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1.0 Vulcan data source introduction

The Vulcan United States fossil fuel CO2 emissions inventory is constructed from a
variety of data sources with particular emphasis on data compiled by the United
States Environmental Protection Agency (EPA). The EPA data sources can be
broadly classified as follows:

o Point sources: sources identified as a specific geocoded location
0 Non-point sources: county-level aggregation of non-geocoded sources
0 Mobile sources: moving sources such as automobiles, trains, planes, etc.

The point and non-point source fossil fuel CO2 emissions are derived from the EPAs
National Emissions Inventory (NEI) which is a comprehensive inventory of all
criteria air pollutants (CAPs) and hazardous air pollutants (HAPs) across the United
States [USEPA 2005a]. The NEI is a data structure with which the EPA can meet
mandates established by the Clean Air Act pertaining to CAPs and HAPs. The CAPs
emissions, the component of emissions used by the Vulcan system, are collected
under the Consolidated Emissions Reporting Rule (40 CFR Part 51) [USEPA 2002].
The NEI can be used to track progress, drive air quality modeling, enable emissions
trading, and ensure comprehensive reporting and compliance.

The emissions data within the NEI are collected from state and local agencies and
tribes (S/L/T) in addition to other data sources from the Department of Energy’s
(DOE) Energy Information Administration (EIA) and EPAs Clean Air Markets
Division (CAMD) [DOE/EIA 2003; ERG and EHP, 2004; USEPA 2004a; USEPA 2005b].
All of this data is inventoried by the EPA and QA/QC operations are performed
before releasing the data as the NEI [USEPA 2005c]. Currently, the Vulcan system
has utilized data from the 2002 NEI and this forms the basis of much of the 2002
CO2 Vulcan inventory.

The NEI database is composed of a series of individual, but related, data files. These
data files share common, required key fields. The Vulcan inventory construction
utilized a subset of these database fields in combination with other data streams to
produce CO; emissions.

The Vulcan effort does not attempt to further QA/QC the NEI and related data
sources but incorporates this data at “face value” with exceptions noted in this
documentation. Details of the EPA QA/QC procedures and potential uncertainties in
that process can be found in EPA NEI documentation and websites.



2.0 Point CO; Emissions

The NEI point database is comprised of eight related files described in Figure 2.1
[USEPA 2006a; ERG 2001a]. The three key fields that define a “site” in the point
database are the “state and county FIPS” code (which identifies the state and
county), the “state facility identifier” (which identifies the individual emitting
facility) and the tribal code (used in place of a state and county FIPS in tribal lands).

Figure 2.1. The NEI data relationships?
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The general procedure followed to generate CO2 emissions from the point NEI data
is to utilize the existing reporting of NOx and CO emissions at the facility level. As
depicted in Figure 2.1 (with the correction noted in the figure footnote), each site or
facility can have multiple emission units (different buildings or portions of a
complex facility or site), each of which can have multiple emission processes (eg.
energy production, heaters, kilns), each process can emit more than one pollutant

(toxics, NOx, CO2, etc), and these pollutants can be emitted by more than one stack
location.

Where CO emissions are reported, and an emission factor can be assigned, CO
emissions are relied upon. Where data on CO is nonexistent or significantly limited,

1 This figure, reproduced from NEI documentation incorrectly identifies the files in the box on the
lefthand side. The database labeled “EP” is the “Emissions Process”, the database labeled “PE” is the
“Emissions Period”.



NOx emissions are used. For cement and cement-related materials (concrete,
clinker), NOx emissions are utilized exclusively.

The NEI point source data files are primarily comprised of processes associated
with the industrial sector (identifiers are supplied in the NEI) but emissions from
cement, residential, commercial and mobile sources (and some “unknown”) are
found within the point data. This sectoral designation is important when
representing the resulting emissions spatially and categorically, an issue that is
discussed in section 5.0.

Fossil fuel or cement throughput are calculated with CO/NOx/material emission
factors and CO; emission factors are then applied to these throughput values. Details
of this process are as follows:

2.1 Data reduction

Because the NEI contains a significant amount of information on emission processes
that do not consume fossil fuels or processes that contain emissions from fossil fuel
combustion other than NOx and CO, the first step in utilizing the NEI point data is to
reduce the data to the subset relevant to the CO2 emissions problem. A series of
reductions are made to the original NEI point dataset.

2.1.1 Material and pollutant qualifiers

The point source NEI was first reduced by narrowing the database through
examination of the emission process material/fuel and how that material /fuel was
utilized in the emission process considered. Only records that had the following
combination were considered for CO2 analysis:

1) the pollutant code identified either CO or NOx
AND
2) the material code (“Mat code”) could be matched to a member of the Vulcan
fossil fuel list (Table 2.1) or was listed as “null”

AND
3) the material input/output (“Mat [0”) identifier was set to “input” (“I”) or
"null"
OR

1) the pollutant code identified either CO or NOx
AND

2) the Mat code could be matched to a member of the materials in Table 2.2
AND

3) the Mat IO identifier was set to “output” (“0”) or “null”

The goal was to limit the processes considered to those producing CO or NOx (the
cornerstone to generating CO; emissions in the majority of the Vulcan inventory),
burning fossil fuel (as opposed to processes consuming biotic materials or
producing fossil fuels) or those representing the production of cement or cement-
related materials (which is a significant CO2 emitter). Consideration of the “null”



entries (which were ambiguous and therefore deemed worthy of further
investigation) is made later on in the data reduction.

Though throughput information (eg. tons of coal burned, tons of clinker processed)
was sometimes included in these instances, the throughput values were not quality
controlled by the EPA and were often found to be inconsistent with emissions.

Table 2.1. Material and phase for fossil fuel consuming processes in the 2002 NEI

Material Phase Material Phase
Anthracite Culm Solid Jet A Fuel Liquid
Anthracite Solid Jet Fuel Liquid
Bituminous Coal Solid Jet Kerosene Liquid
Bituminous/Subbituminous Coal Solid Jet Naphtha Liquid
Butane Gas Kerosene Liquid
Coal Solid Lignite Solid
Coke Solid Liquified Petroleum Gas (LPG) Liquid
Coke Oven Gas Gas Lube OIl Liquid
Coke Oven or Blast Furnace Gas Gas Natural Gas Gas
Crude Oil Liquid oil Liquid
Diesel Liquid Process Gas Gas
Diesel/Keros ene Liquid Propane Gas
Distillate Liquid Propane/Butane Gas
Distillate Oil Liquid Raw Coke Solid
Distillate Oil (Diesel) Liquid Refined Oil Liquid
Distillate Oil (No. 1 & 2) Liquid Refinery Gas Gas
Distillate Oil (No. 1) Liquid Residual Oil Liquid
Distillate Oil (No. 2) Liquid Residual QOil (No. 5) Liquid
Distillate Oil (No. 4) Liquid Residual QOil (No. 6) Liquid
Ethane Gas Residual/Crude Oil Liquid
Gas Gas Sour Gas Gas
Gasoline Liquid Subbituminous Coal Solid
Heat TBD' Waste Oil Liquid

* records with material identified as heat are further explored for physical fuel consumed via the SCC description.

Table 2.2. Material and phase for
cement and cement-related processes
in the 2002 NEI point database

Material Phase

Cement Solid
Clinker Solid
Concrete Solid

The next reduction step was to identify only those processes which had either a
non-zero NOx or CO emissions value (or both). Material /fuel throughput and CO;
emissions cannot be generated without one or the other of these two pollutants as
non-zero values. This reduced the database to 132,971 processes?. 65 processes had
an unidentifiable code for the state and county location (the “FIPS” code), further
reducing this set to 132,906 processes.

2 If an emission process utilizes emission controls and those controls fully eliminate CO/NOx, the CO;
from that process is not captured in the Vulcan inventory.



2.1.2 Time period consistency

Emissions reporting in the NEI is made for a small set of different reporting periods
or time “types” as follows:

0 Type 27: average weekday

0 Type 28: average weekend day
0 Type 29: average day in period
0 Type 30: entire period total

A given process can report emissions for more than one of these time period types.
When time period type 30 is provided for an emission process, types other than 30
for that same process are removed3. If only a non-30 time period type is reported,
the emissions are adjusted to represent the total emission based on the assumption
that the facility functioned for the time period denoted by the “start time” and “end
time” in the point NEI database. Should no start and end time be provided, we
assume the process occurs for the entire year. The emissions were altered by a scale
factor (SF) according to

(27 ztype factor = 5/ 7]
SF = (end time - start time)* type factor ! 28 :type factor = 217

\ 29 :nype factor = 1 [ 1)

where the difference of the end time and start time are expressed in days. Type 30
processes which list a time span shorter than a year are not adjusted any further as
it is assumed that these processes only operated during the reported time period.

After removal of the redundant time types, we then have 109,322 processes
remaining in the database.

2.1.3 ETS/CEM identification

The 2002 NEI point source data is supplemented with data obtained from the DOEs
EIA and the EPAs CAMD Emission Tracking System/Continuous Emissions
Monitoring (ETS/CEM) data for Electrical Generating Units (EGUs) [ERG and EHP,
2004; USEPA 2005b; Ackerman & Sundquist, 2008; Petron et al,, 2008]. The ETS/CEM
data is collected under the Acid Rain Program (ARP), which was instituted in 1990
under Title IV of the Clean Air Act. The ARP regulates EGUs that burn fossil fuel and
are greater than 25 MW capacity or are less than 25 MW but which burn coal with a
sulfur content of greater than 0.05% by weight. In addition to heat input, these
facilities are required to engage in continuous monitoring and reporting of sulfur
oxides (SOx), COz, and nitrogen oxides (NOx) emissions. These data are reported
directly as hourly CO2 emissions monitored from an emitting stack or based on
records of fuel use. All emitting locations are geocoded to latitude, longitude and
postal address.

3 Version 2.0 of the Vulcan inventory will utilize the multiple time types to further structure emissions
during the emitting period.



Because the ETS/CEM data within the NEI are reduced to the annual total emissions,
the original hourly ETS/CEM reporting is utilized in the Vulcan inventory. No
attempt is made to gap-fill missing data or adjust emissions in any way (time gaps
may be due to peaking units or shutdowns, etc). There are 1241 facilities in the
hourly data, consistent with the annual files available from the EPA. Furthermore,
the total CO2 emissions for all of the ETS/CEMs data as calculated from the hourly
emissions is 0.60 GtC/year, consistent with the annual files.

Removal of the ETS/CEM facilities from the NEI must be accomplished to avoid
double-counting of CO2 emissions. There were 1241 ETS/CEM individual facilities in
2002 (which constitute a much larger number of “processes”) and the identifying
and emissions data associated with these facilities can be downloaded from the
CAMD website [USEPA 2008a].

Cross-matching the ETS/CEM and NEI processes was accomplished by attaining the
Registry ID associated with the ETS/CEM facilities from the EPA Envirofacts data
warehouse [USEPA 2008b]. The Registry ID is a common identifier for the two
reporting systems. This procedure led to 911 facility cross-matches. An additional
129 matches were identified from the common ORISPL code, an identifying code
utilized by the DOE and often found in the NEI.

The remaining 201 facilities were approached through a combination of proximity
and address/facility name matching. All facilities within 0.05 degrees in latitude and
longitude were retrieved from the NEI point database and these were individually
inspected to determine which, if any, were referencing the same emitting facility.
Alternative facility names were determined that these were searched within the
NEI This effort achieved an additional 118 matched facilities. All of the matched
facilities were then removed and the separate hourly CO; emissions ETS/CEM data
was used in the Vulcan inventory.

The 83 unmatched ETS/CEM facilities accounted for 2.1 Mtonnes of COz or 0.34% of
the total ETS/CEMs 2002 COz emissions. No further attempt was made to remove
these facilities from the NEI and it remains unclear whether or not these facilities
are included in the NEL

In order to maintain the ability to report CO; emissions according to fuel at each
emitting process or record, the exact fuel or fuel mix at each of the ETS/CEM
facilities was identified through matching with the EIA form 906 data which
provides a detailed summary of key characteristics at all power production facilities
[DOE/EIA 2008]. The EIA form 906 data provides a listing, for the year 2002, of the
fuel share at reporting power production facilities in the US. Using this data, 1167
matches were made through direct ORSPL code mathcing. Five additional facilities
were matched through a combination of state location and facility name. The fuel
mix at the remaining XX facilities were identified through a combination of online
searching of utility websites and direct contact with facility operators.

After eliminination of the ETS/CEM facilities within the point NEI database, we have
101,758 processes in the NEI since a single facility can have multiple processes
associated with it.



Some electric generation is further captured in the NEI point file (with no obvious
match to ETS/CEM facilities) and these emissions are assumed to be associated with
facilities that are too small to be included in the ETS/CEM system. They add a small
amount of COz emissions to the final value (~0.014 GtC/year) and are added to the
utility sector in the final Vulcan sectoral output.

2.1.4 Missing material identification

In order to explore emission processes for which the fuel or input/output identifier
was listed as “null”, the NEI input format (NIF) source classification code (SCC)
lookup table was used to fill in the missing information and confirm the material
classifications provided by the NEI material code.* This exercise further identified
how the material was used in the emitting process. For materials listed in Table 2.1,
only actions identified as “burned” were retained in the Vulcan point inventory.
Other actions such as “processed”, “shipped”, or “produced” were not considered the
purview of the Vulcan CO; inventory and these emitting processes were removed.
For material listed in Table 2.2, only actions identified as “produced” were retained.

There were a variety of emission processes that did not meet these criteria and the
most common were as follows:

1) fugitive emissions (surface oxidation) from fossil fuel throughput (leakage
from pipelines, spills, etc);

2) emissions based on the production of a material /fuel other than those
identified in Table 2.2. For example, a process that had CO/NOx emissions, is
using natural gas, but the reported NOx/CO emissions are relative to the
amount of ammonia produced rather than the natural gas burned. Without
knowledge regarding how much fuel is burned to produce ammonia (in this
example), a reliable estimate of throughput cannot be calculated. It is also
unclear whether or not the NOx/CO emissions are indeed related to the fossil
fuel combustion or independently related to the production of the non-fossil
material. In the latter case, the NOx/CO emissions related to the fossil fuel
combustion are reported elsewhere and hence, included and double-
counting would be the result of including emissions for the non-fossil
material. In the case of the former situation, the total CO2 emissions would be
underreported via these instances since these processes are removed from
further consideration;

3) The material was identified as belonging to the list in Table 2.2 (the Mat code
had given a “null” value) but the activity clearly indicated the material as an
input rather than an output (there were 6 occurrences of this example).

4 Material codes are actually supplied in multiple fields in the NEI which are often contradictory. The
material codes are associated with each pollutant field in addition to provided as an independent
field. The materials identified through the SCC lookup are used to override all other material
classifications and form the basis of the fuel combusted.



15,996 processes were eliminated at this step as they had no information by which a
material could be identified or were not burning a material listed in Table 2.1 or
producing a material in Table 2.2.

Elimination of these processes left 85,762 emission processes of which 253 were
producing concrete or concrete-related materials and the remainder were burning
fossil fuels.

2.1.5 Idiosyncratic adjustments

A series of individual adjustments were made to the NEI point data due to
independent data or the limited amount of QA/QC we were able to perform on the
NEI database. The following lists these idiosyncratic adjustments:

1)

2)

3)

4)

5)

Identification of a typo for FIPS 13153, state facility ID 15300003, SCC
39000201. CO emissions were listed in the NEI point data as 4128 tons.
Emissions should be 28 tons CO.

Two occurrences of FIPS 51019, state facility ID 3, SCC 39000189 and CO
emissions of 3964.41 and 2098.06 tons. The NEI-provided emission factor
(221 1bs/ton or 9.2 lbs/10°BTU) should be used instead of the FIRE-supplied
emission factor.

Three occurrences of FIPS 13103, state facility ID 10300007, SCC 10200802
and CO emissions of 1018, 913.2, and 8017 tons. The NEI-provided emisions
factor (18 lIbs/ton or 0.6 1Ibs/10°BTU) should be used instead of the FIRE-
supplied emission factor.

One occurrence of FIPS 5063, state facility ID 506300036, SCC 10200101 and
CO emissions of 1683.7 tons. This should utilize an emission factor of 90
Ibs/ton (or 3.744 1bs/10°BTU).

Two occurrences of FIPS 40123, state facility ID 826 and SCC 39000201. CO
emissions were listed in the NEI point data as 381 and 373.8 tons. Emissions
should be 81 and 73.8 tons, respectively (this is a typo).

6) All occurrences of SCC 102000704 and 39000701 are assigned a material

code of 809 which corresponds to “coke oven gas or blast furnace gas” (see
Table 2.1).5

7) All occurrences of SCC 102000707, 39000702, and 39000789 are assigned a

8)

material code of 425 which corresponds to “coke oven gas” (see Table 2.1).6

Ten SCCs were present in the NEI point database but not found in the NIF
SCC lookup table. Four of these SCCs were considered viable emission
processes via the SCC description text supplied in the NEI point database (a
fossil fuel was burned in the process).” The four SCC are:

5 These processes are common in steel production and were assigned a material type “process gas”.
Personal communication with Indiana State Environmental officials provided the more specific fuel
type (and a more accurate emission factor). In addition to Indiana, Pennsylvania and Illinois report
these SCCs.

6 See previous footnote.

" The material type was identfied through examination of the CO and NOx material codes.



0 20100301: Internal Combustion Engines; Electric Generation; Gasified
Coal; Turbine

0 10100818: External Combustion Boilers; Electric Generation;
Petroleum Coke; Circulating Fluidized Bed Combustion

0 30701415: Industrial Processes; Pulp and Paper and Wood Products;
Hardboard (HB) Manufacture; "Tube dryer, direct NG-fired, blowline
blend, PF resin, hardwood

0 10102018: External Combustion Boilers; Electric Generation; Waste
Coal; Circulating Fluidized Bed Combustion

2.2 Quantifying CO2 emissions

With the data reduction complete, each process is examined in order to retrieve
information by which an amount of emitted CO2 can be produced. The CO; emission
quantity is determined from the provided CO and/or NOx emissions amount in
combination with an emission factor (EF) for one or both of these pollutants and an
emission factor for CO;. The CO/NOx EF used is chosen from three different
alternatives: 1) the EF provided in the NEI data itself for the particular process in
question and for the particular pollutant (CO or NOx), 2) the EF retrieved from the
FIRE database, a collection of standard EFs applied to specific SCC/control
combinations [USEPA 1997; USEPA 2006b; WebFIRE 2005], and 3) a default EF
value (provided in Appendix A, Tables A.1 and A.2).

The basic process by which CO; emissions are created is as follows:

+ 12 PE]
" 44 PF;

where (C, is the emitted amount of carbon, PE is the equivalent amount of
uncontrolled criteria pollutant emissions (CO or NOx emissions), p is the
combustion process (e.g. industrial 10 MMBTU boiler, industrial gasoline
reciprocating turbine), fis the fuel type (e.g. natural gas or bituminous coal), PF is
the emission factor associated with the criteria pollutant, and CF is the emission
factor associated with CO; (provided in Appendix A, Table A.3).

CF’| (2)

When CO emissions are available, these are used to generate the fuel consumed (and
hence, CO; emissions) because the question of emission control is of a lesser
concern with CO as it is with NOx emissions.

2.2.1 Emission factor retrieval

The following series of logical steps trace the procedure for retrieving the most
reliable CO and NOx emission factors (PF) for each process retained in the Vulcan
database. In each case, the retrieval of an emission factor is based on the process
under consideration and the material processed. The procedure is determined by
the SCC provided in the NEI point database and the material as determined in
previous steps (see section 2.1.4).



Where emission factors are supplied in physical units (emitted amount per volume
or mass of fuel), they are converted to thermal units (emitted amount per 10°BTU)
for use in the Vulcan emission calculations. Appendix A, Table A.3 provides fuel heat
contents used in this process.
Retrieval options:
Sk sk ok sk ok ok ok ok ok ok ok ok ok ok ke sk sk sk sk sk sk sk ok sk ok sk sk ke sk sk sk sk sk sk sk sk sk ok sk ok Sk sk sk sk sk sk sk sk sk sk sk sk sk sk ke skok sk sk sk sk sk sk sk skk sksk skke sk
1. There is a PF provided within the NEI and there is a FIRE PF (or multiple). Is
the provided NEI PF within the tolerance thresholds® of the FIRE PF (or any, if
multiple)?
- If so, retrieve the NEI provided PF
- If not, retrieve the FIRE PF (the largest, if multiple)

2. There is a PF provided within the NEI, but no available PF in the FIRE
database. Is the NEI provided PF within the tolerance thresholds of the default
PF?

- If so, retrieve the NEI provided PF

- If not, retrieve the default PF

3. There is no PF provided within the NEI, but there is a FIRE PF (or multiple)
- Retrieve the FIRE PF (use largest, if multiple)

4. There is no PF provided within the NEI and there is no FIRE PF

- Retrieve the default PF
Sk 3k ok sk ok sk sk sk sk ke sk ok sk ok sk ok sk sk sk sk ke sk ke sk ke sk ok sk ok sk sk ke sk ke sk ke sk ok sk ok sk ok sk sk ke sk ke sk ke sk ke sk ok sk ok sk sk ke sk ke sk ke sk sk sk ok sk sk sk sk sk sk

The next step in the CO2 emissions calculation is the estimation of the fuel
throughput for the considered process. This is computed as the ratio of the mass of
emitted pollutant divided by the PF (with appropriate units ascertained).’ In all
cases in which a fossil fuel is burned, CO emissions were available and hence, biases
associated with NOx emission controls could be avoided throughout the point CO-
emissions estimation. Production of materials listed in Table 2.2, however, relied on
NOx emissions

2.2.2 Cement

COz is emitted from cement manufacturing as a result of fuel combustion and as
process-derived emissions. The emissions from fuel combustion are captured in the
fossil fuel combustion emission processes. The process-derived CO2 emissions result
from the chemical process that converts limestone to calcium oxide and COz. The
three materials considered by the Vulcan project for tracking this CO; emission are
given in Table 2.2. Point source processes that produce materials listed in Table 2.2
use PF values based on NOx emissions only. Though throughput is the most widely

8 The factor must be within a factor of three larger than that supplied or within 75% lower.
9 This fuel throughput calculation assumes that the fuel estimated is the amount of fuel “burned” in
the combustion process.

1C



used method by which to calculate CO2 emissions, the throughput data within the
NEI was not considered comprehensive or accurate.

The EIA estimates cement manufacturing in 2002 to account for 43 MtCOz/year out
of a total 69.4 MtCOz/year for their entire industrial process-derived CO; emissions.
The latter value includes both limestone and soda ash manufacturing which are
currently not included in the Vulcan inventory.1? These estimates, in turn, are based
upon throughput estimates from the U.S. Geological Survey [DOE/EIA 2007a].
Vulcan 1.0 estimates a total of 50 MtCOz/year which compares relatively well with
the cement manufacturing estimate from the EIA.

2.2.3 CO; emissions estimation

Once the material /fuel throughput has been produced, a CO; EF is applied (provided
in Appendix A, Table A.3). Emission factors for CO2 are based on the fuel carbon
content and assume a gross calorific value or high heating value, as this is the
convention most commonly used in the US and Canada [URS, 2003]. Variation in the
carbon content of fuels is not accounted for in this method and hence, these US-
average values can introduce error. Emission factors are reported as units of carbon
dioxide as opposed to units of carbon and assume 100% oxidation of fuel carbon to
CO: for natual gas, 99% for coal and oil [IPCC 1996; DOE/EIA 2007b].

2.2.4 Known database errors

A cement production facility in Santa Clara county, California reported a NOx
emission factor that was deemed unrealistically large. According to the methods
presented in section 2.2.1, this was replaced by a default NOx emission factor.
However, the resulting CO; emissions are inconsistent with local data collected by
the Bay Area Air Quality Management District and a review is underway in order to
improve the CO2 emissions from this and other cement/concrete production
facilities.

10 These categories will be included in Vulcan 2.0.
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3.0 Nonpoint Sources

The area or nonpoint source emissions (dominated by residential and commercial
economic sectoral categories though industrial and utility sector emissions exist)
are stationary sources that are not inventoried at the facility-level and represent
diffuse sources within a geographic area. The EPA provides recommendations to
state/local agencies on how to collect nonpoint source emissions information and
the state/local agencies are given a number of options in forming the basis of the
reported information [ERG 2001b]. The EPA prefers emissions to be estimated by
extrapolating from a sample set of data for the activity to the entire population, but
a number of other approaches are allowed including material balance, mathematical
models, and emission factors. This means that the method employed will vary by
location and this generally implies that the nonpoint source emission information
has more intrinsic variability in terms of quality and consistency than either the
mobile or point sources emissions estimates.

3.1 Data reduction

The NEI nonpoint database is comprised of a file structure similar to the point
sources noted in Figure 2.1.and is comprised of five related files [USEPA 2006c].
These five nonpoint files are: 1) transmittal (TR), 2) emission process (EP), 3)
emission period (PE), 4) control equipment (CE), 5) emission (EM). The majority of
analysis is performed with the emission (EM) data file.

The fundamental nonpoint “unit” as defined for the Vulcan calculations is the
“process” which identifies a single SCC in a single county using a single fuel and with
a unique Mat IO.

As with the point NEI data, the nonpoint database contains information on
processes that do not consume fossil fuels or processes that contain emissions from
fossil fuel combustion other than NOx and CO. Hence, the database is reduced to
only that data relevant to the CO; emissions problem. Currently, the Vulcan
inventory utilizes CO emissions in order to compute fuel throughput and
subsequent COz emissions. A total of 126,680 processes were retrieved from the
nonpoint NEI that report CO emissions.

As with the point source data, a series of reductions are made to this NEI nonpoint
CO emissions dataset before processing for CO2 emissions.

3.1.1. Material and pollutant qualifiers

The nonpoint NEI was reduced by narrowing the database by the process
material/fuel and the pollutant produced by that process. Only records that had the
following combination were considered:

1) the pollutant code indicated CO emissions present
AND

2) the material can be found in the Vulcan fossil fuel list (Table 2.1)
AND

3) the Mat IO identifier was set to “input” (“I”) or “null”
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The material is identified though a combination of examining the provided NEI
material code and SCC code. As with the point NEI data, many material codes were
absent (“null” values). In order to explore emission processes for which the fuel or
input/output identifier was listed as “null”, the NEI input format (NIF) source
classification code (SCC) lookup table was used to fill in the missing information and
confirm the material classifications provided by the NEI material code.!! This
exercise further identified how the material was used in the emitting process. For
materials listed in Table 2.1, only actions identified as “burned” in the SCC lookup
table were retained in the Vulcan nonpoint inventory. Other actions such as
“processed”, “shipped”, or “produced” were not considered the purview of the
Vulcan CO2 inventory and these emitting processes were removed.

The SCC was also used to identify the economic sector (residential, commercial, etc).
If the sector was not readily identifiable, the process was designated to “unknown”.

3.1.2. Time period consistency

Emissions reporting is made for a small set of different reporting periods or time
“types” as presented in section 2.1.2. Only processes which identify time type 30
(complete annual emissions record) are retained and all others are removed. Vulcan
inventory release 2.0 will incorporate and adjust for other time types (types 27, 28,
and 29) and structure the emissions according to multiple time types when more
than one time type is reported.

3.2 Quantifying CO2 emissions

With the data reduction complete, each process is examined in order to retrieve
information by which an amount of emitted CO2 can be produced. The CO; emission
quantity is determined from the provided CO emissions amount in combination with
a CO emission factor (EF) and an emission factor for CO».

The basic process by which COz emissions are created is theoretically identical to
the point source process:

._12 PE}
44 PF;

-/

CF’| (3)

where (C, is the emitted amount of carbon, PE is the equivalent amount of
uncontrolled CO emissions, p is the combustion process, fis the fuel category, PF is
the emission factor associated with the criteria pollutant, and CF is the emission
factor associated with CO; (provided in Appendix A, Table A.3).

11 Material codes are actually supplied in multiple fields in the NEI which are often contradictory. The
material codes are associated with each pollutant field in addition to provided as an independent
field. The materials identified through the SCC lookup are used to override all other material
classifications and form the basis of the fuel combusted.
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3.2.1 CO Emission factor retrieval

The CO EF used is chosen from two different alternatives (in the following order): 1)
the EF provided in the NEI data itself for the particular CO-emitting process, 2) a
default EF value (provided in Appendix A, Tables A.1). CO emission factors provided
in units other than mass per unit energy are converted using the standard fuel heat
contents provided in Appendix A, Table A.3. Standardization of fuel inputs to the
combustion processes is essential to maintain numerical integrity.

3.2.2 CO; emissions estimation

Once the material /fuel throughput has been produced, a COz emission factor is
applied. Emission factors for CO; are based on the fuel carbon content and assume a
gross calorific value or high heating value, as this is the convention most commonly
used in the US and Canada [URS, 2003]. Variation in the carbon content of fuels is
not accounted for in this method and hence, these US-average values can introduce
error. Emission factors are reported as units of carbon dioxide as opposed to units
of carbon and assume 100% oxidation of fuel carbon to CO; for natual gas, 99% for
coal and oil [IPCC 1996; DOE/EIA 2007b].

3.2.3 Suspected database errors and corrections

The state of Illinois provided some CO emission factors for LPG use in the
commercial sector that were different from all other emission factors for this fuel in
this sector. They listed some values as “0.19 lbs CO/e3gals” versus the consistent
reporting in all other states of 1.9 Ibs CO/e3 gals. This latter value is also consistent
with the default value. These instances were changed from 0.19 to 1.9.

The state of Alabama provided CO emission factors for bituminous/subbituminous
coal use in industrial, residential, and commercial of 0.6 Ibs CO/e6ft3, 6 lbs CO/e6
ft3 and 11 lbs CO/e6ft3, respectively. This was the only instance of reporting for
coal that utilized volumetric units in the denominator. Attempts to convert these
units to those more familiar returned emission factors that were clearly in error. In
these cases, the Vulcan default CO emission factors were used.

Data reported to the nonpoint NEI from the residential sector in the state of
Alabama has been discovered to contain errors [Cole, 2008]. It remains unclear what
caused the reporting error but CO emissions were discovered to be roughly 5x too
large which translated into CO2 emissions also being roughly 5x too large. Hence, all
Alabama residential emissions originating in the nonpoint data files have been
reduced by a factor of 5. It is unclear whether or not other reporting anomalies
occurred for the state of Alabama, but the Vulcan team recommends caution when
interpreting the Vulcan COz emissions for Alabama.

The nonpoint dataset included emission factors that were identified as having
“parsing” errors. Emission factors were clearly identified as having a leading “30” in
the first two positions in the provided number. These were parsed incorrectly from
the time type (the previous field). In these cases, the leading “30” was stripped from
the provided emission factor and the remaining emission factor used in the
calculations. There was one case: LPG (mat code 178) in which the leading “30” was
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real and not an artifact of parsing. This was determined from knowledge of the
typical emission factor for LPG. In this instance the leading “30” was not stripped
from the provided emission factor.

3.3 Spatial Processing

Nonpoint CO2 emissions are defined within the NEI at the county-scale and the
annual temporal scale. Downscaling of the residential and commercial emissions (in
addition to the small amount of industrial sector and electricity production
emissions) reported in the nonpoint NEI files are performed through use of census
tract-level spatial surrogates prepared by the Environmental Protection Agency
[DynTel, 2002]. The spatial surrogates used are a combination of different spatial
datasets such as Landsat 7 land-use classification and Federal Emergency
Management Agency’s “HAZUS” data. For the purposes of downscaling the Vulcan
emissions, multiple residential, multiple commercial and multiple industrial
building classes were combined into a single total floor square footage quantity for
the residential, commercial and industrial class at the census tract. Each county’s
CO2 emissions are allocated to the US Census tracts within the county according to
weighting by the amount of residential/commercial /industrial building square
footage within each Census tract.

A small amount of electricity production was present in the nonpoint data source.
This occurred in the states of California, New York, New Mexico and Nevada. These
county-level emissions were assigned to the centroid of the county as emission
points.

This can be further transformed to a 10 km x 10 km grid (see section 5.0) by further
allocating the Census tract CO; emissions to the 10 km x 10 km grid through area-
based weighting (the area-based percent share of sub-portions of each grid cell
residing in different tracts). This provides each 10 km x 10 km gridcell with a
residential/commercial /industrial CO2 emission amount that is based on the share
of residential/commercial /industrial building square footage.
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4.0 Transport Sources

The transport sector contains three separate components: onroad emissions
(mobile transport using designated roadways), nonroad emissions (e.g. boats,
trains, ATVs) and emissions associated with air travel (airports and airborne craft).

4.1 Onroad Sources

The onroad mobile portion of the Vulcan CO; emission inventory is constructed
from a series of existing databases and modeling efforts to generate hourly carbon
dioxide (CO2) emissions for the year 2002 at the spatial scale of a U.S. county for the
entire U.S. Further spatial allocation is performed in order to place these emissions
onto U.S. roads and onto a common 10 km x 10 km spatial grid.

4.1.1. Vehicle Miles Traveled

The Vulcan onroad transportation emissions calculation starts with retrieval of the
total vehicle miles traveled (VMT) from the National Mobile Inventory Model
(NMIM) County Database (NCD) for each combination of vehicle type, road type,
county, and month for the year 2002 (see Appendix B for tabular information on
these elements). The NMIM NCD is part of the NMIM software package produced by
the EPA [USEPA 2005d]. In addition to estimating CO; emissions from transport, the
NMIM provides the information necessary to estimate criteria air pollutant
emissions and much of the data volume is devoted to this aspect.

The VMT data has been compiled from historical data obtained from the Federal
Highway Administration’s (FHA) Highway Performance Monitoring System (HPMS)
[FHA 2005]. The data contained in HPMS is obtained from a collaboration between
State Highway Agencies (SHAs), local governments, and metropolitan planning
organizations (MPOs). The VMT data is a mixture of “universe”, expanded sample,
and summary data. Universe data refers to a limited set of data items reported for
the entire public road system, either as individual or grouped road length sections.
For example, the data for the entire interstate system would be considered universe
data. Sample data is defined as data reported for a randomly selected sample of
roadway links in a road system. This is the case for minor arterial, and collector
roads in both urban and rural systems. These sections are generally a fixed set of
road segments that are monitored year to year to create a sample. Summary data is
data reported in aggregate form by road type. In the case of minor collector and
local roads, states are not required to report Annual Average Daily Traffic (AADT)
except for National Highway System (NHS) sections. Table B.5 (Appendix B) shows
the data categories for selected HPMS data.

Reported HPMS data is required to represent conditions as of December 31st of the
data year and the reporting due date is June 15t of the following year. States are
required to submit Linear Referencing System (LRS) data once, and only subsequent
updates, on a yearly basis. An LRS is used to obtain the length of road sections.
While there may be other participants in the collection and reporting process, the
ultimate responsibility for the accuracy and timely reporting of HPMS data lies with
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each individual State highway agency. Sample Daily Vehicle Miles Traveled (DVMT)
are obtained by multiplying standard sample section AADT by the section length
and by the standard sample expansion factor. The expansion factor is an annual
growth factor used if the AADT is not current for the particular data year and older
AADTSs need to be used. As outlined in FHA [2005], the AADT submitted for each
road section as part of HPMS reporting must meet the following criteria (quoted
from document):

a. Classification data are representative of specific functional systems.

b. Each season of the year is represented in the development of axle correction
factors.

c. Classification sessions are long enough to account for the changes in vehicle mix
from day to day. The Traffic Monitoring Guide (TMG) recommends that vehicle
classification sessions be at least 48-hours. Data for less than 24 continuous
hours is not appropriate.

d. The total volume of vehicles observed is at least equal to that for an average day.

Classification counts are well distributed among rural and urban locations.

f. Classification counts are collected, at a minimum, over a 3-year cycle, one-third
of the counts per year.

g. There are sufficient classification categories to represent vehicles with two to
seven axles.

o

The VMT values used in the Vulcan effort are obtained by querying the NCD VMT
tables for the annual VMT (in million of miles traveled) for each
county/vehicle/road type combination and then using the supplied
county/vehicle/road-specific monthly allocation factors to generate VMT resolved
on a monthly basis. If no county-specific values are found, a standard NCD monthly
allocation table is used. Of the 1,082,592 records that encompass the entire VMT
information, 1,048,000 records (96.8%) are obtained from a standard NCD monthly
allocation table. This standard allocation table is produced from accepted average
AADT values (monthly allocation specific to road class and vehicle type) for a
particular road section multiplied by the road section length if a state did not report
specific values. Hence, little county-specific monthly structure is available and the
average AADT values are used nearly all counties.

4.1.2 CO2 Emission Factors

To obtain CO2 mobile emission factors (grams/mile driven), EPAs MOBILE6.2
mobile combustion model was utilized [USEPA 2001; Harrington 1998]. MOBILE6.2
uses inputs comprising different transport scenarios in order to obtain the
appropriate mobile emission factors. A scenario consists of a particular vehicle type
combined with a particular road type. MOBILE6.2 emission rates are derived from
emissions tests conducted under standard conditions such as temperature, fuel, and
driving cycle. Emission rates further assume a pattern of deterioration in emission
performance over time, again based on results of standardized emission tests
[USEPA 2003]. There are 28 vehicle types and 12 road types and in order to
encompass all of them, 168 MOBILEG6.2 scenarios would need to be run for every US
county. Instead, 18 scenarios were run which have been historically used in NEI
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datasets and encompass the entirety of the possible scenarios while retaining
flexibility. These are shown in Appendix B, Table B.3.

The inputs for the scenario files consist of the age distribution of the fleet for the
vehicle type since average age and age distribution of the fleet affects the emissions
of the vehicles due to combustion efficiency differences. Some counties report a
specific fleet distribution - given as a fraction of total number of vehicles of a
particular age dating back to 25 years. When no specific fleet data is available a
default fleet is used by MOBILE6.2. The road type contributes to the emissions
determination because each road type has a determined average speed of travel
which affects the combustion efficiency of traveling vehicles.

Once the VMT and emission factors are calculated, the product results in a monthly
CO2 emission for every combination of county, road type, and vehicle type.

The monthly/county/road/vehicle-specific CO2 emissions are further subdivided in
time using a combination of data from the Department of Transportation in a series
of states and Weight In Motion (WIM) data obtained from the San Jose Valley traffic
department [California DOT, Arizona DOT, Minnesota DOT, Kentucky DOT, South
Carolina DOT, Louisiana DOT, Wisconsin DOT, New York DOT, Maine DOT; Marr et
al, 2002]. The FHWA data provide detailed hourly vehicle counts for one weekday
and one weekend at one monitoring location in each of the 9 U.S. census regions as
shown in Appendix B, Table B.5 [USCB, 2000]. This data was then combined with the
WIM data which contained diurnal traffic density data for each day of the week
during July of 1999. The data was gathered from three urban and four rural WIM
sites. The three urban sites and two of the rural sites are located in the San
Francisco Bay area. The remaining two rural sites are located in the San Joaquin
Valley. These data are averaged to represent four different vehicle/road-type
classifications: Urban Light Duty, Urban Heavy Duty, Rural Light Duty, Rural Heavy
Duty. These diurnal patterns are applied across the country and contain no seasonal
variation. Because there are more emission vehicle classes and road classes than the
WIM data supports, the four WIM vehicle/road classes were applied to multiple
emission vehicle/road classes as outlined in Appendix B, table B.3.

The WIM data provided ratios of traffic between light duty and heavy duty vehicles
for both, rural, and urban locations, which were multiplied by the vehicle counts
from the FHWA data to obtain a representative vehicle proportion. The daily traffic
volume for each of the four vehicle/road class combinations were calculated and the
the total traffic counts were proportionately parceled out to give each day of the
weekday/weekend cycle a representative share of traffic volume. Therefore, even
though only one weekend traffic count was obtained from the FHWA data, it was
observed that Sunday traffic volume is about 20% higher (slight differences
between vehicle/road class) than Saturday traffic using the WIM data. Consequently
the proportion of traffic was modified to account for this difference.

The monthly CO2 emission value is then parceled out to each day weighted by the
number of weekday and weekend days that are present in that particular month and
year. The daily values are then subdivided into hourly values via the FHWA diurnal
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cycle information modified by the WIM data vehicle/road class proportions and
weights of each day’s traffic volume in the weekday/weekend cycles.

Vulcan version 2.0 will contain diurnal traffic patterns that differentiate location,
day of week and road class based on state traffic monitoring data which is currently
being collected, archived and analyzed.

4.1.3 Spatial Rendering
4.1.3a Roadway rendering

The first rendering allocates the hourly/county/road/vehicle-specific CO2 emissions
that are available from the Vulcan CO; inventory onto roadways using a GIS road
atlas [NTAD 2003] which has all twelve road types (six subdivision each of rural and
urban). The hourly sum of all vehicle classes on a single road class within a county
are distributed evenly over the total road class distance in the county. This results in
a per kilometer amount of CO2 emissions that remains constant over space within a
county and road class. Time variations are as described in section 4.2 using WIM
data.

Certain road classes in the currently-used GIS road atlas are not present in all
counties. In some locations the following road classes are often missing: rural major
collector, rural minor collector, rural local, urban minor arterial, urban collector,
and urban local. Hence, there is a mismatch between the road classes identified by
the Vulcan onroad CO; emissions (which totaled 440.08 MtC/year) and the available
road types. In order to solve this problem, we moved the road-specific rural CO>
emissions from rural major collector(32.06 MtC/year), rural minor collector (9.46
MtC/year), and rural local (21.98 MtC/year) to the next coarsest road class - rural
minor arterial in rural areas. Similarly, we moved the road-specific urban CO>
emissions from urban minor arterial (49.37 MtC/year), urban collector (20.01
MtC/year), and urban local (33.72 MtC/year) to next coarsest road class - urban
principal arterial-other. Through this method, we are able to render all of the road-
specific CO2 emissions to the roads present in the GIS road atlas. Roughly 168
MtC/year out of our total 440 MtC/year were moved upscale via this method.

This approach can lead to some unrealistic spatial anomalies in the vehicle
emissions. A given road type traversing a county boundary can exhibit “jumps” or
large changes in CO2 emissions by virtue of the fact that the county emissions are
distributed evenly on a given road type within each county separately even though
the road segment traverses county boundaries with no emission shift at the
boundary. Similarly, a single roadway that changes from urban to rural, for example,
at the edge of a city or densely populated area will also exhibit a sudden change in
CO2 emissions within the Vulcan inventory, which likely does not occur as
dramatically in the real world.

4.1.3b Rendering to regular grid

The second rendering of the county-level mobile emissions features both a
geoprocessing and visualization component. In order to aggregate mobile emissions
into a common 10 km x 10 km grid (see section 5.0), road segments with their
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emissions values must be fractured by the edges of the grid cells, then collected into
the cells to which they belong. Using the border of a grid cell to split a road segment
with emission value V results in two road segments with value V. If those two
segments were then aggregated into their parent grid cells, drastic
overmeasurement would occur, with value Vbeing added to the gridded sum twice.
In order to account for this, emissions values must be smeared to road segments per
kilometer so that when the segment is split by a cell border each resulting segment's
total emission can be recalculated by its new, shorter length.

Within a GIS, all road segments have their lengths calculated per kilometer. The
emissions value assigned to each segment (based on its road class and parent
county) is then divided by kilometers to reach a per-kilometer emissions value for
each segment. The road segments are then physically split by the 10 km x 10 km
grid cells. New length values are calculated for each road segment and new total
emissions are calculated by factoring the original segment's total emissions value by
the percentage of its original length now represented by its fractured pieces. A road
segment with original emissions V, and length of 100km would have a per-kilometer
value of V/100. Split at kilometer 40 by a grid cell, each of the two resulting
segments would have length=40 km, length=60 km, respectively. Knowing the
original value, I of the segment's emissions while intact, the new segments' per
kilometer values can be calculated using the percentage of length of the intact
segment now represented by the fragment. This per-kilometer value is then used to
aggregate into the 10 km x 10 km grid cells all road segments now found within
each cell, each of which represents x kilometers of road/road type (fragments from
one or more counties that happen to fall within the cell) that carry with them a
certain per-kilometer value of emission output.

4.2 Nonroad mobile emissions

The nonroad mobile emissions are derived from NMIM NCD and represent mobile
sources that do not travel on roads such as trains, boats, snowmobiles, and
lawnmowers [USEPA 2005d; USEPA 2005e]. The original 446 vehicle classes (few
counties contain all possible classes, however) were reduced to 12 through
grouping of like processes. Each can utilize 4 different fuel types and some variation
by engine configuration is retained. As with onroad mobile emissions, the
space/time resolution of the incoming data is at the county level and at monthly
timesteps within the year 2002.

The nonroad emissions are calculated as the product of four provided data
elements,

E(1),= EF,x Pix A(t), x S(1), )

E(t)\cl is the monthly COz emission in county c for vehicle type v, EF, is the CO>
emission factor in grams of COz per operating hour for vehicle type v, P is the

population (number of individual vehicles) of vehicle type v in county c, A('[)\CI is the

activity level (in hours per year) for vehicle type v in county ¢, and S(t)\cl is the
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seasonality for each month for vehicle type v in county c. The seasonality is defined
as the fraction of the total number of hours in a year that is allocated for each
month.

The emission factor data is obtained from the USEPA’s NONROAD model (USEPA
2005f). The activity, seasonality, and population tables are obtained from the NMIM
NCD which represents extensive data collection from S/L/T’s and estimation
performed by the USEPA [USEPA 2005e].

4.3 Aircraft emissions

Aircraft emissions in the Vulcan inventory are derived from two different datasets.
The first is the NEI airport datafile that reports emissions of CAPs at geocoded
airport locations in the U.S. [USEPA 2005e]. As with the other NEI datasets,
emissions are classified according to key fields such as SCC and fuel. The NEI airport
datafile includes information on 3865 airport facilities. The NEI airport emission
data is reported in units of short tons of CO for either the entire year or a daily
average of CO emitted, also in units of short tons. The majority of airports operate
year-round and have emissions reported as an annual total but some airports
operate only during the months of June through August and the emissions are
reported as a daily average value. The CO emissions are converted to CO2 emissions
using jet fuel (no other fuel was reported) emission factors (see equation 2). There
are five main aircraft types: General Aviation, Military Aircraft, Business Turboprop,
and Air Taxis, and Air Carriers. Each of these have specific emissions for each
airport and the total emissions for an airport location is the sum of the emissions
from each aircraft type that uses the facility.

The second dataset utilized is the Aero2K database that quantifies global airborne
emissions (including take-off/landing) on a 1j x 1j x 500 ft grid. The emissions are
based on flight path information collected from commercial and military aircraft
[Eyers 2004]. The aircraft population was obtained from commercial airline data
which provides fleet information in terms of aircraft and engine type. In order to
keep the database to a manageable size, forty representative aircraft types were
chosen which fit into four broad categories: Large Jets, Regional Jets, Turboprops,
and Bizjets. The COz emissions were obtained by multiplying the fuel consumption
of each aircraft/engine type by the amount of distance travelled and the take-
off/climb/cruise/descent/landing cycle. The fuel usage predictions were calculated
using PIANO for the year 2002 [Piano 2002].

Fuel profiling and prediction takes place within the AERO2k Data Integration Tool

The method for assigning fuel data to the flight profiles in the flights relies on a
series of data-tables as follows:

1. Take-off. Using 60.9% of maximum payload, estimate the take-off weight for
the mission range to be flown. Taxi, take-off and climb out (to 3000ft) data
from emissions databank and airport-specific departure times-in-mode look-
up table.
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2. Climb (>3000ft). Determine initial cruise altitude from the profile data,
calculate fuel used in climb from climb data tables, re-calculate aircraft mass
at top of climb, and calculate distance flown.

3. Cruise. Select appropriate cruise fuel flow data from the cruise data tables, for
the altitude, Mach number and aircraft mass. Continue to re-calculate distance
flown and aircraft mass through-out the cruise segment.

4. Step-climb or mid-cruise descent if appropriate, then repeat Cruise step.

5. Descent (to 3000ft). Descent fuel from final cruise altitude to 3000ft calculated
from descent data tables.

6. Landing. Data from emissions databank and airport-specific arrival times-in-
mode lookup table.

Aero2k CO; emissions above 3000 ft are allocated to US airports by each airport’s
share of national airport emissions using the NEI airport dataset. This allows for a
direct comparison to independent state-level estimates that track fuel sales, such as
that performed by the State Energy Data System (SEDS) of the DOE/EIA [DOE/EIA
2007]. However, for the purposes of atmospheric modeling, these emissions above
3000 ft are maintained as a separate inventory in three dimensions.

5.0 Sectoral assignment and visualization

The Vulcan CO; emissions are reported following a number of categorical divisions.
The most common are emissions reporting by broad economic sectoral division
(industrial, residential, commercial, mobile, utility, and cement). A small proportion
of the incoming data could not be classified as one of the six sectors and were
collected into an “unknown” category. All of these sectors are reported in both the
NEI point and nonpoint source data. Much of the onroad mobile emission reporting
is found in the NMIM NCD data and the majority of the utility emissions are derived
from the geocoded ETS/CEM data.

Visualization of the Vulcan inventory is performed in two different ways. The first is
visualization in a “native” format or at the spatial resolution most resembling the
incoming data (points, county, etc). The second is visualization on a common 10 km
x 10 km grid to facilitate atmospheric modeling.

When visualizing the sectoral emission in a “native” format, a mixture of resolutions
occur. For example, industrial sources are visualized as both geocoded points (as
derived from the NEI point source data files) and as emission spread over census
tracts (in the case of industrial emissions reported in the NEI nonpoint source data
files - see section 3.3). A similar result occurs for the utility sector in which the
ETS/CEM data is geocoded but some utility emissions are present in the nonpoint
source data files and these are downscaled similarly to the industrial sources.

The residential sector is derived from nonpoint source data only and is therefore
visualized within census tracts per section 3.3. Commercial emissions are derived
from both the point and nonpoint source data and are hence, a mixture of geocoded
point locations and within census tracts per section 3.3.
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Nonroad transportation emissions are distributed evenly over the county where
emissions are reported and are hence, visualized as county totals. Further spatial
allocation will be performed for the Vulcan 2.0 release.

The NEI airport emissions are represented as geocoded locations. However,
emissions associated with the airborne portion of this category, as derived from the
Aero2K inventory above 3000 feet are allocated to the airport locations based on
each airport’s share of total airport emissions in the airport NEI. Aero2K emissions
below 3000 feet are not included as these are considered the take-off/landing
component of the aircraft emissions and, hence, are already included in the NEI
airport database. The allocation of airborne emissions to airport locations is
performed in order to compare the Vulcan inventory to independent sources that
quantify emissions according to fuel sales. From a visualization perspective, the
reduction of the airborne emissions to airports simplifies the two-dimensional
representation of the Vulcan inventory. However, for the purposes of atmospheric
modeling, the Aero2K inventory is also maintained as a separate 3D emission
dataset as a partner to the NEI airport emissions.

All of the sectoral emissions are also represented on the common 10 km x 10 km
grid, Point values are placed in the grid cell occupied by the geocoded point source
while sources distributed across roads or census tracts are placed within 10 km x 10
km gridcells via area weighted proportions.
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Table A.1. Default material/fuel emission factors for CO

Appendix A

Ibs CO/ Ibs CO/
Mat id unit unit 10%btu material name modifier
663 [TON 0.5 0.021 bituminous coal scc contains: "pulverized"
663 [TON 0.5 0.021 bituminous coal scc contains: "cyclone"
663 [TON 0.5 0.021 bituminous coal scc contains: "cogeneration”
663 [TON 275 11.441 bituminous coal scc contains: "hand-fired"
663 [TON 6 0.250 bituminous coal scc contains: "spreader stoker"
663 [TON 6 0.250 bituminous coal scc contains: "overfeed stoker"
663 [TON 18 0.749 bituminous coal scc contains: "atmospheric fluidized bed"
663 [TON 11 0.458 bituminous coal scc contains: "underfeed stoker"
663 [TON 0.5 0.021 bituminous coal all else
323 |[TON 0.5 0.029 subbituminous coal scc contains: "pulverized"
323 [TON 0.5 0.029 subbituminous coal scc contains: "cyclone"
323 [TON 0.5 0.029 subbituminous coal scc contains: "cogeneration”
323 |[TON 275 15.705 subbituminous coal scc contains: "hand-fired"
323 |[TON 6 0.343 subbituminous coal scc contains: "stoker"
323 |[TON 18 1.028 subbituminous coal scc contains: "atmospheric fluidized bed"
323 [TON 11 0.628 subbituminous coal scc contains: "underfeed stoker"
323 |[TON 6 0.343 subbituminous coal all else
664 [TON 0.5 0.025 bituminous/subbituminous scc contains: "pulverized"
664 [TON 0.5 0.025 bituminous/subbituminous scc contains: "cyclone"
664 [TON 0.5 0.025 bituminous/subbituminous scc contains: "cogeneration”
664 [TON 275 13.573 bituminous/subbituminous scc contains: "hand-fired"
664 [TON 6 0.296 bituminous/subbituminous scc contains: "spreader stoker"
664 [TON 6 0.296 bituminous/subbituminous scc contains: "overfeed stoker"
664 [TON 18 0.888 bituminous/subbituminous scc contains: "atmospheric fluidized bed"
664 [TON 11 0.543 bituminous/subbituminous scc contains: "underfeed stoker"
664 [TON 3.25 0.182 bituminous/subbituminous all else
717 [TON 0.07 0.003 coal scc contains: "Oven Pushing"
717 0.6 0.029 coal all else
640 [TON 90 3.744 anthracite scc contains: "hand-fired"
640 [TON 0.6 0.025 anthracite all else
639 [TON 0.3 0.012 anthracite culm
173 [TON 6 0.463 lignite scc contains "stoker"
173 [TON 0.5 0.039 lignite all else
209 [10°FT3 | 1000 0.969 natural gas scc contains: "engine"
209  [O°FT3 | 150 0.145 natural gas scc contains: “engine” and “turbine”
209  [10°FT3 | 400 0.388 natural gas scc contains: “engine” and "reciprocating”
209 [10°FT3 | 65 0.063 natural gas all else
251 [10°FT3 | 35 0.032 process gas
553  [10°FT3 | 35 0.032 refinery gas
310 [10°FT3 | 35 0.032 sour gas
126 [10°FT3 | 35 0.032 gas
255 |[E°GAL | 3 0.033 propane
832 |E°GAL | 3 0.043 ethane
256  |[E°GAL | 3 0.031 propane/butane
675 |[E°GAL | 3 0.029 butane
178 |E°GAL | 3 0.033 LPG
425  |10°FT3 | 2912 4.936 coke oven gas scc is: 39000702, 39000789
425  |10°FT3 | 1054 1.786 coke oven gas scc is: 10200707
425 |10°FT3 | 18.4 0.031 coke oven gas all else
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809 |[10°FT3 | 511 5.110 coke oven gas or blast furnace gas scc is: 39000701

809 |10°FT3 | 185 1.850 coke oven gas or blast furnace gas scc is: 10200704

809 |10°FT3 | 13.7 0.137 coke oven gas or blast furnace gas all else

44 E°GAL | 116 0.836 diesel

822 |[E°GAL | 5 0.036 distillate

56 E’GAL | 5 0.036 distillate oil

57 E3GAL | 130 0.937 distillate oil (diesel) scc contains "reciprocating”
57 E3GAL | 6.72 0.048 distillate oil (diesel) all else

823 [E3GAL [ 5 0.036 distillate oil (no 1&2)

824 [E3GAL [ 5 0.036 distillate oil (no 1)

58 E3GAL | 5 0.036 distillate oil (no 2)

825 [E3GAL [ 5 0.036 distillate oil (no 4)

818 |E3GAL | 130 0.937 diesel kerosene scc contains "reciprocating”
818 |E3GAL | 6.72 0.048 diesel kerosene all else

279 |[E3GAL | 130 0.868 residual oil scc contains "reciprocating”
279 |E3GAL | 5 0.033 residual oil all else

922 |[E3GAL | 130 0.868 residual oil (no 5) scc contains "reciprocating”
922 |[E3GAL | 5 0.033 residual oil (no 5) all else

923 |[E3GAL | 130 0.868 residual oil (no 6) scc contains "reciprocating”
923 |[E3GAL | 5 0.033 residual oil (no 6) all else

924 |[E3GAL | 130 0.868 residual crude oil scc contains "reciprocating”
924 |E3GAL | 5 0.033 residual crude oil all else

272 |[E3GAL | 130 0.868 refined ol using residual oil values

2 E3GAL | 2.1 0.015 lwaste oil scc contains: "space heaters"
2 E3GAL | 5 0.036 waste oil all else

216 |E3GAL | 5 0.033 oil

374 [E3GAL [ 5 0.033 crude oil

181 |E3GAL | 5 0.033 lube oil

127 |[E3GAL | 7900 63.16 gasoline

864 |E3GAL | 130 0.963 jet A fuel scc contains "reciprocating”
864 [E3GAL | 6.72 0.050 jet A fuel all else

159 |[E3GAL | 130 0.963 jet fuel scc contains "reciprocating”
159 |E3GAL | 6.72 0.050 jet fuel all else

865 |E3GAL | 130 0.963 jet kerosene scc contains "reciprocating”
865 |E3GAL | 6.72 0.050 jet kerosene all else

160 |[E3GAL | 130 1.040 jet naptha scc contains "reciprocating”
160 [E3GAL | 6.72 0.054 jet naptha all else

162 |E3GAL | 5 0.037 kerosene

724 |TON 6.6 0.220 coke scc is: 390000899

724 [TON 0.6 0.020 coke all else

226 |TON 6.6 0.220 raw coke scc is: 390000899

226 [TON 0.6 0.020 raw coke all else

696 [TON 0.12 cement Scc contains: "wet" process
696 [TON 0.21 cement all else

696 [TON 0.98 cement scc contains: "preheater”
696 [TON 3.7 cement scc contains: "precalciner”
715 [TON 1 clinker

729 [TON 1 concrete

142 heat search scc desc for fuel then reference list

Default emission values are derivedrfr the FIRE emissions factor databad&HPA 1997; USEPA

2006b; WebFIRE 2005]. All emission factors associated with a single fuel were inspected to determine
variation by combustion technology. Emission factors unique to particular combustion technalegy we
retained. Emission factors showing little or no variation by combustion technology were averaged to
represent the average for the fuel type.
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Table A.2. Default material/fuel emission factors for NOx

Mat id

unit

Ibs NOx/
unit

Ibs NOXx/
10°btu

material n ame

modifier

663 [TON 10 0.416 bituminous coal scc contains: "atmospheric fluidized bed"
663 [TON 10 0.416 bituminous coal scc contains: "cogeneration”

663 [TON 12 0.499 bituminous coal scc contains: "spreader stoker"
663 [TON 7.5 0.312 bituminous coal scc contains: "traveling grate”

663 [TON 9.1 0.379 bituminous coal scc contains: "underfeed stoker"
663 [TON 9.1 0.379 bituminous coal scc contains: "overfeed stoker”

663 [TON 9.1 0.379 bituminous coal scc contains: "hand-fired"

663 [TON 30 1.248 bituminous coal all else

323 [TON 15 0.857 subbituminous coal scc contains: "atmospheric fluidized bed"
323 [TON 15 0.857 subbituminous coal scc contains: "cogeneration”

323 [TON 11 0.628 subbituminous coal scc contains: "spreader stoker"
323 [TON 7.5 0.428 subbituminous coal scc contains: "traveling grate”

323 [TON 13.7 0.782 subbituminous coal scc contains: "underfeed stoker"
323 [TON 13.7 0.782 subbituminous coal scc contains: "overfeed stoker”
323 [TON 13.7 0.782 subbituminous coal scc contains: "hand-fired"

323 [TON 25 1.428 subbituminous coal all else

664 [TON 12.5 0.636 bituminous/subbituminous scc contains: "atmospheric fluidized bed"
664 [TON 12.5 0.636 bituminous/subbituminous scc contains: "cogeneration”

664 [TON 11.5 0.564 bituminous/subbituminous scc contains: "spreader stoker"
664 [TON 7.5 0.370 bituminous/subbituminous scc contains: "traveling grate”

664 [TON 114 0.581 bituminous/subbituminous scc contains: "underfeed stoker"
664 [TON 114 0.581 bituminous/subbituminous scc contains: "overfeed stoker”
664 [TON 114 0.581 bituminous/subbituminous scc contains: "hand-fired"

664 [TON 27.5 1.338 bituminous/subbituminous all else

717 [TON 0.03 0.00145 [coal scc contains: “oven pushing”

717 [TON 3 0.145 coal

640 [TON 9 0.374 anthracite scc contains "traveling grate”

640 [TON 3 0.125 anthracite scc contains: "hand-fired"

640 [TON 18 0.749 anthracite all else

639 [TON 1.8 0.075 anthracite culm

173 [TON 15 1.157 lignite scc contains: "cyclone furnace"
173 [TON 15 1.157 lignite scc contains: "traveling grate”

173 [TON 6 0.463 lignite all else

209 |10°FT3 | 3000 2.907 natural gas scc contains: "engine"

209 |10°FT3 | 400 0.388 natural gas scc contains: “engine” and “turbine”
209 |10°FT3 | 2840 2.752 natural gas scc contains: “engine” and "reciprocating”
209 |[10°FT3 | 140 0.136 natural gas all else

251  |[10°FT3 | 140 0.126  [process gas

553  [10°FT3 | 140 0.126 refinery gas

310 [10°FT3 | 140 0.126  |sour gas

126 |[10°FT3 | 140 0.126  [gas

255 [E3GAL | 15 0.165 propane

832 |E3GAL [ 15 0.216 ethane

256 [E3GAL | 15 0.154 propane/butane

675 |[E3GAL [ 21 0.204 butane

178 |[E3GAL | 15 0.165 LPG

425 [10°FT3 | 90.8 0.154 coke oven gas scc is: 39000702, 39000789

425 [10°FT3 | 54 0.092 coke oven gas scc is: 10200707

425 [10°FT3 | 80 0.136 coke oven gas all else

809  [10°FT3 | 15.9 0.159 coke oven gas or blast furnace gas scc is: 39000701
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809  [10°FT3 | 9.35 0.094 coke oven gas or blast furnace gas scc is: 10200704

809 [10°FT3 | 23 0.230 coke oven gas or blast furnace gas all else

44 10°GAL | 425 3.064 diesel

822 |[10°GAL| 20 0.144 distillate

56 10°GAL| 20 0.144 distillate oil

57 10°GAL| 604 4.355 distillate oil (diesel) scc contains "reciprocating”
57 10°GAL| 98 0.707 distillate oil (diesel) all else

823 |[10°GAL| 20 0.144 distillate oil (no 1&2)

824 |10°GAL| 20 0.144 distillate oil (no 1)

58 10°GAL| 20 0.144 distillate oil (no 2)

825  |10°GAL| 20 0.144 distillate oil (no 4)

818 [10°GAL| 604 4.355 diesel kerosene scc contains "reciprocating”
818 |[10°GAL| 98 0.707 diesel kerosene all else

279 |10°GAL| 604 4.035 residual oil scc contains "reciprocating”
279 [10°GAL| 55 0.367 residual oil all else

922  |[10°GAL| 604 4.035 residual oil (no 5) scc contains "reciprocating”
922 [10°GAL| 55 0.367 residual oil (no 5) all else

923  |[10°GAL| 604 4.035 residual oil (no 6) scc contains "reciprocating”
923 |10°GAL| 55 0.367 residual oil (no 6) all else

924 |10°GAL| 604 4.035 residual crude oil scc contains "reciprocating”
924 [10°GAL| 55 0.367 residual crude oil all else

272 |[10°GAL| 55 0.367 refined ol using residual oil values

2 10°GAL| 16 0.116 lwaste oil scc contains: "space heaters"
2 10°GAL| 19 0.138 waste oil all else

216 [10°GAL| 55 0.367 ol

374 [10°GAL| 55 0.367 __|crude oil

181  [10°GAL| 55 0.367 ___|lube oil

127 [10°GAL| 200 1.599 gasoline

864 [10°GAL| 604 4.474 jet A fuel scc contains "reciprocating”
864 |10°GAL| 98 0.726 jet A fuel all else

159 |10°GAL| 604 4.474 jet fuel scc contains "reciprocating”
159 [10°GAL| 98 0.726 jet fuel all else

160 [10°GAL| 604 4.834 jet naptha scc contains "reciprocating”
160 |10°GAL| 98 0.784 jet naptha all else

162 [10°GAL| 18 0.133  |kerosene

724 [TON 14 0.466 coke scc contains: "cogeneration”
724 [TON 21 0.698 coke all else

226  [TON 14 0.466 raw coke scc contains: "cogeneration”
226 [TON 21 0.698 raw coke all else

696 [TON 7.4 cement scc contains "wet" process
696 [TON 4.8 cement scc contains: "preheater”
696 [TON 4.2 cement scc contains: "precalciner”
696 [TON 6 cement all else

715 |TON 7.4 clinker scc contains "wet" process
715 [TON 5) clinker all else

729 [TON 7.4 concrete scc contains "wet" process
729 [TON 5) concrete all else

142 heat search SCC desc for fuel then reference list

Default emission values are derived from the FIRE emissions factor dat&diS&8d [L997; USEPA

2006b; WebFIRE 2005]. All emission factors associated with a single fuel were inspected to determine
variation by combustion technology. Esion factors unique to particular combustion technology were
retained. Emission factors showing little or no variation by combustion technology were averaged to
represent the average for the fuel type.
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Table A.3. Material/fuel emission factors for CO;, and material/fuel heat content

tonnes heat

CO,/10°btu material name modifier content
663 | 0.0932 bituminous coal 24.04° | 10°BTU/TON
323 | 0.0968" subbituminous coal 17.51° | 10°BTU/TON
664 | 0.0950' bituminous/subbituminous Average of previous two 20.77° | 10°BTU/TON
717 | 0.0950' coal Use previous row 20.77° | 10°BTU/TON
640 | 0.1033' anthracite 24.04° | 10°BTU/TON
639 |0.1033' anthracite culm Use previous row 24.04° | 10°BTU/TON
173 | 0.0962' lignite 12.97° | 10°BTU/TON
209 |0.0531 natural gas “natural gas pipeline” 1032° | 10°BTU/MO0°FT?
251 | 0.0561 process gas “refinery fuel gas” entry 1068.6"| 10°BTU/10°FT?
553 | 0.0561 refinery gas “refinery fuel gas” entry 1068.6"| 10°BTU/10°FT?
310 | 0.0561 sour gas “refinery fuel gas” entry 1068.6"| 10°BTU/10°FT?
126 | 0.0561 gas “refinery fuel gas” entry 1068.6"| 10°BTU/10°FT?
255 | 0.0625 propane 90.42 | 10°BTU/M0°GAL
832 [ 0.0590 ethane 69.43" | 10°BTU/M0°GAL
256 | 0.0635 propane/butane Mix of propane and butane | 93.82 | 10°BTU/10°GAL
675 | 0.0644 butane 97.23 | 10°BTU/M0°GAL
178 | 0.0620 LPG 94.0 | 10°BTU/M0°GAL
425 | 0.0406° coke oven gas “coke (oven gas)” 574* | 10°BTUMO°FT®
809 | 0.2063° coke oven gas or blast furnace gas | “blast furnace gas” 92* 10°BTU/M10°FT®
44 0.0735 diesel “diesel/gas oil” entry 137.06 | 10°BTU/10°GAL
822 [ 0.0725 distillate “distillate fuel” entry 139.93 | 10°BTU/10°GAL
56 0.0725 distillate oil “distillate fuel” entry 139.93 | 10°BTU/10°GAL
57 0.0735 distillate oil (diesel) “diesel/gas oil” entry 137.06 | 10°BTU/10°GAL
823 [ 0.0725 distillate oil (no 1&2) “distillate fuel” entry 139.93 | 10°BTU/10°GAL
824 [ 0.0725 distillate oil (no 1) “distillate fuel” entry 139.93 | 10°BTU/10°GAL
58 0.0725 distillate oil (no 2) “distillate fuel” entry 139.93 | 10°BTU/10°GAL
825 [ 0.0754 distillate oil (no 4) “fuel #4” entry 143.16 | 10°BTU/10°GAL
818 0.0725 diesel kerosene Mix of diesel and kerosene | 135.98 | 10°BTU/10°GAL
279 | 0.0780 residual oil 149.97 | 10°BTU/10°GAL
922 |0.0772 residual oil (no 5) 149.97 | 10°BTU/10°GAL
923 | 0.0803 residual oil (no 6) 153.20 | 10°BTU/10°GAL
924 | 0.0780 residual crude oil “residual oil” entry 149.97 | 10°BTU/10°GAL
272 | 0.0780 refined oil “residual oil” entry 149.97 | 10°BTU/10°GAL
2 0.0735 waste oil “unfinished oil” entry 138.69'| 10°BTU/10°GAL
216 |0.0725 oil “other oil” entry 138.69'| 10°BTU/10°GAL
374 [0.0737 crude oil 142.26 | 10°BTU/10°GAL
181 |0.0735 lube oil “lubricants” entry 138.1" | 10°BTU/10°GAL
127 | 0.0702 gasoline 129.88 | 10°BTU/10°GAL
864 [ 0.0702 jet A fuel “iet fuel” entry 120.19 | 10°BTU/10°GAL
159 | 0.0702 jet fuel 120.19 | 10°BTU/10°GAL
865 [ 0.0709 jet kerosene Mix of jet fuel and kerosene| 120.19 | 10°BTU/10°GAL
160 | 0.0721 jet naptha “special naptha” entry 120.19 | 10°BTU/10°GAL
162 | 0.0716 kerosene 134.91 | 10°BTU/10°GAL
724 | 0.1011 coke “petroleum coke” 27.96 | 10°BTU/TON
226 | 0.1011 raw coke “petroleum coke” 27.96 | 10°BTU/TON
696 cement scc contains: "wet" process
696 cement all else
715 clinker scc contains: "wet" process
715 clinker all else
729 concrete scc contains: "wet" process
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729 concrete all else
search SCC desc for fuel
142 heat then ref list

Notes: CO; emission factors from API [2004] unless otherwise noted. This source was used

for generating internal consistency across the many fuel categories encountered.

The values are within 1.5% of other estimates (DOE/EIA, 2007a, USEPA, 2008)

when fuel types are identifiably compatible.

1 CO2 emissions factor from DOE/EIA [2007D].

2 CO2 emission factor from IPCC, [1996].

3 Coal heat values from 2006 data contained within the Energy Information
Administration, Form EIA-423, "Monthly Cost and Quality of Fuels for Electric
Plants Report;" Federal Energy Regulatory Commission, FERC Form 423, "Monthly
Report of Cost and Quality of Fuels for Electric Plants.” US averages for coal types
were used. Bituminous and anthracite coal types were reported in one category.

4 http://www.engineeringtoolbox.com/heating-values-fuel-gases-d 823.html
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Appendix B

Table B.1 Complete MOBILEG6 Vehicle Classifications'

VClass VClassAbbr VClassDesc

1| LDGV Light-Duty Gasoline Vehicles (Passenger Cars)
2 | LDGT1 Light-Duty Gasoline Trucks 1 (0-6,000 Ibs. GVWR, 0-3750 Ibs. LVW)
3 [ LDGT2 Light-Duty Gasoline Trucks 2 (0-6,000 lbs. GVWR, 3751-5750 Ibs. LVW)
4 | LDGT3 Light-Duty Gasoline Trucks 3 (6,001-8,500 Ibs. GVWR, 0-5750 Ibs. ALVW)
5 [ LDGT4 Light-Duty Gasoline Trucks 4 (6,001-8,500 Ibs. GVWR, 5751 Ibs. and greater ALVW)
6 [ HDGV2B Class 2b Heavy-Duty Gasoline Vehicles (8501-10,000 Ibs. GVWR)
7 | HDGV3 Class 3 Heavy-Duty Gasoline Vehicles (10,001-14,000 Ibs. GVWR)
8 | HDGV4 Class 4 Heavy-Duty Gasoline Vehicles (14,001-16,000 Ibs. GVWR)
9 [ HDGV5S Class 5 Heavy-Duty Gasoline Vehicles (16,001-19,500 Ibs. GVWR)

10 | HDGV6 Class 6 Heavy-Duty Gasoline Vehicles (19,501-26,000 Ibs. GVWR)

11 | HDGV7 Class 7 Heavy-Duty Gasoline Vehicles (26,001-33,000 Ibs. GVWR)

12 | HDGV8A Class 8a Heavy-Duty Gasoline Vehicles (33,001-60,000 Ibs. GVWR)

13 | HDGVS8B Class 8b Heavy-Duty Gasoline Vehicles (>60,000 Ibs. GVWR)

14 [ LDDV Light-Duty Diesel Vehicles (Passenger Cars)

15 | LDDT12 Light-Duty Diesel Trucks 1 and 2 (0-6,000 Ibs. GVWR)

16 | HDDV2B Class 2b Heavy-Duty Diesel Vehicles (8501-10,000 Ibs. GVWR)

17 | HDDV3 Class 3 Heavy-Duty Diesel Vehicles (10,001-14,000 Ibs. GVWR)

18 | HDDV4 Class 4 Heavy-Duty Diesel Vehicles (14,001-16,000 Ibs. GVWR)

19 | HDDV5 Class 5 Heavy-Duty Diesel Vehicles (16,001-19,500 Ibs. GVWR)

20 | HDDV6 Class 6 Heavy-Duty Diesel Vehicles (19,501-26,000 Ibs. GVWR)

21 | HDDV7 Class 7 Heavy-Duty Diesel Vehicles (26,001-33,000 Ibs. GVWR)

22 | HDDV8A Class 8a Heavy-Duty Diesel Vehicles (33,001-60,000 Ibs. GVWR)

23 | HDDV8B Class 8b Heavy-Duty Diesel Vehicles (>60,000 Ibs. GVWR)

24 | MC Motorcycles (Gasoline)

25 | HDGB Gasoline Buses (School, Transit and Urban)

26 | HDDBT Diesel Transit and Urban Buses

27 | HDDBS Diesel School Buses

28 | LDDT34 Light-Duty Diesel Trucks 3 and 4 (6,001-8,500 Ibs. GVWR)

! Reproduced here frotdSEPA[2005d, Table 5a.



Table B.2 Complete MOBILE6 Road Classifications

RoadType RoadDesc

11 | Interstate: Rural

13 | Other Principal Arterial: Rural

15 [ Minor Arterial: Rural

17 | Major Collector: Rural

19 [ Minor Collector: Rural

21 | Local: Rural

23 | Interstate: Urban

25 | Other Freeways and Expressways: Urban

27 | Other Principal Arterial: Urban

29 | Minor Arterial: Urban

31 | Collector: Urban

33 | Local: Urban

Table B.3 The 19 vehicle class-roadway type combinations

M6VTypes
LDV
LDT
HDV
LDV
LDT
HDV
LDV
LDT
HDV
LDV, LDT
LDV, LDT
HDV
LDT, LDT
LDV, LDT
HDV
LDV, LDT

HDV

HDV

LDV = MOBILEG Vehicle
Types 1 and 16

LDT =MOBILEG6 Vehicle
Types 2-5

HDV = MOBILEG6 Vehicle
Types 6-15

Road Types

Rural Interstate

Rural Interstate

Rural Interstate

Urban Interstate

Urban Interstate

Urban Interstate

Urban Freeways & Expressways
Urban Freeways & Expressways
Urban Freeways & Expressways
Rural Principal Arterial

Rural Minor Arterial

Rural Princip&Arterial

Rural Major Collector

Rural Minor Collector, Rural Local
Rural Minor Arterial

Urban Principal Aterial, Urban Minor
Arterial, Urban Collector

Rural Major Colleadr, Rural Minor
Collector, Rural Local

M6 Ftype
Freeway
Freeway
Freeway
Freeway
Freeway
Freeway
Freeway
Freeway
Freeway
Arterial
Arterial
Arterial
Arterial
Arterial
Arterial
Arterial

Arterial

Urban Principal Arterial, Urban Minor Arterial

Arterial, Urban Collector




Table B.4 Rural/Urban and Light/Heavy Duty Characterization

Category Vehicle Type ( Table B.1) Road Type (Table B.2)

Light Duty Urban

1,2,3,4,5,14,15,24,28

23, 25, 27, 29, 31, 33

Light Duty Rural

1,2,3,4,5,14,15,24,28

11, 13, 15,17, 19, 21

Heavy Duty Urban

6-13,16-23,25-27

23, 25, 27, 29, 31, 33

Heavy Dury Rural

6-13, 16 - 23,25-27

11, 13, 15,17, 19, 21
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Table B.5 Sources of selected HPMS Data
Rural Functiogal Systems”

HPMS Data Interstat ~ Other Principal ~ Minor Major Minor
e Arterials Arterial Collector Collector

Interstate Lane Miles Universe
Interstate VMT Universe
Non-Interstate PAS Lane Miles Universe
Non-Interstate PAS VMT Universe
FA Highway Lane Miles 1/ Universe Universe Universe Universe
FA Highway VMT 1/ Universe Universe Sample 2/ Sample 2/
NHS Lane Miles Universe Universe Universe Universe Universe Universe
Miles Universe Universe Universe Universe Universe Universe
Lane Miles Universe Universe Universe Universe Universe 3/ Universe 3/
VMT Universe Universe Sample 2/ Sample 2/ Summary 4/  Summary 4/
Total Public Road Miles Certified Mileage

Urban Functional Systems
HPMS Data Interstat Oy Oliier Minor

Freeways & Principal . Collector
e ; Arterial
Expressways Arterial
Interstate Lane Miles Universe
Interstate VMT Universe
Non-Interstate PAS Lane Miles Universe Universe
Non-Interstate PAS VMT Universe Universe
FA Highway Lane Miles 1/ Universe Universe Universe Universe Universe
FA Highway VMT 1/ Universe Universe Universe Sample 2/ Sample 2/
NHS Lane Miles Universe Universe Universe Universe Universe Universe
Miles Universe Universe Universe Universe Universe Universe
Lane Miles Universe Universe Universe Universe Universe Universe 3/
VMT Universe Universe Universe Sample 2/ Sample 2/ Summary 4/
Total Public Road Miles Certified Mileage
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Table B.6 Census Bureau Regions and Divisions with State FIPS Codes

Region 1: Northeast

Division 1: New England Division 2: Middle Atlantic
Connecticut 09 New Jersey 34
Maine 23 New York 36
Massachusetts 25 Pennsylvania 42
New Hampshire 33
Rhode Island 44
Vermont 50
Region 2: Midwest
Division 3: East North Central Division 4: West North Central
Indiana 18 lowa 19
Ilinois 17 Kansa 20
Michigan 26 Minnesota 27
Ohio 39 Missouri 29
Wisconsin 55 Nebraska 31
North Dakota 38
South Dakota 46
Region 3: South
Division 5: South Atlantic Division 6: East South Central
Delaware 10 Alabama 01
District of Columbia 11 Kentucky 21
Florida 12 Mississippi 28
Georgia 13 Tennessee 47
Maryland 24 Division 7: West South Central
North Carolina 37 Arkansas 05
South Carolina 45 Louisiana 22
Virginia 51 Oklahoma 40
West Virginia 54 Texas 48
Region 4: West
Division 8: Mountain Division 9: Pacific
Arizona 04 Alaska 02
Colorado 08 California 06
Idaho 16 Hawaii 15
New Mexico 35 Oregon 41
Montana 30 Washington 53
Utah 49
Nevada 32
Wyoming 56
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