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HEDD Workgroup formed under the request of the OTC Modeling Committee 3/17/09 
 
Charge: 
Determine, from a regional modeling perspective, what information/data is needed in order to perform 
modeling that more accurately reflects electric generation unit (EGU) emissions on high electric 
demand days (HEDD) and in a way that can isolate and apply emission adjustments specific to the 
sector. 
 
Goals: 

• Identification of HEDD units 
• Model and assess the impacts from HEDD units 
• Assess the benefits from emission controls to HEDD units 

 
Starting questions: 

• What data are needed/available? 
• What form does the data need to take? 
• Is CEMS data available or will we need temporal profiles? 
• Is episodic modeling acceptable or is seasonal modeling the best approach? 
• Are regional models the appropriate tool or are dispersion models better suited for estimating 

the impacts of HEDD Units?  If dispersion models are preferable, how are the modeling results 
reconciled with the regional models? 

• What special considerations are needed? 
• Do we need to invite other group members to address these issues?  
• What units should be considered to be HEDD units, i.e., how do we define an HEDD unit? 
• Is the variability in daily emissions primarily due to changes in emissions from base loaded, 

load following or peaking units? 
 
Summary Brief: 

• Emissions during high electricity demand days can be considerably higher than on other days. 
o Peaking and load following units often have higher emission rates than other units. 
o Peaking and load following units often operate on days with already poor air quality. 

• Standard emission modeling procedures, including CEMS reporting units, can do a poor job 
developing modeling input files representing actual emission conditions. 

• There are techniques being applied or being considered, but none are considered standard. 
o These techniques require extra effort and precise attention to detail. 

• Episodic screening modeling for base year 2007 is proposed for OTC ozone modeling. 
• States are to identify their HEDD sources based on their own state definitions 
• Methodology for projection of hourly emissions to future years is not yet fully developed. 

o A new version of IPM is not yet proven and would be expensive.  
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Discussion of starting questions: 
 

• What data are needed/available? 
o Hourly (SMOKE-formatted) data are available from CAMD. It is our understanding that pre-

packaged CAMD data sets in SMOKE format match what can be retrieved interactively 
through queries on the CAMD website. 

o State reported annual and ozone season emissions (NEI data) in IDA or ORL format 
o NEI to CAMD cross-walk 

• What form does the data need to take? 
o Hourly information for all pollutants either measured or calculated 

• Is CEMS data available or will we need profiles? 
o Even though hourly data from CAMD is available (note, this is both for CEMS and non-CEMS 

units, i.e. at some units the hourly emissions are calculated, not measured), we may need hourly 
profiles (here after referred to as estimated profiles) for units without a match in the cross walk 
as well as for new units that may show up in future year runs. Estimated profiles should reflect 
some temporal average that is suitable for planning purposes and not identified with an 
individual economic/meteorological condition. Estimated profiles rather than hourly data were 
utilized in the recent ozone and PM2.5 modeling for the base and future year for attainment 
demonstration purposes. Thus, generation of estimated profiles for units with no hourly data is 
recommended as part of the current SIP modeling effort, if needed. 

• Is episodic modeling acceptable or is seasonal modeling the best approach? 
o Since HEDD activities are episodic it seems logical to use an episodic approach. This 

suggestion and the approach on estimated profiles noted above, needs the consensus of the 
OTC modeling group. However, if seasonal modeling is to be performed as part of a HEDD 
effort, then it must be recognized that the analysis is reflective of only the HEDD 
meteorological events modeled and is not necessarily reflective of all possible HEDD 
dispatching scenarios that may need to be addressed. 

• Are regional models the appropriate tool or are dispersion models better suited for estimating 
the impacts of HEDD Units?   If dispersion models are preferable, how are the modeling 
results reconciled with the regional models? 

o It must be recognized that the HEDD is not limited to a single urban area, but is regional as the 
energy generation and dispatch is performed over the electric energy grid. Also, the EPA 
recommended the use of regional modeling approach for ozone and PM2.5 given the multi-day 
nature of these pollutants and because the models are capable of estimating the appropriate 
background levels.  

• What special considerations are needed? 
o Hourly data from CAMD needs to be carefully reviewed and reconciled with annual data 

before use in modeling. Units which do not report emissions outside the ozone season but do 
actually have emissions outside the ozone season need to be identified and strategies for the 
proper temporal allocation of emissions from these units need to be developed. 

• Do we need to invite other group members to address these issues?  
o This is a policy issue that is to be addressed by the Air Directors. As it stands we have the 

participation of EPA regional staff on the OTC committees that are addressing the modeling 
issues.  

o Others have been invited to help address targeted issues, including staff from EPA OAQPS and 
LADCO. 
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Findings Concerning Emissions: 
 
Finding 1:  The workgroup has identified at least general categories of generating units that add or 
potentially add to an increase in emissions on HEDD (described in qualitative terms): 

A. major electrical generating units (boilers, combustion turbines) 
B. distributed generation units 

 
 A) Major EGUs 
The workgroup finds that load following boilers and peaking units (primarily combustion turbines) 
contribute significantly to total HEDD emissions of NOx.  On some HEDD, emissions from these 
units may exceed those from base load units.  In two cases (Wednesday and Thursday) shown in the 
graph below, load following units contributed more total NOx mass than peaking units.  In one case 
(Tuesday) peaking and load following units contributed equally to total NOx mass.  Because of the 
limited extent of this data (one week of data from one state), no conclusions can be drawn from this 
information. It is provided as an illustration only.  Further study of other states and weeks is necessary 
to confirm this finding. 
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B) Distributed Generation Units 
Distributed generation (DG) units are small, modular, decentralized, grid-connected or off-grid energy 
systems located in or near the place where energy is used.1 Units used for distributed generation 
include diesel generator sets, microturbines, and fuel cells. These units are most frequently used 
during times of high electric demand.  
 
Diesel generator sets are not only used during emergency periods but are also used during times when 
electricity rates (cost) are the highest (a practice commonly referred to as peak shaving) or to 
participate in a demand response program. Electricity rates are usually the highest and demand 
response programs are usually initiated on HEDD.  
 
Diesel generation units in Philadelphia have shown usage patterns which appear to follow HEDD.  
Diesel generation emissions are estimated to be substantial in the southern portion of the OTR.  DE, 
NJ, PA, and VA indicated that DG may be important peak day emission sources in their states. 
 

2006 Diesel Throughput for Engines < 25 MW Capacity in the City of Philedelphia by Month
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1 www.epa.gov/greenpower/pubs/glossary.htm 
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Finding 2:  Infrequently operated units usually have higher hourly unit NOx emission rates. 
 
 A) Major EGUs 
As shown in the following chart developed for Connecticut, load following??? units have two times 
emissions per heat input rate (lb/mmbtu) than base load units while peaking units have an order of 
magnitude higher emissions per heat input rate (lb/mmbtu) than base loaded units. 
 

 
 
 
 
 
 
EGU emissions have been coming down in recent years, but emissions on peak days are roughly 
double average seasonal emissions (see following two graphs): 

N O x E m iss ions  V ersus  P ea k  E lec tric ity D em and 
on  O zo ne  D a ys  a nd  N on-O zon e  D a ys
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 B) Distributed Generation Units 
 
These diesel generator sets are usually uncontrolled and can have emission rates of 9.9 lbs/hr (0.5MW) 
to 59 lbs/hr (3MW).  (For information on calculation of these emission rates see Attachment A) 
 
Finding 3:   The fuel used by major EGUs during times of peak demand varies within the OTR 
region. 
 
In New England, it is generally the residual oil and diesel based units that come online when electrical 
demand surges while natural gas usage only increases slightly with increasing demand (first plot 
below).  In NY and NJ, however there is an increase in natural gas and diesel operation during peak 
demand periods (second plot below).   
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Modeling of Temporally Variable Emissions 
 
 A) Major EGUs 
Overview 
Early attempts at modeling variable CEMS-based emissions has been labor intensive and fell short of 
fully accounting for all reported emissions.  An earlier attempt with the MANE-VU 2002 modeling 
platform in 2004 through 2006 by MANE-VU reported the following: 
 

One particular issue was on how the temporal allocation of annual total emissions from electric 
generation units (EGU) should be treated. The standard approach in SMOKE is to apply month-
of-year, day-of-week, and hour-of-day profiles to the annual emissions Given that some of these 
facilities operate the continuous emissions monitoring systems (CEMs), an alternate approach 
would be to override the temporal allocation for these sources in SMOKE by reading in the hour-
specific data from the CEM database and matching them to the inventory data. This option was 
explored and several attempts were made to link the state supplied inventory information on 
EGUs by their ORISID to the CEMs data and often the matching was successful only to about 
85% or so in accounting for emissions of NOx over the domain. Similar efforts were made by the 
other RPOs, but not necessarily to a successful outcome in accounting for all of the emissions. 
Moreover, for the projected year there is no way to identify as to what the hourly emissions would 
look, given that the projection data are obtained from the IPM simulation which provides 
emissions information limited to the annual and summer seasons. Therefore it was decided after 
consulting with the OTC modeling committee to utilize the standard SMOKE approach and apply 
state-specific temporal profiles for allocation of emissions for both the base year 2002 and for the 
future year to maintain consistency in methodology. These state specific profiles were obtained 
from VISTAS who utilized 2002 CEMs data. Consequently, one would not expect to find close 
agreement between the SMOKE processed hourly point source emissions and CEMs data for 
individual days, especially not during episodes of high electricity demand due to hot weather 
which are not represented by the SMOKE temporal profile. However, on an annual total basis 
one would expect good agreement between CEMs data and SMOKE processed emissions for 
sources matched to the CEMs data since the CEMs data presumably was utilized by the states 
when the inventories were developed. 
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2002 Hourly NOx Emissions in the MANE-VU Region from CEM Data and SMOKE-Processed 
Point Source Files (Adjusted to Remove the Effect of non-CEM-matched Point Sources)
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In order to process emission inventories into modeling files, annual emission inventories are processed 
to temporally allocate emissions.  The most commonly used emission processor, and the one used by 
the OTC modeling group, is the SMOKE model.  SMOKE allocates emissions to established monthly, 
daily, and diurnal profiles.  It is not currently designed to allow use of hourly CEMS data, however 
there is a module available, called CEMScan, which may be of some assistance to this process.  
CEMScan can read and incorporate a year’s worth of unit specific hourly CAMD data and produce 
SMOKE readable files. The output from CEMScan is used by the SMOKE program Smkinven to 
allocate hourly CAMD emissions normalized to annual inventory data, NEI data.  
 
How the emissions from these units are processed will affect modeling results.  For example, CAMD 
hourly data shows significant NOx emission peaks on HEDDs.  Processing with SMOKE emission 
default profiles underestimates those peaks and conversely overestimates emissions on cooler days. In 
the last SIP modeling exercise temporal profiles were developed by Alpine Geophysics.  These 
profiles were based on total state generation rates in 2002.  Because these profiles are the average for 
an entire state they do not capture short-term and local spikes in electric generation and the resulting 
spike in emissions.  This problem is shown in the following chart of CAMD hourly emissions (blue) 
and SMOKE processed emissions using the state average profiles (pink).  Much of the variability is 
lost.  
 
If there is hourly emissions data available from CAMD why is annual data from the NEI incorporated 
into the hourly allocations?  It is assumed that NEI is the 'gold standard' of emissions for SIP purposes. 
This may be EPA’s way of tying the 'official' emissions into the modeling when incorporating 
temporal profiles based on CAMD data. The sum of the hourly CAMD data should be equal to the 
annual emissions reported to the NEI.  However, this may not always be the case.  Aberrant behavior 
is being investigated. 
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Some of these problems can be alleviated by selecting a limited period (an episode) for modeling.  
This reduces the amount of QA needed and the episode can be selected to avoid times of major 
outages or malfunction by sources.  With this in mind, CAMD hourly data could be used by applying 
two utilities (CEMScan and Smkinven).   CEMScan provides output data consisting of hourly data for  
NOx, SOx, Heat input, Gross load, and Steam load.  Smkinven can then be used to read the CEMScan 
output file to estimate all other pollutants using the ratio of hourly to total annual heat input for each 
unit.  If heat input is unavailable Smkinven will develop ratios based on steam load or gross load 
hourly to annual ratios. 
 
Currently the tool that is used by the OTC modeling committee to process emissions inventories for 
use in photochemical model applications is the SMOKE processor. The emissions inventories are 
often developed by the state agencies, and this is a collaborative modeling work requiring information 
from both inside and outside the OTR, the data are assembled and processed through contractor 
support. Currently the SMOKE processor allocates annual emissions to a temporal basis of monthly, 
daily, and hourly utilizing facility profiles that are provided by the user. It was decided to utilize the 
EPA-CAMD archives EGU sector emissions on hourly basis along with other information as part of 
the NOx Budget Plan (NBP) and the acid rain program (ARP). However, there are limitations in terms 
of what data are collected under this process 
 
NBP sources are often 25MW capacity or above, with some exceptions. Since, NBP sources report 
only for a six month period (May 1 through September 30), hourly data may not be available for the 
non-summer season. Also, there may be other sources that are below 25MW capacity but are EGUs, 
for which information is to be collected. Another aspect of the CAMD data is that there is no stack 
information, which is needed in model application, and this is often achieved by developing a cross-
walk between the CAMD inventory and the state inventory.  

August 2002 Hourly NOx Emissions in the MANE-VU Region from CEM Data and SMOKE-Processed 
Point Source Files (Adjusted to Remove the Effect of non-CEM-matched Point Sources)
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Base Year 
Before CAMD data can be readily applied for HEDD modeling, additional coordination and analysis 
is needed to develop an approach to handle units that only report 6 months of data to CAMD.  A 
number of units are only required to report emissions to CAMD from May 1 though September 30, 
which complicates using the hourly data for these units since the CAMD hourly emissions are 
normalized to the annual NEI emissions.  In these examples the annual NEI total would be 
significantly higher than what is reported to CAMD.  This could lead an overestimation of emissions 
during the summer months.  
 
Future Years 
Projecting HEDD units provides unique challenges in that no current modeling tool in the common 
domain is designed to predict what units will exist to provide peaking capacity in future years.  They 
may be the same units or economics might drive a different collection of units into the role.  To date, 
there is no guidance on what to assume for projecting emissions for HEDD units, however something 
has to be assumed.  We have discussed various options for projection of HEDD units including: 
 
Option 1 
Should episodic modeling of the base case year indicate that there is not a significant difference in 
peak ozone between the CAMD hourly modeling and the standard (but improved) SMOKE profiled 
modeling, then it may make sense to not alter the modeling process for typical ozone attainment 
modeling (Non HEDD specific assessment) and project emissions as the states have always done. 
Option 2 
Applying temporal profiles to HEDD units in future year modeling could be done in a straight-forward 
way. Since future year modeling utilizes the exact same meteorology as the base year, the same 
temporal profiles for that meteorology could be utilized, i.e. the same ones used in the base year 
modeling. However, instead of normalizing the hourly emissions to the annual or ozone season NEI 
emissions, they are normalized to the projected emissions. This approach should work whether an 
economic forecast model is used to derive future EGU operations or growth factors are used to project 
future emissions. Of course, if there are new units that are projected to start operation estimated 
profiles will have to be generated. In addition, ozone season emissions will have to be projected for 
EGUs.  
 
Option 3 
EPA has been working with a version of IPM (3.0) that has the new capability of producing hourly 
emission forecasts based on the CAMD hourly data set and the same economic parameters IPM has 
always used.  This would produce a projected hourly data set ready for SMOKE emission processing.  
While this technique holds some promise, it could prove expensive since it is unproven in public 
application and could take several runs of differing inputs and assumptions before acceptable final 
results can be achieved. 
 
Option 3A 
Same as Option 3 but replaces IPM with other modeling tools. 
 
 
 
 



OTC Modeling Committee – HEDD Workgroup Summary Paper  
July 16, 2009 DRAFT Version 4.3  Page 11 
 
Conclusion 
It is believed that some of the problems discussed in this section can be alleviated by selecting a 
limited period (an episode) for modeling.  This reduces the amount of QA needed and the episode can 
be selected to avoid times of major outages or malfunction by sources.   
 
 B) Other EGUs and Distributed Generation Units 
 
Emissions data for almost all DG units are not included in the CAMD database and these create a 
special challenge for generating hourly emissions estimates.  In such cases, fuel use records, load 
shadowing of similar nearby units and other techniques may be the only way to reconstruct 
meaningful estimates of emissions.  An evaluation of the mass of emissions involved with such units 
should be weighed against the effort required to prepare the emissions for modeling to determine if the 
effort is worthwhile. 
 
Including new sources like these obviously requires an estimate of the emissions, their locations (or a 
surrogate for that) and a way to temporal allocate them.   If this data is not available, then there in fact 
is no way to include their impact in any meaningful way. 
 
If the data is available and needs to be temporally allocated, then there are the following options: 
 

• If the temporal allocation is known, then either SMOKE temporal profiles, day-specific 
emissions values, or hour-specific emissions values can be used to allocate emissions.  Some 
custom software may need to be developed to create the day-specific or hour-specific 
emissions values. If that isn't possible, then temporal profiles must be used. 

 
• For a temporal profile approach, there are a couple of options.  If using emissions for every 

week of your modeling episodes is undesirable (which is what normally happens, even with the 
best temporal profile approach SMOKE can offer) then the following a typical approach can be 
used for processing in SMOKE.  In the end, the previous approach might have taken less time 
and would be more robust (less prone to error). 

 
1) Decide if all of the days will use the same total emissions or not. 
2) If so, then get model ready emissions for one day.  Use Mrggrid to merge in the emissions on the 

days that need these emissions.  This needs to be done for the planned number of days of these 
emissions to ensure the annual emissions from these sources end at desired levels. 

3) If not, then a "typical month" approach needs to be used, where average-day emissions are created 
for each month and then merge in these month-specific emissions only on the days selected.  Care 
must be exercised to make sure the emissions add up to the targeted levels for each month and for 
the year, since SMOKE wouldn't do that automatically for you (normally it would, but then it 
produces emissions on the same days in every week). 

 
 C) Modeling of Major EGUs Hourly Emissions by other Agencies 
 
Methods used by other agencies, including EPA OAQPS, LADCO, and VISTAS, vary to a degree, but 
each has taken a fairly rigorous approach toward improving emissions modeling to better represent 
hourly variability compared to what SMOKE automatically produces.  Each has produced a form of 
cross-walk, matching sources with CEMS data available to sources included in modeling files.  
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Generally, sources with CEMS data (within a state) are used to create emission profiles for non-
baseloaded sources without CEMS data.  The profile is then used for the nonCEMS units while actual 
CEMS data is used for sources that have it.   
 
It is noteworthy that each separates actual base year operation data from typical operations as 
determined by multiple years of operations data.  For example, in the base year one unit may be down 
for service while others pick up the load.  The typical condition would include the downed unit and the 
other units would be assigned less load.  This differential needs to be considered in any emission 
projection work. 
 
While the details vary, each shares similarities of more accurately reflecting hourly emission 
variations.  However, none of the approaches are designed to isolate unit by type for closer 
examination or to carefully handle the on and off nature of peaking units and the incomplete data that 
may come with them.  None specifically identify HEDD units or separate them for source specific 
treatment. 
 
During the Workgroup process, EPA OAQPS made suggestions for improving the emission modeling 
approach for HEDD analyses.  The three key improvements identified include; 1). separation of ozone 
season CEMS data from non-ozone season data to help reconcile annual reported emissions with 
actual ozone season CEMS data, 2). spatial averaging to take into account power zones rather than 
state-level allocations and 3). averaging done by groups of units that fall into certain categories of 
temporal behavior, such as base load, load following, and peaking units.   
 
EPA also recommends keeping the future-year approach consistent with the baseline approach.  
However, since the starting point for the emissions is summer and non-summer IPM emissions, the 
approach gets applied slightly differently. So, instead of annual-to-month allocation factors used in the 
baseline runs, the CEM data are used to compute summer-to-month and non-summer-to-month 
factors.  This approach ensures that the summer and non-summer IPM emissions totals are the same 
before and after temporal allocation.  Otherwise, the temporal allocation approach (from month to day 
and from day to hour) are the same as in the baseline approach. 
 
Additional detail on the EPA and VISTAS approaches is provided in Attachments B and C 
respectively.
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Workgroup Recommendations 
 

Modeling: 
In support of the next round of State Implementation Plans (SIPs), modeling the affect of EGUs on 
HEDD should be conducted for either the summer ozone season or for targeted episodes.  The 
workgroup focused it’s discussions around modeling 15 to 20 episodic (and spin-up) days during the 
summer of 2007. EPA Region 1 recommended episode modeling for June 27 and August 3, and in 
specific the period of June 24 through July 11. The primary focus of the effort will be on ozone, 
although changes in PM2.5 will be noted. The suggested approach consists of four simulations: 
  

1. 2007 base case using CAMD hourly data rather than monthly, weekly and diurnal profiles to 
allocate annual emissions 

2. 2007 base using SMOKE monthly, weekly and diurnal profiles to allocate annual emissions. 
These profiles are to be developed from CEM data for one or more years at the state, ISO 
region, and/or unit level 

3. 2007 run #1 (above) with all identified Major EGU HEDD units turned off 
4. 2007 run #3 (above) with displaced capacity redistributed 

 
The difference between runs #1 and #3 will provide an indication of the contribution of Major EGU 
HEDD units on air quality. The difference between runs #1 and #2 will provide information on the air 
quality response of the use of the improved hourly methodology profiles in the allocation of emissions.   
 
MARAMA has asked states to identify units that are Major EGU HEDD units in their states.  These 
units could be the ones selected for elimination in model run #3. The group does not have a suggestion 
for how run #4 emissions will be developed, but deems such a run may be needed to be realistic in 
replacing capacity removed in the modeling by artificially shutting down Major EGU HEDD units.  
Run #4 will be designed at a later date depending on the results of Runs #1-3, and could ultimately be 
a suite of runs consisting of various redistribution or control strategies. 
 

Approach: 
Create two separate annual inventory files, called "summer annual" and "winter annual".  This is 
developed as follows: 
 
Those units that have hourly values year-round would reflect the annual totals and should be in 
agreement between the CAMD and the State data. However, for those units that report only summer 
hourly values, the ‘winter annual’ is the difference between the CAMD summer total and the annual 
State data. 
 
For processing the "summer" months, i.e. the months when all units are reporting, one could then use 
the "summer annual" file in conjunction with the hourly files. Because the sum of the hourly values 
matches the "annual" value and SMOKE sees that hourly values are missing for the rest of the year, all 
hourly values should be allocated correctly. 
 
For processing the "winter" months, i.e. the months when some of the units have no hourly 
information, one needs to provide plant-specific seasonal profile or some suitable temporal profile for 
the allocation of these emissions. The other units would utilize the hourly data and since the ‘annual 
values’ are synchronized the emissions should be allocated correctly. 
 
Approaches for projecting future years are not yet recommended by the workgroup. 
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Definition of HEDD Unit: 
Key to runs 3 and 4 of this study is how HEDD units, major EGU and DG units are defined in the 
OTR.  Because some states already have rules proposed or adopted with differing definitions, we 
recommend that this modeling effort not override existing definitions. We recommend that states be 
responsible for determining which units are to be defined as HEDD units.  Other units not selected as 
HEDD will remain assigned as a regular EGU.  For modeling purposes, we recommend that HEDD 
and DG units be binned into three categories during the state identification process.  These bins will 
aide in future modeling sensitivity work as it may be requested.  It is easier to bin the sources in the 
identification process than to return later and perform another source by source evaluation. 
 
The three bins include: 

HEDD1: EGUs with available CAMD hourly data 
HEDD2: EGUs without available CAMD hourly data 
HEDD3: Distributed generation units associated with peak day operation.  These units may or 

may not be in the CAMD database because of their capacity. They are also likely to be 
found in states’ area source inventories. 

 
For inventory purposes, these bins can be subdivided based on fuel type or boiler design.  Such 
subdivision would prove helpful in later analyses for potential control assessments. 
 
HEDD2 and HEDD3 bins would need additional inventory work to estimate approximate operational 
patterns.  Temperature and operational shadowing of other nearby HEDD units was discussed, but the 
workgroup leaves the details to the inventory groups to work through.  Substantial quality assurance 
will be needed for each HEDD sector before data can be modeled with confidence. DG units need 
additional inventory work to estimate temporal operational patterns and where their emissions are 
accounted for in the inventory. Therefore, these sets may not be included in the initial modeling effort.  
 
Emissions Preparation: 
MARAMA is concluding an effort to prepare a crosswalk of CAMD and NEI point sources and 
ensuring stack parameters are reasonable. Quality assessment of the CAMD data is needed before 
using it in the model.   
 
An episode must be selected that represents HEDD for the region.  For hours in the selected episode, 
the following quality assurance must be evaluated: 

1) Are all emissions units that report for only 6 month properly characterized in the 
inventory? 

2) Were there major outages or upsets that resulted in atypical deployment of generating units 
or excessive emissions outside what is permitted? 

3) What CEMS units were down or was data unacceptable and therefore filled by established 
conventions? 

4) Did the ISO request deployment of distributed generation resources and what resources 
were deployed? 

 
After evaluation of these questions a decision should be made of whether the selected HEDD episode 
has adequate emissions data for reliance in modeling. 
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The HEDD Subgroup proposes MARAMA conduct further emissions analysis and develop the 
necessary SMOKE input files for modeling.  MARAMA would hire a contractor to perform several 
tasks: 
 
Task 1:  Prepare work plan and QAPP  
 
Task 2: Episode identification  

1. Identify one or more appropriate episodes for analysis  (This analysis would address the factors 
identified in EPA guidance for selection of modeling episodes and would take into account 
meteorology, include periods of high ozone and fine particles in nonattainment areas in the region, and 
seek to avoid periods when CAMD data indicate that major units are not operating.  Consideration of 
the operation status of HEDD units and transport patterns is also needed.) 

2. Prepare technical report. 
 
Task 3:  Obtain and quality assure data   

1. Download 2007 NEI annual and ozone season point source and 2007 CAMD hourly files 
2. Develop information to address the three bins identified above 
3. Develop state specific CEMS profiles for HEDD units (HEDD1) and non-HEDD units 
4. QA data files  

• CEM data flags 
• Unit upset and outage reports 
• Request of ISO for DG deployment 
• Differentiate between actual 2007 HEDD operations and typical operations based 

on 3 to 5 years worth of data 
5. Provide files for review by state and local agencies 
6. Finalize emissions information 

 
Task 4:  Prepare input files and report   

1. Prepare data in form for use in SMOKE 
a. Consider applying state emission HEDD profiles for HEDD2 and HEDD3 sources 
b. Consider applying state emission profiles for nonCEMS EGUs 

2. Summarize data for use in SIPs and describe results in a technical report 
3. Provide output files for use in CMAQ or other regional model 
4. Provide detailed emission summary reports 

 
In December, 2008, MARAMA issued an RFP and subsequently conducted a competitive process to 
select a contractor to assist in developing and/or updating regional emission inventories for the 
northeastern United States to support required modeling analyses, control strategy assessments, and 
other air quality management needs.  The RFP stated, “The regional inventory will be used to 
concurrently address national ambient air quality standard (NAAQS) requirements for the new ozone 
and fine particle ambient standards and to evaluate progress towards long-term regional haze goals.  
Because similar pollutant emissions and atmospheric processes control chemical formation and 
transport of fine particles, ozone, and regional haze, similar technical analyses are necessary to 
evaluate air quality benefits of emissions controls.  The emissions inventory will support a single 
integrated, one-atmosphere air quality modeling platform to support state air quality attainment 
demonstrations.”  The RFP further stated, “Inventory formatting and documentation should be 
adequate to facilitate evaluation of the effectiveness of control measures for relevant pollutants, 
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averaging times, and geographic scales.”  The RFP described sample work assignments to be used to 
evaluate proposals.  The RFP stated, “Actual work assignments may differ from sample tasks, and 
work assignments will be negotiated on an as-needed basis within available funding.”   
 
As provided in MARAMA’s Contractor Selection Manual, MARAMA worked with a committee of 
technical experts from the region to select a contractor from among the three who submitted bids in 
response to the RFP.  The committee selected MACTEC as the contractor.  MARAMA executed a 
contract agreement that provides for development of written work assignments.  Each work 
assignment includes a budget and schedule for preparation of specific work products. 
  
MARAMA would propose to use the existing contract with MACTEC as a vehicle for assigning 
development of an HEDD emissions inventory.  MARAMA’s current resources are insufficient to 
fund this task without the award of additional funding. 
 
Recommended Future Emission Work 
 
Distributed generation units associated with peak day operation will need additional inventory work to 
define the units, determine where their emissions occur in the inventory and estimate approximate 
operational patterns.  Temperature and operational shadowing of other nearby HEDD units was 
discussed, but the workgroup leaves the details to the inventory groups to work through.   
 
Issues to be Resolved 
 

1. Funding 
2. Intensive Q&A 
3. Low end size limits have not been discussed for each bin 
4. While this sensitivity study is focused on a 15-20 day period, what if anything should we say 

for the regular seasonal and annual runs? 
5. OTR only vs. full domain? 
6. Base year only vs. projected future years? 

a. If future year is required, what needs to be assumed for these units?   
b. Should they be assumed to be used exactly as in the base year or the same loads but 

with controls? 
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Attachment A 
Distributed Generation Units Calculation Methodology 

 
 

 
• Uncontrolled emission rates for a 0.5 MW (500 KW) unit:  

12 grams NOx/bhp-hr (emission factor from EPA 453R/93/032, Table 2.1 and Table 2.8, the ACT for IC 
engines, the link for which is provided below and the tables are reproduced below) * 1bhp/0.75 KW*500 
KW*(1lb/453g)=17.7 lbs/hr 

Therefore, a facility with 3 MW of generating capacity (a small peak shaver, for example) would have 
uncontrolled emissions of approximately 106 lbs/hr NOx. 

•       Controlled emission rates for a 0.5 MW (500 KW) unit:  

Assume SCR, for 90% NOx reduction, as noted in Table 2-8 of the ACT (see below): 

1.2 grams NOx/bhp-hr (Table 2-8, see below) *1 bhp/ 0.75 KW*500 KW * (1 lb/453 g) = 1.8 lb NOx/hr 

Therefore, a facility with 3 MW of generating capacity would have controlled emissions of approximately 10.6 
lbs/hr NOx. 

Another method to calculate controlled emission rates would be to use the rates suggested for Tier 4 engines, 
the nonroad emission standard which comes into effect in 2011 or so for large generation sets.  The full Tier 
data on the nonroad standards can be found at the following link.  The data sets are located in Tables 3 and 4.   

http://www.dieselnet.com/standards/us/nonroad.php#tier3  The standards here suggest a controlled emission 
rate of 0.4 gr NOx/KW-hr is possible, so that the controlled NOx rate from a 500 KW unit is as follows: 

0.4 grams NOx/KW-hr * 500 KW * (1 lb/453 gr) =  0.44 lbs NOx/hr  A 3 meg facility would emit about 2.6 lbs 
NOx/hr.  

 

Link to ACT:  http://www.epa.gov/ttn/naaqs/ozone/ctg_act/199307_nox_epa453_r-93-
032_internal_combustion_engines.pdf  
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EPA 453R/93/032 – Table 2-1 
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EPA 453R/93/032 – Table 2-8 

 
 
DieselNet.com  Nonroad Diesel Engines – Table 3 

Table 3 
Tier 4 Emission Standards—Engines Up To 560 kW, g/kWh (g/bhp-hr) 

Engine Power Year CO NMHC NMHC+NOx NOx PM 

kW < 8 
(hp < 11) 

2008 8.0 (6.0) - 7.5 (5.6) - 0.4a (0.3) 

8 ≤ kW < 19 
(11 ≤ hp < 25) 

2008 6.6 (4.9) - 7.5 (5.6) - 0.4 (0.3) 

19 ≤ kW < 37 
(25 ≤ hp < 50) 

2008 5.5 (4.1) - 7.5 (5.6) - 0.3 (0.22) 

2013 5.5 (4.1) - 4.7 (3.5) - 0.03 (0.022) 

37 ≤ kW < 56 
(50 ≤ hp < 75) 

2008 5.0 (3.7) - 4.7 (3.5) - 0.3b (0.22) 

2013 5.0 (3.7) - 4.7 (3.5) - 0.03 (0.022) 

56 ≤ kW < 130 
(75 ≤ hp < 175) 

2012-
2014c 

5.0 (3.7) 0.19 (0.14) - 0.40 (0.30) 0.02 (0.015) 

130 ≤ kW ≤ 560 
(175 ≤ hp ≤ 750) 

2011-
2014d 

3.5 (2.6) 0.19 (0.14) - 0.40 (0.30) 0.02 (0.015) 

a - hand-startable, air-cooled, DI engines may be certified to Tier 2 standards through 2009 and to an optional PM standard of 0.6 g/kWh starting in 

2010 

b - 0.4 g/kWh (Tier 2) if manufacturer complies with the 0.03 g/kWh standard from 2012 

c - PM/CO: full compliance from 2012; NOx/HC: Option 1 (if banked Tier 2 credits used)—50% engines must comply in 2012-2013; Option 2 (if no 

Tier 2 credits claimed)—25% engines must comply in 2012-2014, with full compliance from 2014.12.31 

d - PM/CO: full compliance from 2011; NOx/HC: 50% engines must comply in 2011-2013  
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DieselNet.com  Nonroad Diesel Engines – Table 4 

Table 4 
Tier 4 Emission Standards—Engines Above 560 kW, g/kWh (g/bhp-hr) 

Year Category CO NMHC NOx PM 

2011-2014 Generator sets > 900 kW 3.5 (2.6) 0.40 (0.30) 0.67 (0.50) 0.10 (0.07) 

All engines except gensets > 900 kW 3.5 (2.6) 0.40 (0.30) 3.5 (2.6) 0.10 (0.07) 

2015 Generator sets 3.5 (2.6) 0.19 (0.14) 0.67 (0.50) 0.03 (0.022) 

All engines except gensets 3.5 (2.6) 0.19 (0.14) 3.5 (2.6) 0.04 (0.03) 
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Attachment B 
EPA OAQPS Hourly Methodology 

 
EPA OAQPS approaches for temporal allocation of “EGUs” for modeling 
 
EPA’s Office of Air Quality Planning and Standards (OAQPS) has used a specific methodology for 
base and future-year temporal allocations for both its 2002 and 2005 modeling platforms.  This 
approach is divided into three parts: (1) model performance evaluation and (2) baseline runs for 
Relative Response Factor (RRF) calculations, and (3) future-year runs (also for RRFs).  These 
approaches affect OAPQS’s sector called “ptipm”, which represents all of the sources that it has been 
able to match from the base-year inventory to the units included in the IPM model.  These units are 
primarily electric generating utilities (EGUs), but also include co-generating units at industrial 
facilities. 
 
For model performance evaluations, OAQPS uses the hourly Continuous Emissions Monitoring 
(CEM) data for NOx, SO2, and heat input to allocate the annual emissions from the National Emission 
Inventory (NEI).  Since the CEM data do not contain stack-level details (such as stack characteristics 
and coordinates) needed for air quality modeling, it is necessary to map the unit-level data from the 
CEMs to the individual stacks and processes in the NEI for allocating those emissions.  To do this, 
OAQPS uses CEM hourly NOx to allocate NOx emissions, CEM hourly SO2 to allocate SO2 
emissions, and CEM heat input to allocate all other pollutants from those units.  There are some units 
in the ptipm sector that are not CEMs.  For these units, OAQPS uses the same approach as is used in 
the baseline approach, described next. 
 
For the baseline approach, the same annual NEI emissions are allocated using allocation factors that 
are averaged across multiple years of CEM data.  There are three parts to this allocation: year-to-
month, month-to-day, and day-to-hour.  The averaging approaches help to alleviate potential problems 
caused by unplanned downtime at some facilities for any given year, month, or facility.  For the year-
to-month allocations, the CEM data are used to create state-specific allocation factors by averaging 
three years of CEM data, with the base year for modeling the central year of the three. For example, 
the three years for a 2005 baseline are 2004, 2005, and 2006.  CEM emissions are summed by month 
and state across the three years, and the allocation factors are created by dividing these sums by annual 
sums by state across those same years.  As with the model performance run, the NOx data are used to 
create NOx-specific profiles, the SO2 data is used to create SO2-specific profiles, and the heat input is 
used to allocate all other pollutants. 
 
Also for the baseline approach, the month-to-day factors are computed using CEM data from only the 
base year of interest, but the factors are still create by state.  For a 2005 baseline, the 2005 CEM data 
would be used.  The sum of the CEM emissions in 2005 for the state is computed by day and the factor 
is the sum by day and state divided by the sum by month and state.  The same approach is used with 
the NOx CEM data allocating NOx, the SO2 CEM data allocating SO2, and the heat input data 
allocating all other pollutants. 
 
Finally for the baseline approach, the day-to-hour factors are computed using 3 years of CEM data to 
compute state-specific day-to-hour profiles.  For the modeling done by OAQPS, the hourly allocation 
was less critical than for HEDD modeling.  In this approach, the annual CEM data are averaged for 
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each hour of the day by state across the three years of CEM data and then divided by the daily average 
by state across the three years.  The NOx CEM data allocate the NOx emissions, the SO2 CEM data 
allocate the SO2 emissions, and the heat input CEM data allocate all other pollutants. 
 
EPA OAQPS has already identified improvements to these approaches.  There are two key 
improvements.  First, the spatial averaging could take into account power zones rather than state-level 
allocations.  Second, the averaging could be done by groups of units that fall into certain categories of 
temporal behavior, such as base load, load following, and peaking units.  In addition, other 
improvements may be needed for better support of HEDD control evaluation. 
 
Finally, for the future-year approach, the primary goal was to keep consistent with the baseline 
approach.  However, since the starting point for the emissions is summer and non-summer IPM 
emissions, the approach gets applied slightly differently. So, instead of annual-to-month allocation 
factors used in the baseline runs, the CEM data are used to compute summer-to-month and non-
summer-to-month factors.  This approach ensures that the summer and non-summer IPM emissions 
totals are the same before and after temporal allocation.  Otherwise, the temporal allocation approach 
(from month to day and from day to hour) are the same as in the baseline approach. 
 
To implement the model performance case, EPA uses the SMOKE model that supports using the CEM 
data directly.  For the non-CEM sources in the ptipm sector, EPA creates day-specific data files for 
input to SMOKE uses custom software tools.  These tools are also used to create day-specific SMOKE 
inputs for the baseline and future-year cases, which apply the annual-to-month (or season-to-month) 
factors and the month-to-day factors by state and pollutant.  The day-specific emissions are fed to 
SMOKE as an input inventory, and SMOKE applies the day-to-hour factors. 
 
DETAILED INFORMATION 
2002-based Platform:   Methodology for temporal allocation of ptipm sector data for evaluation 
(2002aa) and average year (2002ba) case. 
 

I.  2002aa_cembased -  model performance methodology 
 
For 2002aa, the ptipm sector temporal allocation will include  

A) 2002 CEM data for sources in the 2002 NEI ptipm sector that match 2002 CEM data 
B) Precomputed daily emissions derived from sources in the 2002 NEI ptipm sector do not match 2002 

CEM data. 
The matching of 2002 NEI ptipm sources to 2002 CEM data is done by SMOKE (within Section A below) which 
utilizes the ORIS facility and BOILER IDs in the ORL file. (ORIS_BOILER_ID & ORIS_FACILITY_CODE) 
 

A.  Use Hourly CEM data emissions for sources in ptipm that match CEM 
 
CSC will input the 2002 CEM data (which they already have) with ptipm sector into SMOKE.  CSC will be 
using the Cemscan utility program and the Smkinven program with the option to read the hourly and day-
specific inventory files. 
 
This process will ensure that the hourly CEM data are used for all sources matching the CEM data. The 
SO2 and NOX CEM emissions will be used directly from the CEM data file and the heat input will be used 
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to allocate all other pollutants, including mercury pollutants in the hg_ptipm sector and the other HAPs 
(however, for the shakeout, we will not be processing the Hg and other HAPs). 

 
Key issues for CSC to check are that all CEM data are matched to sources in ptipm sector and that for each 
source that matches, the CEM hourly NOX and SO2 values sum to the same NOX and SO2 annual values 
provided  ptipm sector file. CSC will use the report generated by the Cemscan program to help with this 
task. 

B.  Develop and use of pre-computed daily emissions for sources in ptipm that 
do not match CEM 

For sources not matching the CEM data, we will be using precomputed daily emissions that will be created 
by CSC. The daily-to-hourly allocation will be performed by SMOKE using hourly profiles by state based on 
the 2002 CEM data averaged over the whole year into a single hourly profile for each state. The daily 
emissions will be created by applying to the annual data temporal profiles (as described next) to go from 
annual to month and then from month to day.  The temporal profiles will be created outside of SMOKE 
using the CEM data. 

 
1. Create monthly temporal profiles that will allow computation of day-specific emissions from the 

annual emissions in ptipm  (outside of SMOKE) 
 

o Create State-specific monthly temporal profiles based on 2001, 2002, and 2003 CEM data.  
Note that the 2003 CEM data is in a different format than the CEM data for the other years.  
CSC will re-format (eventually, all years will use new format, but for now we will use older 
format)  The monthly profiles will be based on the average of 2001, 2002, and 2003 CEM data 
for each month. There will be NOx profiles used for NOx, SO2 profiles for SO2, and “all other” 
profile developed from the CEM heat input data.  They will not be SCC-specific and will be 
applied to all ptipm sources (other than those in Section A) based on state and pollutant. 

 
Internal SQL code was written to generate month-to-day emissions (item 3, 2nd  bullet).  
Guidance/steps for generating these are not available. 
 

2. Create diurnal profiles that will allow be used in SMOKE to temporally allocate the day-specific 
emissions   

 
 

o Create state-specific diurnal profiles based on the 2002 CEM data by summing for each of 24 
hours, the emissions of all EGUs for each month in each state  and dividing by the number of 
months*EGUs for that hour to get an average hourly value.  Then normalize to compute an 
hourly diurnal profile. NOTE: the CEM data hourly time stamps are in local time, so there is no 
need to shift the hourly data before making this computation, since hourly profiles must also be 
in local time and SMOKE will adjust them to GMT when they are applied. 

 
Here is the guidance and steps based on what was done for the 2001 platform. 
 
THREE SETS OF STATE-SPECIFIC DIURNAL PROFILES NEED TO BE CREATED BASED ON 
THE HOURLY STATE SPECIFIC CEM DATA FOR THE YEAR 2002 
1. load data by month.  Each month is a 49*24 matrix (49 states * 24 hours) 
2. sum across all hours for each state and for each month 
3. Get percent of total for each hour (diurnal profile) for each month 
4. average (mean) across the 12 months 
5. Renomalize the %s by the total percent (which should be close to 1) since there may be 

rounding errors in the averaging.  Convert the profiles from fractions to integers for the SMOKE 
format by multiplying by 1000 or 10000. 
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6. Assign hourly profile IDs that do not overlap any other IDs, by State.  Pick a set of unique 
numbers that has the state code as the last 2 digits e.g., for NOX, 32001 thru 32055, for SO2, 
33001 thru 33055 and for heat input 34001 thru 34055. 

7. Then make sure the field width is accurate and export to the SMOKE format for the /WEEKDAY 
DIURNAL/ and /WEEKEND DIURNAL/ packets.  Please remember to add to both packets. 

 
 A PTIPM-SPECIFIC TEMPORAL CROSS REFERENCE THAT HAS ONLY THREE ENTRIES PER STATE 
HAS TO BE CREATED 
 

1. Monthly and weekly profiles set to uniform profile IDs since these will be ignored -can keep previous 
monthly and weekly temporal profiles in 2001 platform for ptipm 

2. NOX-specific put into xref as state-polllutant specific; SO2-specific as state-pollutant specific and Heat 
input is the overall default (zero for SCC, state code filled in, and county code is zero).  Could probably 
use current xref and change the profile codes. 

 
3.  Create day-specific emissions, in SMOKE-ready day-specific format 

 
o Create monthly emissions by applying the monthly temporal profiles created in step 1 above to 

the annual emissions. (This step does not use SMOKE) 
 

o Compute day-specific emissions from monthly emissions using 2002 CEM data only, by state 
and by pollutant (NOX, SO2, or other). 

Internal SQL code was written to do this, but needs revision to include computation of the monthly 
temporal profiles and diurnal temporal profiles. 
 
o If 2002 does not have any CEM data for a state for a given month (but does have emissions in 

the nonCEM part), then the monthly-to-daily allocation will be uniform for that month. This case 
can happen when the 3-year monthly profiles put emissions into a month, but for the year-
specific monthly-to-daily data, there were actually no emissions in that month.  

Internal SQL code handles this. 
 

4.  Process day-specific ptipm emissions through SMOKE  
 
When running SMOKE, CSC will use the Smkinven program with the options for reading 
the hourly and daily data files created in step 3, above. When running the Tempoeal 
program, CSC will use the settings to use the hourly and daily intermediate files. The run 
script will also be configured to use the diurnal profiles created in steps 3, above. 
 

 
ADDITIONAL NOTES: 
     The CEM data will include additional fields that should be ignored as follows: 

In all cases, the difference between data that is “filled in” versus measured will be ignored. Additionally, 
data from facilities that are shut down is not dropped, but the 3-year averaging approach for the monthly 
profiles partially accounts for this. 

 

II.  2002ba- “average year” methodology 
• All sources will get the approach described above for non-CEM sources (Section B) 
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III.  2010ba (using 2002 platform) - Future-year methodology 

• All sources will get the approach described above for non-CEM sources; however, the calculation will 
be different because data are provided as summer average-day and winter average-day. 

 
The logic and formulas needed for this approach are as follows: 
 
If month ≥ May and month ≤ September: 
 Emissionsm (tons/month) = annualized_summer_emissions * (5/12) * summer_monthly_fractionm 
 
Otherwise: 
 Emissionsm (tons/month) = annualized_winter_emissions * (7/12) * winter_monthly_fractionm 
 
Where: 

m = month of the year 

Annualized_summer_emissions = the emissions value in the summer SMOKE input file from post-
processed IPM data provided by CAMD 

Annualized_winter_emissions = the emissions value in the winter SMOKE input file from post-
processed IPM data provided by CAMD 
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Where: 
D =  NOx monthly CEM fractions for allocating NOx emissions,  

 SO2 monthly CEM fractions for allocating SO2 emissions, 
 Heat input monthly CEM fractions for allocating CO, VOC, PM10, PM2.5, and NH3  
  emissions 

 
The above formulas provide the monthly emissions for all pollutants.  Using this information, the same 
approach is used to allocate the monthly emissions to day-specific emissions as were used for the base 
year.  Namely, we apply monthly-to-daily emissions factors using 2002data only by state. The NOx data are 
used for the NOx emissions, SO2 data for the SO2 emissions, and Heat Input for all other pollutants.  
 
NOTE: this approach will require post-processing the IPM data from CAMD each time we get a new 
dataset.  This step will need to be automated by CSC. 
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Attachment C 
VISTAS Hourly Methodology Select Portions of: 

November 14, 2007 
2.2.1 Processing of Point Source Emissions 
 
Stack parameters are often more important to the reliability of the air quality modeling results than the 
emissions rates themselves. Stack parameter data are frequently incorrect, especially in some of the current 
regional modeling inventories and careful QA is required to assure that the point source emissions are properly 
located both horizontally and vertically on the modeling grid. To screen for simple, but potentially serious 
inventory errors such as these, the study team has modified procedures originally developed by EPA3 to quality 
assure, augment, and where necessary, revise, stack parameters to examine the accuracy of the point source 
emissions, as well as standardize procedures to identify and correct stack data errors. These procedures were 
implemented in the NIF to IDA conversion step of the inventory development. Additionally, SMOKE has a 
number of built-in QA procedures designed to catch missing or out-of-range stack parameters. These 
procedures were also invoked in the processing of the point source data. 
 
For the final baseline modeling, we separated the point source emissions into EGU and non-EGU categories. 
The non-EGU category was not processed using any day or hour-specific emissions inputs. All non-EGU point 
source emissions were temporally allocated to month, day, and hours using annual emissions and source 
category code (SCC) based allocation factors. These factors were based on the cross-reference and profile data 
supplied with the utilized SMOKE version and were supplemented with relevant data provided to the study 
team by VISTAS and its contractors. 
 
For EGU sources with EPA reported continuous emissions monitoring (CEM) data for 2000-2004 or with 
hourly emissions provided by stakeholders, actual hourly data were used. For those sources where EPA CEM 
data are utilized, NOx, SO2, and heat input-based hour-specific profiles were developed and applied to NOx, 
SO2, and all other emissions, respectively. This ensured that the annual emission values provided by the EI 
contractor were maintained, but distributed using hourly to annual profiles. For sources providing hour-specific 
data and where they were approved by the State in which they operated, those data were substituted for EPA 
CEM-based emissions and distributions. 
 
To temporally allocate the remaining EGU point sources (those which do not report under the CEM program), 
the NOx, SO2, and heat input data were collected from the 2000-2004 CEM datasets, and used to develop unit-
level typical temporal distributions. CEM data from 2002 were used to develop comparable profiles and 
emission distributions during the actual 2002 model validation runs. The hour, day of week, and monthly 
specific temporal profiles were used in conjunction with the EI supplied emissions data to calculate hourly EGU 
emissions by unit. 
 
All point sources were spatially allocated in the domain based on the stationary source geographic coordinates. 
If a point source was missing its latitude/longitude coordinates and data could not be found to properly site the 
unit within the domain, the source was placed in the center of its reported county. 
 
3 ftp://ftp.epa.gov/EmisInventory/2002finalnei/documentation/point/augmentation_point/2002nei_qa_augmentation_r 
eport0206.pdf 
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2.3.1 Temporal Allocation 
VISTAS 2002 and 2018 annual emissions modeling were configured to generate point, area, nonroad 
mobile, on-road mobile, and biogenic source emissions. In addition, certain subcategories, such as 
fires and EGUs were maintained in separate source category files in order to allow maximum 
flexibility in producing alternate strategies. With the exception of biogenic and on-road mobile source 
emissions that are generated using the BEIS and MOBILE6 modules in SMOKE, pre-computed 
annual emissions were processed using the month, day, and hour specific temporal profiles of the 
SMOKE model. Area and nonroad sources were modeled as a block of Thursday, Friday, Saturday, 
Sunday, and Monday one per month (total of 60 days modeled). On-road motor vehicle sources were 
modeled for one seven-day week per month.  
 
Point sources and biogenics were modeled for each day of the annual period. 
 
VISTAS based its temporal profiles and source category cross-reference files on the EPA 
CAIR/CAMR/CAVR modeling platform with files located on EPA’s CAIR file transfer website6. 
Modifications were made to reflect State specific profiles or updated state of knowledge application of 
these profiles. Some of these changes included the reallocation of North Carolina NONROAD 
generated emission categories to a regional set of temporal profiles more consistent with the operation 
of these source types in the State. Additionally, EGU CEMbased temporal profiles and onroad 
emissions modeling were prepared in manners deviating from EPA’s original CAIR platform. 
 
As noted previously, on-road mobile modeling in SMOKE was done for selected weeks (seven days) 
of each month - using these days as a “representative week” of the entire month. This selection allows 
for the representation of day-of-the-week variability in the on-road motor vehicles, and models a 
representation of the meteorological variability in each month. VISTAS executed sensitivity tests to 
examine this “representative week” methodology versus an everyday on-road mobile modeling 
method7. VISTAS determined that the use of representative week onroad mobile emissions produced 
ozone and particulate matter concentrations (and thus regional haze) that were nearly indistinguishable 
from the “everyday” mobile method. VISTAS determined that the difference in the modeled air 
quality - resulting from the on-road mobile modeling methods - was insignificant. 
 
2.3.1.1 CEM-Based Temporal Profile Development and Application 
 
Two sets of monthly profiles were developed for processing EGU emissions with CEM data: 
 
1. Profiles based solely on actual 2002 CEM-based data at the state level. The 2002-only profiles are 
intended to be used by VISTAS in developing model performance evaluation metrics necessary for 
configuring air quality models in attainment demonstration analyses. 
 
2. Profiles based on historical averages of 2000 through 2004 CEM-based data. These historical 2000-
2004 average profiles were developed and are recommended to be used to represent consistent 
“typical” operating conditions at EGUs in the VISTAS domain for the base year and future year 
emission estimates. 
 
6 ftp://www.airmodelingftp.com/ 
7 http://www.epa.gov/ttn/chief/conference/ei15/session9/abraczinskas.pdf 



OTC Modeling Committee – HEDD Workgroup Summary Paper  
July 16, 2009 DRAFT Version 4.3  Page B-3 
 
Analyses conducted by the modeling team8

 indicate an added benefit to the modeling results with the 
application of CEM-based day-of-week and diurnal profiles, in addition to the monthly profiles for 
each state. As part of this analysis, specific day-of-week (Monday, Tuesday, Wednesday, etc.) and 
diurnal profiles were developed for each month and State to better represent operating conditions at 
units within each State. The day of week and diurnal profiles were developed from averages of CEM-
based emissions and heat input activity occurring on that day-of-week or during that hour-of-day.  
 
These profiles are intended to be applied to units were CEM matches cannot be made to VISTAS 
emission inventories. 
 
Data Obtained 
 
Five years (2000 through 2004) of hourly CEM information from EPA’s CAMD website were 
obtained for each unit in the VISTAS states9. The “Prepackaged Data” option allows the download of 
files containing emissions data for a specific state, quarter or month, and year. Each prepackaged data 
file is in .csv (comma delimited) format and contains the following fields: 
 
State, Facility Name, Facility ID (ORISPL), Unit ID, Date, Hour, SO2 Emissions (lbs), CO2 

Emissions (tons), NOx Emissions Rate (lb/mmBtu), NOx Emissions (lbs), Heat Input (mmBtu), 
Operating Time (hours), Gross Load (MW), and Steam Load (1000 lb/hr).  
 
For this analysis, we obtained the prepackaged monthly unit-level hourly emissions data by state and 
year. Using these data, we reformatted the files and quality assured for applicability to this analysis. 
 
File Contents 
 
The reformatted files were prepared as identified in Table 2-2. 
 
Quality Control / Quality Assurance 
 
Each file was reviewed to determine if NOx, SO2 and heat input values were represented for each 
hour of every day for each unit in the obtained data. Zero values were considered to be valid if 
operating time identifiers indicated no operation during that hour (e.g., data value of zero but operating 
hours greater than zero). 
 
Using the measurement flags and field values in the reformatted files, numerous spot checks were 
made of anomalous or missing variable data to ensure that data corruption was not impacting the 
statistical analyses. Additionally, each year’s hourly total of NOx, SO2, and heat input (per state) were 
summed and compared to EPA annual summaries of the same data elements. 
 
When there were facilities or units with no emissions data or unit characteristics, we verified that these 
sources are not required to report emissions data or had not yet reported emissions data to EPA. In 
some cases, certain months or quarters of the year were blank for individual units or facilities and 
using EPA data caveat reports, we verified these units were not in operation during those times. 
 
8 http://www.epa.gov/ttn/chief/conference/ei14/session11/stella.pdf 
9 http://cfpub.epa.gov/gdm/index.cfm?fuseaction=prepackaged.select 
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Inventory Matching 
 
Prior to the development of the unit-specific SO2, NOx, and heat input ratios for each hour, the step of 
matching CEM units to the VISTAS 2002 modeling inventory started. Because naming convention 
and facility or unit numbering can be unique at the Federal, State, local, or facility level, the step of 
matching existing units from an emissions inventory to the CEM data base proved to be more 
complicated than anticipated. 
 
The VISTAS EGU emission inventory accounted for approximately 3.7 million tons of SO2 and 1.5 
million tons of NOx in calendar year 2002. There were 861 units reporting to the CEM database in 
2002 for the ten VISTAS States. The primary objective of the inventory matching steps was to account 
for as many units and tons as possible allowing for the unit-specific application of hourly temporal 
distribution profiles. 
 
Table 2-2. CEM data file format. 

 
 
Under the direction of VISTAS, emissions inventory contract staff prepared comparisons of the 
VISTAS 2002 emission inventory of EGU sources to that of CEM-based emissions, heat input, and 
operating characteristics. For each unit identified as an EGU source in the VISTAS inventory, an 
attempt was made to match it to a CEM unit and associated data.  
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Automated facility (ORIS) and unit identification was made for a majority of units who maintained the 
same numbering and nomenclature between the two data sets. This first computerized step captured 
the majority of emissions by matching some of the largest units in the VISTAS domain. The 
remaining steps were followed in order to match the outstanding facilities and emissions as reported 
by VISTAS States in the 2002 emission inventory. 
 
Inventory contractors developed county-level reports of the remaining unmatched facilities and units 
from the VISTAS inventory and made comparisons of annual emissions of SO2 and NOx to the CEM-
based SO2 and NOx for sources also identified within the same county. This step of the matching 
process allowed an incremental amount of emissions and units to be accounted for and assigned unit-
specific profiles for model performance evaluation.  
 
Finally, remaining VISTAS inventory and CEM sources were manually compared to each other in an 
effort to determine if reporting errors in State or county codes or facility or unit identification codes 
accounted for this reminder of unmatched sources. These manual matches were confirmed or revised 
with VISTAS State and stakeholder participation and input. With this step, a few sources were 
identified to have facility identification changes or misreported county codes preventing automated 
matching from occurring and corrected for the final application of factors. 
 
Once all methods of comparison were exhausted, the remaining unmatched VISTAS emission 
inventory of EGU sources was excluded from the unit-specific profile assignment steps and was 
allocated more generalized facility or State temporal profiles as described in the following section. 
 
This inventory comparison process allowed for the match of over 650 of the 861 CEM identified units 
(76%) to the VISTAS EGU emission inventory for 2002. More importantly, however, was the match 
of 99.95 percent of the SO2 emissions and over 99.4 percent of the NOx emissions from these sources 
in the VISTAS domain. 
 
Profile Calculations 
 
Two sets of profile types have been developed for modeling EGU emissions within the VISTAS 
domain. The first set are to be applied to individual units able to be matched to CEM data, the second 
are to be applied to EGU sources within the VISTAS domain where CEM-based matches could not be 
identified. 
 
The first set of temporal profiles have been developed for specific hour-of-date periods based on 
historical actual 2002 or average NOx, SO2, and heat input data for sources reporting under EPA’s 
CEM program between 2000 and 2004. These profiles are based on the actual or statistical average of 
the CEM data variables (NOx, SO2, and heat input) for each hour-of-date (e.g., Hour 12 of March 3) 
during the year. In the typical profile calculation, variables are calculated for each hour when the 
operating time of the CEM is greater than 0 (e.g., the unit is in operation during that hour). In the case 
of 2002-only calculations, all reported NOx, SO2, and heat input data were used in the averaging, 
including those identified as non-operating hours. This allowed for the best representation of actual 
2002 conditions for the expected use of these profiles for model validation studies. 
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In the second set of profiles, NOx, SO2, and heat input values were averaged over each unit to allow 
for the calculation of State level monthly, day-of-week, and diurnal profiles for VISTAS States. 
 
For the 2000-2004 averaging period, representation of typical operating conditions was desired, so in 
the averaging calculation only valid operating hour NOx, SO2, and heat input values were used. This 
prevented the introduction of equipment shutdown because of power outages, control installation, or 
planned maintenance into the temporal profile calculation. 
 
Actual 2002 Profiles 
 
Through the EPA’s Clean Air Market’s Data and Maps website, quarterly unit-level hourly emissions 
data by State and calendar year 2002 were obtained for purposes of developing temporal allocation 
factors applicable to EGU sources within the VISTAS domain. Key elements in these data sets include 
the State where the unit is located, facility name, facility identification (ORISPL) code (assigned by 
the Department of Energy at the Energy Information Administration), unit identification code, date of 
record, hour of record, SO2, CO2, and NOx mass (in lbs per hour), heat input (million British thermal 
units [MMBtu]), and NOx emission rate (lbs/MMBtu). 
 
SO2 and NOx mass and heat input values were summed for each unit to an annual level to allow for 
the calculation of an hour of date-to-annual ratio estimation. Equation 2-1 provides this calculation for 
heat input. Table 2-2 provides an example result of the ratio calculation. 
 

 
 
Since it was assumed that all sources in the VISTAS EGU inventory would not be matched to 
individual CEM-based units, the same calculations were performed for each State so that a 
hierarchical application of ratios (unit first, State second) could be assigned as necessary. Table 2-3 
shows example ratios calculated for each month by State. Table 2-4 reflects an example of the State-
month-day of week ratio calculation and Table 2-5 shows a State-month-diurnal ratio calculation 
example. Each of these ratios were calculated for each State in the VISTAS domain emissions 
inventory. 
 
Three parameter values (SO2 mass, NOx mass, heat input) were calculated at each aggregation as 
NOx and SO2 emissions vary due to fuel blend, sulfur content, or seasonal control and are not 
necessarily representative of the other variables’ seasonal, daily, or even hourly variation. The 
monthly variation in relative distribution of SO2, NOx, and heat input differs enough to justify 
calculating each parameter value set of temporal profiles with CEM data. 
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When viewed on a State by State basis, the differences in monthly variation are even more pronounced 
as individual facilities within each State may be affected during any calendar year by extreme 
temperature variation, shutdowns, or regular maintenance or installation of equipment. As an example, 
Figure 2-3 represents CEM data from the State of Mississippi during calendar year 2002 and reveals 
that SO2 emissions increase throughout the year, NOx emissions stay relatively high during the 
summer months, and heat input peaks during the month of July.  In Mississippi’s case, close to thirteen 
percent of the State’s CEM-based heat input occurs in July. This compares to the VISTAS average of 
just over ten percent of CEM-based heat input in July. 
 
Finally, when these data are reviewed at a unit level, the differences become incrementally more 
distinct due to the unique nature of individual facilities, their operating schedules, pollution regulation, 
fuel characteristics, and applied technologies. For example, a facility that is complying with 
summertime NOx regulation may have selective catalytic reduction (SCR) installed on its boiler(s) 
which in practice may only be run during ozone season months. During this period of time, heat input 
and SO2 emissions may remain consistent with State or regional monthly profiles, but the NOx 
emissions may drop significantly relative to the rest of the year. 
 
Figure 2-4 represents an extreme unit-specific case for monthly differences from State or regional 
temporal allocation. The unit presented is a Mississippi baseload coal-fired boiler which in 2002 
emitted over 4,000 tons of NOx and over 11,000 tons of SO2. This unit would typically run at 
consistent levels during the entire period, but due to a planned maintenance outage was not in 
operation in late January through the middle of April in 2002. Given the unique operation of this boiler 
during this year, the use of a regional or even State-level monthly temporal distribution would 
introduce significant inaccuracy to air quality modeling in the immediate or downwind area associated 
with this facility. While this may not be significant at great distance downwind of the source or for 
annual concentration estimates, more locally, and especially over shorter time scales (daily or weekly), 
such simplifications would have a noticeable effect on air quality model predictions. 
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Thus, while improving the representativeness of unit-specific monthly temporal profiles is desirable, 
providing day and hour-specific values are clearly better. For this reason, during the model 
performance evaluation process in the VISTAS modeling, hour-specific temporal ratios were 
developed for every CEM reporting unit in the VISTAS domain. These ratios allowed for the hour-by-
hour accounting of emissions released at each unit at each facility within the VISTAS domain that 
reported output under the CEM guidelines.  
 
Figure 2-5 represents the actual daily distribution of SO2 and NOx emissions and heat input from the 
Mississippi baseload unit from the above example. As can been seen in this figure, not only is the 
planned January through April outage represented correctly, there are significant peaks and valleys 
throughout the calendar year which could not be accurately represented with the application of average 
monthly, day-of-week, or hourly distribution factors. In reality, only the actual operating 
characteristics of this unit could capture the differences from hour to hour which are potentially quite 
important in terms of correctly modeling the impact of the source on downwind oxidant and fine 
particulate concentrations10.  
 

 
 
Typical EGU Profiles 
 
Hour of day of month specific temporal profiles were developed by calculating the arithmetic mean of 
each unit’s NOx, SO2, and heat input by specific hour of day per month (e.g., Hour 21 of Wednesdays 
in July) from the data obtained from 2000 through 2004. In order to accomplish this calculation, each 
record of CEM data was first assigned a day of week. This assignment was based on the actual CEM’s 
date of record and day of week of that record. An example of this assignment is shown in Table 2-7. 
 
10 http://www.epa.gov/ttn/chief/conference/ei14/session11/stella.pdf 
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Once days of week were assigned to each record in the CEM data base, the arithmetic mean of each 
unit’s NOx, SO2, and heat input were calculated for the ORISPL-UNITID-MONTH-DAY OF 
WEEK-HOUR combination. Only records where the CEMs were operating for more than half the 
recorded hour (OPTIME > 0.5) were used in the averaging calculation. An example of the averaged 
results can be seen in Table 2-8. 
 

 
 
These values were then applied to each unit and hour based on the 2002 calendar to match the 
meteorological data used in the emissions processing. An example of this application can be seen in 
Table 2-9. The date specific hourly averages were then summed to a unit summer (May – Sept) and 
winter months total and ratios were developed based on each daily hour’s average value divided by the 
average sum total depending on the season of the day. This permitted the appropriate allocation of 
summertime NOx (as forecasted by IPM) when summer control only was predicted. Using the annual 
average ratios instead of the seasonal distributions would produce summertime emissions different 
than what was output from the model. 
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Equation 2-2 reflects this calculation for heat input for a summer hour. Ratios were calculated for 
NOx, SO2, and heat input values. These ratios were then applied to each unit’s seasonal (summer or 
winter) emission value for NOx, SO2, and all other pollutants, respectively. 
 

 
 
 
The actual hour-of-day-of-month averages calculated from the CEM data were not used directly as 
emissions for that hour, but were used only in the calculation of the ratios to be applied to a pre-
calculated seasonal (summer or winter) emission value. This allowed for the retention of emission 
estimates calculated using means other than CEM data, if a State or local agency found them to be 
more appropriate or if it were derived by other means (e.g., IPM) but an improved distribution of 
emissions using CEM-based ratios. 
 
As in the actual 2002 profiles calculations, these same calculations were additionally performed for 
each State so that a hierarchical application of ratios (unit first, State second) could be assigned as 
necessary. Instead of having variables at the unit level, however, State level values were used. These 
State value calculations were based on the sum of the unit-level variable averages to the level of 
aggregation required by the calculation (e.g., State-month. State-month day-of-week, or State-month-
hour). Table 2-10 shows example ratios calculated for each month by State. Table 2-11 reflects an 
example of the State-month-day of week ratio calculation and Table 2-12 shows a State-month-diurnal 
ratio calculation example. Each of these ratios were calculated for each State in the VISTAS domain 
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and used in instances where CEM unit matches could not be made to the VISTAS base year emissions 
inventory. 
 
Again, three parameter values (SO2 mass, NOx mass, heat input) were calculated at each aggregation 
as NOx and SO2 emissions vary due to fuel blend, sulfur content, or seasonal control and are not 
necessarily representative of the other variables’ seasonal, daily, or even hourly variation. 
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Application of Factors 
 
VISTAS chose to prepare its air quality modeling inventories with Version 2.1 of the Sparse Matrix 
Operating Kernel Emissions (SMOKE) model. For this reason, all emissions were required to be 
converted to SMOKE’s data formats. In particular, because hour specific temporal profiles for each 
day of a year are not accepted directly by the model, it was necessary to develop a set of hourly 
emissions inputs to circumvent this limitation. These were generated in the EMS PTHOUR format as 
described in SMOKE input file documentation11.  
 
The CEM format for individual hour-specific data files as available in SMOKE was not utilized for 
VISTAS emissions processing as the emissions allowable by hour would have been limited to NOx, 
SO2, and CO2. If this file format and optional run configuration were exercised, the NOx, SO2, and 
CO2 emissions processed by the model would have been accurate for CEM reported emissions, but the 
remaining pollutants coupled with each CEM unit would have received the monthly, daily, and diurnal 
temporal profiles associated with the source category codes from the unit. This could lead to 
potentially displaced emissions if a unit were operating at different times than the default profiles 
indicated. Additionally, in cases where States may not have reported annual emission estimates 
directly based on CEMs, these emissions would be slightly different that the original annual inventory. 
 
11 University of North Carolina at Chapel Hill, Sparse Matrix Operator Kernel Emissions 
(SMOKE) Modeling System, http://cf.unc.edu/cep/empd/products/smoke/index.cfm. 
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In VISTAS modeling, for those EGU sources where CEM data were utilized, NOx, SO2, and heat 
input-based hour-specific profiles were developed and applied to annual NOx, SO2, and all other 
emissions, respectively, for both the actual and typical 2002 modeling. Heat input was chosen as a 
surrogate for non-CEM reported pollutants as the majority of remaining compounds are not as 
significantly impacted by controls or fuel content, yet the distribution of these emissions would occur 
during the same times CEM reported pollutants were emitted. 
 
The application of hourly ratios to annual emissions ensured that the annual values provided by States 
under the CERR were maintained, but distributed using actual hourly to annual profiles. Additionally, 
for stakeholder sources providing hour-specific data approved by the State in which they operated, 
data were substituted for State provided emissions and CEM-based distributions. 
 
To temporally allocate the remaining EGU point sources, the NOx, SO2, and heat input data were 
collected from the 2002 or 2000-2004 CEM datasets, and used to develop State-level temporal 
distributions. These month-specific hour and day of week temporal profiles were used in conjunction 
with the emissions inventory to calculate hourly EGU emissions by unit. Although not as accurate a 
distribution as the unit-specific factors, the State-based temporal distribution provided improved 
results to the default profiles provided with the emissions model. Figure 2-6 represents the monthly 
distribution comparisons of VISTAS State heat input to the default monthly distribution from Version 
2.0 of SMOKE for source category code (SCC) 10100201, representing External Combustion Boilers; 
Electric Generation; Bituminous/Subbituminous Coal; Pulverized Coal: Wet Bottom (Bituminous 
Coal), a relatively common boiler type and fuel configuration in the VISTAS domain. This example is 
for the actual 2002 modeling exercise. 
 
Much like the distinction in month to month variation of the profiles, day of week and diurnal patterns 
based on CEM data vary from unit to unit. Again, if one were to assign the same day of week or 
diurnal profile to every unit in the inventory, emissions from these sources would inappropriately be 
distributed during the episode of interest. In addition to the unique distribution provided by the unit-
specific factors based on CEM data, aggregate State level daily and diurnal temporal distribution 
factors were developed and applied during this process. Figure 2-7 shows the variance in diurnal 
distribution from Tennessee’s average CEM-based NOx emissions data for each of the twelve months 
of calendar year 2002 as would have been applied to units unmatched to CEM sources. 
 
The work conducted in this process had the main objective of developing temporal profiles for 
VISTAS EGUs necessary to apply in the generation of SMOKE PTHOUR formatted emissions. 
Additionally, State-level monthly, day-of-week, and diurnal profiles were developed for application to 
non-CEM matched units in the VISTAS emissions inventory. These temporal distributions represent a 
significant improvement over the EPA defaults. 
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Attachment D 
LADCO Hourly Methodology: 
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