Tutorial 1-Short Range Impacts: One-Hour SO2 Increments
Introduction
This tutorial provides a step-by-step procedure for conducting an annual SCICHEM simulation to calculate one-hour SO2 incremental concentrations for 2005 due to SO2 emissions from a boiler unit at a hypothetical facility. The facility is assumed to be located in an empty, moderately flat, grassy field slightly NW of the Boise Air Terminal landing strip (centered at 43.574078°N, 116.249767°W) near Boise, ID.  A pseudo property boundary is created, using a square box with 100 meter sides, with the emission unit in the center.  Receptors are placed at every 10 meters along the property boundary.  A 20×20 meter building with a height of 15 meters is placed at the center of the property to include the effect of building downwash in this hypothetical SO2 source simulation with SCICHEM.
This tutorial uses the Linux build of SCICHEM and the associated pre-processor and post-processor. Although this tutorial focuses on running the case study on Linux, the procedure for running on Windows is similar and a Windows batch file is also provided as part of the package. Since SO2 is treated as an inert species in this simulation, the multicomponent option in SCICHEM is not selected. Examples of multicomponent simulations with near-source plume chemistry are provided in Tutorial 2 for near-source 1-hour NO2 increments, and in Tutorials 4 and 5 for full chemistry applications for long-range impacts (ozone, secondary PM2.5).
This tutorial illustrates the use of SCICHEM inputs based on the KEYWORDS format (See Section 3.2 of the Draft User's Guide). Tutorials 2 and 3 also illustrate the same usage, while Tutorials 4 and 5 illustrate the use of NAMELIST type SCICHEM inputs (described in Section 3.1 of the Draft User's Guide).
Case Study SETUP
The test case for this tutorial is provided in the Linux sub-directory of the directory “so2_2005”, located in the “examples” directory. The “so2_2005/Linux” directory contains 2 sub-directories and a run script (“run_scichem.sh”). The run script has 3 components:
The meteorological data pre-processing component
The actual SCICHEM simulation
The post-processing component to create a POSTFILE from the SCICHEM sampler output
The first sub-directory, called “MET2SCI”, contains the standard meteorological data available from NOAA (see “Meteorological data” section below) and a configuration file (the “METSCI” input file, "KBOI.2005.INP"). The pre-processing component of the run script calls the “METSCI” pre-processor described in Section 2 of the Draft User’s Guide provided with this package to create surface and upper air meteorological files in SCICHEM format in the same MET2SCI sub-directory.
The second sub-directory, called “SCICHEM”, contains the SCICHEM configuration file (“so2.2005.st.sci), and the hourly emissions file for the boiler unit (“so2.2005.st.emi”) referenced in the configuration file. See Section 3.2 of the Draft User's Guide for a description of these files. These are the two main user-provided input files required for this inert species application (in addition to the meteorology inputs in the MET2SCI directory).
The SCICHEM configuration file is required for every SCICHEM application that uses the KEYWORD format inputs. The hourly emissions file is optional and is required only if specified in the configuration file (see Section 3.2.5.9 of the User's Guide). If not specified, the model uses the non-varying emission rates and stack parameters provided within the SO pathway in the configuration file. In addition, if the user wishes to conduct a multicomponent simulation for chemically reactive pollutants, it is necessary to provide a multicomponent input file and optionally a background concentration file. However, for this tutorial, which treats SO2 as an inert species, these additional files are not required. An example of a KEYWORD format multicomponent simulation for 1-hour NO2 concentrations is provided in Tutorial 2.
In addition to the input files mentioned above, the model requires an initialization file (“scipuff.ini”) and a land use file (“landuse.dat”), described in the User’s Guide. Since these two files are application-independent and are required for all SCICHEM applications, they are located in a common directory called “SciData” and the directory is located at the same level as the “examples” directory. The location of the “scipuff.ini file” is provided as a command-line argument to the “runsci” application in the provided run script (“run_scichem.sh”). The “scipuff.ini” file contains the location of the “landuse.dat” file as one of its configuration parameters. In this case, the “scipuff.ini” is located in the bin/linux directory and “landuse.dat” file is located in the SciData directory.
After the SCICHEM meteorological files are created with the METSCI pre-processor, the second component of the run script invokes SCICHEM to conduct a simulation based on the parameters provided in the SCICHEM configuration file. All the SCICHEM outputs are created in the SCICHEM sub-directory. The final step in the run script is the call to the post-processor to read the SCICHEM sampler output file and to create a file in POSTFILE format in the same SCICHEM sub-directory.
Due to space restrictions, only the final output file in POSTFILE format from the post-processing of the SCICHEM sampler output file is provided here for benchmarking purposes. For this example, the name of this file is "so2.2005.st.pst".
Each of the above steps in the run script and the preparation of SCICHEM input files are described in more detail below.
Meteorological data preparation
The first step in conducting the SCICHEM simulation is to prepare the meteorological inputs using the NCDC DS-3505[footnoteRef:1] surface data and FSL[footnoteRef:2] upper air data for the Boise Air Terminal (KBOI, WMO ID 726810, WBAN ID 24131) for calendar year 2005.  These standard datasets are processed using the METSCI pre-processor. The METSCI input file, “KBOI.2005.INP” provides the configuration for the METSCI run and is reproduced below. Sections 2.1 to 2.3 of the Draft User’s Guide describe the various components of this input file. The main outputs of the pre-processor are the surface and upper air files in SCICHEM format, called “KBOI2005.SFC” and “KBOI2005.PRF”, respectively, in this case study. These files are used in the SCICHEM simulation, described in the following section. [1:  DS-3505 surface data is available at ftp://ftp3.ncdc.noaa.gov/pub/data/noaa ]  [2:  FSL upper-air data is available at http://esrl.noaa.gov/raobs ] 

********************************************************
** MET2SCI Input
********************************************************
JOB
   REPORT      kboi2005.rpt
   MESSAGES    kboi2005.msg

UPPERAIR

   DATA        KBOI.FSL.2005.TXT FSL
   EXTRACT     KBOI2005.PRF
   QAOUT       TRUE
   XDATES      2005/01/01 TO 2005/12/31

SURFACE

   DATA        KBOI.2005.ISHD ISHD
   EXTRACT     KBOI2005.SFC
   QAOUT       TRUE

   XDATES      2005/01/01 TO 2005/12/31

   LANDUSE     CULTIVATED

SCICHEM simulation
After the SCICHEM surface and upper air meteorological data files are created as described above, the run script executes SCICHEM for the project. The project name is specified as a command line input in the run script with the -P: flag. For this case study, the project name is “so2.2005.st”. SCICHEM looks for the configuration file, which has the name projectname.sci, i.e., “so2.2005.st.sci” for this tutorial. The various components of this file include:
1. The run control section (lines starting with ‘CO’ or in the ‘CO’ block).
2. The source description section (lines starting with ‘SO’ or in the ‘SO’ block). For this SO2 example, surrounding building information is also provided in this section. When this information is included, the model calculates the plume rise and initial dispersion of the puff using the PRIME downwash model.
3. The receptor description section, specifying the receptor locations where concentration increments are to be calculated and output in the sampler file. For this example, the receptors are placed along the boundary of the property at 10 m intervals.
4. The meteorology section, specifying the locations of the meteorological files to be used in the SCICHEM simulation. For this example, these files are created by the METSCI pre-processor (see previous section) and located in the MET2SCI directory that is at the same level as the SCICHEM directory.
These components of the configuration file are described in detail in Section 3.2 of the User’s Guide. The model assumes default values for the parameters that are not supplied in the provided configuration file for this test case. For example, the default maximum puff time step (MAXTSTEP) is 900 seconds and this is the maximum time step used in this test case, so the parameter MAXTSTEP is not specified in the configuration file. This is also the frequency of sampler output, since the sampling time step is always equal to MAXTSTEP in this version of the code.
Several output files are created in the simulation with the names projectname.??? where “???” is the three-letter file extension identifying the file (e.g., the “prj” extension specifies the project file, the “puf” extension specifies the file containing instantaneous puff incremental concentrations). These output file types are described in Section 5 of the User’s Guide. The sampler output (specified by the “smp” extension) contains the species incremental concentrations at the various samplers specified in the SCICHEM configuration file. For this tutorial, these are 15 minute instantaneous SO2 increments at the samplers, because the sampling interval is always the same as the maximum puff time step, which is the default value for this application (900 seconds or 15 minutes). This is the file that is converted by the post-processor, described in the following section, to the AERMOD POSTFILE format.
For space reasons, none of the SCICHEM output files are provided in this distribution. Only the file created by the post-processor, described below, is provided for benchmarking purposes.
Post-processing of sampler output
The last command in the run script is the call to the post-processor “smp2post” which reads the SCICHEM sampler output in the file “so2.2005.st.smp” in the SCICHEM sub-directory and creates a new file in POSTFILE format (with the default name projectname.pst or the user-specified name if the –o flag is used) in the same sub-directory. The smp2post post-processor is described in Section 6.1 of the User’s Guide. It converts the sub-hourly instantaneous incremental concentrations in the sampler file to 1-hour average increments. As noted above, the sampler output file is not provided with this distribution; only the output from processing this file with smp2post is provided for benchmarking purposes. For this tutorial exercise, the name of the output file created by the post-processor is "so2.2005.st.pst".


Tutorial 2-Short-Range Impacts: One-Hour NO2 Increments
Introduction
This tutorial provides a step-by-step procedure for conducting an annual SCICHEM simulation to calculate one-hour NO2 incremental concentrations for 2005 due to NOx emissions from a short (less than 10 m high) fire pump at a hypothetical facility. The primary NO2 emissions are assumed to be 15% of the NOx emissions. The location of the facility is the same as in the SO2 case study described in Tutorial 1 – the facility is assumed to be located in an empty, moderately flat, grassy field slightly NW of the Boise Air Terminal landing strip (centered at 43.574078°N, 116.249767°W) near Boise, ID.  The receptor locations are also the same as in the SO2 case study. The key differences between this NO2 case study and the SO2 case study in Tutorial 1 are:
1. There is no building information provided so the PRIME building downwash algorithm is not used to calculate plume rise and initial puff dispersion. Instead, the model dynamically calculates these variables by solving the equations of mass, momentum and energy simultaneously. This results in smaller time steps and more CPU time requirements than the SO2 case study.
2. The source characteristics (stack parameters, emissions) are different.
3. The NO2 case study requires the treatment of the near-source chemistry of NO, NO2, atomic oxygen (O) and ozone (O3). Thus, this is an example of a multicomponent SCICHEM simulation with reactive plume chemistry for near-source calculations.
As in Tutorial 1, this tutorial uses the Linux build of SCICHEM and the associated pre-processor and post-processor. Although this tutorial focuses on running the case study on Linux, the procedure for running on Windows is similar and a Windows batch file is also provided as part of the package. Also, like Tutorial 1, the case study described here illustrates the use of SCICHEM inputs based on the KEYWORDS format.
Case Study SETUP
The test case for the tutorial is provided in the Linux sub-directory of the directory “no2_mc_2005” ”, located in the “examples” directory. The “no2_mc_2005/Linux” directory contains 2 sub-directories and a run script (“run_scichem.sh”). The run script has 3 components:
· The meteorological data pre-processing component
· The actual SCICHEM simulation
· The post-processing component to create POSTFILEs from the SCICHEM sampler output
The first sub-directory, called “MET2SCI”, contains the standard meteorological data available from NOAA (see “Meteorological data” section below) and a configuration file (the “METSCI” input file, "KBOI.2005.INP"). The pre-processing component of the run script calls the “METSCI” pre-processor described in Section 2 of the Draft User’s Guide provided with this package to create surface and upper air meteorological files in SCICHEM format in the same MET2SCI sub-directory.
The second sub-directory, called “SCICHEM”, contains the SCICHEM configuration file (“no2.2005.mc.sci), and the hourly emissions file for the fire pump (“no2.2005.mc.emi”) referenced in the configuration file. See Section 3.2 of the Draft User's Guide for a description of these files. The SCICHEM configuration file is required for every SCICHEM application that uses the KEYWORD format inputs. The hourly emissions file is optional and is required only if specified in the configuration file (see Section 3.2.5.9 of the User's Guide). If not specified, the model uses the non-varying emission rates and stack parameters provided within the SO pathway in the configuration file.
Because this is a multicomponent simulation, an additional input file (“no2.imc”), referred to as the multicomponent input file in the Draft User’s Guide (see Section 3.3) is required. The name of the multicomponent file is provided in the Materials (MA) section of the configuration file. The multicomponent file contains a description of the chemical species, and the chemical reactions that they undergo. For the 1-hour NO2 application, ozone concentrations need to be specified for the chemistry calculations, either as a fixed value or hourly varying values. The latter is the preferred option and hourly ozone observations are typically available from the routine monitoring networks. Thus, the “no2.imc” file also specifies the name of the background ozone concentration file (“o3.amb”) for this case study. The configuration file, the hourly emissions file, the multicomponent input file, and the ambient ozone file are the four input files required for this multicomponent application (in addition to the meteorology inputs in the MET2SCI directory).
In addition to the four user-provided input files mentioned above, the model requires an initialization file (“scipuff.ini”) and a land use file (“landuse.dat”), described in the User’s Guide. Since these two files are application-independent and are required for all SCICHEM applications, they are located in a common directory. For this tutorial, this directory is called “SciData” and the directory is located at the same level as the “examples” directory. The location of the “scipuff.ini file” is provided as a command-line argument to the “runsci” application in the provided run script (“run_scichem.sh”). The “scipuff.ini” file contains the location of the “landuse.dat” file as one of its configuration parameters. In this case, the “scipuff.ini” is located in the bin/linux directory and “landuse.dat” file is located in the SciData directory.
After the SCICHEM meteorological files are created with the METSCI pre-processor, the second component of the run script invokes SCICHEM to conduct a simulation based on the parameters provided in the SCICHEM configuration file. All the SCICHEM outputs are created in the SCICHEM sub-directory. The final step in the run script is the call to the post-processor to read the SCICHEM sampler output file and to create files for each multicomponent species in POSTFILE format in the same SCICHEM sub-directory.
Due to space restrictions, only the final output files in POSTFILE format from the post-processing of the SCICHEM sampler output file are provided here for benchmarking purposes. For this example, the names of these files are "no2.2005.mc_NO.pst" and "no2.2005.mc_NO2.pst" (containing 1-hour average NO and NO2 incremental concentrations, respectively).
Each of the above steps in the run script and the preparation of SCICHEM input files are described in more detail below.
Meteorological data preparation
The first step in conducting the SCICHEM simulation is to prepare the meteorological inputs using the NCDC DS-3505[footnoteRef:3] surface data and FSL[footnoteRef:4] upper air data for the Boise Air Terminal (KBOI, WMO ID 726810, WBAN ID 24131) for calendar year 2005.  These standard datasets are processed using the METSCI pre-processor. The METSCI input file, “KBOI.2005.INP” provides the configuration for the METSCI run and is reproduced below. Sections 2.1 to 2.3 of the Draft User’s Guide describe the various components of this input file. The main outputs of the pre-processor are the surface and upper air files in SCICHEM format, called “KBOI2005.SFC” and “KBOI2005.PRF”, respectively, in this case study. These files are used in the SCICHEM simulation, described in the following section. [3:  DS-3505 surface data is available at ftp://ftp3.ncdc.noaa.gov/pub/data/noaa ]  [4:  FSL upper-air data is available at http://esrl.noaa.gov/raobs ] 

********************************************************
** MET2SCI Input
********************************************************
JOB
   REPORT      kboi2005.rpt
   MESSAGES    kboi2005.msg

UPPERAIR

   DATA        KBOI.FSL.2005.TXT FSL
   EXTRACT     KBOI2005.PRF
   QAOUT       TRUE
   XDATES      2005/01/01 TO 2005/12/31

SURFACE

   DATA        KBOI.2005.ISHD ISHD
   EXTRACT     KBOI2005.SFC
   QAOUT       TRUE

   XDATES      2005/01/01 TO 2005/12/31

   LANDUSE     CULTIVATED

SCICHEM simulation
After the SCICHEM surface and upper air meteorological data files are created as described above, the run script executes SCICHEM for the project. The project name is specified as a command line input in the run script with the -P: flag. For this case study, the project name is “no2.2005.mc”. SCICHEM looks for the configuration file, which has the name projectname.sci, i.e., “no2.2005.mc.sci” for this tutorial. The various components of this file include:
1. The run control section (lines starting with ‘CO’ or in the ‘CO’ block). A key difference in this section between the NO2 and SO2 case studies is the specification of the maximum puff time step (MAXTSTEP) of 150 seconds. As mentioned above, when building dimensions are not provided, the model calculates plume rise dynamically and smaller time steps are required. The default maximum puff time step of 900 seconds is too big and needs to be reduced for this application to 150 seconds. Note that this is also the frequency of sampler output, since the sampling time step is always equal to MAXTSTEP in this version of the code.
2. The material section (lines starting with ‘MA’ or in the ‘MA’ block). The name of the multicomponent input file (“no2.imc”) is provided in this section and signifies that this is a multicomponent simulation.
3. The source description section (lines starting with ‘SO’ or in the ‘SO’ block). For this NO2 example, no building information is provided, and the model calculates plume rise and initial puff dispersion dynamically. Also, NO2 and NO are specified as the emitted multicomponent species.
4. The receptor description section, specifying the receptor locations where concentration increments are to be calculated and output in the sampler file. As in the SO2 case study in Tutorial 1, the receptors are placed along the boundary of the property at 10 m intervals. The key difference in this receptor section between the SO2 case study and this case study is the specification of the multicomponent species to be output in the sampler file using the MULTLIST keyword option. If this keyword is not provided, all multicomponent species (including O3 and O, the two other chemical species simulated) are output.
5. The meteorology section, specifying the locations of the meteorological files to be used in the SCICHEM simulation. As in the SO2 case study, these files are created by the METSCI pre-processor (see previous section) and located in the MET2SCI directory that is at the same level as the SCICHEM directory.
These components of the configuration file are described in detail in Section 3.2 of the User’s Guide. The model assumes default values for the parameters that are not supplied in the provided configuration file for this test case.
Several output files are created in the simulation with the names projectname.??? where “???” is the three-letter file extension identifying the file (e.g., the “prj” extension specifies the project file, the “puf” extension specifies the file containing instantaneous puff incremental concentrations). These output file types are described in Section 5 of the User’s Guide. The sampler output (specified by the “smp” extension) contains the species incremental concentrations at the various samplers specified in the SCICHEM configuration file. For this tutorial, these are 2.5 minute instantaneous NO and NO2 increments at the samplers, because the sampling interval is always the same as the maximum puff time step, which is 150 seconds or 2.5 minutes, as specified by the MAXTSTEP keyword for this application. This is the file that is converted by the post-processor, described in the following section, to the AERMOD POSTFILE format.
For space reasons, none of the SCICHEM output files are provided in this distribution. Only the files created by the post-processor, described below, are provided for benchmarking purposes.
Post-processing of sampler output
The last command in the run script is the call to the post-processor “smp2post” which reads the SCICHEM sampler output in the file “no2.2005.mc.smp” in the SCICHEM sub-directory and creates new files in POSTFILE format for each multicomponent species (with the default name projectname_speciesname.pst) in the same sub-directory. The post-processor is described in Section 6.1 of the User’s Guide. It converts the sub-hourly instantaneous incremental concentrations in the sampler file to 1-hour average increments. As noted above, the sampler output file is not provided with this distribution; only the outputs from processing this file with smp2post are provided for benchmarking purposes. For this tutorial exercise, two output files are created by the post-processor based on the two species (NO and NO2) that are output by SCICHEM in the sampler file (as specified by the MULTLIST keyword in the configuration file): "no2.2005.mc_NO.pst" and "no2.2005.mc_NO2.pst".



Tutorial 3-Short-Range Impacts: One-Hour PM2.5 Increments
Introduction
This tutorial provides a step-by-step procedure for conducting an annual SCICHEM simulation to calculate one-hour PM2.5 incremental concentrations for 2005 due to primary PM2.5 emissions from a boiler unit at a hypothetical facility. This case study is identical in all respects to the SO2 case study described in Tutorial 1, except that the transported material (pollutant) is in particulate form instead of a gas. SCICHEM recognizes that particles are being emitted based on the MA section of the configuration file (see below) and calculates the particle dry deposition velocity internally.
As in the SO2 and NO2 case studies, the facility is assumed to be located in an empty, moderately flat, grassy field slightly NW of the Boise Air Terminal landing strip (centered at 43.574078°N, 116.249767°W) near Boise, ID.  A pseudo property boundary is created, using a square box with 100 meter sides, with the emission unit in the center.  Receptors are placed at every 10 meters along the property boundary.  A 20×20 meter building with a height of 15 meters is placed at the center of the property to include the effect of building downwash in this hypothetical PM2.5 source simulation with SCICHEM.
This tutorial uses the Linux build of SCICHEM and the associated pre-processor and post-processor. Although this tutorial focuses on running the case study on Linux, the procedure for running on Windows is similar and a Windows batch file is also provided as part of the package. Since PM2.5 is treated as an inert species in this simulation, the multicomponent option in SCICHEM is not selected. Examples of multicomponent simulations with near-source plume chemistry are provided in Tutorial 2 for near-source 1-hour NO2 increments, and in Tutorials 4 and 5 for full chemistry applications for long-range impacts (ozone, secondary PM2.5).
As in the case of Tutorials 1 and 2, this tutorial illustrates the use of SCICHEM inputs based on the KEYWORDS format (See Section 3.2 of the Draft User's Guide).
Case Study SETUP
The test case for this tutorial is provided in the Linux sub-directory of the directory “pm2.5_2005”, located in the “examples” directory. The “pm2.5_2005/Linux” directory contains 2 sub-directories and a run script (“run_scichem.sh”). The run script has 3 components:
· The meteorological data pre-processing component
· The actual SCICHEM simulation
· The post-processing component to create a POSTFILE from the SCICHEM sampler output
The first sub-directory, called “MET2SCI”, contains the standard meteorological data available from NOAA (see “Meteorological data” section below) and a configuration file (the “METSCI” input file, "KBOI.2005.INP"). The pre-processing component of the run script calls the “METSCI” pre-processor described in Section 2 of the Draft User’s Guide provided with this package to create surface and upper air meteorological files in SCICHEM format in the same MET2SCI sub-directory.
The second sub-directory, called “SCICHEM”, contains the SCICHEM configuration file (“PM25.2005.st.sci), and the hourly emissions file for the boiler unit (“PM25.2005.st.emi”) referenced in the configuration file. See Section 3.2 of the Draft User's Guide for a description of these files. These are the two main user-provided input files required for this inert species application (in addition to the meteorology inputs in the MET2SCI directory).
The SCICHEM configuration file is required for every SCICHEM application that uses the KEYWORD format inputs. The hourly emissions file is optional and is required only if specified in the configuration file (see Section 3.2.5.9 of the User's Guide). If not specified, the model uses the non-varying emission rates and stack parameters provided within the SO pathway in the configuration file. In addition, if the user wishes to conduct a multicomponent simulation for chemically reactive pollutants, it is necessary to provide a multicomponent input file and optionally a background concentration file. However, for this tutorial, which treats primary PM2.5, these additional files are not required.
In addition to the input files mentioned above, the model requires an initialization file (“scipuff.ini”) and a land use file (“landuse.dat”), described in the User’s Guide. Since these two files are application-independent and are required for all SCICHEM applications, they are located in a common directory. For this tutorial, this directory is called “SciData” and the directory is located at the same level as the “examples” directory. The location of the “scipuff.ini file” is provided as a command-line argument to the “runsci” application in the provided run script (“run_scichem.sh”). The “scipuff.ini” file contains the location of the “landuse.dat” file as one of its configuration parameters. . In this case, the “scipuff.ini” is located in the bin/linux directory and “landuse.dat” file is located in the SciData directory.
After the SCICHEM meteorological files are created with the METSCI pre-processor, the second component of the run script invokes SCICHEM to conduct a simulation based on the parameters provided in the SCICHEM configuration file. All the SCICHEM outputs are created in the SCICHEM sub-directory. The final step in the run script is the call to the post-processor to read the SCICHEM sampler output file and to create a file in POSTFILE format in the same SCICHEM sub-directory.
Due to space restrictions, only the final output file in POSTFILE format from the post-processing of the SCICHEM sampler output file is provided here for benchmarking purposes. For this example, the name of this file is " PM25.2005.st.pst".
Each of the above steps in the run script and the preparation of SCICHEM input files are described in more detail below.
Meteorological data preparation
The first step in conducting the SCICHEM simulation is to prepare the meteorological inputs using the NCDC DS-3505[footnoteRef:5] surface data and FSL[footnoteRef:6] upper air data for the Boise Air Terminal (KBOI, WMO ID 726810, WBAN ID 24131) for calendar year 2005.  These standard datasets are processed using the METSCI pre-processor. The METSCI input file, “KBOI.2005.INP” provides the configuration for the METSCI run and is reproduced below. Sections 2.1 to 2.3 of the Draft User’s Guide describe the various components of this input file. The main outputs of the pre-processor are the surface and upper air files in SCICHEM format, called “KBOI2005.SFC” and “KBOI2005.PRF”, respectively, in this case study. These files are used in the SCICHEM simulation, described in the following section. [5:  DS-3505 surface data is available at ftp://ftp3.ncdc.noaa.gov/pub/data/noaa ]  [6:  FSL upper-air data is available at http://esrl.noaa.gov/raobs ] 

********************************************************
** MET2SCI Input
********************************************************
JOB
   REPORT      kboi2005.rpt
   MESSAGES    kboi2005.msg

UPPERAIR

   DATA        KBOI.FSL.2005.TXT FSL
   EXTRACT     KBOI2005.PRF
   QAOUT       TRUE
   XDATES      2005/01/01 TO 2005/12/31

SURFACE

   DATA        KBOI.2005.ISHD ISHD
   EXTRACT     KBOI2005.SFC
   QAOUT       TRUE

   XDATES      2005/01/01 TO 2005/12/31

   LANDUSE     CULTIVATED

SCICHEM simulation
After the SCICHEM surface and upper air meteorological data files are created as described above, the run script executes SCICHEM for the project. The project name is specified as a command line input in the run script with the -P: flag. For this case study, the project name is “PM25.2005.st”. SCICHEM looks for the configuration file, which has the name projectname.sci, i.e., “PM25.2005.st.sci” for this tutorial. The various components of this file include:
1. The run control section (lines starting with ‘CO’ or in the ‘CO’ block).
2. The material section (lines starting with ‘MA’ or in the ‘MA’ block). Since this application simulates PM2.5, the MATCLASS keyword in this section has the value “PART” for the material instead of “GAS” (the default). As specified in the User’s Guide, only PM2.5 and PM10 are allowed as particle species in a non-multicomponent run. Speciated PM is available in the full chemistry multicomponent applications, described in Tutorials 4 and 5.
3. The source description section (lines starting with ‘SO’ or in the ‘SO’ block). As in the SO2 example described in Tutorial 1, surrounding building information is also provided in this section. When this information is included, the model calculates the plume rise and initial dispersion of the puff using the PRIME downwash model.
4. The receptor description section, specifying the receptor locations where plume incremental concentrations are to be calculated and output in the sampler file. For this example, the receptors are placed along the boundary of the property at 10 m intervals.
5. The meteorology section, specifying the locations of the meteorological files to be used in the SCICHEM simulation. For this example, these files are created by the METSCI pre-processor (see previous section) and located in the MET2SCI directory that is at the same level as the SCICHEM directory.
These components of the configuration file are described in detail in Section 3.2 of the User’s Guide. The model assumes default values for the parameters that are not supplied in the provided configuration file for this test case. For example, the default maximum puff time step (MAXTSTEP) is 900 seconds and this is the maximum time step used in this test case, so the parameter MAXTSTEP is not specified in the configuration file. This is also the frequency of sampler output, since the sampling time step is always equal to MAXTSTEP in this version of the code.
Several output files are created in the simulation with the names projectname.??? where “???” is the three-letter file extension identifying the file (e.g., the “prj” extension specifies the project file, the “puf” extension specifies the file containing instantaneous puff incremental concentrations). These output file types are described in Section 5 of the User’s Guide. The sampler output (specified by the “smp” extension) contains the species incremental concentrations at the various samplers specified in the SCICHEM configuration file. For this tutorial, these are 15 minute instantaneous PM2.5 increments at the samplers, because the sampling interval is always the same as the maximum puff time step, which is the default value for this application (900 seconds or 15 minutes). This is the file that is converted by the post-processor, described in the following section, to the AERMOD POSTFILE format.
For space reasons, none of the SCICHEM output files are provided in this distribution. Only the file created by the post-processor, described below, is provided for benchmarking purposes.
Post-processing of sampler output
The last command in the run script is the call to the post-processor “smp2post” which reads the SCICHEM sampler output in the file “PM25.2005.st.smp” in the SCICHEM sub-directory and creates a new file in POSTFILE format (with the default name projectname.pst or the user-specified name if the –o flag is used) in the same sub-directory. The post-processor is described in Section 6.1 of the User’s Guide. It converts the sub-hourly instantaneous incremental concentrations in the sampler file to 1-hour average increments. As noted above, the sampler output file is not provided with this distribution; only the output from processing this file with smp2post is provided for benchmarking purposes. For this tutorial exercise, the name of the output file created by the post-processor is "PM25.2005.st.pst".



Tutorial 4-Long-Range Impacts: Cumberland
Introduction
This tutorial provides a step-by-step procedure for conducting a full chemistry simulation with SCICHEM to investigate impacts on incremental concentrations of emitted species and their secondary products downwind of a point source at distances ranging from 20 km to over 100 km. The source is the TVA Cumberland power plant located in north central Tennessee to the northwest of Nashville. The plume from this power plant was sampled on several days in August 1998, using an instrumentation package operated aboard a Bell 205 helicopter. This tutorial considers a 15-hour period starting at midnight during one of these days, August 25, 1998, and illustrates the use of hourly surface and upper air meteorological observations to drive the model.
The modeling domain for this application is centered on the power plant, and extends to 150 km on each side of the power plant in both the north-south and east-west directions. A Cartesian coordinate system is used for this application with the reference origin at the plant location (36.39°N, 87.6523°W). For illustration purposes, receptors are placed along three helicopter plume traverses at 20 km, 55 km, and 110 km downwind and heights ranging from 520 to 620 m above ground, corresponding to the heights of the helicopter measurements for these traverses.
This tutorial uses the Linux build of SCICHEM: the procedure for running on Windows is similar and a Windows batch file is also provided as part of the package. Because this is a full chemistry simulation, it uses the multicomponent option as described in the following section.
This tutorial illustrates the use of SCICHEM inputs based on the NAMELIST format (See Section 3.1 of the Draft User's Guide). Tutorial 5 also illustrates the same usage.
Case Study SETUP
The test case for this tutorial is provided in the Linux sub-directory of the directory “tva”, located in the “examples” directory. The Linux directory contains a run script (“run_scichem.sh”) and the input files for the SCICHEM application. The project name for this application is "tva_980825". 
The following NAMELIST format input files are used for the SCICHEM application (see Section 3.1 of the Draft User's Guide for a description of these files):
1. The main input parameter file ("tva_980825.inp")
2. The release scenario file ("tva_980825.scn")
3. The meteorological scenario file ("tva_980825.msc")
The main input parameter file, described in Section 3.1.1 of the Draft User's Guide, contains information on the run duration, run time step, output time step, the modeling domain, model options (default options are used if not specified in the input file), the name of the sampler file containing receptor locations (optional), and the name of the multicomponent input file (required for a multicomponent run) specifying the options for the chemistry calculations. For this exercise, the sampler file is called "tva_980825.sam" and contains receptor locations along three helicopter plume traverses at 20 km, 55 km, and 110 km downwind and heights ranging from 520 to 620 m above ground, corresponding to the heights of the helicopter measurements for these traverses. It also contains a list of the multicomponent species that are to be printed out at the receptor locations. The sampler location file is described in Section 3.4 of the User's Guide. The multicomponent input file is named "fullchem_cb5_ae5.imc" for this application. See Section 3.3 of the Draft User's Guide for a full description of this file and its contents. For the most part, the only change that users should make to this file for their applications is the name of the ambient file containing the background chemical concentrations for the modeling domain. This file is named "VISTAS_WEST.amb" in this application, since the modeling domain is located in the VISTAS_WEST region. See Section 3.3.6 of the Draft User's Guide for a list of the various regions within the CONUS domain for which background chemistry profiles are provided as an aid to the user. However, the user is encouraged to use application specific background chemical concentrations if those are readily available. The user may also opt to conduct a gas-phase chemistry only simulation (without aerosol and aqueous chemistry) by changing the flags for aerosol and aqueous chemistry from "True" to "False". The "fullchem_cb5_ae5.imc", "VISTAS_WEST.amb" and the "tva_980825.sam" are read only files and common to both Linux and Windows run. Hence, they are placed under the TVA directory.
The release scenario file is described in detail in Section 3.1.2 of the Draft User's Guide and includes information on source location, stack parameters, and emission rates. For this exercise, there is only one source, located at the center of the modeling domain, which is also the origin, so the source location specified by XREL and YREL is (0,0). ZREL is the stack height in meters above the surface. The source is treated as a continuous stack with the option of using a plume rise formula (RELTYP='CSP') rather than solving the dynamic equations governing the evolution of freshly released puffs (RELTYP='CS'). For this application, the emissions and flow rates are assumed to be invariant in time, so the duration of the release is set to a sufficiently long time in hours ('TDUR=999.0') to cover the simulation period (15 hours in this exercise). For an annual simulation, this parameter would need to be increased appropriately. If hourly varying emission rates are available, then the value of TDUR would be set to 1 and the information in the example release scenario file would need to be provided for each hour and each source. Other parameters in the release scenario file that would typically be changed by the user are:
· the stack diameter (SIZE), 16.6 m for this exercise
· the stack exit velocity (WMOM), 19.66 m/s for this exercise
· the stack exit temperature (BUOY), 48.18oC for this exercise
· emission rates of multicomponent species, if applicable (for this exercise, emission rates of SO2, NO and NO2 are provided)
· emission rate of tracer material for a non-multicomponent run (CMASS); for a multicomponent run, this can be set to 1.0, as in the example scenario file
The meteorological scenario file is described in detail in Section 3.1.3 of the Draft User's Guide. For this exercise, the parameter 'MET_TYPE' is set to 'OBS' indicating that the meteorology will be provided in the observation file format (see Section 3.5.1 of the Draft User's Guide). One or more such observation files can be provided. For this exercise, two observation files are provided: a surface observation file and a profiler file containing upper air data. Both types of files are described in Section 3.5.1 of the Draft User's Guide. The names of these files are provided in the last line of the meteorological scenario file and are called "tva980825.sfc" (containing surface observations) and " tva980825.prf" containing profiler data.  The lengths of the names of both files are 13 characters and so the file names are prefixed with "@013" as described in the User's Guide. Since the observations do not include mixing height information, the parameter 'BL_TYPE' is set to 'CALC' so that the boundary layer height can be calculated internally within the model. 
In addition to the input files discussed above, the model requires an initialization file (“scipuff.ini”) and a land use file (“landuse.dat”), described in the User’s Guide. Since these two files are application-independent and required for all SCICHEM applications, they are located in a common directory. For this tutorial, this directory is called “SciData” and the directory is located at the same level as the “examples” directory. The location of the “scipuff.ini file” is provided as a command-line argument to the “runsci” application in the provided run script (“run_scichem.sh”). The “scipuff.ini” file contains the location of the “landuse.dat” file as one of its configuration parameters. In this case, the “scipuff.ini” is located in the bin/linux directory and “landuse.dat” file is located in the SciData directory.
Once all the input files are prepared, the run script invokes SCICHEM to conduct a simulation. The project name is specified as a command line input in the run script with the -P: flag. For this case study, the project name is "tva_980825" as mentioned previously. SCICHEM looks for the three NAMELIST format files as well as for the auxiliary files (the multicomponent input file, the sampler location file, the background chemistry file, and the meteorological observation files) described above. 
Several output files are created in the simulation with the names projectname.??? where “???” is the three-letter file extension identifying the file (e.g., the “prj” extension specifies the project file, the “puf” extension specifies the file containing instantaneous puff incremental concentrations). These output file types are described in Section 5 of the User’s Guide.
A sampler output file ("tva_980825.smp") is also created that contains plume incremental concentrations of tracer and multicomponent species at the sampler locations and heights specified in the "tva_980825.sam" file. For this exercise, there are 183 such sampler locations corresponding to three helicopter traverses of the Cumberland plume. The sampling interval is always the same as the maximum puff time step (DELT), which is set to 900 seconds in the main parameter input file, "tva_980825.inp" (this is also the default value if not specified). Note that the concentrations in this file are incremental, i.e., they show the change in concentration with respect to the ambient value. Positive values represent increments, while negative values represent decrements from the background value. Thus, plume ozone increments near the source are generally negative, since the ambient ozone is scavenged by the NOx in the plume. The sampler output file can be imported into a spreadsheet, or the "smp2post" post-processor discussed in Tutorials 1 to 3 can be used to generate an AERMOD-type post file.
In addition to the above output files, surface incremental dosage and deposition files ("tva_980825.dos" and "tva_980825.dep", respectively) are also created. These can be viewed with the SCICHEM GUI. A post-processor is also available that extracts information from these two files and performs a Class I area analysis for any Class I area within the modeling domain. Note that this kind of analysis is appropriate for a long-term (e.g., annual) simulation, while the example provided in this tutorial is for a 15-hour simulation. Furthermore, the modeling domain in this tutorial exercise does not include any Class I areas. Tutorial 5 illustrates a long-term application of the model for a modeling domain that includes a number of Class I areas and the use of the Class I area post-processor. 


Tutorial 5-Long-Range Impacts: Four Corners
Introduction
This tutorial provides a step-by-step procedure for conducting a full chemistry simulation with SCICHEM to investigate impacts on incremental concentrations of emitted species and their secondary products at a number of Class I areas in the modeling domain. The tutorial illustrates the approach that would be used for assessing the Class I area air quality and AQRV impacts as used under the New Source Review (NSR) and Prevention of Significant Deterioration (PSD) programs or as part of an Environmental Impact Statement (EIS) or Resource Management Plan (RMP) under the National Environmental Policy Act (NEPA).
The case study described in this tutorial uses emissions and meteorological data from the 2005 Four Corners Air Quality Task Force (FCAQTF) 4 km modeling database focused on the Four Corners region. SCICHEM is used to simulate the transport and chemistry of emissions from the Four Corners Power Plant (referred to as EGU1). There are several Class I areas within the modeling domain. Although an annual simulation was conducted with SCICHEM for this application, the data set provided with this tutorial and the SCICHEM distribution considers a 17-day period in July 2005 (July 15 to July 31) to keep the file sizes reasonable for the distribution. The tutorial illustrates the use of a gridded meteorological file to drive the model. The size of the gridded meteorological file for this 17-day period is about 1.2GB.
The modeling domain for this application is 396 km by 360 km. A Cartesian coordinate system based on a Lambert Conformal projection is used for this application. 
This tutorial uses the Linux build of SCICHEM and the Class I area analysis post-processor described in Section 6.2 of the Draft User's Guide. Although this tutorial focuses on running the case study on Linux, the procedure for running on Windows is similar and a Windows batch file is also provided as part of the package. Because this is a full chemistry simulation, it uses the multicomponent option as described in the following section.
Like Tutorial 4, this tutorial illustrates the use of SCICHEM inputs based on the NAMELIST format (See Section 3.1 of the Draft User's Guide).
Case Study SETUP
The test case for this tutorial is provided in the Linux sub-directory of the directory “fourCorners”. The Linux directory contains a run script (“run_scichem.sh”) and the main NAMELIST format input files for the SCICHEM application. Other input files are placed in the parent "fourCorners" directory, as discussed later below. The project name for this application is "fc_egu1". The run script has 2 components:
The actual SCICHEM simulation
The post-processing component to conduct a Class I area analysis using the SCICHEM surface dosage and deposition output files
The following NAMELIST format input files in the Linux directory are used for the SCICHEM application (see Section 3.1 of the Draft User's Guide for a description of these files):
1. The main input parameter file ("fc_egu1.inp")
2. The release scenario file ("fc_egu1.scn")
3. The meteorological scenario file ("fc_egu1.msc")
The main input parameter file, described in Section 3.1.1 of the Draft User's Guide, contains information on the run duration, run time step, output time step, the modeling domain, model options (default options are used if not specified in the input file). Optionally, it includes the name of the sampler file containing receptor locations and a list of the multicomponent species that are to be printed out at the receptor locations. For this exercise, the sampler file is called "fc_egu1.sam" and is located in the parent directory of the Linux directory, illustrating the use of a path name in addition to the file name to specify the location of a file within the namelist input file. Note that this sampler file contains only 1 sampler location from each Class I area for illustration purposes. The actual Class I area analysis is performed on all Class I area receptors of interest using the post-processor and the surface dosage and deposition outputs from SCICHEM, as described later below. 
The main input parameter file also contains the name of the multicomponent input file (required for a multicomponent run) specifying the options for the chemistry calculations. The multicomponent input file is named "fullchem_cb5_ae5.imc" for this application. See Section 3.3 of the Draft User's Guide for a full description of this file and its contents. This file is also located in the parent directory of the Linux directory. For the most part, the only change that a user should make to this file is the name of the ambient file containing the background chemical concentrations for the modeling domain. This file is named "WRAP_SOUTH.amb" in this application, since the modeling domain is located in the WRAP_SOUTH region, and is also located in the parent directory of the Linux directory. See Section 3.3.6 of the Draft User's Guide for a list of the various regions within the CONUS domain for which background chemistry profiles are provided as an aid to the user. However, the user is encouraged to use application specific background chemical concentrations if those are readily available. The user may also opt to conduct a gas-phase chemistry only simulation (without aerosol and aqueous chemistry) by changing the flags for aerosol and aqueous chemistry from "True" to "False". 
The release scenario file is described in detail in Section 3.1.2 of the Draft User's Guide and includes information on source location, stack parameters, and emission rates. For this exercise, there is only one source, at the location (XREL, YREL). ZREL is the stack height in meters above the surface. The source is treated as a continuous stack and plume rise is calculated within SCICHEM by solving the dynamic equations governing the evolution of freshly released puffs (RELTYP='CS'). For this application, the emissions and flow rates are assumed to be invariant in time, so the duration of the release is set to a sufficiently long time in hours ('TDUR=1000.0') to cover the simulation period (408 hours in this exercise). For an annual simulation, this parameter would need to be increased appropriately. If hourly varying emission rates are available, then the value of TDUR would be set to 1 and the information in the example release scenario file would need to be provided for each hour and each source. Other parameters in the release scenario file that would typically be changed by the user are:
· the stack diameter (SIZE), 8.68 m for this exercise
· the stack exit velocity (WMOM), 24.384 m/s for this exercise
· the stack exit temperature (BUOY), 147.778oC for this exercise
· emission rates of multicomponent species, if applicable (for this exercise, emission rates of SO2, NO and NO2 are provided)
· emission rate of tracer material for a non-multicomponent run (CMASS); for a multicomponent run, this can be set to 1.0, as in the example scenario file
The meteorological scenario file is described in detail in Section 3.1.3 of the Draft User's Guide. For this exercise, the parameter 'MET_TYPE' is set to 'MEDOC' indicating that gridded meteorology will be provided (see Section 3.5.2 of the Draft User's Guide for a description of the MEDOC file).  For this exercise, a MEDOC formatted file is provided for the 17-day period referred to earlier. MEDOC files can be prepared from WRF or MM5 outputs using the Mesoscale Model Interface Program (MMIF), developed for the U.S. EPA by ENVIRON. The MMIF Version 3.0 beta source code and user's guide are available at EPA's SCRAM website (http://www.epa.gov/ttn/scram/dispersion_related.htm#mmif). However, ENVIRON has recently updated the code to be compatible with the SCICHEM 3.0 B2 treatment of Lambert Conformal Conic Projection meteorology files. The new version of MMIF (referred to as MMIF 3.1), with this and other updates, will be posted to the SCRAM website in early April. The MEDOC file provided here was obtained by running the MMIF 3.1 processor on the 2005 MM5 outputs from the FCAQTF 4 km modeling database. The name of the MEDOC file is provided in the last line of the meteorological scenario file and is called "mmif.2005.07.15-31.mcw".  This file is located in the parent directory of the Linux directory, so the full path name length is 25 characters and is prefixed with "@025" (as described in the User's Guide) as follows:@025../ mmif.2005.07.15-31.mcw. Since the MEDOC file includes mixing height information, the parameter 'BL_TYPE' is set to 'MEDOC' so that the model uses the provided boundary layer heights. 
In addition to the input files discussed above, the model requires an initialization file (“scipuff.ini”) and a land use file (“landuse.dat”), described in the User’s Guide. Since these two files are application-independent and required for all SCICHEM applications, they are located in a common directory. For this tutorial, this directory is called “SciData” and the directory is located at the same level as the “examples” directory. The location of the “scipuff.ini file” is provided as a command-line argument to the “runsci” application in the provided run script (“run_scichem.sh”). The “scipuff.ini” file contains the location of the “landuse.dat” file as one of its configuration parameters. In this case, the “scipuff.ini” is located in the bin/linux directory and “landuse.dat” file is located in the SciData directory.
Once all the input files are prepared, the first component of the run script invokes SCICHEM to conduct a simulation. The project name is specified as a command line input in the run script with the -P: flag. For this case study, the project name is "fc_egu1" as mentioned previously. SCICHEM looks for the three NAMELIST format files as well as for the auxiliary files (the multicomponent input file, the sampler location file, the background chemistry file, and the MEDOC file) described above. 
All the SCICHEM outputs are created in the SCICHEM sub-directory. Several output files are created in the simulation with the names projectname.??? where “???” is the three-letter file extension identifying the file (e.g., the “prj” extension specifies the project file, the “puf” extension specifies the file containing instantaneous puff incremental concentrations). These output file types are described in Section 5 of the User’s Guide.
The second step in the run script is the call to the post-processor to read the SCICHEM surface dosage and deposition files (named as "fc_egu1.dos" and " fc_egu1.dep", respectively) to conduct a Class I area analysis for requested Class I areas within the modeling domain. 
Class I analysis, provides the following outputs as outlined in FLAG (2010):
Maximum N-hour average concentration are calculated, and compared to the Class I SILs  (where N varies)
Maximum annual total nitrogen and total sulfur deposition are calculated, and compared to the Deposition Analysis Thresholds (DATs)
The 98th percentile change to natural background visibility extinction is calculated for each model year, with a target of no more than 5% change, following FLAG (2010).
The post processor is run by using the following command: 
sciClass1Flag –i ../all_areas.inp –I:SCIPUFF_INI_PATH/scipuff.ini
where SCIPUFF_INI_PATH is the full or relative path to the directory where scipuff.ini file is located and all_areas.inp is the control file which specifies the name of the project and the Class 1 areas. The post processor requires the receptor files for the Class 1 areas which are available in the files under the SciData directory inside the Class1Areas subdirectory. The Flag 2010 files, which are also required for the analysis, are located under the Flag2010 subdirectory of the SciData directory.
 The following output  files are created:
1) max_concentrations.csv
2) max_deposition.csv
3) visibility_results.csv
4) [bookmark: _GoBack]visibility_exceedences.csv
See the User’s Guide for the file format of the sciClass1Flag control file, and other answers it can produce.  For example, visibility changes greater than 5% can be written to one output file, while those greater than 10% can be written to a different file. This post-processor can be used to find e.g. the 98th percentile 24-hour PM2.5 concentration, but cannot (yet) be used to calculate the design value for 1-hour NO2 or SO2.  This will be addressed in future versions of the post-processor.
