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Disclaimer

The purpose of this document is to provide Minnesota Pollution Control Agency (MPCA) staff with an overview of air quality dispersion modeling for livestock operations and is intended as guidance for MPCA staff.  This document was prepared as internal guidance, providing a summary of the key elements of air quality dispersion modeling for livestock operations in Minnesota.  It is not intended nor is it designed to function as a rule of law.  Neither the State of Minnesota nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product or process disclosed, or represents that its use would not infringe upon privately owned rights.  Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the State of Minnesota or any agency thereof.  This manual is not intended, and cannot be relied upon, to create any rights, substantive or procedural, that can be enforced in litigation or any administrative proceeding with the State of Minnesota.  The State of Minnesota and the Minnesota Pollution Control Agency reserve the right to modify the contents of this document or modeling review procedure and software without notice.  

1.0  Guidance Overview

Air emissions from livestock production operations have become a subject of increasing interest.  The livestock production industry is undergoing changes in production methods – from small “single-site” livestock operations, to larger and systematic production methods.  Residents living within proximity of livestock production facilities have expressed a number of human health and environmental concerns.  Typically, these concerns were expressed in public comments during the environmental review and permitting process.  

In general, livestock project proposers are required to assess the air quality impacts from their proposed operations as part of the environmental review process.
  Livestock-related air quality concerns in Minnesota include hydrogen sulfide and ammonia as well as odor.  Minnesota addresses hydrogen sulfide through the state ambient air quality standards (Minn. R. 7009.0080  State Ambient Air Quality Standards).  Potential human health impacts related to exposure to hydrogen sulfide and ammonia in Minnesota are assessed through the use of inhalation health risk values (iHRV’s) developed by the Minnesota Department of Health.  Odor impacts are evaluated through the use of a correlation method discussed in Section 2.0.  

Section One provides an overview of air quality modeling.  Specifically, this portion of the document includes: a discussion of the purpose of the guidance; an overview of modeling; how to manage an air quality modeling file; and, MPCA contacts for additional feedlot air quality modeling information.  Section Two presents guidance on the review of an air quality modeling protocol for a feedlot project.  Section Three discusses the review of air quality modeling data.  Please note that the terms “feedlot”, farm” “livestock production facility” or “facility” are used interchangeably throughout the document.  
1.1 Purpose of this Document

This document is designed to provide guidance to MPCA environmental review and feedlot permitting staff tasked with addressing air quality impacts for various proposed and existing livestock operations.  It is not designed to replace air quality modeling expertise nor is it provided as a course on air quality modeling.  It is a road map through the review, approval and interpretation of air quality modeling simulations for livestock operations.  This document follows the MPCA Air Quality Modeling Guidance
 and the United States Environmental Protection Agency air quality modeling guidance.
  The user is not required to have an advanced understanding of mathematics, chemistry, physics or related disciplines, though some knowledge in these disciplines may be beneficial to understand the modeling results.  The information provided in this document will better equip the environmental review or permitting project lead with the tools to understand air quality modeling evaluations.  Specific questions should be addressed to the MPCA air quality modeling staff (See Section 1.4).  

1.2 What is a Model?

Models are used in science to approximate phenomena that occur in nature.  Models are applied to a variety of environmental issues including surface water impacts, ground water supply and pollution, air quality, climate change, forest destruction, population dynamics, natural hazards, and natural resource management.  Models are particularly useful for understanding environmental issues because of the sometimes complex interaction of many variables in the system.  An air quality model provides a fundamental link between emissions from a source and air quality changes (i.e., concentration) by simulating transport, dispersion, transformation and deposition mechanisms.  

Most air quality dispersion models are mathematical in nature.  Mathematical models offer an investigative tool in which the physical or chemical processes are described by a set of equations believed to represent the natural process.  These mathematical models allow the user to experiment with the represented natural processes with easy manipulation of experimental variables.  The flexibility of mathematical models allows the user to develop a wide variety of different modeling scenarios and still generate rapid results.

Air quality modeling for livestock operations, is a generic term, which used here, describes the calculation of the estimated quantity of air pollutants and odorous compounds emitted into the atmosphere and describes how pollutants are transported and diluted.  The model calculations result in the prediction of pollutant concentrations in locations where the population can be exposed (i.e., where humans can be exposed).  The model can predict concentrations for the present day or for the future depending on the intended use.  The predicted concentration values are then compared with the various ambient air quality standards/odor thresholds to evaluate if the project will exceed any applicable ambient air quality standards or odor thresholds.

The MPCA maintains air quality modeling guidance for a variety of air emission sources regulated under the Minnesota Title V (Title V) Modeling Requirements and the Federal Prevention of Significant Deterioration (PSD) requirements.  The air quality modeling protocol used to evaluate livestock operations is adapted from the Title V “Full Dispersion Modeling” requirement to develop the method.  The notable distinction between “Full Dispersion Modeling” scenario of the Title V modeling requirement and the livestock air quality modeling protocol primarily relates to the application of the tool as it relates to air quality regulation.  Most Title V air quality modeling is conducted during the permitting phase of a project, while livestock air quality modeling is usually in the environmental review phase of a project that is not implementing any mitigation strategy.
  Additionally, state law provides that the MPCA may not require a project proposer to conduct air quality modeling at a livestock facility unless it is a system that has had a violation of the state ambient hydrogen sulfide air quality standard (Minn. Stat. §116.0713 (f)).
Livestock operations that conduct air quality modeling evaluations will typically use the CALPUFF dispersion model but may use other EPA-approved software depending upon the nature of the project.  The CALPUFF modeling algorithm addresses periods of quiescence (i.e., calms or no wind speed) as well as the nature of the emission release and transport.  Project proposers submitting air quality modeling protocols without the CALPUFF model should provide a narrative that justifies the use of an alternative modeling software package. (See section 2.5).  

1.3
  Managing an Air Quality Modeling File

EAW Projects that require or voluntarily submit an air quality modeling simulation should be create a separate file within the EAW project folder specifically for air quality modeling.  Upon completion of the simulation, the air quality modeling file should include the following pieces of information:

· Copy of the Air Quality Modeling Protocol

· Copy of the MPCA Review Worksheet and Approval/Deficiency Letter

· Compact Disk of the model input and output files

· Excel© Spreadsheet with Model Outputs at Property Lines and Receptors

· Air Quality Modeling Results and MPCA Review Memorandum

The air quality modeling review process is diagrammed in Attachment A.  The air quality modeling information should be kept in the environmental review file (for environmental review projects) and in the permitting file (for projects conducting air quality simulations for sites that do not go through environmental review but elect to do modeling.).  A complete discussion of this information is found in Sections 2.0 and 3.0 of this document.  

1.4  Who to Contact for Additional Information

The MPCA has an air quality modeling staff, which is available to respond to various air quality modeling questions pertaining to most facets of livestock production air quality dispersion modeling.  The air quality modeling group is a part of the Environmental Outcomes Division – Air Quality Modeling/Risk Evaluation group.

Table #1 – MPCA Air Quality Modeling Contacts

	Name
	Telephone
	E-mail

	Greg Pratt
	651/296-7664
	Gregory.pratt@pca.state.mn.us

	Dennis Becker
	651/297-7364
	Dennis.becker@pca.state.mn.us

	Margaret McCourtney
	651/297-7894
	Margaret.mccourtney@pca.state.mn.us

	Christopher Nelson
	651/296-7750
	Christopher.nelson@pca.state.mn.us


Typical questions include the nature and use of various emission factors, suitability of meteorological data or appropriate background concentration values.  

2.0  Reviewing an Air Quality Modeling Protocol

The purpose of the model must be clearly defined in order to determine the appropriate model design and solution methodology.  Modeling is but one component in the overall air quality assessment and is not valid if appropriate or inaccurate field data is used in the model construction.  A modeling protocol should allow for the step-by-step process of model creation and build support for a model capable of producing meaningful results.  Please refer to Attachment B for a copy of the Feedlot Air Quality Modeling Protocol Review Checklist.  This document is used to illustrate the review of an air quality modeling protocol.  

2.1 Description of the Site and Air Emission Source

The project proposer should supply a sketch-map of the proposed and/or existing feedlot operation that includes a description of the various emission sources on the farm.  The emission sources found at a feedlot are varied and sometimes complex (See Figure #1).

Figure #1 – Generic Description of Air Emission Sources around a Livestock Production Facility.  

The site sketch should include a scale of the various setback distances as well as any easements which will be used in the modeling exercise.  The site sketch should include copies of any easements used to extend the property boundaries for compliance determination purposes.
  
2.2  Emission Rates, Source Types, Source Release Parameters

An emission factor is a representative value that attempts to relate the quantity of a pollutant released to the atmosphere with an activity associated with the release of that pollutant.  These factors are usually expressed as the weight of pollutant divided by a unit weight, volume, distance, or duration of the activity emitting the pollutant (e.g., kilograms of particulate emitted per megagram of coal burned).  Such factors facilitate estimation of emissions from various sources of air pollution.  In most cases, these factors are simply averages of all available data of acceptable quality, and are general assumed to be representative of long-term averages for all facilities in the source category (i.e., a population average).
  

The typical emission factor used in a feedlot air quality modeling exercise is derived from either direct measurement of a pollutant or derived from the chemical composition of liquid manure using mass-transfer algorithms.  A narrative table of the livestock air emission sources is included in Attachment C.  Either method is functional, however, the input data should be reviewed for quality assurance and quality control.  A review of the proposed inputs should include the data collection/determination method, the number of samples, sample locations, and averaging methods if applicable.  It is also helpful to understand the nature of the air emission process to determine if the emission input values represent the character of the air emission source.  Please review all input data with MPCA modeling staff to determine whether the proposed input values are representative of the facility pollutant emissions.  The following is an overview of the data review process.  It will be helpful to consult with the MPCA air quality modeling group to conduct the input data evaluation.  
The first step is an appraisal of data quality, particularly the reliability of the basic emission data that will be used to develop the emission factor.  This level of review includes the measurement methodology, the size of the data set, and the averaging method (for those emission factors where an average is appropriate).  

The second step is an appraisal of the ability of the factor to stand as a representative emission factor for the source activity.  This analysis relates to the nature of the data with respect to the emission source.  This includes such factors as the type of facility where the emission data was collected and the time-period when the data was collected as operational, seasonal and diurnal events can alter the nature of the emission factors.  It is also very important to note whether the emission factors are independent or dependent of meteorological conditions.  With emission sources that are independent of meteorology, an average value will suffice if it represents the feedlot at maximum operating capacity.  For systems dependent on meteorological conditions, the emission factors must be scaled to reflect the changing nature of the controlling condition (e.g., wind speed).  Examples of meteorologically-independent emission factors include swine finishing barns and other mechanically ventilated animal housing structures.  Area-sources, such as liquid manure storage systems, are nearly always meteorologically controlled.  Often, this distinction is evident, however, situations can occur where the determination is not as clearly defined.  The MPCA air quality modeling group should be consulted in these situations.
Additional factors to consider include whether or not the data was collected in Minnesota.  Regional and international differences in climate and production methods may disqualify input data for use in an air quality modeling evaluation if it does not reflect the climate and production methods employed in the Midwest.  If data is being submitted for a project that was collected outside the state of Minnesota, the MPCA air quality modeling group should be consulted.  

Emission factors are typically reported as grams per day (g/day) in modeling protocols and are then converted to g/second with data-processing software used to prepare the input data for the dispersion model.

Livestock production systems have a variety of emission sources including the livestock unit (barn), manure storage, commodity storage and even the animals themselves.  Each of these emission sources are unique with respect to the rate at which pollutants are emitted as well as the physical properties of the emitting source including the shape and height of the emitting structure.  The modeling protocol should provide a complete discussion of any existing and proposed air emission sources including the source with dimensions, pollutant emission rates and source release parameters.  The following terms are used in air quality modeling to describe the variety of air emission source structures based on the physical properties of the emitting source.
  The mathematical expressions for each source should be included with the modeling protocol.

2.2.1 Point Source

For a point source, emissions emanate from even a very small volume, therefore, detailed source structure is unimportant.  Height is not a factor in the definition of a point source.  A point source, in the modeling sense, is a pollutant release from a defined stack with stack parameters (the height could be anything, even one meter).  The use of a point-source in an air modeling simulation for a livestock operation is typically the exception rather than the rule.  This type of emission source is often included in livestock systems that operate with digesters that employ bypass flares or have area sources with covers that direct the biogas to a treatment system or flare.  If a modeling exercise includes a point source emission, the reviewer must be careful that the stack height, diameter and emission rate are included in the protocol.  

2.2.2 Area Source

An area source has a more realistic two-dimensional structure but only a limited vertical extent.  This is a common emission source for livestock systems using open-air manure storage.  The reviewer should check the dimensions of the area source as well as the orientation of the system with respect to the modeling domain.  The assumption that the surface of the manure storage system (i.e., the emitting source or surface) emits pollutants uniformly across the system.  In reality, the emitting surface is not uniform as it is controlled by chemistry and meteorology.  Some modeling protocols include a process to correlate meteorological conditions to the emission rate of the manure storage structure.  This is an acceptable practice, however, the process should be reviewed by the MPCA modeling staff to determine if the correlation is appropriate.

2.2.3 Volume Source

A volume source is essentially a three-dimensional structure.  Usually there are a sufficient number of emission points to consider a uniform emission rate over the full source structure.  As stated above, volume sources are typically used for livestock housing structures.

2.2.4  Line Source

A line source is a special case of a long, thin area source.  They are often comprised of a number of volume sub-sources and are typically used to approximate livestock housing structures.  

2.3 Terrain Analysis

Nearly all feedlot air quality modeling is conducted based on the assumption of flat terrain.  The decision to conduct a modeling exercise based on a simple (or flat) terrain versus a complex terrain is a function of the landscape/emission source relationship.  The term “simple terrain” is intended to mean any site where terrain effects on meteorological measurements are non-significant.  The definition of significance depends on the application; for regulatory dispersion modeling applications, significance is determined by comparing stack-top height to terrain height.  Terrain elevation below the stack-top is classified as simple terrain.

The term “complex terrain” is intended to mean any site where terrain effects on meteorological measurements may be significant.  Terrain effects include:

· Aerodynamic wakes;

· Density-drive slope flows;

· Channeling; and,

· Flow accelerations over the crest of terrain features.

These terrain effects primarily affect wind speed and wind direction measurements, however, temperature and humidity measurements may also be affected.  Significance is determined by comparing stack-top height and/or an estimated plume height to terrain height.  Simple terrain has previously been defined as the terrain (elevation) below the stack-top (see Section 2.3), while intermediate terrain is defined as the terrain (elevation) between the stack-top height and the plume height.  Terrain (elevation) above the plume height is classified as complex terrain.

The reviewer should carefully assess topographic data to determine if simple, intermediate or complex terrain data should be used in the modeling exercise.  This analysis can be conducted using United States Geological Survey topographic maps, preferable with a 10’ contour interval.  In the event that a complex terrain determination is made, the modeling protocol should include a narrative and data source for the development and use of a digital terrain data set in the modeling exercise.

2.4 Meteorological Data

Meteorological data is an essential input when running air quality dispersion models.  Air quality dispersion models use meteorological data such as temperature, wind direction, and wind speed to calculate concentrations.  According to EPA air quality modeling guidance, the preferred meteorological input data is one year of site-specific air quality data.  However, in the absence of site-specific meteorological data, a five year National Weather Service meteorological dataset is an appropriate input substitute.  The MPCA provides access to digital meteorological datasets for use in air quality modeling.
  The meteorological data should include the upper atmospheric data and the surface (or lower atmospheric data) as part of the modeling protocol.  

The tendency of the atmosphere to resist or enhance vertical motion and thus turbulence is termed stability. Stability is related to both the change of temperature with height (the lapse rate) and wind speed.  A neutral atmosphere neither enhances nor inhibits mechanical turbulence.  An unstable atmosphere enhances turbulence, whereas a stable atmosphere inhibits mechanical turbulence. 

For the purpose of dispersion modeling, sites are classified as being in a predominantly "urban" or "rural" area.  This determination is typically based on the land use in the area surrounding the site to be modeled and affects the mixing of the pollutants from the source into the ambient air.  The general effect of an urban area is to create enough additional turbulence, due to the buildings and urban "heat island" effects, which enhance plume dispersion.  Sources located in an area classified as urban should be modeled using urban dispersion coefficients, while sources located in an area classified as rural should be modeled using rural dispersion coefficients.  Most feedlots are located in a rural area so it will be very unlikely that the urban dispersion coefficient would ever be used.

The turbulence of the atmosphere is by far the most important parameter affecting dilution of a pollutant.  The more unstable the atmosphere, the greater the dilution.   Stability classes are defined for different meteorological situations, characterized by wind speed and solar radiation (during the day) and cloud cover during the night. The Pasquill-Turner stability classes provide six scenarios: 
Table #2 – Pasquill-Turner Stability Classes
	1 
	A 
	very unstable
	Environmental lapse rate is greater than the dry adiabatic lapse rate (5.5 degrees Fahrenheit per 1,000 feet).  On hot, sunny days, heating at the earth’s surface leads to vigorous convective heating.

	2 
	B 
	unstable 
	Environmental lapse rate is less than the dry adiabatic lapse rate (5.5 degrees Fahrenheit per 1,000 feet), but greater than the moist adiabatic lapse rate (3.3 degrees Fahrenheit per 1,000 feet). This profile would be stable for an unsaturated air parcel, but unstable for a saturated air parcel. This is the state that the atmosphere most commonly exists in. Clouds and precipitation usually form as a result of unsaturated air being forced to rise by heating, fronts, topography, etc. If enough moisture is present in the unsaturated air parcels, they become saturated and unstable and continue to rise and form clouds and precipitation. This process causes many of summer's showers and thunderstorms and typically occurs during the daytime.

	3
	C
	slightly unstable
	

	4 
	D 
	neutral 
	Exists when environmental lapse rate is equal to the dry adiabatic lapse rate (5.5 degrees Fahrenheit per 1,000 feet) for an unsaturated air parcel or the moist adiabatic lapse rate (3.3 degrees Fahrenheit per 1,000 feet) for a saturated air parcel. The rising air parcel is cooling at the same rate as the environment so the temperature difference between the parcel and its environment remains constant with height. In other words, the atmosphere will not help an air parcel to rise, but it will not cause it to sink either.  Often occurs in the evening.

	5 
	E 
	stable 
	

	6 
	F 
	very stable
	Environmental lapse rate is less than the moist adiabatic lapse rate (3.3 degrees Fahrenheit per 1,000 feet). Any air parcel rising in this atmosphere will eventually become cooler than its environment and begin to sink. Very few if any clouds form in an absolutely stable atmosphere.  Often occurs in the evening.


2.5  The Model(s) to be used in the Analysis

The MPCA adheres to the EPA modeling guidelines with respect to the selection of an appropriate air quality modeling tool.  A list of the various software applications can be found at the EPA SCRAM website.
  Several software applications have been used to model air quality impacts from livestock production facilities including the Industrial Source Complex (ISC) and CALPUFF.  The MPCA has found that CALPUFF offers some advantage in that it is capable of treating calm conditions.  CALPUFF modeling can also be done with ISC met data.  The MPCA has also accepted the use of air emission input data that is generated using mass-transfer algorithms and the chemical composition of liquid animal waste.  This method has been used extensively for the waste water treatment sector and is a generally acceptable practice for livestock production systems using liquid animal waste storage systems.  

The reviewer should identify which type and versions of model is being used for the evaluation and confer with the MPCA modeling staff to determine if the proposed software package is appropriate for the scenario being modeled.  

2.6  Technical Options within the Model

Technical options in air quality models generally tend to include various dispersion algorithms, wet or dry deposition, terrain adjustment to plume height, transitional plume height and various scavenging coefficients to name a few.  Livestock air quality models are generally conducted without any specific technical options other than those noted in the proposed protocol.  As a result, technical options are not typically a subject of review for feedlot air quality modeling.  In general, the MPCA expects that the regulatory default model options will be used unless there is a stated valid reason to do otherwise.  If a modeling protocol includes a technical option, please consult with the MPCA air quality modeling staff.  

2.7  Modeling Domain

The modeling domain is the area represented by discrete points that includes the existing and/or proposed livestock facility (emission source), nearby neighbors (receptors), roads and property boundaries.  Typically, the size of the domain is determined through air quality screening efforts or based upon ambient air quality data collected in the field.  The highest predicted concentration is the highest modeled concentrations at the property line and at receptor sites based on the various regulatory thresholds and impact values.
  

Most feedlot air quality exercises use the default setting within the modeling software to determine the modeling domain.  User-defined domains may also be developed to include other features and receptors based on the nature of the modeling exercise and emission source.  Generally, plume transport distance has been detectable up to two miles from a livestock production facility.  An air quality modeling domain which includes a domain radius of at least one-mile, should be sufficient to predict the highest ambient air concentrations at the various receptor sites and property boundaries.  

2.8 Background Concentrations

In order to properly assess the potential air quality impacts from a new or expanding facility, it is important to account for the ambient air pollutant concentrations already in existence from other emission sources.  The ambient air pollutant concentrations, also known as “background air quality” includes chemical concentrations due to natural sources, nearby sources, and unidentified, possibly distant sources.  Background air quality is accounted for in air quality modeling exercises through the use of a background concentration.  Background concentrations are generally developed from air quality monitoring data.  By adding the predicted emissions to the background concentrations, a more complete understanding of the air quality impacts can be developed.  

When conducting a feedlot air quality modeling exercise, the background value for the same substance (i.e., hydrogen sulfide) must be added to the predicted value, for new and existing sources, before a comparison to the ambient air quality standards or thresholds are made.  

Assessing the effects of the background component becomes more complex when the number of exceedances of a short-term concentration standard (1-hour, 24-hour averages) is being considered.  This is particularly true for the state ambient hydrogen sulfide standard (one-half hour average).  In this case, ground sources and elevated sources must be treated differently.  For example, the highest concentrations from ground sources will likely occur under calm and stable conditions during the spring, summer and fall.  This is generally the case with most feedlot operations.  The background concentration is added to each predicted value.  In the case of an elevated source, the weather conditions that result in the highest concentrations are convective or neutral conditions.  Therefore, the addition of the maximum background concentrations to model predictions should be made under similar weather conditions.  Few feedlot facilities have true elevated emission sources that would be subject to this method of calculation.  

The MPCA developed an ambient air quality hydrogen sulfide and ammonia background concentration based on air quality monitoring data collected from various feedlots around Minnesota.  The method used to develop the background concentration is based on the EPA background concentration method for criteria pollutants.  An air quality monitoring diagram is provided in Attachment D that demonstrates how air quality data is collected to develop an ambient background concentration.

The current background concentration values for hydrogen sulfide are 17 ppb for the 5-day/30ppb standard and 18 ppb for the one-year/50ppb standard.  These values are to be used unless site-specific monitoring has been conducted for the purpose of developing an ambient background concentration.

2.9  Air Quality Standards, health Risk Values and Odor Thresholds

In order to assess the predicted concentrations, the use of a threshold is necessary to determine if additional actions or modifications are required as part of the design of a proposed or existing facility.  The MPCA has a variety of tools for this purpose including the state ambient hydrogen sulfide standard, inhalation health risk values for ammonia and hydrogen sulfide and odor impact assessment through the use of volatile odorous organic compounds.  The following is a discussion of each of these methods as generally included in an air quality modeling assessment.  

2.9.1 State Ambient Hydrogen Sulfide Air Quality Standard

Minnesota has an ambient hydrogen sulfide air quality standard, which applies at the property boundary of a facility or where the general public has access to the property.  The state ambient hydrogen sulfide standard also applies to roads, railways and public trails.  

Minn. R. 7009.0080  State Ambient Air Quality Standards.

	Pollutant/Air Contaminant
	Primary Standard
	Secondary Standard
	Remarks

	Hydrogen Sulfide
	0.05 ppm by volume (70.0 micrograms per cubic meter)
	
	½ hour average not to be exceeded over 2 times per year

	
	0.03 ppm by volume (42.0 micrograms per cubic meter)
	
	½ hour average not to be exceeded over 2 times in any 5 consecutive days


Compliance with the state ambient hydrogen sulfide air quality standard is determined at the property boundary of the livestock facility.15  The Minnesota Legislature has provided livestock producers the ability to obtain an air quality easement from an adjoining property owner for the purpose of determining compliance at an adjoining property line where the land is contiguous.
  If a project proposer intends to use an easement to expand the property boundary for purposes of determining compliance with the state ambient hydrogen sulfide standard, a copy of the air quality easement must be included with the modeling protocol.  

Where a livestock producer rents adjoining/contiguous land, the property boundary for purposes of determining compliance with the state ambient air quality standards is the boundary of the rented property rather than the boundary of the property owned by the livestock producer.  The rental property arrangement provides the renter with the same property rights as the property owner regarding the right to exclude the public except through invitation.  In a situation where contiguous and adjoining property around a feedlot is rented by the feedlot owner from an adjoining land owner, an easement is not required.  A copy of the rental agreement or lease must be included with the air quality modeling protocol.  The lease termination date should also be included.  

Figure #2 – Use of Easements and Leases to extend property boundaries for state ambient air compliance determination.


[image: image2]
Project proposers should be made aware that in order to maintain the compliance boundary obtained through either a lease or an easement, they must keep these particular instruments current.  

Both the five-day and one-year ambient hydrogen sulfide air quality standards are one-half hour averages.  The ambient hydrogen sulfide air quality values predicted by the air quality model are presented in one-hour averages.  For example, an hourly model-generated hydrogen sulfide concentration of 29 ppb may contain a half-hour average concentration that exceeds 30 ppb.  In the event that a high predicted value (e.g., greater than 29 ppb) is submitted, a frequency distribution of these values should be requested to determine if this situation is a chronic problem or an acute situation as a function of meteorological conditions.  The use of a frequency distribution provides an understanding of the potential for the one-half hour violation.  

2.9.2 Inhalation Health Risk Values

The Minnesota Department of Health (MDH) has developed inhalation health risk values (iHRV’s) which are defined as the concentration of a chemical or defined mixture of chemicals in ambient air, at or below which the chemical or defined mixture of chemicals is unlikely to cause an adverse health effect to the general public.  The iHRV is expressed in units of micrograms of the chemical or defined mixture of chemicals per cubic meter of air (µg/m3).  The iHRVs are designed to address various levels of exposure over time and concentration:

· Acute iHRVs are compared to one-hour averaged concentrations of chemicals or defined mixtures of chemicals in the ambient air.  An acute iHRV does not exist for hydrogen sulfide.  The MDH has asserted that the state ambient hydrogen sulfide standard is functional for that purpose.  For ammonia, the acute iHRV is 3,200 µg/m3.
· Chronic iHRVs are compared to an annual average concentration of a chemical or defined mixture of chemicals in ambient air.  The state ambient hydrogen sulfide air quality standard is used for this purpose while the ammonia chronic iHRV is 80 µg/m3.
· Subchronic iHRVs are compared to a 13 week averaged concentration of a chemical or defined mixture of chemicals in ambient air.  A subchronic iHRV for ammonia does not exist.  For hydrogen sulfide, this value is 10 µg/m3.
HRVs are based solely on health effects information.  Other factors, such as the ability to detect or monitor the chemical, the cost of controlling the chemical, or background concentrations of that chemical or substance, are not considered in their development.  HRVs are developed using public health protective practices that advocate the protection of the most sensitive portions of the population (including but not limited to children, pregnant women and their fetuses, individuals compromised by pre-existing disease, and elderly persons).  The iHRV values were adopted into rule in March 2002.  

In the event that a predicted ambient air concentration exceeds a health risk value for the modeled pollutants, the project manager should consult with the MPCA feedlot program manager and the MPCA risk managers, as necessary, to determine an appropriate response regarding possible corrective actions including air control technology.

2.9.3 Odor Thresholds

Livestock facilities are required to assess potential odor impacts from new or expanding facilities that undergo environmental review and are not integrating any type or form of mitigation.  The MPCA relies on published odor impact assessment methods to evaluate potential odor impacts from livestock operations and other facilities.  

For the purpose of livestock operations, there are effectively three types of odor impact assessment methods: Zahn et al, (1997; 2000)
; Nagy, (1991)
; and, Huey, (1960).
  The method used to assess odor impacts is largely dependent on the type of odor data that is collected/provided as part of the air quality modeling protocol.  The following is a brief description of each method.

Table #3 – Comparison of Three Odor Assessment Methods

	Investigator
	Method Description
	Source Measurement
	Input/output units
	Correlation

	Zahn et al.
	Liquid swine manure is sampled and analyzed for concentrations of volatile odorous organic compounds (VOOCs).  Using mass-transfer algorithms, an emission rate is established.  Method is currently used for swine waste.
	Liquid

Manure

Chemistry
	g/sec and g/m3
	Correlation is based on a summation of the VOOC as an odor surrogate.  Quantified concentrations in the ambient air are correlated to human response using dynamic forced-choice olfactometry.  The results were used to develop a population response curve.

	Nagy
	Liquid swine manure is sampled and analyzed for concentrations of odorous compounds.  Using mass-transfer algorithms, an emission rate is established.  Not as source specific for swine as the method above.
	Liquid

Manure

Chemistry
	g/sec and g/m3
	Correlation is based on each individual odorous chemical.  Assumes that the chemistry does not interact.  Based in part on population response curves and known annoyance thresholds for the various pollutants.

	Huey*
	Odorants in the air are collected using a negative pressure vacuum system in Tedlar© bags.  Samples are then analyzed using dynamic forced-choice olfactometry.  
	Odor emissions 

at the emission source
	OU/sec and ou/m3
	Correlation between odor units collected in the ambient air and human response using olfactometry.


*Relates to correlation only.  Sample analysis and input based on accepted technical practice.
Most feedlot odor impact evaluations are conducted using the Zahn or Nagy method (sometimes both).  The consultant should include a copy of the correlation table along with the modeling protocol.  If the Huey or any other odor impact assessment method is submitted for review in a feedlot air quality exercise, the MPCA air quality model group must be consulted.

2.9.4  Protocol Approval/Deficiency Letter

After completing the checklist (Please see Attachment B) and finding the information submitted for the air quality modeling protocol complete, the consultant and project proposer should receive a letter documenting the MPCA review process that either: 1) acknowledges approval of the protocol for the purposes of beginning the air modeling evaluation; or, 2) raises concerns and requests additional information to complete the review.  A sample copy of the approval letter is found in Attachment E.  In the event that the modeling protocol is deficient, the specific information request should be detailed in the deficiency letter.  The MPCA project lead should contact the project proposer and consultant prior to generating a deficiency letter in the event that the requested information can be faxed or e-mailed. 

3 Reviewing the Results of an Air Quality Simulation

The feedlot air quality modeling exercise will be submitted to the MPCA environmental review project manager as part of a draft EAW once it is completed by the project proposer.  The air quality modeling exercise should include a memorandum or letter that narrates the findings of the evaluation and a compact disk, which includes the input and output data used in the modeling exercise.  The compact disk should also include an Excel® spreadsheet (or a functional equivalent) that summarizes the output data at the fence line and receptors for pollutants.  The air quality model reviewer should conduct the following review of the completed air quality model:

· Comparison of the modeled output to the protocol;

· Brief discussion of the model output and results(if needed); and,

· Addressing a modeled exceedance.

The following is a brief discussion of this process.  The review should be documented in a memorandum that is added to the EAW and permit project file.  A sample copy of a review memorandum is included in Attachment F.

3.2 Comparison to Approved Protocol

The MPCA-approved air quality modeling protocol should be reviewed along side the air quality modeling results to determine if the consultant has completed the tasks in the protocol.  Initially, the reviewer should seek the assistance of modeling staff or other MPCA staff members experienced in the final review process to establish the review procedures.  Of particular concern, the reviewer should determine if the domain layout is correct (e.g., receptors, property boundaries and site layout).  The input values should match those selected and presented in the modeling protocol as well as the various analytical and assessment methods.  After the side-by-side review is completed, the reviewer should note that the modeling exercise is complete and consistent with the protocol, or, alternatively, outline the deficiencies.

3.3 Discussion of Model Output and Results

The model will be configured with information about the source characteristics of the feedlot such as temperature, emission rate and in some cases, local terrain and surface information.  It will then use hourly values of wind speed, wind direction, temperature, height through which pollutants can readily mix and atmospheric stability to calculate concentrations at ground level for each grid point of the region of interest and each hour of the year.

This section of the memorandum should include a review of the predicted concentrations of the various pollutants at the property boundaries and thresholds along with a comparison to applicable standards and thresholds.  This data can be reviewed and presented in a table format.  If the facility is not predicted to exceed any thresholds, the memorandum should provide a brief statement to that effect.
3.2.1  Meteorology and affects on Ambient Pollutant Concentration

Meteorology greatly affects the ambient pollutant concentrations.  The three most important meteorological variables in predicting pollutant concentration in an air quality model are wind speed, wind direction, and stability category.  The stability category is a surrogate for the turbulence in the atmosphere which affects the dispersion of the plume.

The following table is provided to conceptualize the relationship between the various meteorological elements and pollutant concentration and dispersion.

Table #4 – Description of Meteorological Elements.
	Meteorology Element
	Description
	Review Issues

	Wind Direction
	Determines the area affected by pollutant dispersion.
	Check property boundary and receptor locations in terms of wind direction.

	Wind Speed
	Determines the area affected and the degree of dispersion.  Generally, light winds permit pockets higher pollutant concentration.  Strong wind over any terrain, but particularly rough terrain, will produce vertical eddies that acts to mix pollutants with uncontaminated air by moving pollutants from higher concentrations to lower concentrations.
	Variable wind speeds may affect ambient pollutant concentrations at the property boundaries and receptors.  In the event that an exceedance occurs, the predicted concentration data should be plotted with wind speed to determine a frequency distribution of the data.

	Precipitation and Humidity
	Precipitation removes pollutants from the air.

Humidity can promote the coalescence of particulate matter.  
	How often do precipitation events occur?  May signify a weather pattern before or after a storm that could affect ambient pollutant concentrations.  May also generate more emissions from a liquid-storage area source in the short-term.  May be useful in understand changes in ambient pollutant concentration as well as odor.

	Solar Load
	Heating of the air and ground surface.  Drives atmospheric stability.
	This is primarily a concern with respect to inversions
 and mixing events in the morning hours.  Mixing may affect ambient pollutant concentrations and can be useful in understanding the changes in ambient pollutant concentration as well as odor.

	Stability of Atmosphere
	Stability of the atmosphere is essentially air temperature compared to elevation.  Stability is determined by the “lapse rate”
 of the air in question with the dry adiabatic lapse rate (DALR) which is 5.5◦ F/1,000 feet.  The DALR is the temperature change that a dry parcel of air would undergo if moved upward adiabatically (i.e., no heat exchange with the surroundings).
	


3.4 Addressing a Modeled Exceedance of a Standard, Health Risk Value or Threshold.

Should a predicted ambient air concentration exceed the state ambient hydrogen sulfide air quality standard, or an iHRV, the MPCA project manager and permit engineer should consult with the project proposer to discuss possible design changes, siting issues or even the orientation of the proposed livestock facility on the existing location in an effort to reduce or eliminate potential (and actual) modeled exceedances.  Air control technology such as biofilters or anaerobic digesters may also be considered for some feedlot operations. 
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Livestock Production Unit w/wo manure storage beneath the building.  Manure may be liquid (swine) or solid (poultry).  Housing systems may be naturally or mechanically ventilated.  (Dashed lines on side of building represent mechanical ventilation)





Animal Waste and Compost Stockpiling





Anaerobic Digester with Flare.





Open-air Manure Storage.  Includes earthen storage systems (single or multiple cell), concrete tanks or slurry store systems.








Soybean Field owned by C.





Corn Field owned by A.





Road





Feedlot owned by B.  Without lease or easement, compliance is determined at the property boundary.  





B leases the Soybean Field for 5 years.  New compliance boundary is here.





Easement between Owner A and C for five years extends compliance boundary to areas identified by the arrows.


























� The thresholds or “action-forcing” mechanisms used in environmental review for feedlots can be found at:  � HYPERLINK "http://www.eqb.state.mn.us/pdf/AnimalFeedlot03-tables.pdf" ��http://www.eqb.state.mn.us/pdf/AnimalFeedlot03-tables.pdf�  [March 2, 2004]


� � HYPERLINK "http://www.pca.state.mn.us/publications/modeling-title5.pdf" ��http://www.pca.state.mn.us/publications/modeling-title5.pdf�  [March 1, 2004]


� See generally: � HYPERLINK "http://www.epa.gov/scram001/" ��http://www.epa.gov/scram001/�  [March 1, 2004]  and EPA Modeling Guidance in 40 CFR Part 51, Appendix W.


� See Appendix 3:  � HYPERLINK "http://www.mnplan.state.mn.us/pdf/2000/eqb/alt_eawguide.pdf" ��http://www.mnplan.state.mn.us/pdf/2000/eqb/alt_eawguide.pdf�  [March 2, 2004]


� Minn. Stat. §116.0713(e)


� � HYPERLINK "http://www.epa.gov/oar/oaqps/efactors.html" ��http://www.epa.gov/oar/oaqps/efactors.html�  [March 12, 2004]


� Please see: � HYPERLINK "http://www.epa.nsw.gov.au/air/amgmaap-07.htm#P1543_48789" ��http://www.epa.nsw.gov.au/air/amgmaap-07.htm#P1543_48789�  [March 8, 2004]


� � HYPERLINK "http://www.webmet.com/met_monitoring/32.html" ��http://www.webmet.com/met_monitoring/32.html�  [March 12, 2004]


� � HYPERLINK "http://www.webmet.com/met_monitoring/33.html" ��http://www.webmet.com/met_monitoring/33.html�  [March 12, 2004]


� � HYPERLINK "http://edc.usgs.gov/geodata/" ��http://edc.usgs.gov/geodata/�  [March 12, 2004] or � HYPERLINK "http://www.webgis.com/" ��http://www.webgis.com/�  [March 12, 2004]


� � HYPERLINK "http://www.pca.state.mn.us/air/modeling.html#guidance" ��http://www.pca.state.mn.us/air/modeling.html#guidance�  [March 12, 2004]


� � HYPERLINK "http://www.epa.gov/scram001/" ��http://www.epa.gov/scram001/�  [April 8, 2004]


� See Section 2.9.1 regarding the use of easements for hydrogen sulfide compliance determination.


� Minn. Stat. §116.0713 (e) provides: “State ambient air quality standards are applicable at the property boundary of a farm or a parcel of agricultural land on which a livestock production facility is located, except that if the owner or operator of the farm or parcel obtains an air quality easement from the owner of land adjoining the farm or parcel, the air quality standards must be applicable at the property boundary of the adjoining land to which the easement pertains.  The air quality easement must be for no more than five years, must be in writing, and must be available upon request by the agency or the county feedlot officer.  Notwithstanding the provisions of this paragraph, state ambient air quality standards are applicable at locations to which the general public has access.  The "general public" does not include employees or other categories of people who have been directly authorized by the property owner to enter or remain on the property for a limited period of time and for a specific purpose, or trespassers.”





� Zahn, J.A., Hatfield, J.L., Do, Y.S., DiSpirito, A.A., Laird, D.A., and Pfeiffer, R.L., (1997).  Characterization of volatile organic emissions and wastes from a swine production facility.  Journal of Environmental Quality 26(6):1687-1696; and, Zahn, J.A., DiSpirito, A.A., Do, Y.S., Brooks, B.E., Cooper, E.E., Hatfield, J.L., (2000).  Correlation of human odor response magnitudes to air concentrations of malodorous volatile organic compounds associated with swine manure odor.  Odors/VOC Emissions Conference, Cincinnati, OH, April 17-19.


� Nagy, G.Z., (1991).  The odor impact model.  Journal of Air & Waste Management Association 41(10): 1360-1362.


� Huey, N.A., “Objective Odor Pollution Control Investigations” JAPCA, Volume 10, No. 6, December, 1960.


� Inversions are important physical events that can affect ambient pollutant concentrations.  Inversion boundaries develop due to the cooling off during night time, which leads to cold air layers that retain contaminants.  Pollutant concentrations are not always higher in the evening.  If the air is very stable, with the coldest air at the ground and the temperature increasing with elevation, the pollutants emitted from the source may accumulate in a thin layer a short distance above the ground in the evening hours.  After sunrise, when the inversion is destroyed by solar heating, vertical convection eddies may mix 


� The lapse rate is the rate of change of any � HYPERLINK "http://nsidc.org/arcticmet/glossary/meteorological_element.html" �meteorological element� with height.  Meteorological elements are any one of the properties or conditions of the atmosphere which together specify the � HYPERLINK "http://nsidc.org/arcticmet/glossary/weather.html" �weather� at a given place for any particular time (for example, � HYPERLINK "http://nsidc.org/arcticmet/glossary/air_temperature.html" �air temperature�, � HYPERLINK "http://nsidc.org/arcticmet/glossary/pressure.html" �pressure�, wind, � HYPERLINK "http://nsidc.org/arcticmet/glossary/humidity.html" �humidity�, thunderstorm and � HYPERLINK "http://nsidc.org/arcticmet/glossary/fog.html" �fog�).








