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The purpose of this paper isto describe the implementation of the data in speciate 3.0 mode with
EMS-2001. Mot of this paper will discuss data incorporation associated with Speciate 3.0 there will
be some discussion of the results of modeling runs based on thiswork. Speciate 3.0 is the newest
verson of EPA’s PC software for the searching and visudization of chemica speciation datafor
hydrocarbon(HC) and Particulate Matter (PM). Most users of the speciate modd will useit to identify
individua chemica species occurring from individua indudtria point sources. Some users will need

to use the datain Speciate to develop inputs for regiona chemical transport models such as UAM-V,
CAM-X or CMAQ. These models are used to smulate the transport, deposition, and transformation of
chemicdsintheair. To accurady reflect these processes the model s requires an accurate inventory
that is spatidly resolved to amodeing grid cdll, temporally resolved to the day of the modeling
episode, and has chemica species which match the needs of the chemica mechanism of the chemica
trangport mode.

Chemicd mechanisms are smplifications of the complex chemicd reactionsin the aamaosphere. This
amplification is accomplished by grouping chemicds with smilar photochemical propertiesinto
groups. The most common chemica mechanism used is Carbon Bond 1V (CB-1V) It contains 11
hydrocarbon groups. In addition to the hydrocarbons, CB-1V classifies Nitric Oxide(NO), Nitrogen
Dioxide(NO2) and Carbon Dioxide(CO) as discrete groups. The difficulty in using achemica
mechanism with any inventory is to group emissons inventory information into the groups required by
the Chemica Mechanism. Diagram 1. Shows graphically how thisis done within EMS-2001.

Figure 1.
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The diagram shows that to cregte an inventory for the correct chemical mechanism there are 6
important pieces of information necessary. Thefird item is the inventory which has been dassfied by
sce code or some equivaent. This could include Area source category code, On-road Vehicle
Type(exhaust or evaporative), or smply the biogenics group. These emissions estimates are then
merged with atable that references a chemica speciation profile for each scc code. An example of this
is off-road Motorcycle Gasoline Hydrocarbon emissions maps to Speciation profile 1201(Gasoline
Exhaust). Thistable can contain state or even plant specific gpeciation profiles. The next table defines
the contents of each speciation profile by assigning weight percents by chemical species. An example
of thistable is gpeciation profile #1032. This profile contains 80.42% Acetaldehyde, and 19.58%
Acrolene(propend). Next, the modd must know the molecular weight of each of the component
gpecies. Thisis because the modd must convert from Gramsin the inventory into Molesfor the
photochemica model. Next each species must be assigned to one or more chemical mechanism
groups. It is possible to assgn one species to severd groups if it hasthe characterigtics of multiple
groups. An example of thisis Acrolene from above, for every mole of Acrolene in the inventory there
will be 1 moleof Paraffin(PAR) and 1 mole of High Molecular weight Aldehydes(ALD2). Findly,
Many photochemica models require a specific order and number of pollutants be provided, Even if
the inventory does not contain any emissons from that group. A table must be provided showing the
order and content that the atmospheric chemistry model requires. Some Emissions models are unable
to use the above tables directly but must rely on their creetion e sawhere. This compressed version of
the chemidry files gppears very smilar the EMS-2001 file ems_cat.profile.

Omission of any of the above components will result in incorrect speciation. Quality assurance
throughout the processis important . Since EMS-95 dready contained many of the processors capable
of merging and building the above tables, most of the work of incorporating new data is assuring that
complete datais available for every piece of data and that appropriate defaults are included where
there are gaps.



Using the Speciate 3.0 Data.

This portion of the document will explain the LADCO implementation and methods used to identify
and correct problems incorporating the National Emissions Inventory (NEI) version 3.11 with the Data
in the speciate. After obtaining the NET inventory whichis classified by SCC code for point and area
sources and successfully run through EMS-95 and al data modd interface problems were corrected
with non-speciation data elements. LADCO began the incorporation by incorporating the SCC to
speciation profile cross reference. The data set is named v_assign in Speciate3.0. This dataset lacks
cross reference records for 204 SCC codes which arein the NEI inventory. The solution to this
problem was to use the most commonly used speciation profile for the mgor SCC group. LADCO
recognizes that it would be preferable to manually assgn each of these speciation profiles. Table 1.
Shows the result of applying the Speciate 3.0 default speciation profilesto industrid point and area
sources in the NEI inventory. Severa important facts can be gathered from thistable, The firgt isthat
industrid point sources do not make the top 5 most used profiles, The second is thet of the Top 10
most used profiles only 2(Architectural Coatings and Consumer Solvents) were created after 1990.
Many of the dates on the older profiles were assigned and do not reflect the actual date of creation.
These sources are using profiles as old as 20 years. It would be difficult to argue that in the past 20
years that solvent use has not changed

The next data set to be incorporated was the mass fraction data set. This dataset contains the percent of
mass by profile for individua chemicd species. Since chemica species can have any number of

names, a coding schemeis necessary to define species, The two commonly used schemaare SAROAD
Codes and CAS Numbers. Speciate does contain information for both SAROAD and CAS, The
problem isthat it does not use one or the other consistently. Some profiles or species will contain CAS
numbers, Others SAROAD, and till others will contain both sets of numbers. LADCO decided that
gnce their were more profileswith SAROAD vaues and no table with CAS numbers could be found
with good chemica mechanism data, that LADCO would continue to use SAROAD codes with the
modd, while making it capable of usng CAS in the future. In Stuations where only CAS number was
available, LADCO used CASto SAROAD tables based on records in speciate where both numbers
were used, and from manua assgnment where other datawas not available. This was not dways
possible since Speciate 3.0 classifies a Sgnificant mass of emissons to the SAROAD code 77777 and
99999 which are unidentified. Table 2. Show the most Sgnificant speciation profileswhich classfy
some portion of their emissions as unidentified weighted by total VOC Mass in the NEI inventory. As
we can see, There is a sgnificant component of the inventory which can not be identified. It should
a0 be recognized that many of the problem speciation profiles are greater than 10 years old.

Since the atmospheric chemistry models need Moles by chemica mechanism and the inventory and
speciation profiles are based on mass. The inventory must be converted to Moles, based on atable of
molecular weights. Thistableis part of EMS-95 and contains afairly comprehensve list of species
athough for this project 10-20 species were updated with new information. The table aso contains
species name and is often used in reporting.

The next step in incorporating the speciation detais to classfy each chemica speciesinto its Chemical
Mechanism group. Each species must be classified to at least on group. Many species have
characteristics which make it react in the atmosphere like one or more groups. The table used for this



is contained in within EMS-95 and is not part of Speciate3.0 and converts moles to moles. The species
to mechanism cross reference been modified over the past 8 yearsto reflect new chemica species
when new profiles were incorporated into the modd, but doesnot contain an exhaugtive lig of al
chemica species classfied under either SAROAD or CAS. After incorporating this data LADCO
identified a number of species which wereincluded in Speciate 3.0 which were not identified in the
gpecies to mechanism cross reference. LADCO improved the table to fix the most problematic species
where a significant portion of a profile had species which were not capable of being mapped to a
mechanism group. All species which could not be matched to a CBIV group were removed from the
profiles, including any species classfied as “unidentified”, and the speciation profile was normalized

50 that the mass fractions of the remaining species summed to one. In the future, LADCO will re-
classfy al species which were not mapped to a Mechanism group as unidentified(SAROA D=99999)
and then use the traditional Species to mechaniam.. traditional method assigns 6 moles of Pearaffin to
the modd for every mole of unidentified. The rest of this document will use the older method where
unidentified will be thrown out.

Findly, Each mole of a chemica mechanism group must be put into some file formatted to be read by
the amospheric chemistry modd, these mode s tend to be inflexible and require a specific order and
number of species, For example, some models need PM, NH4 and Sulphates, event if the modder only
intends to run only ozone modeling. This requires the cregtion table of dl require species and the order

which they must gppear in any output files

After incorporation and modeling of this data, LADCO did show change in the modeling results,
Figure 2. show the impact of Speciate 3.0 as compared to the older data used in EMS-95. Thistable
showsincreasesin the 1 to 4 PPB range in Some areas while there was very little ozone decrease
because of the new data. Figure 3. Shows the results of changing speciation profiles for the on-road
and off-road speciation profiles to one more reflective of Midwest motor-vehicles. All occurrences of
speciation profile 1301 in were changed to speciation profile 2446(Evaporative) and speciation profile
1203 was replaced with 2533(Exhaust). These profiles were chosen based on their smilarity to Tunnd
sudies in Milwaukee Wisconsin in 1999. The results of these runsindicate that changes to profiles
changed moddling results as high as 8 PPB 0zone in sdlected aress.

Conclusions;

The conclusion of thiswork indicates that speciate 3.0 is an important move forward, but that new
data is necessary to characterize emissions correctly for modding. The results of this andysis show 3
important future products.

1. Many of important profiles are old enough to consider them problematic. News profiles are
necessary.

2. The current species to chemical mechanism databases are incomplete and to be updated.

3. Useof the default speciation profiles is not recommended for important categories.
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Figure 2. Ozone Difference Peak Plots, Speciate 3.0 Minus EMS-95 Data
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Figure 3. Ozone Difference Peak Plots, Hot MV minus Speciate 3.0
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