ous types of structural units

(e.g., s1ng1e-bonded carbon atoms) as opposed to molecular type (e.qg.,
~alkanes). As will be seen below, this k1nd of ‘structuring resu1ts in some

organ1c species being partitioned among more than one functional group.

In CB- 4 nine functional groups are used to represent organic species,
each basedpon var1ouq types of carbon bonds:

(1) s1ng1e7bonded paraff1n1c carbon atoms,‘and represented by PAR;

(2) slowly reacting olefinic double bonds; almost exC]usive]y
eth¥1ene and represented by ETH;

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

(4) less reactive aromatic combbunds represented by TOL;

(5) more reactive aromatic compounds represented'by~XYL;

(6) formaldehyde represented by FORM;

(7) acetaldehyde and high aldehydes 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 wﬁich'individual organic species are apportioned to those
groups. As noted above, a particular organic compound is assigned to a CB-4
group, or groups, on the basis of moiecular structure. To illustrate the

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

_ _



and one double carbon-carbon bond (see Figure 2-1). In 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-cérbon’

bonds: the double bond represented by OLE, and the one single bond by PAR.

» Similar classifications Haye 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 the number for OLE‘is two.

vA'genera1 hrincip]e‘under]ying use of the carbon bond mechanism is that the

number of carbon atoms associated with any individual carbon bond group is
fixed. (Table 2-1 shows these characteristic carbon numbers for the carbon

bond functional groups.) By making use of the carbon numbers, concentrations

- of each CB-4 group can be determined from_;oncentrations of .individual organic

species. To ﬂmstrate', consider the propene‘ example discussed abové-, and
further assume that the doncentration.of'propene is 3 pﬁmC. Since propene is
represented in CB-4 by 6ne PAR and by one OLE, tﬁe 3 ppmC total propene
concentration must be abportionéd to these two carbon bond groups. Of the
three carbon atoms in a propéne 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. Since concentration 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 ppmC, respectively.* This same concept can be .extended to '

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

*i.e., Cpar = 1/3 x 3 ppmC and CoLg = 2/3 x 3 ppmC
‘ 6
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Figure 2-1. Example of Carbon Bond Lumping Procedure




TABLE 2-1

CARBON NUMBERS FOR CB-4 ORGANIC SPECIES

Carbon Bond Group Carbon Numbér.(qarbon atoms per --
: mo]ec_u]e)
PAR 1
ETH g 2
OLE ‘ ' 2
ToL o 7
XYL 8
FORM ‘ 1
-~ ALD2 2
, . NR 1
| - 1sop 5




individual organic species are first‘apportioned to their respective CB:4
group. The total concentration of any particular CB-4 group is then obtained
by summing the contributions due to the individual organic speciés. This
procedure will be more fully discussed in Appendix C.

In using the CB-4 mechanism with the OZIPM4 program, abso]ute‘
concentrat1ons of the individual CB 4 groups are not directly 1nput to the
model. Rather, the total NMOC concentration is specified, and the fraction of
carbon attributable to each CB-4 group is input. For exampfe, 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‘apportipning
factor, or carbon fraction, fbr PAR would be 0.70, indi&ating that 70 percent
of the total carbon is categorized as PAR. A special set of default values ‘
for CB-4 fract%ons is normally used. These defaults were derived from 1984-86
NMOC species data collected in many cities (Jeffries, 1987).

2.2 Use of CB-4 in 0ZIPMA

The CB-4 mechanism that is contained in 0ZIPM4 is outlined iﬁ
Appendix A. A discussion of the development and testing of thislmechanism is
contained in Gery, et al, 1988. Morerexténsive information on the évoiutioﬁ
of the carbon bond mechanism in generé1 can be found in Killus and Whitten,
1983; Killus and Whitten, 1982; Whitten and Hogo, 1977; Whitten, et al, 1980;
Whitten, et al, 1979. _

The specific inputs necessary to use CB-4 in OZIPM4 are contained in
EPA, 1988 and EPA 1989. The discussions in Section 2.1 and above have

provided a general overview of the CB-4 mechanism and its relationship to the

OZIPM4 program. In most instances, consideration of the details of the




mechanism will not be required 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
thé individual carbon bond groups (i@el, PAR, ETH, OLE, TOL, XYL, FORM, ALD2, .
ISOP, and NR) is also of concern. The proéédures for developing these and
other model inputs for an EKMA app]icatipn are the subject 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 mechanism, 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 chémica] mechanism. Neverthe-
Tess, use of CB;4 with 0ZIPM4 déés require some special cbnsiderations:' This
chapter will focus primarily upon these circumstanceé, but will also descfibe
all other facets of conducting an EKMA modeling analysis.

The ensuing discussion of using CB-4 with EKMA can perhaps bé Facf]i-
tated by a brief overview of the general modeling procedure. While the
following section describes EKMA in terms of ozone isopleth diagréms, it .is no
longer necessary to develop these diagrams in.order to determine the VOC h
control requirements. By us{ng the EKMA option the control requirement is
determined without drawing isopleth diagrams. The 0ZIPM4 program is used to
geﬁerate ozone isopleth diagrams that explicitly relate peak hourly ozone
concentrations to. initial (i.e., 8 a.m.) ambient Tevels of the ozone pre-
cursors NMOC and NO, (see Figure 3-1). ‘The diagrams are used with a meésured
peak ozone concentration and a"city’é NMOC/NOX ratio to compute, on a percent
basis, the VOC emission reduction needed to lower the observed peak to the
level of the standard. While isopleth diagrams are éxp]icit functions of
initial NMOC and NO,., the positioning of the.ozone-isopleths on the diagram is
affected by moae1 input variables that are related to'meteoro1ogy, emissions
occurring throughout the day, and po11utants»transported from areas upwind of

the city under review. Because these factors vary from day to day, the

11
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highest VOC emission reduction estimate will not necessariiy correspond to the
highest, observed ozone peak (Killus and Whitten, 1983; and Killus and
Whitten, 1982). To account for this phenomenon, the modeling approach
recommended in the March 1981 guide]ines consisted of:

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

‘(2) computing the amount of VOC em1551on reduction needed to 1ower each -
peak to the 1eve1 of the standard;

(3) seiecting a finai VOC emission reduction target that is conSistent
- with the statistical form of the ozone standard.

Subsequent to the distribution of these recommendations, EPA 1ssued
supplemental guidance further recommending that predictions of peak ‘0zone be,
compared to observed 1eveis (Rhoads, 1981). If the agreement between
predictions and observations is found to be poor, review and possibie
adjustment to key model inputs are suggested prior to computing VOC emission
reductions. While good agreement between predictions and observations does
not completely ensure accurate control estimates, successtui prediction of
observed ozone peaks does provide some confidence -that the chemical and
physical processes Teading to ozone formation are being adequately simuiated.

The modeling procedure described in the preceding paragraphs can be
divided into five basic steps 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 overall VOC emission reduction target.

13




3.1 Selection of Modelina Cases

As noted in Section 3.0, the highest VOoC contro]lestimate may not
correspond to the highest observed ozone éoncentratiqn. 'Further, the
s;atistica] form of the ozone NAAQS permits on average, one dai]& maximum 1-
hour average ozone concentration above 0.12 ppm per.ca]endarlyear at éach
site. ansidera;ioh of these two factors led to the recommendation that' a
numbér of dbserVed peaks above 0.12 ppm be modeled for each site. The VOC
‘emissfon feduction target is then se]ectedtfrom 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. _ K J T _f
: c Col oL )
Recommended Procedure: The five (5) highest daily, maximum ozone
concentrations at each site should be selected as candidates for modeling. _
Only ozone peaks that occur within or downwind of the urban area under review
~should be included. The five highest 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
0zone 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 model ing analysis, the appropriate EPA Regional
office should be contacted to determine the appropriate years to model.

In SOmelcasés, it may happen that on days initially selected as
candidates for modeling, daily maximum ozone (03) is most 1ike1y the result of
"overwhelming transport" from.upwind areas. That is, it is unlikely that
Tocally generated emissions have an appreciable effect on the observed dai]y
maximum. Procedures for determining whether an observed daily maximum resu1t§
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 10 a.m. or if the timing of the observed maximum
is inconsistent with available 10 a.m. - 4'p.mﬂ surface wind data'and the.
orientation of the monitoring site with respect to the Metropolitan
Statistical Area (MSA) under review. Even if it is Tikely that an, observed
daily maximum 03 concentration resu1ts from overwhe1m1ng transport, it is -
’ poss1b1e that the se]ected day should st111 be modeled. Th1s:wou1d be
- appropriate if the fo]lowing ocecurred: (a) concentrations greater than 0. 12
‘ ppm occurred at other times of the day; (b) surface wind data and monitor
orientation were cons1stent w1th impacts from the local MSA at these times;
and (c) the 05 concentration judged- ‘to result from local emissions was one of
the top five local peaks.‘ Unless all of the breceding three cond%tions are
met, the day should be discarded and replaced by thg brevious]y uhse]ected day
haviﬁg the highest observed daily maximum. 0verwhe1ﬁing~transpprt 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 Sectidn 3.5.
3.2 Development of- Model Inputs _ | |

As just descr1bed the five or six h1ghest daily maximum ozone peaks at
each site are se]ected for modeling. Two basic objectives of “the model ing
analysis are to predict the observed ozone peaks, and to compute the VOC
emission reductions needed to lower each observed peak to the level of the
ozone NAAQS. .To beét accomplish these objectives, the model inputs should be
based on the atmospheric conditions associated with each observéd peék. Thus,
the{r derivation ought to be done on a case-by-case basis. In soime instances,
however, insﬁfficient 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 to describe the methodologies recommended for deriving the model
input vaTues'under both sets of circumstances.

Table 3-1 summarizes the mode] input variables that requ1re
cons1derat1on regardless of the intended purpose of the model simulation.
Before discussing each of the model input variables, one additional point
should be added. fhé recommendat ions discussed below deal with model inputs
that correspond to conditions associated with the observed ozone peak (i.e.,
so called base-case conditions). Some of these conditions might belexpected _
to change in future years subsequent to the implementation of VOC contro]
programs: Factoring these potential changes into the modeling analysis wi]T
be discussed in Section 3.4.' Thus, the recommendations discu;sed~be1ow
concerning the derivation of model inpﬁt values wi]]Hnecessarily focus on data
correspoﬁding to emissions and atmospheric conditions associated with a |

part1cu1ar ozone peak observed in the base case. _ ' . |

3 2.1 Light Intens1ty ' ._ X

The OZIPM4 program uses a city’sllatitude;,1ongitude, and tﬁbe

~ zone, and the 'day of the year being modeled to generate the appropriaﬁéil -
diurnal pattern of photolytic reaction'rates. ‘While updates have been made to

some of the photolytic rates, these havé been incorporated in the OZIPM4'. : |

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
4.0 ' Eastern Daylight Time .~
5.0 Central Daylight Time
6.0 Mountain Daylight Time
7.0 Pacific Daylight Time




Model Inpht Variabies

SunTight Intensity
DiTution

Post-0800 Emissions
Ozone Transport
Precursor TrénSpért
Reactivity
Temperature

Water Vapor

Biogenic Emissions

Table 3-1
0ZIPM4/CB-4 MODEL INPUTS
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To produce standard time simulations, even though 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 tﬁe correct 7.0 time zone.

Recommended Procedure: To properiy‘simulate 1ighf intensity in 0ZIPM4,
input the city’s latitude, longitude, time zone, and the day of the year being
‘modeted. . - - ‘ : : . : - ‘ '

3.2.2 Dilution |

In the 0ZIPM4 mode]l dilution ocghrs.as a result of the rise in
atmospheric mixing height that;typicaﬂly'oécurs between early morning and mid-
afternoon. The mixing height_gan‘be vjewlei as the top of a surface based
Tayer of air~which is well-mixed due to'mechaniéal and thermal turbulence. -
‘Specifiﬁ inputs to OZ;PM4 include the eér]y morning mixing height, the maximum
afternoon mixing height, the time that thé mixing height rise begins, and the
time at -which the max imum mixing height is final]y attained. Procedures for
estimating the ear]j mornihg mixing height and animum afternoon mixing height
from available radiosonde measuremehtsl%re outlined in Appendix B of this
document. The OZIPM4 program will inﬁefan]y c51§u1$te.the rate of rise in
mixing height based upon a characteristic curve deve]bped by Schere and
Demerjian (EPA 1981; Schere, et al, 1977). o |

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. Lo

3.2.3 Post-0800 Emissions

Post-0800 emissions refer to emissions occurring along the
trajectory subsequent to the starf of the model simﬁ]ation. The actual model

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

The follawing exémp]e illustrates how to_defermihe which county’s
‘ehis;ions should be‘used for each hoer. FigUre 3-2 shows an example
trajectory. In this casekthe peak o0zone occurs in Rockdale Cqunty between 3
and 4 p.m. The parcel startsiat‘B a.m. ‘in Fulton County Befweeﬁ 8 a.m. and
4 p.m. are 8 hours, 1nd1ca£eé pn the straight- 11ne traJectory in Figure 3-2.
Each value on th1s Tine represe%ts the Tocation of the‘parce1 at lrthrough 8
hours. ’ | _

Duriné hour 1 (8-9 a.m.), the parcel is ehtikely in Fulton Ceuhty.
Emissions for 8-9 a.m. from Fulton County should be used in OZIPM4. During
the second hourkthe parcel moves into Dekalb County. Emissions for 9-10 (hour
2) should be averaged betweep Fulton and Deka]b Counties. Dur1ng hours 3
through 6 the parcel is en%1re1y in Dekalb County and em1ss1ons shou1d be
based upon Deka]b County. buﬁ1ng hour 7, the parcel’ crosses 1nto Rockdale
County. Em1ss10ns for hour 7 (2- 3 p.m. ) shou]d be averaged between Dekalb and
Rockdale counties. Em1ss1ons for hour é shou]d be from Rockda]e County.

In developing post-8 a.m. emission densities for EKMA, i? is necessary
to deterﬁine whether signifi?gnt_NO;point sources have effectivevstack
heights greater than the initial mixing height (usually 250 meterﬁ). If the
effective stack height is greater than the iﬁitial mixing height,ethe NO,

emissions from that source will not be contained within the mixed surface
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- layer during the first few hours of the OZIPM4 simulation. At sometime later
in the day, as the mixing height rises, these NO, emissions will be entrained
into the mixed surface layer. Sources which should be reviewed to determine
effective stack height include large industrial process boilers ;hd power
plant boi]ers. Only significant suurces of NO, (those greater than 5 percent
of the total NOk.émiésion {ﬁventory) should be reviewed to eétimafe effective
stack height. .

Each dﬁyris modeled to determine hour1y mixing heights.i The days_must
then be rerun adding in the tall stack NO, emissions. These emiséions §hou1d
be added to the hour (and only to that hour) where the mixing height first
equals or exceeds the effective stack height. | |

The recommended procédure for estimating effective stack heiéht is to
run PTPLU (EPA, 1982). This model requires stack height, stack gés
temperature, stack gas velocity, and inside stack diameter. The
meteorological conditions of interest are C stability and 5 m/s wind speed (af
10 meter heigh%). . . |

An alternative procedure 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 1if the NO, emissions are within the mixed
surface layer. Emission densities are required for NMOC, NOX, and CO.

3.2.4 Initial NO,/NO. '

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

(.1-.9) and that "median" ratios for individual cities may also vary
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significantly. Modeling analyses have indicated that EKMA-CB4 is not
sensitive to this ratio. Thus the default value of 0.25 should be used.
Recommended Procedure: A city-specific value for the nitrbgen dioxide

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

3.2.5 Qzone Transport _
‘The two possible mechanisms by which:ozone is'transbortedfjnto-an
urban érea‘are: . ' | | - ‘

1. AdQection of b;one along the earth’s su}face, and~

2. Advection of ozone aloft, typically at night and during ear1x~
morning hours above the ground-based mixed layer, with downward mixing when
the mixing Tayer increases 1a§er in the day. | \

0zone transported at the surface fs subject to surface reactions and
scavenging by other species [e.g., nitric oxide (NO)] emitted during the
night. As a result of nighttime atmospheric stapi]ity, ozone transported -
aloft does not come into contact wifh scavengers emitted during the .night.
Thus, overnight advection of ozone aloft is the more sigpificant mechanism of
tfansport from one urbaﬁ area to another (EPA, 1977; and Chan, et al, 1979).

Control strategies designed to attain and/or maintain the ozone standard '
in 1ndfv1dua1 urban areas must take into consideration the impact of
transportéd 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 NO,. Several field studies have shown

*Reca11 the discussion in Section 3.1, there are days when transport is
the predominant cause of observed 03. The recommendations in Section 3.2.6
apply for instances in which this i3 not the case.




ALTERNATIVE PROCEDURE FOR ESTIMATING
EFFECTIVE STACK HEIGHT

1. Estimate wind speed at stack height

.25 , . )
h - . . L
m/s ' ‘ T

>'u = 5.0

10 -

where: h is the physical stack height in meters

2. Estimate F (the flux parameter)

= 2
F=g VS d pT/4TS
where: g = 9.8 m/s2
Vo = stack gas velocity (m/s)
d = inner stack exit diametef (m)
DT = Tg - T (stack gas temperature-ambient air
témperature) K
T, = ambient air temperature ‘K (assume 297°K)

3. Estimate crossover temperature DT,

For F < 55 DT, = 0.0297 T¢ v 1/3/41/3

For F = 55 DT, = 0.00575 T v 2/3/q1/3
where: Tg = ambient temperature (°K)

Vg = stack gas velocity (m/s)
= stack exit diameter (m)
If DT < DT, Go to stepl4
If DT = DT, Go to step.5
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4. Estimate momentum plume rise

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

Dh = 3 d Vy/u
where: d = stack exit diameter (m)
Vy = stack gas velocity (m/s)
u =
Dh = plume rise (m)v‘,
Go to Step 6 |

5. Estimate buoyant plume rise

For F < 55
For F = 55

where:

Dh
F

u

plume rise {m)

flux parameter

Dh = 21.425 F-73/y
Dh = 38.71 F-%/u

.[from Step 2]

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

6. Estimate effective stack height »

where:

H

H

hg

Dh

i

hS + Dh

effective stack height (m)

physical stack height (m)

b]ume rise (m)
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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 pfévious 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 Tevels 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 area
along the surface for the given day. )

B. Present Transport.of Ozone Aloft

As noted above, it appears that unscavenged ozone,transbonted aloft
is Tikely to have a far greater impact than surface transport on maximum
afternoon ozone levels observed within or downwind from cities. Tﬁus,
estimates of ozone aloft .are needed for cont}b1 strategy deve]opmént'wﬁth
OZIPM4/EKMA. Techniques for estimating the 1evei of ozone transported aloft
have been the subjgct of two studies (Chan, et al, 1979; aﬁd Eaton, et al,
1979). Five different techniques, wﬁich weré considered to bg feésib1e,‘were
field tested in Philadelphia duriﬁg the summer of 1978 ZChan,,et al, 1979).
The five methods are: (1) use of fixed ground based stations; (2) use of
airborne measurements in a dedicated aircraft; (3) use of airborne
measurements with a poriab1e:instrument package; (4) u§e of free iift balloon
soundings; and (5) use of soundings by tethered balloon. Chan, et al (1979),
contains a detailed description of each of thesé techniques as well as a
discussion of the findings of the study. Qf the five measurement techniques

eya]uated, surface measurements at fixed sites, airborne measurements by

dedicated instrumented aircraft, and‘soundings by ozonesonde beneath a free
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balloon were judged to be practical means of providing information on ozone
:transported aloft. |

During the summers of 1985 aad 1986, méésuremehts of oione aloft were
made over six cities using aircraft. Cities involved in this analysis were:
Dallas, Texas; Tulsa, Oklahoma; At]anta, Georgia; Birmingham, Alabama;
bhi]ade1ph%a, Pennsylvania; and New Yofk, New York. Ninety percent of the
dzone aloft values from this sfudy fall between approximately 25 to 60 bpb.
[Baugues, 1987]. Thus, measurements at other sites shou]d‘be near this range.
For those cities located in the ROMNET domain, an alternative procedure is
being developed. Present and futuré aloft valués for NMOC, NOX, co and 03
will bé,based upon results from the ROMNET simulations. Exact procedures and
data bases will be available in mid-FY-90.

_ Recommended Procedure: In selecting this recommendation, consideration

has been given to such factors as technical capability and available funding,
and the intended use of the data. Ozone measurements taken 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 nocturnalinversion. An acoustic’
radar (sodar) can be used to determine the time of inversion breakup for the
day. If the time of the breakup.of the nocturnal radiative inversion is not
known, the 1000-1200 Local Civil Time average ozone concentration recorded at
the upwind monitor should be used as the transport estimate. A major
advantage of surface measurements is that it is the only method which provides
continuous measurements and, thus, assurance that measurements exist for days
or for times of day which are later determined to be of interest. The site(s)
should be located in as rural a location as possible so as not to be
appreciably affected by local sources of precursors. The distance such
upwind sites should be Tocated from a city depends on the extent of urban
development. Because it is desirable not to measure pollutants which are
recirculated from the city under review., a distance of 40 km or more upwind
from the urban core should be sufficient. This distance perhaps could be
reduced for smaller cities. Figure 3-3 depicts orientations for acceptable
upwind sites. : '

- Alternate Procedure: Information on the vertical distribution of ozone
transported above the surface layer in the early morning may be used directly
if it is available. Such information might include aircraft or free-1ift
ozonesonde measurements. The reader is referred to Chan, et al, 1979, for a
detailed discussion of these techniques. Use of an alternate procedure is
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subject to the approval of the EKMA contact person in the appropriate U. S.
EPA Regional Office. .

Missing Data: In the event that an estimate of transport is not
available for a given day being modeled, the median transport value from the
remaining days being modeled should be used as a default value. This procedure
applies to all the data gathering techniques described above: fixed site,
aircraft, and ozonesonde observations.

C. “Future Transport of Ozone
If controi programs are'imp1emented in upwind areag, ozone
transportéd into the city may be reduced. However, in most cases, the source
area and the level of future controls are not Tikely to be known to any degree
of certainty. o

Recommended Procedure: Because of the considerable uncertainty .in the _
Tocation and future control levels of the source area(s) for ozone transported
into the urbah area, the relationship depicted in Figure 3-4 is recommended
for estimating the future ozone transport level given the level of present
transport. The solid curve in Figure 3-4 was derived on the basis of changes
in VOC emissions which are projected assuming a national mix of source
categories; national estimates of projected. growth in stationary source
emissions and vehicle miles traveled; anticipated impact of applying :
reasonably available control technology to stationary sources and the impact
of the Federal Motor Vehicle Control Program on mobile sources; and
consideration of natural background levels. It was assumed that future ozone
levels would not exceed the NAAQS. The-solid curve is most appropriate for
use by cities subject to impacts from large upwind nonattainment areas. The
dashed curve is most appropriate for use when a city is isolated and not
impacted by large designated nonattainment areas. '

Future ozoné transport levels can be -computed by use of the following
equations: ) . 4

For areas wjth large designated nonattainment area upwind:
03 (future) = 0.7 * (03 (present) - 0.04) + 0.04

For isolated areas:

0y (future) = 0.9 * (O3 (present) - 0.04) + 0.04
Where:

03 (future) = future ozone transport Tevel (ppm)

03 (present) = present ozone transport level (ppm)
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Denotes upwind area

Figure 33 Examples of acceptable monitoring locations for estimating
- transported ozone. 28 .




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 Tevels should be obtained using the relationships shown in
Figure 3-4. t . - .

For those cities located 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 the ROMNET simulations. Exact procedures an
data bases will be available in mid-FY-90. :

3.2.6 Precursor Traﬁsgort
. Just as for ozone, precursor pollutants!cou1d be transﬁﬁrted in

both the surface Tayer and aloft. However, outside urban areas, the surface
Tayer is exbected to be very shallow. Thus, Tbng?range transport of.
precursors 1in the surface layer may not be siénificant. Traﬁsported precursor
concentrations tend to be substéntia]]y less than concentrationslwithin urban
areas (EPA, 1978). Recent meésurements of NMOC aloft over six cities
indicates that most NMOC aloft values fall within a range of 6-50 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 sét to 2 ppb (.Obz‘ppm). Surface levels of NMOC
and NO, for both present and future conditions should be set to zero.

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

future aloft values for NMOC, NOX, CO and O3 will be based upon results from
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the ROMNET simulations. Exact procedufes and data -bases will bejavailable 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 Organic Reactivity

A.  Surface NMOC

The fundamental concepts underlying the treatment of organic
reactivity in the CB¥4 mechanism wére described in Section 2.1. ‘As noted in
that section, the organic reactivity input that is required by 0ZIPM4 consists
of specifying a set of apportioning fﬁctors, or as they are more hommon1y
termed, carbon-fractions. Spefification of these fractions permits the 0ZIPM4
program to apport{on total NMOC concentration”fnto the individual carbon
groups--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 initia11y.and as a result of subséquent post-0800‘émissions.)

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

The recommended aﬁproach consists of using a set of default fractjons that
have been derived through analyses of available ambient organic species data,
and revjew of pertinent, scientific éxperimental results. The sepond,ﬁan
alternative approach, requires the analysis by gas.chrohatography (GC) of
individual organic species’ concentrations in ambient aif within thé city

under review. Typically, this latter approach requires a special field study.
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The recommended approach of using a default value rather than making a
city-specific determ1nat1on ar1ses pr1mar11y as a consequence of two factors.
First, the default values are est1mated to be representative of typical urban
react1v1ty“based on an analysis of ambient sampling results conducted in a
number of locales (Jeffries, 1987). Wh11é some city-to-city variations in
organic composition are to be expected, the defaﬁTt-recomméhdations should
adequately represent most United States cities (Jeffries, 1987). The second
| factor relates to the resource requireﬁents associated with the alternative
approach The cost of conduct1ng a spec1a1 ambient samp11ng program can be
substant1a1 |

Instead of using default va]hes, carbon-fractions can be computed from
GC analysis of ambient samples. Monitoring considerations in performing GC
sampling/analysis are discusged by Singh (1980) and EPA (1980), and will not
- be repeated here. However, it should be noted that GC ana]ys1s is not an
automated techn1que, and s 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 éomputé carbon-fractions. While it is
difficult to prescribe exactly the numbef of samples needed, enbugh should be
analyzed to ensure that representative, average carbon-fractions can be |
computed. Since thevqafbon-fractions will be used to apportion initial
concentrations and concentrations due to fresh emissions;‘thé most appropriate
sampling period is one priorltO'the onset of sigﬁificant photochemical
reaction. As with NMOC monitoring, samp]ing during the 6-9 a.m. time periqa

within the areé of maximum emission density (i.e., usually the center city) is
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generally recommended. Ambient samples for GC analysis should be collected by c
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 barts
per bi]]ionk(ppr) ig required. Where an individual peak~ganﬁot be identified
as a specific compound, it must be ana1yz§é to determine the carbbn numberugnd'
the class (paraffin, olefin, or aromatic)..‘k | .

Regardless of the technique emp]qyed in their derivgtion, the carbon-
fractions are used to apporfion total concentrations of 6rganic comppundg
which are based upon:ambient measurements; Of the two organic compound
monitoring techﬁiques [i.e., PDFID (preconcentratﬁon direcf flame ionization
detection) and GC], both rely on a £1ame 1oniz§tion detéctor;thatlis
relatively inefficient in responding to many oxygenated compoundsisuch as
aldehydes and ketones (i.e., thesé techniqués measure hydfocarbon$ only). SAI

“has estimated that, initially, total carbonyl compounds (i.e., thése including
aldehyde and ketones, as well as-some surrogate‘carbony1s) are’ about 5 pefceht
of total nonmefhane hydrocarbon concentrations (Killus and Whitteh, 1983).
Only‘about 1 percent of the total carbon that is measured can be classified in
the carBony1'group (i.e., surrogate carbonyls). Thé remainder of the

carbonyls (i.e., 5 percent of the nonmethane hydrocarbons that are measured)

is attributable to oxygenates that are not detected. Th; carbbn-Fractions
which wou]d'sum to 1.05 (or 105 percent) are then adjusted so that they total
only 1.00 or 100 percent. If ambient measurements of a1dehyde§ are available,
a city-specific determination of the carbonyl fra;tion Cﬂn be made. However,

these measurements tend to be complex, using techniques that are mostly
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conducted by research groups. As a consequence, carry1ng out a spec1a1
a]dehyde monitoring program cannot be rout1ne1y recommended.

Whenever city-specific est1mates are made by the techn1ques‘discussed
above, special care must be taken to ensure that the computed carbon-fractions
represent a realistic distribution of NMOC speciés.

Reactivities Of-NMOC'ih'nUmerOUS'cities have been_cbmputed‘based upoﬁ
Koy values. Koy values are rate constants which givg a measure of the
reactivfty of a class of‘compoﬁnds with OH radicals. The weighted sum of
these Koy values give an estimate of the overall reactivity of the NMOC mix.

- The Kpy value for an NMOC mix can be determined u51ng the following
equat1on
KOH = PAR * 1203 + ETH * 5824 + OLE * 20422 + ALD2 * 11833 + TOL * 1284 +

XYL * 4497 + FORM * 15000 .
Where: Koy is s the average Kgy value for the NMOC mix, PAR is the
o fraction of the mix cConsidered paraffin (based upon the CB-4
splits). .

A typical city is expected to have an average Ky value that falls
between 2700 and 3600 min 1. If the computed KOH va]ue, based upon a c1ty-
specific NMOC distribution, doeslnot fall within this range, the procéss of
determining the city-specific distribution should first be redone to check for
errors. If no errors are found, the defau]t'reactivity should be utilized.

Requests to use reagtiviiies other than the default must be reviewed and
approved by the'abproprfate Regional Office in cooperation with the Model

Clearinghouse.
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Recommended Procedure. The 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 = .089
) XYL = .117
ISOP =0
NR = .085

They should normally be used unless suffiéient 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 supplemental -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. - :

Caveat. If the alternative approach is used, the resultant reactivity
must fall within the range of 2700-3600 miﬁfl. 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 Tisted in the recommended procedure above is
preferable. )

B.  NMOC Aloft’

0ZIPM4 also rgguires carbon-fractions for the NMOC aloft. The
recommended approach is to use the default va]ue.pfovidéd. 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 ana]jsis is..

not recommended.
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For those cities located in the ROMNET domain, an alternative proceduﬁe
is béing developed. . Present and future aloft values for NMOC, NO,, CO and 03
will be based upon results from the ROMNET simulations. Exact procedures and
data bases‘wi11 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
ALD2 = .037
, FORM = .070
- TOL = .042
XYL = .026
IsOP = 0
= .273

NR.

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

temperatures allows reaétion rates to be increased or decreased accordﬁng to
the hourly temperature. If not specified, OZIPM4 uses a default temperature
of 303°K. The hourly Surface_temperatures to be utilized. in 0ZIPM4 should be

. from an urban metéoro]ogjca] séation. Tapes which provide comp}ete hourly

data are availabie 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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3.2.9 Water Vapor
Recent 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 re]atfve
humidity values and an ambient pressure level. Hourly values of relative
humidity can be found oﬁ meieoroiogical tapesfavai1ab1e from NOAA (in
Asheville, NC). '

Recommended Procedure. Hourly relative humidity values are recommended
for use in OZIPM4. . -

3.2.10 Biogenic Emission Estimates
OZIPM4 has recent]x been modified to contain an option to allow
inclusion of.biogenié emission rates. The inputs to OZIPM4 are eﬁission
estimates of the biogenics, typically broken out as: isoprene, aninené,
monoterpenes and unknownél The units for these values are kilograms per
. square ki1ométer per.hour (kg/kmz/hr). | |

The biogénic émission estimates are sensitive to several meteorological
parameters: air temperature, wind speed, relative humidity and cloud cover.
Therefore, biogenic emission estimates must be deveioped for each day modeled
and the values based upon day specific mefeoro1ogica1 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 provide day specific.meteoroTogicaf parameters.
This program should be availabie by mid-1990.

As with man-made emissions (Sectidn 3.2.3), emission rates should be

included for the county in which the straight line trajectory is over for each

hour.
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0ZIPM4 also requires initial values for biogenic species. All initial
values should be set to 0.0001 ppm_invthe gbsence of measured concentrations.
They should not be left at zero, as this may cause the program to "hang up“;
3.3 Predicting Peak Ozone
In one study, it was found that EKMA could y%e1d a lower control
estimate for a case whenKﬁeak ozone is underpredicted as compared to ohe in
"which peak ozone is more accurately predicted (Jeffries, et al, 1981). In
extreme cases of underprediction, a solution may not be poésib]e with EKMA.
- In a similar faéhion, a large overpredittion could lead to a control estimate
.that is higher than that obtained when good‘agreement is found. - As part of
fhe supp]ementai EKMA.éuidance issued. in December'of 1981, EPA addressed this

problem by recommending that prediétions of peak ozone be made, and

appropriate adjustments or combensations be made if poor agreement is found
" (Rhoads, 1981). In this section, the procedures for mak ing the predictions,
vcompéring‘them with 6bservations, and making appropriate adjustments are

! -

déscribed.

N 3.3.1 Procedures for'Makipq Ozone Predictions _ '
In Section 3.2, most of the OZIPM model inputs that are needed

either to predict peak ozone or to estimate VOC emission reductions were
discussed. In order to make predictions of peak ozone, one additional set of
model input variables is needed: the concentrations of NMOC, NO,, and CO that
are representative of the initial (i.e., 8 a.m.), urban éorerleve1s. These
moael‘inputs are the most critical for making predictions, and should be
estimated on a case-by-case basis. Because of tﬁe_mode] 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 resu1ts.’ Thes, 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 rout%ne]y taken in
the urban core,.but which represent neighborhood scale levels. The initial
concentrations are intended to represent the NMOC, NOX,'and CO that is |
initially present within the mixed 1ayer at the start of the model S1mu1at1on
(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 ﬁeighbofhood
sca]e values. If more thae one set of measuremerits are available from several
such monitors, then the 6-9 a.m. avefage concentration at each monitor should
be averaged io obtain an overall, urban eVerage NMOC, NO,, and CO

concentration. Algebraically, the above procedure can be expressed as

follows:
n J— —_— o
C(nmoc)o = 1.-31 ﬁnmocm_-g_ﬁ (3-4a)
N
and
noo— .
"~ Cvox)o = 1.21 _C_(NOx)s-g_1 l(3--{,b).
N
and
no— —
Ccoyo = Z | Ccoys-9 |, (3-4c)
i=] L— —j
” | |
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where

(CNMOC)o, (CNO Jo, ( CCO)o =initial concentrations of
NMOC NOX, and CO (in units of ppmeﬁ ppm, and ppm, respectively) input. to
OZIPM4 simulation

[(CNMOC)G 9]1, [(CNO )6-9]11 =the 6-9 a.m. average
[( CO)G- 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 = tota] number of collocated
monitorss for which day- spec1f1c NMOC and NO, measurements are available.

As noted above, the initial NMOC and N0 concentrations are derived from
day spec1f1c measurements of NMOC' and NO In some 1nstances, an NMOC
measturement may not be available for the day be1ng modeled. In such a case,
the initial NMOC concentration can be approximated by mak1ng use of the
median NMOC/NOX_rat1o (see Section 3.4.3) and a day-specific measurement of
NO, alone, provided it -is -available. The 1n1t1a1 NMOC concentration for use
with the OZIPM4 s1mu1at1on can be computed as the product of the median
NMOC/NO ratio and initial NOX concentration, or , _

(“mocyo = (“Noy)o (WMoc/NO,) T (3-5)
where h |

the initial NMOC concentration for
the 0ZIPM4 simulation, ppmC

(NMOC) o

(CNOX)o % the initial NO, concentration
‘ _ calculated by equation 3-4b, ppmC
(NMOC/NOX) = the median NMOC/NO, ratio as derived

according to the procedures outlined
in Section 3.4

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

-

one described in the preceding paregraph is preferable.

40




With the estimates of initial NMoc; NO,, and CO, -and the corresponding
day-specific inputs listed in Table 3-1, the CALCULATE éptipn of 0ZIPM4 may bé
used to perform a single model simulation. An example simulation and
additional information are contained in EPA, 1989. Thus, no additional

discussion'wi11 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 pf 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

The principal output of concern obtained with a CALCULATE
simulation is the predicted ozone. By ﬁymerical]y infegratiné the
differential equations describing ozone forhation processes (i.e., chemical"
reaction;.emissions, Qi]ptipn, etc.), instantaneﬁus conceﬁtratidns of ozone
are computed throughout the simulation period. From this computed pfofi1e of
instantaneogs‘ozone concentrations, the OZIPM4 program calculates the hour]y
average concentrations occurring during the model simulation. The predicted
ozone concentration phat occurs_at the fime of the observed peak is used in
the performance measure that is recommended to evaluate model performance.
This performance measure is the relative deviation of the prediction from the
observation, or '

DEV = Cg - C |
—L 2 . x 100 . (3-6)




where

deviation_of the model prediction from the

DEV = 0d

observation, percent
Cp = maximum 1-hour average predicted peak ozone, ppm
Co = observed peak ozone, ppm J

‘If'the ke]ativefdeviation 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 withrcontro1 estimate calculations. If the deviation is
‘outside the + 30 percent range, a combarison 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, if 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 adjustment to, key model inputs according_td the
discussion of Section 3.3.3 below is warranted. Ii should be noted that the
observed ozone peak (not the predicted)'is recommended for subsequent control
ca];u]ations.

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 0ZIPM4 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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3.3.3 Review and Adjustment to Model Inputs

If inadequate agreement between a model prediction and én observed
peak is found, review of the model inputs should be conducted; Thé objective
of fhis review is to investigate whether some modifications to key mode1
inputs can be Just1f1ed on some physical basis in order to 1mprovp the mode]
. predictions. This review shou]d focus on those model inputs that ‘most
critically affect predictions of peak ozone. Of ‘most 1mportance are the
initial NMOC, NOy, and CO concentrations; dilution; and post-0800‘emissions.
Adjustment of these inputs, within the uncertainties assoﬁiated with their
development, is warranted if improvéments in model predicfions can be madeb
Obviously, any errors that may have been made in their.derivation3sbou1d be
corrected as well. .

While specific recommendations in troub]e-shootiﬁg poor modef perform-
ance are difficult to make, some general guidelines can be made depend1ng on
the nature of, the problem, be 1t an underpred1ct1on or an overpred1ct1on If
some uncertainty exists with regard to the data from which they were derived,
then the inputs can be adjﬁsted within-that range of uncertainty. In general,
initial NMOC,‘NOX, and CO 1e§els 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 de1etgd if adequate justification is
available. For example, assume that an initial NMOC concentration had been
derived from 6-9 a.m. measurements taken at three monitoring sites. However,
the 6-9 a.m. concentration at one site (say site A) déviated substéntia]]y |
from the concentrations measured at the other two sites (say sites B and C).

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

1. Check inputs for errors (especially morning and afternoon mixing‘
heighfs and ozone a]ofi). | '

2. Increase the initial NMOC, NOX and CO concentrations by 15 percent.

3. Reduce afternoon mixing height by 200 meters. '

4. ‘Inéreasé original afternoon mﬁxing height by 200 metefs (may
improve situations where ozone aloft is high).

5. Inﬁrease morning mixing height-by 50 meters.

_A11 steps are cumulative, except for 3/4, where the step that improves .
the situation shoﬁ]d be iﬂc]uded with Step 5. Steps are to be followed in the
| order above, and carried out only until the deviation is within the =+ 30

percent ranée. Further adjustments shoy]d not be carried out t; reduce the
dgviation. .
|- | ' When changes are made to the morning mixing height, make sure that
E chgnges are reflected in all options. The fo11owing'options use the morning
,lmixing height: DILU (Dilution), MASS (Emissiﬁns), CRED (CO) and BIOG |

(Biogenics).

Guidelines for correcting a prob]ém of overprediction are similar in
concept to those for underprediction. The following steps shouid 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.

44




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

3. Increase afternoon mixing height by 200 meters.

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

5. Reduce mornihg mixing height by §O,meters.

The séme rules apply that weré described earlier for thé-hnderprediction
case. .

As noted -above, the model inputs that substantially affect model
predictions of peak ozone iﬁc]ude the inftia] NMOC, NOX, and CO
concentrations, and initial mixing height. The possibi]ity'exisﬁs that mass
balance techniques could be used to evajuate the appropriateness of a
particular set of initial concentrations and an initial mixing height. For -
examp1e,'one could test by means of a simplified béx model Whéther or not a
city’s emissions are sufficient to generate the measured initial
éoncentrations within a mixed layer corheSponding to the postulated initial
mixing height. While §uch an approach is intuitively appea]ing,_such
calculations may not be able to account properly for ventilation, and for
advection of poliutants from source éreas‘nearby the precursor monifors.
Nevertheless, it does provide one means of assessing the reasonab]eness of the
postulated model inputs.

Recommended Procedure. To improve agreement with abserved 0. 1eve1§,
model inputs can be varied within reasonable ranges if justification for doing
S0 can be cited. Specifically, the key model inputs are initial NMOC, NO.,
and CO concentrations, and mixing heights. Finally, model inputs should only
be adjusted within the range of reasonable uncertainty, and not Just selected
such that good agreement between the mode] 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 Computing VOC 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 isopleth diagrams. OZIPM4 performs the necessary calculations and
determines the VOC emission reduction. Several.variables are needed to
perform this célculatibn. "These include: “initial NMOC, {niiia1'NOX; initial
Co, NMOC/NOX ratio, maximum observed ozone, present and future levels of NMOC
aloft, NOx aloft, 03 aloft, and assumptibns regarding future 1eve1s of NO, and

0. Use of this optfon is discussed further in EPA, 1989.

3.4.1 Derivation of Empirical Data |
ATwo pieces of empirical dafa are needed for calculating control
requifements. The first is the maximum 1-hour average ozone ;ondentration
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 maxima. |
 The second piece of information needed is the NMOC/NOX ratio. This
ratio is derived from the 6-9 a.m. concentrafions of NMOCAand NO, within the

urban area. The ratio will be termed the design ratio. The procedures for

deriving both the daily site-specific ozone control values and the design
ratios are described below.

3.4.2 Daijly 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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Recommended Procedure: A dajly site-specific ozone maxima is obtained
for each site which is downwind of the city, and/or within the city in the
case of light 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). o " . o '

3.4.3 NMOC/NO, Ratios , _

The prevailing 6-9 a.m. LCT NMOC/NO,, ratio.measured in the urban
core of the city is the second piece of empirical data required. - The design
ratio is viewed as characteristic of the city which would preVai1 durihg the
rema{nder o% the morning and early afternoon in the;abSence of chemical
reactions. OZIPM4 expresses peak ozone concentrations as a funcﬁion of the
initial concentfation of NMOC and NO,. Thus, the 6-9 a.m. LCf NMOC/NOX'rafio
is considered to be the apprdpriate ratio for use in OZIPM4 since this ratio. -
is consistent with the conceptual basis of the model (Dimitriade$7 1977). To
ensure that representative ratios are obtained, the NMOC and NO, ﬁnstrumenfs
should be collocated in the central core of the urban area. The site(s)
should be Tocated in an area of relatively uniform emission dénsityAand'not
significantly influenced by any indi&idua] source. More detai1ed‘guidance on
siting NMOC instruments is contained in EPA, IQQQ,‘ Guidance on the operation
of NMOC instruments is available in EPA, 1985. |

Signifjcant 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 Tack of correlation
between the two ratio calculation procedures have not been resolved. As a

result, only ambient NMOC/NOX ratios should be used with EKMA since these
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fatios are consistent with the conceptual basis of the model and theAemfssion
ratios have been shown to be poor. surrogates for these ambient ratios.

NMOC data analyzed only with the PDFID (preconcentration direct flame .
1onization.detection) or GC (gas chromatograph) should be used with 0ZIPM4
(Rhoads,'19855.-‘Due‘to the 1arge'uﬁcertainty in low NOX vé]uesz any’day with
a‘6-9.a.m;‘NbX ébncentratioﬁtat or below 0.020:ppm'shou1d be exc1uaed Fréﬁ‘the
process of estimating NMOC/NOX ratios.

| The NMOC data are to be cd11ected during the season of peak ozone |
concentrétions (sdmmer). BeééuSe NMOC Epncentrationélare apf,to be relatively

high in central urban locations at those times of ‘the day (early morning) whénl

these measurements are required for use in EKMA more confidence can be placed
in the estimate. Because of the variability in individual NMOC feadings, the
NMOC/NOX ratio calculated for a single day is not recdmmended for use in city-
specific EKMA.' Considering instrument'reliabi]ity and model sensitivify; the
following procedure is recommended for calculating NMOC/NQ* ratios.

Recommended Procedure:

1. Individual NMOC/NO,, ratios at a site are calculated as the ratio of

. the 6-9 a.m. LCT average NMBC and NO, concentrations, i.e., the average of the
hourly concentrations for hours 6-7,77-8, and 8-9 LCT, respectively. Ratios
should not be calculated for any day with less than two valid hours for either
NMOC or NOX. :

2. If precursor measurements from more than one urban site are
available for the same day, all NMOC and NOX measurements should be averaged
for- the day. The NMOC/NOX ratio is then found by dividing the average NMOC
level by the average NOX value.

3. The peak ozone level for all days with NMOC/NO, ratios. is
determined. For isolated cities this is fairly straight?orward. A1l ozone
moriitors 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 shoulid be analyzed using procedures outlined in Meyer
and Baugues (1989).
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4.  Once-the Tocal ozone peaks have been determined for all days with
NMOC/NOx ratjos, 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/NOeratios are. shown in Table 3-2. -

3.5 Se1ection of the VOC Emission Reduction'Tarqet

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 oVera]T.VOC gmission
reduction target. in essence, this pfoéedure fs dictated by the form of the .
ozone NAAQS, and is identical to the method recommended in the March 1981
guidelines document (Gibson, 1981). In summary, a cbntfo] target is selected
for each site that permits, on average, one hourly-average concentration above
0.12 ppm per year. This corresponds to sélecting 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 esfimate for only 1 year.*

The overall control target is then chosen as the highest of the.sjte-specific'
éontro] estimates to ensure that the ozone standard is attained af all sites.

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

affect the pﬁocedure Jjust described is the consideration of mode1‘predictions

* A site is considered to have a valid year of data if valid daily maxima
exist for at Teast 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
1ikely. 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/NOXIRATIO

Example 1
‘ -7 Max NMOC/NO, ratio . ) a
Date Q3 (ppm) : Site 1 Rank NMOCZNOX 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 C .14 ' 14.0 4 - 7.5
8/5 .14 : 5.3 5 ' 8.4 R
8/8 .14 . 8.7 6 [ 8.7<---Median -
7/9 13 9.2 .7 ' '9.2" o
6/10 .13 6.7 8 9.5
7/11 .13 8.4 9 11.3
9/12 .13 , o 9.5 10 12.1
7/15 .13 * 12.1 11 14.0
Example 2
Max NMOC/NOX ratio
Date . 03_(ppm) Site 1 Rank NMOC NOX ratio
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
8/8 - 13 7.8 5 8.4
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
9/15 .12 8.8 10 12.3
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versus observations. Recall from Section 3.3.2 that a voé emission reduction
estimate should not be used when the model predicted peak ozone disagrees with
the observed peak by more than + 30‘percen£. This does not apply to days
which do not have day-specific measurement of NMOC and NO, . However, it has
been observed that substant1a1 underpred1ct1ons of base case, peak ozone may
"ead to control estimates wh1ch are too Tow (Jeffr1es et a] 1981)
‘Conversely, swgn1f1cant .overpredictions of base case, peak ozone may y1e1d
control estimates which are too h1gh Under some . c1rcumstances,'th1s flnd1ng
enables one to use contro1 est1mates for those days in which base case, peak
ozone is poorly pred1cted. To 111ustrate cons1der an example ' in wh1ch mode]
predictions and control estimates have been made for a s1te with 3 years of
ozone data (see Table 343) Note that for Day 1, peak ozone is substant1a11y
underpredicted, and the control est1mate is the highest of all days If any
improvements were made to pred1cted peak ozone, the control estimate for this
day would 1ikely be increased even more. Since the control eStjmate for Day 1
is already higher tkan the control target (i.e., 45 percent),‘aoy‘imprOVements
in model predictions would not affect the selectioo of the fina1 control
target. Thus, the kesu1ts from Day 1 can be used, even thoudh;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, again having no bearing on the
choice of the final control target. If the'mode1 prediction is poor, but
neither of the situations described above occur (i.e., overprediction and high

control estimate, or underprediction and low 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 Relativef Control Rank of
. : [ |
Day Ozone. ppm Ozone, ppm Deviation, % Estimate, % Control Estimates -

! )

1 0.27 0.18 -33 55° 0 0 .1 ! |
2 0.22 0.20 - . -9 . 47 3

3 0.20 - 0.22 410 ! 2 ,

4 0.18 0.18 o 45%% 4

5 0.15 0.21 +40 42 5

i predicted - observed ’ ‘
+  Deviation = observed X 100 | |

~** Control Target = fourth highest control estimate (for 3 years of data)
: . |

52




. 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 requ1rements 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- spec1f1c 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 reduct1on est1mate is
greater than the candidate site-specific estimate;
Lo
. (2) peak ozone is overpredicted and the VOC reduct1on estimate 1s Tower
. than the candidate site-specific estimate.

In the event that a day is e11m1nated the next 1owest peak at the site .

in question should be added for modeling.
|

3.5.2 Selection of a VOC Reduction Tarqet at Sites Subject to
Overwhelming Transport

A . |
- In Section 3.1, we noted that -some days initially selected may be

disearded (for modeling purposes), if shdyp to be subjectigo ?overwhe]ming
transport." Nevertheless, a demonstration that the local MSA wi]] attain\tae
NAAQS still needs to be made. " Once a day has been d1scarded For 1oca1

model ing analysis, a determination needs to be made concern1ng what MSA/CMSA
is most 1ikely responsible for the excluded observed daily max1mum. 'l
Procedures for doing this are suggested by Meyer and Baugues]21989). These
procedures require a review of all surface National Weather Eervice (NWS) wind
data within 100 miles of the monitoring site plus any special siudy surface

- wind data collected at properiy exposed sites (EPA, 1986). In genera1, if the
wind data suggest an air parcel located at the monitor at the time of tﬁe

observed maxima may have been within an upwind MSA/CMSA between 8 a.m. to
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noon, that upwind CMSA/MSA may be instrumental in causing the observed daily
max imum. -If the discarded day for the‘1ocaj 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 inc]uded in the upwind CMSA/MSA’s
mode]ing analysis. If a d1scarded daily maxima is 1nc1uded in an upwind
k MSA/CMSA'S analysis, it may be 1gnored in- the local atta1nment demonstrat1on
In some cases, however, it may not be possible to identify the upwind
CMSA/MSA most 1ikely responsible for an obseLved daily maximum ozone
concentration. . If this happens, the event 1s referred to as an "1rreduc1b]e :
exceedance." Presence .of 'one or more 1rred%c1b1e exceedances at a mon1tor1ng,l
site has the effect of raising the local VOC control target needed to meet the
NAAQS at that site. For examp1e,‘tﬁe sitejspecific cohtroi requ{rement at a
site with three va]idryeare of data would become the third (rather than the
fourth)-highest-contro] estimate if there weré one “irreducib]e'exceedance" at
the sife If the particular site—sbecific‘cbntro] requirement were the
highest amongst all the SiteS assigned £o the 1oca1 MSA the Tocal MSA’s

overall VOC reduction target would be shwﬂ]ar]y effected
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APPENDIX A

LISTING OF CB-4 MECHANISM
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TABLE A-1. CB-4 MECHANISM

Reaction
NOZ -->N0O+ 0
0 --> 03

03 + NGO ~-> N02
0 + N02 --> NO
0 + N02 -—> N03
0 + NO --> NOZ
NOy + O3 --> NOg

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

01D + Hn0 --> 20H

03 + OH --> HO,

03 + H02 --> 0OH

NO3 --> 0.89 NO, + 0.89 0 + 0.11 NO
NO3 +:NO --> 2 NO,

NO3 + NOp --> NO, + NO
N03 + NOZ --> N205

N205 + Hzo -->2 HN03
NZOS -=> NO3 + N02

NO + NO --> 2 NO,

NO + NOZ + Hzo --> 2 HNOZ

A-2

Rate Constant ' Activation
at_§98-K_1 ‘ Energy
{ppm " min_ ") (K)
1.0 | 0
©4.323 x 108 - 1175
26.64 1370
1.375 x 10% 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 1078 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.
37.
38.
39.
40.
41.
42.
43,

NO +
HNOZ

-0OH +

HNO,

TABLE A-1.

Reaction
OH --> HNO,
--> NO + OH
HNOZ --> NO,
+ HNO, _->.NO + NO,

NOZ + OH --> HN03

OH +

HNO3 --> NOg

HO, + NO --> OH + NO,

HO, + NO, --> PNA

‘PNA f‘> H02 + N02

OH +

PNA --> NO,

HOZ + H02 --> H202

H02 + H02 + H20 -=> H202

H20,
OH +
OH +

" FORM

FORM
FORM
FORM
FORM

“ALD2

ALD2

--> 2 0OH
co --> H02 .
+ OH --> HOZ + CO

=-> 2 HO, + CO

--> C0

+ 0 -->0H + HO, + CO

+ NOg --> HNO3 + H,0 + €O
+ 0 --> Cy03 + OH

+ OH --> C,04

CB-4 MECHANISM (CONTINUED)

Rate Constant

Activation
‘at 298 K Energy
{ppm”~_min~) (K)
9799 - 806
.1975 0
9770 0
1.5 x 1079 0
1.682 x 10% - 713
217.9 - 1000
1.227 x 104 - 240
2025 - 749
5,115 '1.012 x 10%
6833 - 380
4144. -. 1150
.2181 - 5800
.189 0o
2520 187
322 0
1.5 x 10% 0
1.0 0
1.0 0
237 1550
0.93 0
636 986
2.4 x 104 - 250




TABLE A-1. CB-4 MECHANISM (CONTINUED)
( Rate Constant = Activation
o at i98 K 1 Energy
Reaction ~ {pom”_~ min_") (CK)
44. ALD2 + NO3 --> C,05 + HNOS 3.7 0
45. ALD2 --> FORM + 2HO, + CO + X0, , 1.0 N
46. Cx03 + NO --> FORM + NO, + HO, + X0, . 1.831 x 104 - 250
47. C,05 + NO, --> PAN .- 1.223 x 10% - 5500
48. PAN --> C,05 + NO, ’ .0222 1.4 x 104
49. C,03 + C,05 --> 2 FORM + 2X0, + 2H0, 3700 0
50. Cy03 + Hp0 --> 0.79 FORM + 0.79 X05 + 9600 L0
0.79 HO, + 0.79 OH |
51. OH --> FORM + X0, + HO, - 21 | 1710
52. PAR + OH --> 0.87 X0, + 0.13 OX,N + 1203 0
0.11 HO, + 0.11 ALD2 -
0.11 PAR + 0.76 ROR
53. ROR --> 0.96 X0, + 1.1 ALDZ + 0.94 HO, - 1.371 x 105 8000 -
2.1 PAR £ 0.04 XO,N + 0.02 ROR -
54. ROR --> HO, ‘ o 9.544 x 10% 0
55. ROR + NOp --> 2.2 x 10f 0
56. 0 + OLE --> 0.63 ALD2 + 0.38 HO, + 5920 - 324
0.28 X0, + 0.3 CO +°
0.2 FORM + 0.02 XO,N +
0.22 PAR + 0.2 OH
57. OH + OLE --> FORM + ALDZ - PAR + X0, 4.2 x 10 - - 504
' 58. 0O + OLE --> 0.5 ALD2 + 0.74 FORM + ©.018 | 2105
0.22 X0, + 0.1 OH + o |
0.33 CO“+ 0.44 HO, - PAR
59. NO3 + OLE --> 0.91 X0, + FORM + 11.35 0
0.09 XO5N + ALD2 + |
NO, - PAR

A-4




60.
61.

62.
63.

64.

65.
66.

67.
68.
69.
70.

71.
72.

73.
74.

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

Reaction

0.+ ETH --> FORM + 1.7 HO, + CO +
0.7 X0p + 0.30 H

OH + ETH --> X0, + 1.56 FORM +

0.22 ALD2 + HO,

03,+:ETH --> FORM + 0.42 CO + 0.13 HO,

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

T0, + NO---> 0.9 NO, + 0.9 HO, +
0.9 OPEN .

T0, --> CRES + HO,

OH + CRES --> 0.4 CRO + 0.6 X0, +
' 0.6 HO» + 0.3 OPEN

| CRES £ NOg --> CRO + HNO
"CRO + NO, -->

OPEN --> C,05 + HO, + CO

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

OPEN + O3 --> 0.3 ALDZ + 0.62 C,05 +

0.7 FORM + 0.3 X05 ¥
0.69 CO + 0.8 OH ¥
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 TOZ

OH + MGLY --> X0, + C,03
MGLY --> C,05 + HO, + CO

Rate Congtant Activation
at 298 K 1 Energy

{ppm™* min~*) ( K)
1080 792
1.192 x 10 - 411
2.702 x 1073 2633
9150 - 322
1.2 x 104 0
250 _ 0
6.1 x 10* 0
3.25 x 104 0
2 x 10% 0
8.4 0
4.4 x 104 0
0.015 500
3.62 x 104 - 116
2.6 x 104 0
8.96 0




75.

76.

77.°

78.
79.
80.
81.
82.

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

Reaction
0 + ISOP --> 0.6 HO, + 0.8 ALD2
+ 0.55 OEE +.0.5 XOZ
+ 0.5 CO + 0.45 ETH
+ 0.9 PAR

OH + ISOP --> X0, + FORM + 0.67 HO
+ 0.I3 XO,N + ETH +

0.4 MGL%
0.2 ALD2

03 + ISOP --> FORM + 0.4 ALD2 +
0.55 ETH + 0.2 MGLY +
0.1 PAR + 0.06 CO +
0.44 H02 + 0.1 OH

N03 + ISOP --> X02 N

X0p + NO --> NO,

X0oN + NO -->
XO2 + on -——D
NR --> NR

. A-6

+ 0.2 C203 +.

EY

Rate Congtant = Activation
at 298 K 1. Energy
{ppm " min~*) (K)
2.7 x 104 0
1.42 x 10° 0
.018
470 | 0
1.2 x 104
1000 0
2000 - 1300
1




. 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 Sectibn 3.2.2, the input variables required for
OZIPM4 include: the miking height at 0800 LCT,_the maximﬁm mixing height, the _.
time at which the mixing‘ﬁeight begins to rise if it étarfs to rise after 0800
LCT, and the time at which the mixing hefght reaches its maximum. The rate of
rise is computéd internally by 0ZIPM4.

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‘inétead of ng data. If neither of'the above two sets‘of
measurements can be used, then thg use of 250 m for the 0800 LCT mixing height
and the c]imato]ogica1 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 soundings are taken b& the NWS at sites throughouf the
United States. ,Soundings are usually taken every 12 hours at 1200 and 0000
Greenwich Mean Time (GMT), éorresponding to 6800 and 2000 Eastefn Daylight
Time, respectively. Therefore, to estimate daily mixing heights (1), a NWS

site must be selected which is representative of the city of interest,
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(2) abprOpriate sounding data and urban surface data must be obtained, and (3)

- these data must be used to compute the morning and

maximum mixing heights. FEach of these steps is discussed below.

B.1.1 Site Selection

In selecting a NWS site as the basis for mixing he1ght est1mat1on,

care should be taken to ensure that the site is meteoro]og1ca11y
representative of the city of interest. . Table B-1 contains recommended
éites for a number'of cities. Backup sites are listed for those cases in
which rad1osonde data may not be available for a ngen day, or 1f the

site has significantly different meteoro]og1ca1 cond1t1ons Examp1es of
the Tatter are the case in which a surface front 1ies between the sound%ng

site and the city or the city is clear but cloudiness or precipitation

occurs at the sounding site.

B.1.2 Se1ection of Day .Specific Data

The daily morning mixing height for the model is normaliy est1mated

using the 1200 GMT (0800 EDT) sounding, wh11e.the max imum m1x1ng height

" is estimated using the 0000 GMT (2000 EDT) sounding. In some cases,

these soundings may not be available or appropr1ate and alternate approaches
will be necessary. Table B-2 summarizes the order of preference in
selecting the radiosondes for est1mat1ng the daily mixing he1ghts The

actual data may be obtained from the National Climatic Center (NCC). x|

Nat1ona] Climatic Center, Federal Building, Asheville, NC 28801
Telephone: (704) 258- 2850, x203
Please allow about 4 weeks for NCC to fill an order.
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City

Allentown, PA
Baltimore, MD
Boston, MA
Bridgeport, CT
Chicago, IL/IN
Cincinnati, OH/KY
Cleveland, OH
Jayton, OH
Jenver, CO
Jetroit, MI
“resno, CA
{artford, CT
Jfouston, tX
.ndianapolis, IN
.0s Angeles, CA
.ouisville, KY/IN
lilwaukee, WI
iahsville, TN
lew Haven, CT
ew York, NY/NJ
‘hladelphia, PA/NJ
‘hoenix, AZ :
ittsburg, PA
ortland, OR
rovidence, RO

ichmond, VA

acramento, CA

t. Louis, MO/IL
alt Lake City, UT
an Bernardino, CA
an Diego, CA

an Francisco, CA

cranton, PA

sattle, WA
ringfield, MA
~enton, NJ

TABLE B-1.

NWS RADIOSONDE STATIONS

Climatological
Mixing Heights

B-4

(m AGL)
Primary Backup(s) MAX
- NYC, NY; At1 City, NJ Albany, NY; Dullas AP, VA 1825
"Dulles AP, VA Wallops Is., VA; At1 City, NJ 1825
Portiand, ME Albany, NY; Chatham, MA 1375
NYC, NY; At1 City, NJ Albany, NY , 1500 -
Peoria, IL ' Green Bay, WI 1575
Dayton, OH Huntington, WV 1650
Dayton, OH Buffalo, NY 1650
*Dayton, OH Huntington, WV 1661
*Denver, CO Grand Junction, CO 3358
Flint, MI Dayton, OH 1700
Oakland, CA Vandenberg AFB, CA , 2000
Albany, NY NYC, NY; At1 City, NJ 1500
Victoria, TX Lake Charles, LA 1525
Dayton, OH ,  Peoria, IL; Salem, IL 1600
Vandenberg AFB, CA San Diego, CA 603
Dayton, OH Nashville, TN 1700
Green Bay, WI Peoria, IL 1575
*Nashville, TN Jackson, AL 1845
NYC, NY; Atl1 City; NJ Albany, NY 1450
*NYC, NY; Atl1 City, NJ Albany, NY 1512
NYC, NY; Atl City, NJ Dulles AP, VA 1700
Tucson, AZ Winslow, AZ 3250
*Pittsburgh, PA . Dayton, OH; Dulles AP, A 1794
Salem, OR Medford, OR; Quilayute, WA =~ 1575
New York, NY Albany, NY; Chatham, MA; 1350
Atl City, NJ
Dulles AP, VA Greensboro, NC; 1725
Wallops Is., VA
Oakland, CA Vandenberg AFB, CA 1600
Salem, IL Peoria, IL; Monette, MO 1625
_*Salt Lake City, NT Grand Junction, CO | 3673
San Diego, CA Vandenberg AFB, CA . 1200
*San Diego, CA Vandenberg AFB, CA 564.
Oakland, CA Vandenberg AFB, CA 625
NYC, NY; At1 City, NJ Albany, NY; Atl City, NJ 1850
Dulles AP, VA
Quilayute, WA Salem, OR 1398
Albany, NJ . NYC, NY; At1 City, NJ 1600
NYC, NY; At City, NJ  Dulles AP, VA | 1700




TABLE B-1 (CONTINUED)

Climatological
Mixing Heights

(m AGL)
City Primary Backup(s) : MAX
entura-Oxnard, CA Vandenberg AFB, CA San Diego, CA .610
ashington, DC/MD/VA *Dulles AP, VA : Wallops Is., VA S ‘ 1884
ilmington, DE Dulles AP, 'VA; Wallops Is., VA; - :
At1 City, NJ New York, NY 1700
rcester, MA Albany, NY o Portland, ME;
: 5 Chatham, MA : 1500
yungstown, OH Pittsburg, PA Buffalo, NY; = .
. : . Dayton, OH ? 1700

his -station should be used unless the data are missing for all the times 1isted

Table A-2. However, if a fronta] passage occurs between the time of maximum
one ‘and the time of the launch of the 0000 GMT sounding (normally about 2300
T), the 1200 GMT sounding from that site should be used. _

TE:  The NYC, NY radiosonde station was replaced by Atlantic City, NJ on September 2, 1380.




TABLE B-2. PREFERENTIAL ORDER OF DATA SELECTION

Morning Mixing Height Estimate

1. 1200 GMT Sounding at Primary Site

2. OGOO'GMT.Souhding at Primary Sitex

3. 1200 GMT Sounding at Backup Site
4. 0600 GMT Sounding at Backup Site*

Maximum Mixing Height Estimate

0000 GMT Sounding at Primary Site
1800 GMT Sounding at Primary Site*
1200 GMT Sounding at' Primary Site

1

2

3

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 ava11ab1e in
some instances.




In additioh to the sounding data, surface temperature and pressurerdata
are also needed for each day modeled. The urban_surface temperature at 0800
LCf (or the average temperature betmeen 0800-0900 LCT) and the maximum
temperature occurring prior to 1800 LCT are needed to estimate the morning and
max imum-mixing height, respect%ve]y.. The surfacevtemperature data should be,
measured to'the nearest 0.1° C-at a well ventj1ated site (EPA, 1986). The
site should be Tocated near the center of the urban area. Surface atmospher1c
pressure measurements are needed at the same time and location of the urban
surface temperature measurements, if at all poss1b7e If these measurements
are not ava11ab1e, a local NWS orIFedera1 Aviation Administration weather
report1ng station’s barometer read1ng may be used. _

If the elevation of the pressure reading and the urban temperature site
are d1fferent an adJustment should be made to the pressure measurement using

equation (3)

Psfc = Pobs '+ [-11mb/m x (Zops - Zgpc)l (3)
where

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

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

Pops = the pressure, in millibars, at Z obs

ngc = the pressure, in millibars,. at the urban

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

sea level is used.
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The value of Psfc from equation (3) is an approximate value and ¢;n 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 oﬁtlined in Table B-3. The procedures in Téb]é B-3 are
designed for use with the worksheét displayed ih Table B-4. Figuré‘B-l |
contains akf1ow diaéram of the process. The pfocedukes use the mandatory and
significant pressure levels reported for each soundihg (Table B-5). The sfeps
Tead to determinaﬁion of the height ét which the.adiabatic Tapse rate
(extended from the surface temperature and.pressure) 1ntersects1the vertical
temperature proFiTe).a:(For background informatfon, the reader isjrefe}red to
Wanta and Lowry, 1976; HeWson,‘lQ?G; and STade, 1968). An example problem is
presented in Section B.4. - |

In some instances, the mixing heights estimated by this procgdure may
not be representative. If the 0800 LCT mdrning mixing height is estimated to
be less than 250 meters, then a value of 250 meters should be used. This
assumed minimum va1ﬁe for the 0800 LCT mixing height accounts for the effects
of mixing due to mecha%ica] turbulence caused by increased sﬁfface roughness
in the urban area (Godowitch, et al, 1979; and Bentley and Schulman, 1979).
Similarly, if the city’s maximum_mixiﬁg height fs greater than twice the
climatological maximum value (e.g., see Table B-1), the surface temperature
and pressure useg and the choice of sounding site should be checked for
representativeness using the guidelines in B.1.1 and B.1.2 above. If no
backup data are avai]abie, 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 Tisted (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 Tabled 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 Psfc)s 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 Torc( K).

Use Equation 1 below and the values Just entered to calculate the
potential temperature at the sur'faceo(osfC in K to the nearest 0.1°K) and
enter this value under column six "(°K)>*" : :

- -0.286 -
(in "K) = Tege (in °K) P.g._(in mb) _ (1)
sfe sfe 54500 mb

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

"(2)" on Table B-4.

**For 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 level" needed in Step 4.

B-9




TABLE B-3 (CONTINUED)

Step 3 -- Convert the temperature at this level 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 (Tp in K) at this Tevel in
Equation 2 below: o

-0.286

p (in °K) = Tp (in °K)  P_{in mb) (2)
. ‘ 1000 mb

Enter the value of P found from Equation (2) into the same row unﬁer the
column labeled "(K)-." :

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 lowest 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 Tevels 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 6. If one of the levels does not
have a height value, use 1inear interpolation to find the pressure value for
the potential temperature vaiue c + 0.1 K. Enter this pressure into the row
marked "MIXING HEIGHT" at the bo%tom of Table B-4 under the columpn "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 linear interpolation to find the
height (in meters ASL) at the value ¢, + 0.1 K (i.e., the potential
temperature at the mixing height). Enfer the value found by 1inear '
interpolation into the row labeled "MIXING HEIGHT" under the column "HEIGHT
(mASL)" and proceed to Step 8. , o :

Step 7 -- Use Tinear interpolation to find the height above sea level of
the mixing height using the pressure at the mixing height (found in 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 limited
ranges used above.
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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: . _ i
LOCATIONHOF URBAN SURFACE AREA (IF DIFFERENT THAN ABOVE)
1 2 3 4 5 6 7
CLEVEL HEIGHT | PRESSURE | TEMP. | TEMP. .| REMARKS
:  (mASL) " (mb) £ C) ( K) (K)
Urban | 3 <omop
Surface ' . sfe
Data ' (1)
(2)
osfc + 0.1°K | PRESSURE | HEIGHT Height HEIGHT USED IN
(°K) (mb) (mASL) (MAGL) | MODEL (mAGL)
MIXING
HEIGHT
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. <

@ - =TER URBAN SURFACE DATA
INTO TABLE A=,
- CONVERT SURFACE TEMPERATURE
O °X, ‘
-FIND 6_, USING EQUATION (1).

w
- ON TABLEA-y LIST DATA FROM
SOUNDING FROM THE FIRST PRESSURE
LEVEL ABOVE TEE URBAN SURFACE LEVEL. }

N | TENTIAL TEMPERATURE (8;) FOR
THE LEVEL JUST ENTERED. |

-~ ENTER NEXT PRESSURE
LEVEL INTO TABLE A-%,

- ARE THE

i "HEIGHT YALUES GIVEN TES \
OR THE LAST TWO ROWS 4
ERTERED INTO
) TABLE A-4%
- « USZ LINEAR INTERPOLATION . {
' | TO FIND TEE PRESSURE AT USE LINEAR INTER
e R - J - -.
aixing heigh POLATION TO FIND THE
. . . HEIGHET (mASL) AT
' @ ) -em:i.xi'ng height.
) - FIND TEE EEIGET (mASL) OF
OF THEE MIXING HEIGHT EBY ]
LINEAR INTERPOLATION FROM
] TEE PRESSURE AT THE MIXING : Y
EEIGHT.

| T ¢

@- TDND THE HEIGET ABOVE IEE
URBAR AREA (mAGL) OF TEE MIX-
ING HEIGET -(TELS GIVES TEE
ANSWER) .

;1gure:B.1, Flow Chart for Table B-3. Numpers in circles are step numbers in Table E.-s.
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TABLE B-5. SURFACE AND SOUNDING DATA
Hour Starting at, LCT Temperature °C . Pressure, mb
3 8 23.2 1010.3
: 9 ‘ 23.9 1010.7
10 25.8 1010.8
11 27.3 1010.6
12 28.7 1010.3
13 29.3 1010.0
14 e 30.1. - 1009.6
15 ) , 30.4 ’ 1009.2
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
c{mb) (m.ASL) (C) ‘ __(mb) - (m ASL) ( C)
‘ S 1015 boo8% . 1, 23.0 e 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 -=- 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 L --- 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 . om-- - 9.3 M 400 7560 -18.9 -
S 453 R -12.7 S 371 --- -21.7
S 438 . --- -13.9 M 300 9650 .-33.1
M 400 7560 - -18.7 S 265 --- -39.9
S 388 . --- -20.1 M 250 10900 -42.9
S 349 S -26.3 S 205 --- -52.9
S 324 --- -29.7 M 200 12370 -53.3
M 300 9640 - -33. M 150 14190 -61.1
- § 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. 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 levels
are needed.
The 0000 GMT sounding is the following day in GMT.
*The Towest level of the sounding should not be used in the mixing

"~ height calculations.
? ' B-13
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mixing height, or less than one-third the climatological 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

_azsurfacebésed stable layer, an adjustméent to. the progedures outlined in Table

B-3 can be emp]pyed. Replace the "Urban Surface Data" with the fo]Towing data
from the sounding site: (1) the maximum temperature, (2) the estimated or
obseryedtsurface preésure at the time-of maximum temperature, and (3) the
height of the sounding §urface 1eve1; Then compute the mixing 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 height may be used to increase

the representativeness 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, énd‘c1ose to the

time of the climatological maximum surface temperature. It is not récommended
that these measurements be taken specifically for the 0ZIPM4/EKMA techniques;
however, they may be employed if available. Examples are discussed below.

1. Local brban 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 NWS 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

sﬁhndipgs. The urban site surface tgmperétdre and pressure should be used as

the URBAN SURFACE DATA. o v
3. Sodar -- (also known as Acoustic Radar) the mixing height found by

sodar (in mAGL) can be used directly in the model.

. NOTE: Regardless of the procedure applied, the 1imitations 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 available, 250 m should be used for the 0800
:LCT mixing height and the city-specific climatological mean Qa?ue may be used
for the maximum mixing height. Table B-1 lists represeﬁtative values for
several cities, and Holzworth, 1972, contains ihformafibn for the contiguous
“United States. If Holzworth is used, values for éummer, nonprecipitation days
§hou1d 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
problém 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.

B-16




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 : - : o
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 R

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

sfc = 296.4°K | 1010.3 mb

1000 mb

e PSS |

0 = 295.5°K

sfc

STEP 2 - Enter 139., 1000., and 23.0 into row. (2) of Table B-6A

. ) B-17




STEP 3 - 23.0 + 273.2 ="296.2°K

Using Equation (2):

0p = 296.2 K.

1000 mb

—__-0.286

P

1000 mb

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

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

Since Op 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 E]evatibn: (of sounding) mASL

‘Location of’SoUnding: Name ‘of Sounding. Site v

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

1 2 3 4 5 6 7

LEVEL. HEIGHT PRESSURE 'TEMP TEMP. o REMARKS
(mASL) (mb) (°c) ( K) ( K)
Urban . ' - <--sfc
Surface 62 1010.3 23.2 296.4 295.5
Data (1) -]
' : 1 level is
(2) 139 1000. 23.0 296.2 '296.2 higher thag
: . . ofc + 0.1 K

Ocfc £ 0.1 K [ PRESSURE | HEIGHT Height |HEIGHT USED IN
( K) (mb) (mASL) (mAGL) | MODEL (mAGL)

MIXING ' 295.6 --- 0 0 250
HEIGHT . 4 , -
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TABLE B-7. MAXIMUM MIXING HEIGHT DETERMINATION

Example from Table B-5:

08 LCT- temperature = 23.2°C .
Maximum temperature = 31.4 C at 17 LCT
08 LCT pressure = 1010.3 mb
17 LCT pressure = 1008.6 mb
Time of morning mixing height
Time of maximum mixing height

0800 LCT
1700 LCT

Problem:

Find the maximum 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-7A. The elevation of the urban site is 62 mASL.

Solution:
STEP 1 :
Enter 62, 1008.6, and 31.4 into row (1) of Table B-7A (Uﬁban
Surface Data)
* Temp (°C) = 31.4°C . . o
Converted to K = 31.4 + 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
ofc = 304.6°K 1000 mb
1000 mb
sfc = 303.9
STEP 2

Enter 114., 1000., and 30.6 into Table B-7A.
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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. o '

STEP 3 - 16.4°C = 273.2 = 289.6°K
. Using Equation (2)

—-0.286

289.6°K 850 mb

1000 mb

it

p = 303.4°K

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

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

‘ __-0.286

B

- 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 . . . .
sfc + 0.1°K = 303.9°K = 0.1°K = 304.0°K

Using Tinear interpolation from temperature (0) to
pressure since a h1ghest va]ue is not given For the 831
mb pressure level: . i

0 (CK) . Pressure (mb)
303.4 | 850

304.0 P mixing height
304.3 831

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

= 831 - (19 mb)(-0.3°K)
0.9°K

= 837.3 mb

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

STEP 7 ‘ :
Use Tinear interpolation to find the height above sea

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

Pressure (mb)Height (mASL)

8501537.
8377 mixing ‘height
7003164.

1537 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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‘Date:
City:

Time of Sounding:

TABLE B-7A EXAMPLE (HYPOTHETICAL DATA)

Time of Mixing Height for Input Into Model: 1700 EDT

Sounding Method:

NWS

LCT. Surface Elevation:

Location of Sounding: Name of Sounding Site

LOCATION OF URBAN SURFACE AREA (IF DIFFERENT THAN ABOVE)

8. mASL

1 2 3 4 5 6 7
LEVEL HEIGHT PRESSURE TEMP. TEMP. . REMARKS,
(mASL) (mb) (C) ( K) (K |
Urban ‘ <--sfe
Surface 62 1008.6 31.4 304.6 303.9. ‘
Data (1)
‘ . Mﬁxing height
(2) 114 1000. 30.6 303.8 303.8 | is between
these two
1537 850. 16.4 289.6 303.4 | levels at
= 304.0 K
--- 831. 15.4 . 288.6 304.3
3164 700 - - —-= |Needed to
-tprovide upper
height value
for interpola-
k tion
k
0 c t 0.1°K. | PRESSURE | HEIGHT Height HEIGHT USED IN
( K) (mb) ~(mASL) (mAGL) MODEL (mAGL)
MIXING
" HEIGHT 304.0 83(° 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 conceﬁfrations of individua] organié-specieg, which must
then be grouped according to the CB-4 organic reactivity classes. In order to
keep the computations ﬁe]ative]y simple for i]]ustrative‘purposes, |
hypothetical examples are discussed. For more detailed discussion, the reader
is referred to EPA,’ 1989.

At the heart of theicbmputapiona1 procedure'is the defin{tion of how
individual species should be cétegorized according to carbon bond type.
Definitions for nﬁmerous individual species énd are listed {n Table C-1.

These definitions, or species profiles, give the number of bond types found in
each CB-4 category. Using this information, along with the carbon numbers
shown in Table 2-1, it is possible to compute concentrations of indiyidual
carbon bond ciasses, and then determine percentages of carbon in each class.
These computations will be illustrated by the examples in Tables C-2 and C—3,‘
respective]y. D

Table C-2 presents example calculations for a hypothetica]rexamp1e. The
individyal species that might be detected by GC analysis are shown in the left
hand. column, 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  SPECIES PROFILES. BY BOND GROUPS FOR CB-4

CONPOUND HANE PAR OLE ETH TOL XYL FORH ALD2 ISOP R
1,1,1-TRICHLOROETHANE ’ 2.0
1,1,2-TRICHLOROETHANE , 2.0
1,2,3,4-TETRANETHYLBENTENE 20 . 1.0
1,2,3,5-TETRANETHYLBENZEHE 2.0 1.0
1,2,3-TRIMETHYLBENZENE 1.0 K
1,2,4,5-TETRANETHYLDENZENE 2.0 1.0
1,2,4-TRIKETHYLBENZENE 1.0 " 1.0

1,2-DIETHYLBENZENE 2.0 R

1, 2-DINETHYL-3-ETHYLBENZENE 2.0- B W
1,2-DIMETHYL-4-ETHYLBENTENE 2.0 ' 1.0

1,3, 5-TRINETHYLBENZENE R . 1.0

1,3-BUTADIENE 2.0

1,3-DIETHYLRENTENE 2.0 ) 1.0

1,4-BUTAREBIOL 4.0

1,4-DIETHYLBENZENE 2.0 1.0

1-BUTENE 20 10 . :

1-BUTYHE 3.0 . 1.0
1-CHLOROBUTANE 80 ‘ .
1-DECENE 5.0 1.0

1-ETHOXY-2-PROPANOL 3.0 1.0
1-HEPTENE , 5.0 1.0 : '

1-HEXENE CA0 10

1-NETHYLCYCLOHEXENE 5.0 1.0

1-NETHYL-2-ETHYLBENTENE B 1.0
1-NETHYL-3-ETHYLBENZENE 1.0 1.9
1-KETHYL-3-1S0PROPYLBENZENE 2.0 _ 1.
1-NETHYL-3-N-PROPYLBENZENE 2.0 _ 1.0
1-KETHYL-4-150PROPYLBENZENE 2.0 1.0
. 1-HONENE 7.0 1.0 .
1-0CTENE 8.0 1.0

1-PENTENE 0 1.0

1-UNDECEHE 2.0 1.0

2,2, 3-TRISETHYLBUTANE 7.8 '

2,2,3-TRIKETHYLPENTAKE 8.0

2,2,-RINETHVLPENTANE 8.0

2,2,5-TRINETHYLHEXANE %.0

2,2-DICHLORONITROANILINE 1:0 5.0
2,2-DIMETHYLBUTANE 6.0

2,2-DINETHYLHEXANE 8.0

2,2-DINETHYLPROPANE 5.0

2,3,3-TRINETHYLPENTANE 8.0

2,3, 3-TRINETHYL-1-BUTENE 6.0 1.0

2,3, 4-TRIKETHYLPENTANE 8.0 '
2,3,5-TRIKETHYLHEXANE 9.0

2,3-DINETHYLBUTANE  ~ 8.0

2,3-DIKETHYLHEPTANE 9.0

2,3-DINETHYLHEXANE 8.0

2,3-DIKETHYLOCTANE 10.0

2,3-DINETHYLPENTANE 7.0

2,3-DIKETHYL-1-BUTENE 5.0 ‘ 1.0
2,4,4-TRINETHYL~1-PENTENE 7.0 1.0

2,4, 5-TRINETHYLHEPTANE 10.0

2,4-DINETHYLHEPTANE 9.0

2,4-DIKETHYLHEXANE 2.0

c-2




CONFOUND HANE _ PAR OLE ETH TOL XYL FORM ALD? ISOP MR

2,4-DIHETHYLOCTANE 10.0
2,4-DIKETHYLPENTANE 7.0

2, 5-DINETHYLHEPTANE 9.0

2,5-DINETHYLHEXANE 8.0

2,6-DINETHYLOCTANE 10.0

2,6-DINETHYLSTYRENE 1.0 1.0
2-BUTYLTETRAHYDROFURAN 8.0 1.0
2-BUTYNE 3.0 oL
2-ETHYLHEXANOL 8.0 <

2-ETHYL-1=BUTENE 5.0 1.0
2-ETHYL-1-HEXANOL ’ 8.0 :

2-FURFURAL .0 1.0 1.0
2-HEXENE : 2.0 2.0
2-NETHYLDECAKE 11.0

2-NETHYLHEPTANE B X :

2-HETHYLHEXANE 7.0 t

2-NETHYLOCTANE 9.0

2-METHYLPENTANE 8.0

2-KETHYLPROPANE 4.9

ZHETHYLPROPENE 2.0 1.8

2-NETHYLPROPENE : 0 1.4 -
2-NETHYL-1,3-BUTADIENE ' , 1.0
2-HETHYL-1-BUTERE 4.9 1.0

" 2-METHYL-1-PENTENE ‘ 5.0 1.0
2-HETHYL-2-BUTENE 30 1.0

2-HETHYL-2-PENTENE 80 1.0

2-HETHYL-3-HEXANBHE 7.4

2-{2-BUTOXYETHOYY }-ETHANGL 4.0 2.0

3, 3-DIMETHYLPENTANE 7.0

3,4-DIKETHYLOCTANE 10.9

3,5, -TRIGETHYLHEXANE 9.0

3, S-DIMETHYLHEPTANE 9.0

3-HEPTEHE : 3.0 2.0
3-SETHYLHEPTANE 8.0 '
I-HETHYLEEXAYE . 7.0

3-KETHYLOCTAKE 9.0

I-KETHYLPENTAME 4.0

I-KETHYL-1-BUTENE 410

3-KETHYL-1-PENTENE , 4.0 1.0

3-KETHYL-L15-2-PENTENE 4.9 1.4

3-HETHYL-TRANS-2-PENTENE 6.0 1.0

3-(CHLORBHETHYL )-HEPTARE 8.0 :

§,4-XETHYLENE - DIANILINE 1.0 1.0 5.0
4-KETHYLANILINE 1.0

4-NETHYLHEPTANE 8.0

4-HETHYLHONANE 10.0

4-NETHYLOCTANE 9.0

4-NETHYL-1-PENTENE 4.0 1.0

4-NETHYL-CI5-2-PENTENE 2.0 2.0
4-NETHYL-TRANS-2-PENTENE 2.4 2.0
4-PHENYL-1-RUTERE 1.0 1.0 1.0

ACENAPHTHENE 1.0 1.0 3.0
ACENAPHTHYLENE 1.0 1.0 2.0
ACETALDEHYDE : 1.0




CONPOUND NANME FAR OLE ETH TOL XYL FORH ALD2 ISOF M

ACETIC ACID 1.0 1.0
ACETIC ANHYDRIDE 2.0 2.0
ACETONE 3.0 .
ACETYLENE 1.0 N
ACROLEIH (PROPENAL) 1.0 1.0 _

ACRYLIC aCID 1.0 1
ACRYLONITRILE 1.0 1.0

ADIPIC ACID 4.0 . 20"
ALIPHATICS (per carbon) ©L

ALKENE KETONE 2.0 1.4

ANTHOANTHRAGUINONE 20" ‘ 12.0
ANILINE 1.0 5.0
ANTHANTHRENE 1.0 1.0 1.0 7.0
ANTHRACENE 1.0 1.0 5.0
ANTHRAQUINONE - 2.0 : ' 12,0
A-PINENE , 5.0 0.5 1.5
BENZALDEHYDE 1.0 5.0
BENZENE 1.0 5.0
BENZAIC ACID 1.0 6.0
 BENZOPYRENES 1.0 1.0 10 3.0
BENZOTHIAZOLE 2.0 : 5.0
BENZO(a)AHTHRACENE ‘ _ 010 3.0
BENZO(a)PYRENE 1.0 1.0 1.0 3.0
BENZ0{b)FLUORANTHENE 1.0 1.0 N
BEHZ0(c)PHEMANTHRENE 1.0 1.0 3.0
BENZO{e)PYRENE 1.0 1.0 1.0 3.4
BENZO(g, f, i JFLUDRAHTHENE ‘ .0 1.0 3.0
BENZ0{g,h,i)PERYLENE 1.0 L0 L0 4.8
BENZO{K)FLUORANTHENE 1.0 1.0 , 5.0
BENZYLCHLORIZE 1.8 ,

) BIPHENYL 1.0 : 5.0
BIPHENYLOL 1.0 5.0
BRONODINITROANILINE 1.0 5.0
BRONODINITROBENZENE 1.0 ’ 5.0
BUTENE ’ B ¥ T O
BUTOXYBUTENE 80 1.0 1.0
BUTOXYETHOXYETHANOL 4.0 2.0
BUTOXYETHOXYETHAROL ACETATE 5.0 2.0 1.0
BUTYL GARBITOL £.0 2.0
BUTYL CELLOSOLVE 5.0 1.0
BUTYLACRYLATE £.0 1.0 1.0
BUTYLBENZENE 3.0 1.0
BUTYLRENZOATE 5.8 N5
BUTYLBENZYLPHTHALATE 5.0 1.0 7.0
BUTYLCYCLOHEXANE 10.¢ :
BUTYLISOPROPYLPHTHALATE 8.0 | 7.0
BUTYRALDEHYDE 2.0 : 1.0
B-PHELLANDRENE 8.0 2.0
B-PINENE ‘ 8.0 1.0
C1 CONPOUNDS (DIESEL EXHAUST) .01 0.99
£10 AROHATIC 3.0 1.0
£10 CONPOUNDS (DIESEL EXHAUST)  5.42 0.189 0.289 0.243
C10 OLEFINS 8.0 1.0 |
£10 PARAFFINS 10.
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CONPOURD NANE

cloni?

L10H4

C10H160

{11 CONPOUNDS (DIESEL EXHAUST)
611 OLEFINS

Ci1 PARAFFIN

11110

Ciint4n

{12 CONPOUNDS (DIESEL EXHAUST)
€12 OLEFINS

£12 PARAFFIN

1222

13 COMPOUNDS (DIESEL EXHAUST)
C13 PARAFFIH

{14 CONPOUNDS (DIESEL EXHAUST)
£13 COHPOUNDS (BIESEL EXHAUST)
15 BRAKCHED ALKANE

C16 CONPOUNDS (DIESEL EXHAUST)
- C17 COKPOUNDS (BIESEL EXHAUST)
19 [ONPOUNDS (DIESEL EXHAUST)
£19 COHPOUNDS .(DIESEL EXHAUST)
2 ALKYLANTHRACENES

C2 ALEYUBENZANTHRACENE

€2 ALKYLBENZOPHENANTHRENE

L2 ALKYLCHRYSERES

£2 ALXYLOYCLOHEXANE

2 ALXYLINBAN

2 ALKYLNAPTHALENE

£2 ALKYLPHEHAHTHREKES

{2 CONPOUKDS (BIESEL EXHAUST)

€20 CONPOURDS (DIESEL EXHAUST)
C21 COHPOUMDS {DIESEL EXHAUST)
€22 COMPOUNDS (DIESEL EXHAUST

€23 CONPOUNDS (DIESEL EXHAUST)
(24 CONPOUNDS {DIESEL EXHAUST)
€23 CONPOUNDS {DIESEL EXHAUST)
C26 CORFOUKRDS (DIESEL EXHAUST)
£27 CONPOUNDS {DIESEL EXHAUST)
28 COMPOUNS (DIESEL EXHAUST)
(27 COMPOUNDS {DIESEL EXHAUST)
3 ALKYLCYCLBHEXARE

€3 ALXYLSTYRENE

£3 COKPOUNDS (DIESEL £XHAUST)

(3 PARAFFIN

£30 COMPOUMDS (DIESEL EXHAUST)
31 COMPOUNDS (DIESEL EXHAHST)
(32 COMPOURDS (DIESEL EXHAUST)
£33 COHPOUNDS (DIESEL EXHAUST)
(34 CONPOUNDS {DIESEL EXHAUST)
{35 COHPOUNDS {DIESEL EXHAUST)
(36 CONPOUNDS (DIESEL EXHAUST)
(37 CONPOUNDS (DIESEL EXHAUST)
{38 CONPOUNDS {DIESEL EXHAUST)
€39 COKPOUNDS (DIESEL EXHAUST)

PAROOLE ETHTOL
2.0

10.0

8.0 1.0

10.7 0.5 s
9.0 1.0

1.0

3.0

2.0 i
5.0 1.0
100 1.0

12.0

12.9

6.9 1.0
130

7.0 1.0
8.0 1.0
16,0

9.0 1.0
10.0 1.9
1.6 1.0
12.6 1.0
3.0

2.0 1.0
2.0 1.0
2.0 1.0
8.0

3.8

4.0

L

8.77 0.115
13.0 1.6
14.0 1.0
13.0 1.0
16.0 1.0
17.0 1.8
18.0 1.0
19.9 1.0
20.0 1.0
1.0 1.0
22.0 1.4
9.9

20 1.0 1.0
1.07 0,904

3.0 :
23.0 1.0
2.0 1.0
5.0 1.0
26.0 1.0
7.0 1.0
2.6 1.0
2.0 1.0
30,0 1.0
3.0 1.0
32.0 1.0
C-5
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1.0

1!0
1.0

1.0

1.0
L.¢

1:0 !

1.9
1.0
.8

NE

{0

3.0
3.8
3.0
3.0

50
1.0

i




SV o U S L

CONPOUND HARE

£3/C4/C5 ALKYLEENTENES

04 ALKYLPHENOLS

£4 ALKYLSTYRENES

£ CONPOUNDS (DIESEL EXHAUST)
C4 QLEFIN

C4 PARAFFIN

¢4 SUBSTITUTED CYCLONEXANE

£4 SUBSTITUTED CYCLOHEXANOKE
£40 CONPOUNDS (DIESEL EXHAUST)
€41 COMPOUNDS (DIESEL EXHAUST)

{42 CONPOUNDS (DIESEL EXHAUST)
£43 COMPOUNDS (DIESEL EXHAUST)

L5 ALXYL CYCLOHEXANE

C9 ALXYLBENZEKES

£5 ALKYLRENZENES (UHSATURATED)
5 ALKYLPHENOLS

C5 CONPOUNDS (DIESEL EXHAUST)
L3 ESTER

L3 OLEFIN

£3 PARAFFIH

L5 PARAFFIN/OLEFIN

€3 SUBSTITUTED CYCLOHEXAKE
C3nten

6 ALKYLBENZERE

£4 CONPOUMDS (DIESEL EXHAUST)
€4 QLEFINS

L6 PARAFFIN

£4 SUBSTITUTED CYCLOHEXANE
CoH1883813

£7.8LXYLBENZENE

£7 CONPOUNDS (DIESEL EXHAUST)
£7 CYCLOPARAFFINS

{7 DLEFINS

£7 PARAFFING

C2H12

C7Hi20

£7-t14

{8 CONPOUIRS (DIESEL EXHAUST)
{8 CYCLOPARAFFINS

€8 OLEFINS

8 PARAFFIR

£8 PHENOLS

CoHi4

CBH2404514

C9 COMPQUNDS (DIESEL EXHAUST)
£9 CYCLOPARAFFINS

C9 OLEFINS

£9 PARAFFIN

€9 PHENOLS

CANPHENE

CAPROLACTAM

CARBITOL

CARBON DISULFIBE

CARRON TETRACHLORIDE

PAR  OLE

T

.8
3.0
0

d i

1.0
3.7 0039
20 10
4.0

10.0

100

3.0
340
35.0
36.0
11.0
4.0
20 1.0
4.0
4.4 0.043
6.9
3.0 1.0
3.0

4.0 0.3

1.4
3.0
a0
4.3 0.218
L0 1.0
60
12.0
b0

-+ 60

1.4
1.0
00 Lo
7.0
L0 OLG

11.0
4.9 0.2
.0
60 1.0
8.0
1.0
60 1.0
8.0
3.62
9.0
2.0 10
9.0
2.0.
8.0 1.0
5.0
2.0
10
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1.0
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0.111

1.0 .

1.0

1.0
llo

1.0

i

N

1-0

.05

1.0

0.153

i

9.043

0.608 0.062

2.0

k&

L

0.934

1.0

1.0
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s
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COMPOUND NAHE BLE ETH TOL XYL FORK ALDZ 1SOP MR

CARBONYL SULFIDE a 1.0
CARYOPHYLLENE 9.0 3.0 ‘
CELLOSOLYE 2.0 : 1.0
CELLOSOLVE ACETATE 3.0 1.0 1.0
CHLOROBENZENE 1.0 S 5.0
CHLORODIFLUORONETHANE 1.0
CHLOROFORY 1.0
CHLOROPENTAFLUOROETHANE 24
CHLOROPRENE - _ X
CHLORGTRIFLUORONETHANE 1.0
CHRYSENE l . : 1.0 1.0 .30
£15-1,4-DIKETHYLCYCLOHEXANE 8o -
CIS-2-BUTENE 2.0
CI5-2-HEPTENE 4 3.0 2.0
CIG-2-HEXENE 2.0 , 0
C15-2-0CTENE : 0 2.0
CIS-2-PENTENE - 1.9 2.0
CIS-3-HEXENE : X 2.0
CORONERE I X I ' 9.0
* CREOSOTE 1.0 1.0 7.0
CRESOL , 1.0
CROTOHALDENYDE : 1.9 1.0
CUMENE (ISOPROPYL BENZEHE) 2.0 1.0
CICLOEPTAME A
CYCLOREXANE . 6.0
CYCLOHEXANOL 6.9
CYCLOREYANOME : 6.0 :
CYCLOHEXEKE 2.0 20
CYCLOPENTAANTHRACENES - 3.4 1.4 5.4
CYCLOPENTANE 5.0
CYCLHPEHTAPHERAHTHQEHES 3.0 1.0 3.0
- CYCLOPENTA(c,d)PYRENE 2.9 S K I : 1.0
CYCLOPENTEHE | T 2.4
" CYCLOPENTYLCYCLOPENTARE 10.9
DECALIHS 10.0
DERATURANT : 1.0 .
BIACETONE ALCOHOL 4.0 ' 1.6
DIBERTANTHRACENES 1.0 1.0 1.0 6.0
- DIBENZOPYRENES 1.4 S O S 8.0
DIBENZO{a,h) ANTHRACENE 1.0 14 1.0 6.0
DIBENZPHEMANTHRENES 1.0 1.0 1.0 6.0
DIRUTYL ETHER 8.0 1.0
DIBUTYLPHTHALATE . 9.0 7.0
DICHLOROBEMZENES: 1.0 5.0
BICHLORODIFLUGROMETHANE ’ 1.0
DICHLOROKETHAKE ' 1.0
DICHOLROTETRAFLUROETHANE 2.0
DIETHYLCYCLOKEXAKE 10.0
DIETHYLENE GLYCOL 2.0 1.0
DIETHYLKETHYLCYCLOHEXAKE 11.9
BIHYDRONAPTHALENE 2.0 1.0
DIHYDROXYNAPTHALENEDIONE 2.0 1.0
BIISOPROPYLBENZENE 4.0 1.0
\DINETHYL ALKYL ANINES 3.0
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CONPOUND NANE

BINETHYLBENZYLALCOHOL
BIMETHYLBUTAKE
DINETHYLBUTANEBIOATE
DINETHYLRUTENE
DINETHYLBUTYLCYCLOHEXANE
DINETHYLCYCLOBUTANOHE
DIKETHYLCYCLOHEXANE
DIMETHYLCYCLOPENTANE
DINETHYLCYCLOPENTENES
DIHETHYLDECAKE
DINETHYLETHER

DINETHYLETHYLBENZAIC ACID

DIKETHYLETHYLCYCLOHEXAKE
DINETHYLFORNANIRE
DINETHYLHEPTANES
DINETHYLHEPTANDL

* DINETHYLHEXADIENE
DINETHYLHEXANEDIOATE
BIKETHYLHEXAKES
DINETHYLHEXEME
DINETHYLINDAKS
DINETHYLINDEKE
DINETHYLNAPHTHYRIDINE
DINETHYLNAPTHALEHE
DIHETHYLHOMAKES
DINETHYLOCTANES
DINETHYLOCTANOL
DINETHYLOCTENES
DIHETHYLOCTYNE
DINETHYLPENTAKE
BINETHYLPENTANERIOATE
DINETHYLPENTANDL
DIKETHYLPERTERE
DIKETHYLPHTHALATE
BINETHYLTEREPHTHALATE
DINETHYLUKDECAKE
DIPHERYLETHARE
DIPROPYLENE 6LYCOL
BIPROPYLPHTHALATE
DIVINTLRENZENE
BI{ETHYLPHENYL)ETHAKE
DI-C8 ALKYL PHTHALATE
DORECENE

D-LINOHERE

EICOSAKE
EPICHLOROHYIRIN
ETHANE

ETHAKOLANIKE

ETHYL ACETATE

ETHYL ACRYLATE

ETHYL ALCOHOL

ETHYL CHLORIDE

ETHYL ETHER
ETHYLANINE

FAR

1.0
4.0
4.9
4.0
12.0
6.0
8.0
1.9
%0
12.0
240
2.0
10.0
2.0
9.4
9.0
2.0
Ry
8.0
&0
3.0
1.0
3.8
4.9
11.0
1.0
10.0
8.0
§.0
1.0
L0
1.0
a0
3.0
3.0
13.0

4.0
7.0

4.0
7.0
6.0

4.0
20.0

3.0

0.4

0.4

3.0

2.0

0.4

2.0
0.4

OLE  ETH

1.0

1.0

t.0

=1|°

1.0

1.0

llo

1.0

1.0
1'0

1.0

C-8

ToL

1.0

2.0

2.0

LA HR

1.0

1.0
llo

1'°

1.0

FORE ALDZ

.0

2.4

1.9

2‘0

1.0

156

KR

T

llo

2‘0

1.0
2.0

7.4
7.0

7.0

7.0

1.6
1.4
1.0
1.0
| Y
2.0

1.6




©

CORPOUND MANE

ETHYLRBENZENE
ETHYLRIZYCLGREPTANE
ETHYLCYCLOKEXANE
ETHYLCYCLOPENTANE .
ETHYLCYCLOPENTENE
ETHYLDIMETHYLRENZENE
ETHYLRINETHYLCYCLOHEXANE
ETHYLDINETHYLOCTANE
ETHYLDIMETHYLPENTANE
ETHYLDIMETHYLPHENOL
ETHYLENE

ETHYLEKE DIERONIRE
ETHYLENE DICHLORIDE
ETHYLENE 6LYCOL
ETHYLERE 0XIDE
ETHYLENEAKINES
ETHYLFURAN
ETHYLHEPTANE
ETHYLHEPTENRE
ETHYLHEXANE
ETHYLREXAHOATE
ETHYLINBAK
ETHYLISOPROPYL ETHER
ETHYLNERCAPTAN
ETHYLKETHYLCYCLOREXANE
ETHYLMETHYLCYCLOPENTAKE
ETHYLNETHYLHEXARE
ETHILNETHYLOETANE
ETHYLOLTANE
ETHYLOCTENE
ETHYLPENTEME
ETHYLPHENTLPHENYLETHANRE
ETHYLPROPYLLYCLOREYANE
ETHYLSTYREHE
ETHYLTOLUEHE

- ETHYL-T-BUTYL ETHER

FLUBRANTHENE
FLUORERE
FORMALDEHYSE
FORKIC ACID
FURFURYL ALCOHOL
BLYCEROL

BLYCOL

BLYCOL ETHER
SLYOXAL
HEHEICQSAKE
HEPTADIENAL
HEPTANE
HEFTARONE
HEPTENE
HEXADECANE
HEXADECANOIC ACID
HEXADIENAL
HEXAFLUOROETHANE

Fak

1.0
14.9
.0
7.0
3.0

b
Ls

10.0
12.0
9.0
2.0

0.4
1.0
0.4
2.8
7.0
1.9
8.0
1.0
3.4
3.0
2.0
9.9

8.4

2.0
1.9

0.0

g.0
5.0
1.4

1.0

1.0
.9
4.0

1.9
1.§
t.4
0.8
1.0
21.0
1.0
1.0
7.0
30
16.9
13.0

OLE ETH TOL XYL FORN ALDP 130F MR

1.0

2.0

1.0

1.0
1.0

1.0

2.0

1.4
1.0

1.9

c-9
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1.0

{0

1.0

1.0

1.6 1.9

1.0
L0

.6 1.0
1.4

1.0

1.0

1.0

Ilo

2.0

.0

2.0
2.0
f.6
1.0
1.6

1.9

.9
i4

1.0

LR e
.. -
!\3 o~ an
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‘ ' COPOUND NAXE ' Pak GLE ETH TOL XYL FORM ALDZ ISOF M

. HESANE THYLEMEDTAKTHE £.0 -
: HEYANAL 1.0 1.0
HEXANE 6.0
HEYENE . 4.0 1.0 o
HEXYLEKE BLYCOL 6.0 ‘ _
HEXYNE ‘ X . 1.0
TNDAKE 1.0 1.0
INDERE . 065 1.0
THDENO(1,2,3-cd ) PYRENE Lo S 10 1.0 4.0
ISOAKYL ALCOHOL 5.0 . S
TSOAKYLBENZEHE . 4.0 1.0 o
i TS0BUTAKE ’ B X} ' , .-
ISORUTYL ALCOHOL i S X
ISOBUTYLACETATE o 5.0 N
TSOBUTYLACRYLATE . £.0 1.0 ~ : 1
IS0RUTYLBENZEKE 3.0 1.0
. " ISOBYTYLENE S X R (
TSOBUTYLISOBUTYRATE - 1.0 - : R
ISOBUTYRALDEHYDE 2.0 1.0
ISOHERS OF BUTEME - 2.0 1.0 .
ISGHERS OF BUTYLBENZENE 3.0 1.0
ISONERS OF C1oH10 I ¥ | 1.8
ISOKERS OF C10H18 g0 1.0
TSOKERS OF C11H20 11.0
TSONERS OF C9HLE 7.0 18
1SONERS OF DECANE 10.0
© ISONERS OF DIETHYLBEWIEKE. 2.0 1.0
TSONERS OF DODECANE 12.0
ISOMERS OF ETHYLTOLUEHE - 1.0 1.0
ISOMERS OF HEPTADECANE 17.0 T
ISONERS OF HEPTANE 7.0
- ISOMERS OF HEXAME 6.9
: ISOKERS OF WOMAME 9.0
ISONERS OF OCTARECANE 18.0
ISOKERS OF OCTANE 8.6.
ISONERS OF PENTADECANE 15.0
ISOKERS OF PENTANE 5.0
TSCHERS OF PENTENE 3.0 1.0
. ISOMERS OF PROPYLREMIENE =~ 2.0 1.0
1SOKERS OF TETRADECAKE 14.9
1SOMERS OF TRIDECAME 13.0
TS0MERS OF UNDECAKE 11.0
TSONERS OF XYLEWE 1.6
IS00CTAKE 8.0
ISOPENTANE 5.9
ISOPRENE . | 1.0
ISOPROFYL ALCOHOL 1.5 1.5
T50PROPYLACETATE 4.0 1.0
1S0PROPYLBENZEHE 2.0 1.0
TS0PROPYLCYCLOHEXANE 9.0 .
1S0PROPYLCYCLOPENTANE 8.0
TSOPROPYLKETHYLCYCLOHEXANE 10.0
TSOVALERALDEHYDE 3.0 1.9
LACTOL SPIRITS - 8.0
C-10




£

CORPOUND MAME

LIMOKENE

NALEIC ANHYSRIDE
HETHANE
HETHOXYETHOXYRUTANDNE
RETHOXYETHOXYETHANOL
HETHOXYHAPHTHALENE
HETHYL ALCOHOL

NETHYL C11 ESTER
HETHYL €12 ESTER
KETHYL £13 ESTER

- NETHYL C14 -ESTER

HETHYL C15 ESTER -
METHYL C19 ESTER
HETHYL C20 ESTER
NETHYLACETATE
HETHYLACETOPHENONE
KETHYLACETYLENE (PROPYNE) -
HETHYLACRYLATE
HETHYLAL

HETHYLALLENE
HETHYLAMYL KETOME
HETHYLANTHRACENES _
HETHYLBENTANTHRACENES
HETHYLBENIPHENANTHRENE
HETHYLBIPHERTL
NETHYLBUTADIENE
HETHYLBUTENE
HETHYLBUTYL KETONE
HETHYLCARBITOL
HETHYLCELLOSOLVE
NETHYLCHLORIDE
KETHYLCHRYSEMES
HETHYLCYCLOHEXADIENE
KETHYLCYCLONEXANE
HETHYLCYCLOKEXENE
HETHYLCYCLOOCTANE
HETRYLCYCLOPENTABIENE
HETHYLCYCLOPENTANE
HETHYLCYCLAPERTENE
HETHYLDECALINS
HETHYLDECANES
HETHYLDECERE
HETHYLDIHYDRONAPHTHALE
HETHYLDODECANE -
KETHYLDODECANOATE
HETHYLENE RROMIDE
HETHYLENE CHLORIDE
METHYLENERIS(CAHANCO)
HETHYLENE(b}4-PHERYLISOCYAATE
NETHYLETHYL XETONE
NETHYLETHYLHEPTANE
HETHYLETHYLPENTANBATE
NETHYLFLUORANTHERES
NETHYLFORNATE

PAR

4.8

5.0
3.0
3.0
1.0

12,0

13.0

14,0

15.0

16,0

2.0

2.0
2.0
1.0
2.0
1.0
3.0
1.0
7.0
2.0
1.0
1.0

1.0
3.0
.9
3.0
i.0

1.0
1.4
7.0
3.0
9.0

6.8
4.8
1.0

114"

7.0
3.0
150
12.¢

1.0

4.0
0.0
1.9
1.0
1.0

BLE ETH TOL XYL FORK ALDZ ISOP

1.0 ' 2.0
2.0 '
f.0
1.9
.o -
1.0
1.0
13
1.8
Lt 1
.4 1.4
189
-280
1.4
L4
1.0
L. 1.0
1.0 2.0
1.0
1.0 2.0
.6
1.9
1.8
1.0
1.0
L0 1.0
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1.0
1.0
Lo
1.0
1.0
1.0

i Ilo

L0
1.0
1.6
L

3.0
3.0
3.0
3.0

L0
1.9
.0
1.0
8.0

)
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: HETHYLELYOXAL C0 LG
HETHYLHEPTAME 8.0 y
HETHYLHEPTAROL 2.0
HETHYLHEPTENE g0 1.0 :
NETHYLHEPTYNE 7.0 1,0
HETHYLHEXADIENE 1.0 1.0 2.0
RETHYLHEXANAL 5.0 1.0
NETHYLHEXAKE 7.0
METHYLHEXENES 50 1.0
HETHYLINDANS 2.0 e
HETHYLINDERE , 1.0 1.0
"METHYLISOBUTYL KETOHE 6.0 ‘
NETHYLISOPROPYLEYCLOHEXANE 10.0
HETHYLKETHACRYLATE X | 1.0
NETHYLNETHYLPROFEHOATE 20 1.0 1.0
NETHYLNYRISTATE 10 - _ SRR
HETHYLHAPHTHALENES 3.0 1.0
HETHYLHONARE 10.0
HETHYLRONERE 8.0 1.0
HETHYLOCTARES 9.0 L
NETHYLPALNITATE o 16.0 _ 1.0
HETHYLPENTANE C b
HETHYLPENTENES 8.0 1.9 : :
HETHYLPHERANTHRENES X 1.0 5.0
NETHYLPROPYLCYCLOHEXANE 10.6
NETHYLPROPYLHOKANE 13.0 )
HETHYLSTEARATE 18.0 . 1.0
KETHYLSTYRERE . 1.0 1.0
HETHYLUKDECANE 12,0
NETHYL-T-BUTYL ETHER ° 3.0 1.0 . i
NIKERAL SPIRITS 4.0 1.0 o
HYRCENE . 4.0 3.0 :
H-DICHLORDBENZENE 1.0 50
H-DIETHYLBENIEKE ©24 1.6
H-ETHYLTOLGENE 1.0 1.0
H-XYLENE ' , CLe
H-X{LENE AND P-YYLEKE 1.0
HAPHTHA 8.0
HAPTHALEWE 2.0 1.0
NITROBEHZERE . C10 5.0
HOKADECANE 19.0
HOMABIERE .0 1.0 2.0
HOKAKE 9.0
HOHERE 7.0 1.0
NONENINE 7.0 1.0
"RONYLPHENOL 8.0 1.0
H-AXYLRENZENE 4.0 1.0 ‘ L
H-BUTANE 4.0 : ' |
H-BUTYL ALCOHOL 4.0 : . |
H-RUTYLACETATE 5.0 1.0 |
H-DECANE 10.0
H-DOBECANE 120
H-HEPTADECAKE 17.0
 K-HEXYLBERZENE 5.0 1.0
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H-FENTABECANE 15,0
N-PENTANE 5.0

H-PENTENE 300 1.0

H-PENTYLCYCLOKEXANE e oy

N-PHENYLARILINE ‘ 1.0 5.0
N-PROPYL ALCOHOL 1.5 1.5
H-PROPYLACETATE 4.0 1.6
N-PROPYLEENZENE .0 1.0

H-TETRADECANE T 4.0

N-TRIDECANE 13.0

H-UNDECANE : 1.0

OCTAHYDROINDENES 9.0

OCTANETHYLCYCLOTETRASILOXAKE 8.0

QCTANE ' 8.¢

JCTANOL 8.0 :

OCTATRIERE 2.4 2.0

OCTEHE i 8.0 1.6 '

OXYGERATES 4.9

0-DICHLOROBENZENE 1.0 5.0
0-ETHYLTOLYENE 1.0 1.0

. B-XYLEKE : 1.0

PALHITIC ACID 15.6 ) 1.0
PARAFFTHS (C16-C34) 23,6

FARAFFING (C2-C7) 4.5

PARAFFINS/GLEFINS (C12-C14) 15,0 0.5

PENTADIENE ) 1.0 2.0

PENTANOL 5.0

PEMTENYHE 2.0 1.0 1.0
PENTYLBENZERE 4.0 1.0, ' ‘
PENTYLCYCLONEYARE R

PENTYLIDENECYCLONEXANE 100 1.0 0.0

PENTYME 4.0 1.0
PERCHLORGETHYLENE ) 20
FERYLENE 1.0 1.0 T 58
PHEHANTHRERE 1.0 - 1.0 5.0
PHENOL 1.0 , ) - 5.0
PHERYLISOCYANATE 1 4.0
PHENYLKAPHTHALENES 1.6 1.0 1.0

PHTHALIC AHHYDRIDE 1.0 7.0
PIPERYLENE ‘ COLg 2.8

POLYETHYLENE BLYCOL 2.0

PROPADIENE 1.5 ;
PROPANE. J 1.5
FROPENE 1.0 L§ '
PROPENYLCYCLONEXANE : 7.0 1.0

PROPIONALDEHYDE 1.0 1.0

PROFIONIC ACID 2.0 : 1.0
PROPYLBENTENE 2.0 1.0 :
PROPYLCYCLOBEXANE 9.0

PROPYLENE DICHLORIDE 1.5 1.5
PROPYLENE GLYCOL 1.5 . 1.5
FROPYLENE OXIDE 2.0 1.0
PROPYLHEPTENES 8.0 1.0

FIREHE .0 1.0 1.0
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P-DICHLORORENZENE 1.0 : 5.0
F-ETHYLTOLUEKE 1.0 1.0 ‘
P-TOLUALDEHYDE 2.0 4.0 ' -
P-XYLENE 1.0 ,
SEC-BUTYL ALCOHOL 4.0
SEC-BUTYLBENZENE 3.0 1.0
SILOYANE
STYREKE 6.3 1.0
SUBSTITUTED C9 ESTER (C12) 12.0 1.0
TEREPHTHALIC ACID 1.0 7.0
TERPENES 80 1.0 .
TETRACHLOROBENZERES ’ 1.0 - 5.0
TETRAFLUGROKETHANE 1.0
TETRANETHYLBENZENE 240 1.0
TETRAKETHYLCYCLOBUTENE &0 1.0 :
TETRANETHYLCYCLOPENTANE 9.0
- TETRANETHYLHEXANE 10.0
TETRAKETHYLPENTANONE : 7.0 .
TETRAKETHYLSILAKE 4.0 o
TETRANETHYLTHIOUREA 4.0 L : :
TOLUERE ‘ 1.0
TOLUENE DIISOCYANATE : 1.0 2.0
TOLUEKE ISOCYAHATE . 1.4 1.0
TOTAL AROKATIC AMIMES 1.0 5.0
TOTAL C2-C5 ALBEHYBES 1.9 1.9
TRANS-1-PHENYLRUTENE 1.0 1.0 Lo
TRANS-2-BUTENE 2.4
TRANS-2-HEPTENE 3.0 2.9
TRAKS-2-HEXENE 2.0 20
TRANG-2-NOHENE 5.0 : 2.0
TRENS-2-PENTENE 1.9 2.0 :
TRANS-3-HEXENE 2.0 2.0 '
TRICHLOROBENZENES 1.0 5.0
TRICHLORGFLUQRONETHANE . . A 1.0
TRICHLOROTRIFLUGROETHAKE ' 2.
TRICHOLROETHYLENE ’ 1.6
TRIETHYLENE GLYCOL 2.0 . 2.0
TRIFLUOROMETHANE 1.0
TRINETHYLANINE 3.0
TRIHETHYLBENZENE 1.0 1.0
TRINETHYLCYCLOHEXANES 9.0
TRINETHYLCYCLOKEXANOL 9.0
TRINETHYLCYCLOPENTANE 8.0
TRIXETHYLCYCLOPERTANONE 8.0
TRIKETHYLDECANE -13.0
TRINETHYLDECEKE 1.0 1.0 .
TRINETHYLFLUOROSILAKE 2.0 1.4
TRIKETHYLHEPTANES 10.0
TRIKETHYLHEXANES 9.0
TRINETHYLHEXERE 7.0 1.0 »
TRIKETHYLIHRAN 4.0 1.0 |
TRINETHYLNONERE 16.0 1.9 |
TRIKETHYLOCTAKES 11.0 :
TRIKETHYLPENTADIENE 440 2.0
»
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TRIKETHYLPENTANE . B
T-BUTYL ALCOHOL 4.0
T-BUTYLEENZERE 2.9 1.8 1.0
UNIDERTIFIED ' 6.0

" VINYL ACETATE Lo L ) 1.0
VINYL CHLORIDE . 1.0 .
XYLENE BASE ACIDS : ) ) {0
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TABLE C-2. EXAMPLE PROBLEM™ - PART I
COMPUTATION OF CARBON BOND CONCENTRATIONS

easured Compound Carbon Bond Concentration

Species ppbC | ppb | OLE | PAR ToL | XYL FORM ALD2 | ETH | NR | ISOP
Ethylene A 20 | 10 . : .| 10
Propene 30 | 10 10| 10 -
n-Butane | 170 | 4225 | 170] |
T-2-Butane 10 | 2.5 . 5
2,3-Dimethylbutane 100 | 16.7 100
Toluene 70 | 10 . 10
M-xylene 1 . 40 5 n 5
Benzene 60 | 10 10 ' B 50
TOTAL . 500 | 106.7 10 290 10~ 5 0 5 i 10 50 0

) !

*This is a hypothetical problem, and is not necessarily intended to be indicative of the
MOC composition of ambient air.
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TABLE C-3.  EXAMPLE PROBLEM - PART 2
COMPUTATION OF CARBON-FRACTIONS

-4 C1;ss- - Concentration (ﬁnﬁ)l Concentration (ngC)z In;ﬁ;iligﬁgbon | Fi??lé%iggg 'k
oE - 10 . 20 T h.os "0.04

PAR . 200 | : 290 0.58 0.55

ToL | 10 | 70 0.14 . 0.13

XYL ', 5 - 40" 0.08 loios

FORM 0 a .0 - 0.00 . - ; o.oz\l
ALD2 ‘ 5 ' 10 0.02 0.05

ETH ‘ 10 . 20 0.04 0.04
1S0P 0 0 0.00 0.00

NR _ 50 | ‘ 50 0.10 0.09

TAL ‘ 500 1.00

1From Table C-2

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

1.00

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.
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The individual concentrations in the nine entries in the rightThand
column are obtained by multiplying the concentration of each sbecies times the
number of bonds for that species found in Table C-1. For examb]e, propene has
a concent?ation of 10 ppb in the example problem. Table C-1 shows that
propene has ohe olefin bond and one baraffjn bond. Thus, 10 ppb‘are put in |
each-category’(OLé and PAR). T . o

After all of 'the species concentrations have been apportioned to the :

carbon bond groups, then each column is totalled. These cdncentratibhs are in

ppb. To convert to ppbC, the¢a§sumed cérbon number . for each carbon bppd'cla;s‘

are uti]izéd. These are found in Table 2-1. When the concentrations in ppb
are multiplied by these carbon numbers, concentrations inlppr are obtained.
Each total for a carbon bond class is then divided by the total NMOp (in
ppbC) to obtain initial carbon-fractions. The final step is to add D.Ozrto!-
the FORM fraction and 0.03 to the ALD2 fraction. These adjustments are to |
account for aldehydes which are not detected by the samp]ing/ana]ytiéal
procedure. The fractions are then édjusted so that they total up to‘100

percent.
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