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	1.0  INTRODUCTIONS




 SEQ CHAPTER \h \r 1In 1998, following a 10-year scientific assessment process, the State of California Air Resources Board (ARB) identified particulate matter from diesel-fueled engines as a toxic air contaminant.1  Subsequent to this determination, the South Coast Air Quality Management District (SCAQMD) initiated a comprehensive urban toxic air pollution study called MATES-II (for Multiple Air Toxics Exposure Study).2  MATES-II showed the average cancer risk in the South Coast Air Basin ranges from 1,100 in a million to 1,750 in a million, with an average regional risk of about 1,400 in a million.  Moreover, diesel particulate matter (DPM) accounts for more than 70 percent of the cancer risk.  Although the Monterey Bay Unified Air Pollution Control District does not have the level of pollution or the number of sources as does the SCAQMD, the MATES-II study demonstrates the significance of diesel particulate on a proportionate basis. 


It should be noted that ARB staff intends to issue statewide technical guidance for diesel toxic impact analyses for various source categories.  Until such time, this document will serve as an interim technical guidance for estimating potential DPM impacts from the following activities:

•
Truck idling and movement (such as, but not limited to, truck stops, 

warehouse/distribution  centers or transit centers),

· Train idling.


MBUAPCD staff is also available to work with project applicants to address unique project-specific applications.


The remainder of the document provides guidance on the following components of a typical DPM risk analysis: project description, project emissions, dispersion modeling, estimation of health risks, and lastly, potential mitigation measures.


This document also includes assessing the acute health effects from the emissions of acrolein.  Acrolein appears to drive the acute hazard index more significantly than any other acutely toxic substance in diesel exhaust, such that the other substances are not significant, and need not be included in the hazard index calculation.


This document was derived from the SCAQMD Guidelines titled: Health Risk Assessment Guidance for Analyzing Cancer Risk from Mobile Source Diesel Idling Emissions for CEQA Air Quality Analysis, August 2003.

	2.0 PROJECT DESCRIPTION




 SEQ CHAPTER \h \r 1The modeling analysis should contain a brief description of the facility and its activities.  Table 1 lists the information on the facility and its surroundings that need to be used in the modeling analysis.  The facility location is used to determine the most representative meteorological data for the analysis.  The nearby land use and topographical information is needed to choose the appropriate model and its options (e.g., urban versus rural, simple terrain versus complex terrain) and to determine applicable exposure adjustments (e.g. residential or worker exposure).  It should be noted that it is the MBUAPCD procedure to assume an urban setting for facilities within city boundaries.  Justification should be provided if the rural classification is used

 SEQ CHAPTER \h \r 1Table 1

Required Source Information.

	Information on the Facility and Its Surroundings

•      SEQ CHAPTER \h \r 1Location (i.e., address)

•     Local land use (within 20 km)

•     Local topography (within 20 km)

•     Facility plot plan

       ο   Property line

       ο   Horizontal scale

       ο   Building height (for building downwash calculations if necessary)

       ο   Source locations

•Operating schedule (i.e., hours/day, days/week, weeks/year)

 SEQ CHAPTER \h \r 1Point Source Information (i.e., Stationary Sources Associated with the Project)
•Highest hourly emission rate

•Annual emissions

•Stack location on plot plan (UTM coordinates)

•Stack height

•Stack diameter

•Stack gas exit velocity

•Stack gas exit temperature

•Building dimensions and location if applicable

 SEQ CHAPTER \h \r 1Fugitive Source or Mobile Source Information
•Highest hourly emission rate

•Annual emissions

•Source location on plot plan (UTM coordinates)

•Source height

•Area or volume dimension




 SEQ CHAPTER \h \r 1The facility plot plan (including a length scale) is needed to determine the source location, building dimensions, and the property boundary or right-of-way boundary.  The operating schedule (i.e., hours/day, days/week, weeks/year, etc.), the average hourly DPM emission rate, the annual DPM emissions, the highest one hour acrolein emissions, and the source parameters listed in the Table 1 are necessary to accurately characterize the source emission rate for modeling.  One should keep in mind that the more information provided on the facility operating schedule the more appropriately the facility can be modeled.  The same applies to the characteristics of the source, such as the release height of the emissions.
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	3.0 PROJECT EMISSIONS




 SEQ CHAPTER \h \r 13.1
TRUCK IDLING AND MOVEMENT
DPM emissions

Emissions of diesel particulates can occur from the following activities associated with diesel trucks at truck stops, warehouse/distribution centers, and at transit centers:

•
Truck traffic on local streets and arterials in transit to or from the facility

•
Truck idling, and movement on-site at the facility, and

•
Operation of Transportation Refrigeration Units (TRUs).


Table 2 summarizes the information required to estimate DPM and acrolein emissions from the facility.  The latest version of EMFAC3 should be used to estimate the composite DPM emission factor for truck movement on local streets, and truck movement and idling on the proposed facility property.  EMFAC is ARB's computer model to estimate past, present, and future on-road emissions of HC, CO, NOX, PM, lead, SO2, and CO2.  Make sure EMFAC is run for a calendar year and county/air basin representative of the proposed project.  From the output, select the DPM emission factor for the vehicle class and speed pertinent to the proposed project.


DPM emission factors for transportation refrigeration units (TRUs) may be obtained from an appendix in ARB's risk reduction plan for diesel particulate emissions.4

Acrolein emissions

Acrolein emissions from Heavy Duty diesel truck traveling and idling can be determined using the EPA based fraction of acrolein to ROG factor from the Nation Toxics Inventory of 0.0035 lbs acrolein / lb ROG.  This is then applied to the EMFAC ROG emission factor to determine the acrolein emissions.  The emission factor for the 2002 EMFAC results were:


Idling-


0.012 grams acrolein / hour


Traveling-

0.00263 grams acrolein / mile, and





13.7 grams acrolein / 1000 gallons of diesel fuel used.

Table 2.

Information Necessary to Calculate Diesel Particulate & Acrolein Emissions from

Truck Idling and Movement.

	 SEQ CHAPTER \h \r 1Truck Traffic on Local Streets and/or Arterials
•     Number of trucks visiting the facility per day

•     Composite DPM emission factor (in grams per mile) based on project year and average 

       vehicle speed

•     Travel distance on the local streets and/or arterials (in miles)

On-Site Truck Movement
•     Number of trucks visiting the facility per day

•     On-site travel distance (in miles)

•     Composite DPM emission factor (in grams per mile) based on project year and vehicle speed

•     Default DPM emission factor (0.67 grams/mile/truck)

•     Default Acrolein emission factor (0.00263 grams/mile/truck)

On-Site Truck Idling
•     Number of trucks visiting the facility per day

•     Average idling time per truck

•     Default DPM emission factor (2.57 grams per hour/truck)

•     Default Acrolein emission factor (0.012 grams per hour/truck)

Transportation Refrigeration Units (TRUs)
•     Number of TRUs operating per hour

•     Operating time per hour (in minutes per hour)

•     Default DPM emission factor (0.0021 grams/second/truck)

•     Default Acrolein emission factor (? grams per second/truck)

Auxiliary Power Units (APUs)
•     Number of APUs operating per hour

•     Operating time per hour (in minutes per hour)

•     APU emission factor (in grams per minute) based on horsepower rating and load factor 




 SEQ CHAPTER \h \r 13.2
TRAIN IDLING

Emissions of diesel particulate matter from train idling occurs predominantly at railroad yards, train stations, and train stops.  Train idling emissions are generated during stops made at each train station.


Emission factors for locomotives, may be found from the U.S. EPA's report titled,  SEQ CHAPTER \h \r 1Technical Highlights- Emission Factors for Locomotives.5 


Table 4 summarizes the information required to estimate DPM emissions from train idling.

Table 4.

Information Necessary to Calculate Diesel Particulate Emissions from Train Idling

	 SEQ CHAPTER \h \r 1Train Operations Data
•     number of trains idling per location

•     frequency of trains idling per location

•     average idle time per day per locomotive per location, hr/day

Locomotive Engine and Fuel Data
•     locomotive horsepower rating, hp

•     fuel consumption while idling, gal/hr

•     fuel density, lb/gal

•     brake specific fuel consumption, lb/hp-hr

•     DPM emission factor, g/Bhp-hr

•     Acrolein emission factor, g/Bhp-hr




	4.0  DISPERSION MODELING




 SEQ CHAPTER \h \r 14.1
MODEL SELECTION

The latest version of U.S. Environmental Protection Agency (U.S. EPA) air quality dispersion model, called ISCST3 (Industrial Source Complex - Short Term, Version 3)6 should be used for estimating the impacts.  ISCST3 is a Gaussian plume model capable of estimating pollutant concentrations from a wide variety of sources that are typically present in an industrial source complex.  Emission sources are categorized into four basic types: point, area, volume, and open pit sources.  ISCST3 estimates hourly concentrations for each source/receptor pair and calculates concentrations for user-specified averaging times, including an average concentration for the complete simulation period.


ISCST3 should be executed using the urban dispersion parameters (i.e., URBAN control option), for all areas within city limits, unless otherwise justified.  The U.S. EPA regulatory defaults options are implemented except that the calm processing option is disabled (i.e., NOCALM control option).

4.2
SOURCE TREATMENT
Truck modeling

It can be difficult to determine the most appropriate way to model the diesel and acrolein emissions from trucks.  Below are examples which show how modeling for different scenarios can be done.

Idling diesel truck -


Assume a single point source emission release with the following stack parameters:

Stack temperature = 455 Kelvin

Stack diameter = 0.1 meters

Stack height = 4.15 meters

Stack velocity = 9.1 meters/second

Multiple idling diesel trucks -

Assume a pseudo single point source emission release located at the centroid of the idling trucks, with the following stack parameters:

Stack temperature = 455 Kelvin

Stack diameter = 0.1 meters * number of trucks idling

Stack height = 4.15 meters

Stack velocity = 9.1 meters/second

Trucks traveling through a given onsite route -

Assume a pseudo single point source emission release located at the centroid of the route the trucks use at the facility, with the following stack parameters:

Stack temperature = 455 Kelvin

Stack diameter = 0.1 meters * number of trucks traveling

Stack height = 4.15 meters

Stack velocity = 9.1 meters/second


The reader is referred to the ISCST3 user's guide for additional guidance in this area.7  Individuals preparing impact assessments are also referred to ARB for guidance regarding source parameters and source activity assumptions.  Significant deviations from the assumptions outlined in Appendix VII: Risk Characterization Scenarios should be justified.

Train modeling

Trains can be modeled like trucks as described above.  Stack parameters will need to be determined.

4.3
METEOROLOGICAL DATA

The District has meteorological data (i.e., hourly winds, atmospheric stability, and mixing heights) for various locations within the District. Contact the District to determine the most appropriate met file(s) to use.  These data are in a format which can be directly read by ISCST3.  The nearest representative meteorological station should be chosen for modeling.  Usually this is simply the nearest station; however, an intervening terrain feature may dictate the use of an alternate station.

4.4
RECEPTOR GRID

The receptor grid should begin at the facility fence line or transportation right-of-way and extend to an adequate distance from the site to cover the facility's impact area.  The peak annual DPM concentrations should be identified using 100-meter receptor grid.  A map showing the emission sources and the receptor grid with actual coordinates used in the modeling should be provided.  The residential and the commercial receptors with the highest annual average DPM concentration, and the highest one hour acrolein concentration need to be identified on a map.  Discrete sensitive receptors such as schools, day-care centers, hospitals, etc. need to be identified if either the cancer risk at these locations is greater than one per million, or the hazard index is greater than one.

	5.0  ESTIMATION OF HEALTH RISKS




 SEQ CHAPTER \h \r 15.1
CANCER RISKS
Cancer Risk Calculation

The cancer risks from DPM occur exclusively through the inhalation pathway; therefore, the cancer risks can be estimated from the following equation:




Cancer Risk = C o URF o LEA

where,

C

=
Downwind annual average DPM Concentration in μg/m3.

URF
=
Unit Risk Factor for DPM (3.0e-4 ug/m3)-1; estimated probability that a person will contract cancer as a result of inhalation of a DPM concentration of 1 μg/m3 continuously over a period of 70 years.

LEA
=
Lifetime Exposure Adjustment; see the discussion below.

The LEA for all residential or sensitive receptors is 1.0.  This value is based on a 70-year lifetime exposure.

The LEA for non residential receptors such as at nearby commercial or industrial areas sites can be adjusted based on the amount of receptor exposure over a 70 period.  When the facility and its equipment operate continuously (i.e., 24 hrs/day and 365 days/yr), the LEA for an off-site worker is 0.14.  This factor is determined as follows:


0.14 = [8 hr/day o 240 days/yr o 46 yrs]  /  [24 hrs/day o 365 days/yr o 70 yrs].

For all other facility operating schedules, the LEA for an off-site worker is 0.66.  This factor is determined as follows:


0.66 = 46 yr/70 yr.

Cancer Risk Map

A cancer risk isopleth map showing cancer risk contours of 1, 10, 25, 50, 100… per million should be included in the impact assessment if the risk is greater than 1 per million.  Included on the map should be the identification of the source and the maximally exposed residential and commercial receptors.
A map is also needed for the DPM chronic hazard index and another for the acrolein acute hazard index.  The hazard index maps only need to be generated if the hazard index is above one.  The hazard index contours need to be spaced as 1, 2, 3… unless the hazard index values are very large.  In which case, a spacing of 1, 10, 25, 50, 100… is adequate.  Contact the District for further guidance.

5.2
CHRONIC HAZARD INDEX
Chronic Hazard Index Calculation


The Chronic Hazard Index for DPM must be calculated as follows:

HI = C / REL

where,

HI
=
Hazard Index; an expression of the potential for non-cancer health effects.

C

=
Downwind annual average DPM Concentration (μg/m3).

REL
=
Reference Exposure Level (REL) for DPM (5 ug/m3); the DPM




 concentration at which no adverse health effects are anticipated.

Chronic Hazard Index Map

A chronic hazard index isopleth map showing the risk contour where the chronic hazard index is greater than one should be included if the hazard index is greater than one.  Included on the map should be the identification of the source and the maximally exposed residential and commercial receptors.

5.3
ACUTE HAZARD INDEX
Acute Hazard Index Calculation

Acrolein appears to drive the acute hazard index more significantly than any other acutely toxic substance in diesel exhaust, such that the other substances are not significant.  The Acute Hazard Index for acrolein must be calculated as follows:

HI = C / REL

where,

HI
=
Hazard Index; an expression of the potential for non-cancer health effects.

C
=
Downwind annual average acrolein Concentration (μg/m3).

REL
=
Reference Exposure Level (REL) for acrolein (0.19 ug/m3); the acrolein concentration at which no adverse health effects are anticipated.

Acute Hazard Index Map

A acute hazard index isopleth map showing the risk contour where the acute hazard index is greater than one should be included if the hazard index is greater than one.  Included on the map should be the identification of the source and the maximally exposed residential and commercial receptors.

	6.0  POTENTIAL MITIGATION MEASURES




 SEQ CHAPTER \h \r 1If the project exceeds the District's cancer risk threshold of 10 per million, or the chronic hazard index is above one, then feasible mitigation measures should be identified and their effectiveness determined (i.e. are the impacts reduced to less than these thresholds). Below is a list of potentially applicable mitigation measures for truck idling facilities, and train idling.

6.1
TRUCK IDLING FACILITIES
•
Provide a minimum buffer zone of 300 meters between truck traffic and sensitive receptors;

•
Re-route truck traffic by adding direct off-ramps for the truck traffic or by restricting truck traffic on certain sensitive routes;

•
Improve traffic flow by signal synchronization;

•
Enforce truck parking restrictions;

•
Develop park and ride programs;

•
Restrict truck idling;

•
Restrict operation to "clean" trucks;

•
Electrify service equipment at facility;

•
Provide electrical hook-ups for trucks that need to cool their load;

•
Electrify auxiliary power units;

•
Use "clean" street sweepers;

•
Provide onsite services to minimize truck traffic in or near residential areas, including, but not limited to, the following services: meal or cafeteria service, automated teller machines, etc; and

•
Require or provide incentives to use low-sulfur diesel fuel with particulate traps.

6.2
TRAIN IDLING
•
Change Railroad Operating Practices - Reducing idle time would definitely reduce DPM 


emissions.  Locomotives that are not in use generally idle.  Locomotive manufacturers 


indicate that engines could be shut-down and restarted when ambient temperatures are 


above 50̊F, which is nearly always the case in central California.

•
Idle Reduction Technologies - The rail industry has developed and designed a new 

Auxiliary Power Unit (APU) system that provides power during idling conditions and

shuts down the main locomotive engine.  Installing APU system reduces locomotive PM

emissions by 84 percent. Significant reduction in diesel fuel consumption also results

 when the main locomotive engine is shuts down automatically by the APU system.  

•
Research and Development of New Engine Technologies - Modifying fuel injectors

which includes fuel injection pressure, fuel spray pattern, injection rate and timing has

been found to reduce emissions from locomotive diesel engines.  Development of low

NOX locomotive engine is based on similar principle used in low NOX engines for

stationary power industry.  Retardation of fuel injection can achieve significant NOX

emission reductions.
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