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Slide 1 - North Carolina Air Toxics Modeling: Introduction


Presenter:  Charles Buckler, Sr. Meteorologist, Air Quality Analysis Branch, NCDENR/DAQ

Slide 2 - NC Air Toxics Program: Established


The North Carolina toxics program was established in 1990 and designed to regulate 105 toxic air pollutants or TAPS.  The toxics program is health based and requires compliance with pollutant specific acceptable ambient levels (AALs) to ensure public health is not adversely impacted by off property pollutant concentrations.


This is significantly different from the EPA Air Toxics Program that regulates 289 hazardous air pollutants (HAPs) and bases compliance on employing maximum available control technologies (MACT) to reduce emissions.

Slide 3 - NC Air Toxics Program: Premise


A facility should not emit the listed toxics in such quantities that may cause or contribute beyond the contiguous property boundary to any significant ambient air concentrations that may adversely affect human health.

The NC air toxics program defines ambient air as that which exists beyond the facility property boundaries. 

Slide 4 - NC Air Toxics Program: Modeling


Dispersion modeling is a process in which mathematical equations are used to simulate the release, transport, and dispersion of a pollutant and to predict the ambient (off property) pollutant concentrations at one or more locations.  

As will be discussed, the models and modeling methodology used and the level of modeling (screen or refined) required to determine compliance is based on a number of variables to include the number of sources and pollutants affected by the proposed facility or facility modifications as well as the size and complexity of the facility and surrounding area (e.g., terrain).

Slide 5 - NC Air Toxics Modeling Requirements: When to Model


Modeling is required whenever the facility wide emissions of the regulated pollutants affected by the proposed facility new source(s) or existing source modifications are determined to be in excess of appropriate emission thresholds (TPERs, MEERs, deminimus).  These thresholds were developed using screening level models and worst case modeling assumptions to determine emission rates which would result in ambient pollutant concentrations equal to the applicable acceptable ambient level (AAL).

Slide 6 - NC Air Toxics Quality Rules:  NC Regulations


The North Carolina Air Quality Rules, 15A NCAC 2D (Air Pollution Control Requirements) and 15A NCAC 2Q (Air Quality Permit Procedures) are a part of the federally approved State Implementation Plan for North Carolina and provide very detailed air toxic permitting and modeling requirements.


Of particular relevance to NC air toxics are 2Q .0700 – Toxic Air Pollutant Procedures which includes a discussion of applicability, exemptions, new facilities, existing facilities and SIC calls, modifications, etc., and lists the pollutant toxic permitting emission rates (TPERs), section and 2Q .0711.2D .1100 – Control of Toxic Air Pollutants which sets forth the rules for the control of toxic air pollutants to protect human health and lists the pollutant acceptable ambient levels (AALs), section 2D .1104. 

Slide 7 - NC Air Toxics Modeling Requirements: TPER (2Q .0711)


The TPERs are used to determine if dispersion modeling is required for the pollutants whose emissions are expected to increase as a result of the proposed source modifications or new sources.  

Slide 8 – NC Air Toxics Modeling Requirements:  TPER (2Q.0711)


The TAPs averaging period of concern and period over which the total facility emissions are to be determined is based on the health risks associated with each pollutant.   The averaging periods are annual for carcinogens, 24 hours for chronic toxicants, and 1 hour for acute systemic toxicants and acute irritants.  It is important to note that some pollutants are both chronic pollutants and acute systemic toxicants or acute irritants.  If a pollutant exceeds one or more of the respective TPERs, dispersion modeling is conducted for averaging periods for that pollutant.

Slide 9 - NC Air Toxics Modeling Requirements: AAL (2D .1104)


For each pollutant, facility wide emissions are modeled.  The resultant ambient concentrations are then compared to the appropriate AAL to determine compliance.  Compliance must be demonstrated for each pollutant, for each averaging period.  


The AALs are not air quality standards.  They represent a facility wide incremental value that cannot be exceeded.  Multi-facility dispersion modeling, where necessary, is conducted by the DAQ.

Slide 10 - NC Air Toxics Modeling Requirements: Modeling Approach


There are three basic approaches to the modeling process:

(1) Protocol - this is considered the traditional approach that begins with the applicant submitting a modeling protocol to the DAQ prior to conducting and submitting the modeling analysis.  The modeling protocol defines how the modeling is to be conducted, which models are to be used, and some of the assumptions used to determine compliance.  The DAQ will review and provide comment on the modeling protocol.  The modeling analysis is then conducted using the approved modeling protocol and protocol comments provided by DAQ and then is submitted to DAQ for review.  

(2) Protocol Checklist - this approach was developed for those familiar with the DAQ modeling process and modeling requirements.  The toxics modeling protocol checklist is used in lieu of the modeling protocol and is submitted with the completed modeling analysis.  The checklist, which is available on the DAQ/AQAB web page, is designed to provide the same level of information as requested in a modeling plan and assure the modeling will meet the DAQ modeling requirements.

(3) Request DAQ to Model - the applicant may request the DAQ/AQAB perform the modeling for them.  The applicant is required to fill out a D3 (formally D2M) form.  This form is also available on the DAQ/AQAB web page and is used to provide the AQAB modelers with the necessary information to conduct an initial modeling evaluation of facility toxic emissions.  The modeling is generally limited to screen level modeling.  If the model results indicate the facility will be unable to demonstrate compliance with the applicable AAL for one or more pollutants at the requested emission rates, the applicant will be notified and will be required to perform the compliance demonstration using either of the above approaches.

Slide 11 - NC Air Toxics Modeling Requirements: Modeling Protocol


A modeling protocol is an air quality analysis plan that provides an introduction defining project specifics and discusses the modeling methodology, data, and assumptions to be used in the modeling analysis.  The AQAB will review the modeling protocol (usually within two weeks of receipt) and provide comment, as needed.  The permit applicant will then conduct the modeling based on the approved modeling protocol and the comments provided by DAQ.


Additional guidance (and example) on developing the protocol is provided in the NC toxics modeling guidance.

Slide 12 - NC Air Toxics Modeling Requirements: Modeling Protocol Checklist


The modeling protocol checklist is used in lieu of developing the traditional written modeling plan and is designed to provide the same level of information as requested in a modeling plan.  The applicant is required to check off on each applicable item within the checklist to verify any of a number of actions to include ensuring a particular procedure has been followed, ensuring the latest models have been used, providing requested data, submitting the required maps and model input/output files, etc.


The protocol checklist is submitted with the completed modeling analysis.

Side 13 - NC Air Toxics Modeling Requirements: Modeling Protocol Checklist


As previously indicated, the modeling protocol checklist is available on the DAQ/AQAB web page.  In addition to addressing facility and general modeling information requirements, the checklist also has separate screen and refined level modeling sections.  These sections are completed on an as needed basis; e.g., if refined level modeling is not conducted, this section can be left blank.

Slide 14 - NC Air Toxics Modeling Requirements: Toxics Modeling Worksheet


The toxics modeling worksheet is used to provide the AQAB modelers with the necessary information to conduct an initial modeling evaluation of facility toxic emissions.  The modeling is generally limited to screen level modeling.  If the model results indicate the facility will be unable to demonstrate compliance with the applicable AAL for one or more pollutants at the requested emission rates, the applicant will be notified and will be required to perform the compliance demonstration using either of the above approaches.

Slide 15 - NC Air Toxics Modeling Requirements: Toxics Modeling Worksheet

This form is also available on the DAQ/AQAB web page and is only filled out if the applicant requests the DAQ/AQAB to conduct the dispersion modeling for their facility.  Some of the information requested (e.g., source/emissions data) has already been provided in the permit application; however, the AQAB modelers do not always have ready access to the application.  In addition, the permit application usually does not contain all the modeling data needed and does not list the data in a readily workable modeling format.  The following is also given on the D3 form:

Introduction:  Provide enough information to allow the modeler to understand the purpose of the new or modified source(s) affected by the proposed changes.

Emissions data:  - Source emissions by pollutant should represent the maximum emissions (expected or desired) after controls and should match the emissions data given in the permit application.  These emissions will become permit limits for each pollutant for each source.  Note: If facility-wide pollutant emission limits are desired, NCDAQ will evaluate compliance assuming all the pollutant emissions are being emitted from the worst case stack, i.e., the emission point which would result in the highest ambient concentrations.

Source data:  List all the sources that emit pollutants affected by the proposed changes or modifications.

-
Point source examples include stacks, vents, chimneys, etc.

-
Area source examples include ponds, storage piles, open pits, etc.

-
Volume sources are generally a collection or multitude of small sources very close together such as emissions from the doors, windows, roof, and miscellaneous vents of a building or from numerous valves and flanges where defining each source separately as a point source would be difficult or unfeasible.  Another example would be a large-diameter storage tank with no lid or top or with a top that has numerous vents along the circumference.  

-
Based on model input requirements, source emission data should be provided in metric units of measurement; however, if you are unable to provide metric emission characteristics, NCDAQ will convert from English units, as necessary.

-
Although UTM coordinates are preferred, source location can also be provided in Latitude / Longitude coordinates.

Site data:  A certified plat (map), from the County Register of Deeds Office, or signed survey, must be submitted with the completed D2M forms.  The map is critical for conducting screen or refined level modeling and must accurately depict the data requested in Item 4 on the forms. 

Building data:  The building data is used to determine which building, building tier, or structure has the greatest influence on each of the emission sources identified.  That structure is then used in the model to evaluate wake effects and downwash that can have a significant impact on offsite pollutant concentrations.

Miscellaneous data:  This section is intended to provide any miscellaneous data pertinent to conducting the modeling exercise for a given facility; however, since modeling details are case-specific, much of this information will be gained through the initial review of this worksheet and communication with your facility point of contact.

Slide 16 - NC Air Toxics Modeling:  Models

Most regulatory modeling is conducted using the SCREEN3 and ISCST3 gaussian models.  These models are considered “workhorse” models and have been around for the better part of the last two decades.  They both have undergone numerous updates and enhancements over the years; however, the basic equations and atmospheric dispersion theory used is based on empirical data derived in the 1950’s and 1960’s.  

AERMOD represents a complete rewrite of the ISCST3 code and incorporates the latest theory regarding planetary boundary layer (PBL) and atmospheric diffusion.  Essentially, AERMOD was developed in an effort to make dispersion modeling more meteorologically sound by using vertical profiles of data (e.g., temperature, wind speed, etc.) and including parameters such as surface roughness, solar radiation, surface reflectivity, and surface moisture to more accurately represent the atmosphere in which a plume is dispersing.  With respect to terrain and unlike ISCST3, AERMOD allows split flow around and over elevated terrain and provides a more realistic representation of the dispersion of a plume.

In addition to AERMOD, EPA is creating a screening level tool AERSCREEN to replace SCREEN3 in the near future.  Though a screening tool, AERSCREEN will incorporate many of the next generation features that AERMOD incorporates.  

Slide 17 - NC Air Toxics Modeling:  Screen Level Models

The model to be used for a compliance demonstration is determined based on the specifics and complexity of the facility to be modeled.  SCREEN3 is a screen level model which incorporates a number of conservative modeling methodologies and default input parameters to provide a conservative estimate of ambient impacts.  The conservative nature of SCREEN3 greatly simplifies model operation.

AERSCREEN will replace the SCREEN3 model sometime in late 2004 or 2005, after the promulgation period is finished for AERMOD.  Until then, the SCREEN3 model will be the screening tool of choice. 

Slide 18 – NC Air Toxics Modeling:  Refined Level Models

The ISCST3 (Industrial Source Complex Short-Term) model is a refined level model and is designed to accommodate a variety of emission sources from industrial facilities.  ISCST3 is recommended for use by EPA for rural or urban areas, in simple and complex terrain, and will provide estimates of ambient impacts for any of a number of averaging periods from 1-hour to annual.  ISCST3 can also account for source separation and building downwash effects at a facility and uses representative or on-site meteorological data.    

As previously stated, AERMOD is the successor to the ISCST3 model and was designed with the goal of introducing current planetary boundary layer (PBL) concepts into regulatory dispersion models.  Relative to ISC3, AERMOD currently contains a number of new or improved algorithms to provide a more accurate representation of pollutant transport and dispersion within the PBL.  

AERMOD will probably be promulgated in the fall 2003 and an Appendix A model 1-year later.  This model is currently accepted on a case-by-case basis by DAQ for modeling analysis. 

Slide 20 – Screen Level/Refined Level Comparison


See Slide

Slide 21 - NC Air Toxics Modeling Requirements:  Toxics Modeling Reporting Requirements 

Reporting requirements are defined and discussed in greater detail in the “Guidelines for Evaluating the Air Quality Impacts of Toxic Pollutants in North Carolina”.  This document is available from the DAQ/AQAB web page. 

Slide 22 - NC Air Toxics Modeling:  Models / Modeling Guidance

If you are unable to obtain the models or modeling guidance needed from the EPA or DAQ/AQAB web sites, you may contact any of the DAQ/AQAB modelers for further assistance at the following numbers:


Jim Roller, PSD/Toxics/General Policy

715-6262


Charles Buckler, PSD/Toxics/General Policy
715-6264


Tom Anderson, PSD/Toxics



715-6263


Jerry Freeman, PSD/Toxics



715-1814


Mark Yoder, Toxics




715-6286


Jamie Sellman, Toxics



733-7658


Connie Horne, Transportation Facilities

715-6268

Slide 20 - NC Air Toxics Modeling:  THE END

