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2.0 Model Application - Introduction

As discussed in the protocol (CARB, 2001) and diagramed in Figure 2.1, our assessment of cumulative emissions at the neighborhood scale requires two types of air quality modeling.  Regional modeling is needed to determine the general background levels of pollutants in the neighborhood.  Micro-scale
 modeling is needed to determine the spatial distribution of pollutants within the neighborhood above background conditions.  Combining the results of both air quality models will provide an assessment of cumulative impacts in the neighborhood.  Common to both modeling approaches are the needed inputs of meteorological data and emissions inventory.

[image: image3.wmf]Figure 2.1 – Cumulative Impacts Modeling Schematic

2.1  Regional (Gridded) Air Quality Models

Regional modeling is required to estimate pollutant levels in Barrio Logan due to emissions from outside of Barrio Logan.  The terms “photochemical models”, “regional models”, and “grid based models” all generally refer to models that are used to simulate atmospheric processes due to large-scale emissions and meteorology.  A separate report for the regional modeling for the NAP, which include Barrio Logan and Wilmington, is available (CARB, 2003b).  Below is a brief description of the regional modeling for Barrio Logan.

2.1.1 Introduction to Gridded Air Quality Modeling

Photochemical air quality modeling is a primary tool for understanding the complex interactions among pollutants that are emitted from multiple emission sources and are transported among regions.  Photochemical air quality models are computer models that represent the state‑of–the‑science on understanding of how ozone and other secondary pollutants are formed in the atmosphere and the relationship to the primary pollutants emitted by different source categories, such as motor vehicle, area and point sources, and biogenic.  Photochemical models are used to assess the effectiveness of air pollution control strategies to achieve the air quality standards in the future.  

Two state-of-the-science air quality models have been selected for use in Barrio Logan and the NAP: CALGRID and the Community Multiscale Air Quality Modeling System Models3/CMAQ (CMAQ).  CALGRID is the baseline model for this analysis and is used to simulate atmospheric processes on criteria and toxic pollutants for a period of one year (January 1 to December 31, 1998).  CMAQ is applied for the comparison of model results on selected months.  

The original protocol proposed the UAM-FCM air quality model together with CMAQ for annual toxics modeling.  However, CALGRID was selected instead of UAM-FCM for the following reasons.  The UAM-FCM is based on an older version of the UAM (UAM-IV), which is no longer supported by EPA and is poorly documented.  CALGRID was developed under ARB funding (Yamartino, 1989), has a better formulation than UAM-IV, and is better documented.  CALGRID is a state-of-the science model that has been used for estimating ozone and precursor gas concentrations.  CMAQ represents the state-of-science model that has been developed by EPA scientists over the past six years.

Both CALGRID and CMAQ require the selection of a chemical reaction mechanism to represent the complex atmospheric chemical reactions.  Atmospheric reaction mechanisms are available like Carbon Bond IV (CBIV) and SAPRC99, among others.  Previous annual toxics simulations have used a version of the CBIV (Whitten et al., 1980), the TOX chemical mechanism, (SCAQMD, 1999; CRC, 2002; EPA, 1992), and a toxics application of SAPRC99 (together with the TOX mechanism) was used to simulate the August 3-7, 1997 SCOS episode (CRC, 2002).  The CBIV is based on a lumped structure approach in which each molecule is broken into several fundamental parts, each representing a type of chemical bond.  Each part is assumed to react independently of the rest of the molecule.  In SAPRC, molecules are lumped according to similar characteristics.  The SAPRC mechanism is considered to be a more scientifically sound basis than the CBIV (W. Carter, UCR, personal communication with L. Woodhouse).  In addition, ARB’s Research Scientific Advisory Committee (RSAC) recommended that we use SAPRC99 instead of CBIV in future SIP modeling since it is the most up-to-date mechanism and has been thoroughly reviewed (E. McCauley, ARB, personal communication with L. Woodhouse).  

Following the RSAC recommendations, we use the SAPRC99 (Carter, 2000) atmospheric chemical reaction mechanism modified to incorporate toxic chemistry.  The mechanism designated as SAPRC99 is a complete update of the SAPRC mechanism released in 1990.  This mechanism was evaluated against the results of approximately 1700 smog chamber experiments and represents the state-of-science.  Condensed versions of the SAPRC99 mechanism have been developed for use in air quality model simulations, including fixed-parameter and variable-parameter versions.  The protocol lists all the reactions included in the condensed mechanism.  The mechanism can be obtained at http://helium.ucr.edu/~carter/ SAPRC99.htm.  

The fixed-parameter version of the SAPRC99 chemical mechanism is selected for this project.   This mechanism includes a few explicitly represented species such as ozone, NOx, formaldehyde, acetaldehyde, acetone, and others.  However, most of the organic species are lumped into classes (i.e., alkane, alkenes, aromatics, and terpenes) taking into account their reactivity.  To address specific toxics of concern, explicit mechanisms for 20 toxic VOCs were added to the condensed version of SAPRC99.  The reaction mechanism for each toxic species treated explicitly is taken from the SAPRC99 documentation (Carter, 2000).  In addition, the simulation includes 10 toxics that are treated as inert.  A complete list of toxic species explicitly included in the mechanism is shown in Appendix B from the regional modeling report where a listing of the explicit mechanisms is also given (CARB, 2003b).  An approximate chemical reaction mechanism is used for those chlorine-containing toxics species, since research on the atmospheric chemistry of chlorine-containing hydrocarbons is limited.  In addition, limitations in the air quality model code required that deposition effects of the particulate inert species be estimated as a pseudo-first order decay rate in CMAQ (with lifetime of one week).

2.1.2 Modeling Domain and Time Period

Figure 2.2 shows the regional modeling domain covering the southern part of California.  The area enclosed by the domain is 348 by 268 km with 4km x 4 km grid cells.  The CMAQ model is used with 17 vertical layers of expanding depth towards the top vertical layer at 14 kilometers above the surface.  The CALGRID model is used with ten vertical layers with varying grid spacing with the top vertical layer at 3km above the surface.   This domain includes the San Diego air basin and portions of South Coast and Mojave air basins.  An entire year of data for meteorology and seasonally averaged emissions are input to the regional air quality models to estimate annual concentrations.
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Figure 2.2 Regional Scale Modeling Domain

The simulation period is from December 31, 1997, 12 GMT to January 1, 1999, 12 GMT.  The model results are compared to available toxics air quality data from ARB’s toxics monitoring network for 1998.  In addition, the modeling results are compared with the observations at Memorial Academy Charter School, assuming they are representative of the 17 months of Memorial Academy Charter School observations in 1999-2001.  CALGRID model runs are conducted using one full year of meteorological data, while CMAQ runs are made for selected one-month periods, per season.

2.1.3 Inputs for Regional Model 

Regional air quality models require meteorological data, emissions inventory, and initial and boundary conditions.  Air quality data are also needed to evaluate the model’s ability to reproduce observations.

2.1.3.1 Meteorology – Regional  

Two different meteorological models, CALMET (Scire 1995) and MM5 (Grell 1995), are used to generate the meteorological inputs for regional models.  CALMET (a diagnostic meteorological model) is used to generate meteorological data for CALGRID, whereas MM5 (a prognostic meteorological model) is used to generate meteorological data for CMAQ.  Table 2.1 summarizes key parameters for each meteorological model. 

Table 2.1 – Meteorological Model Features

Feature
Meteorological Model


CALMET
MM5

Photochemical Model
CALGRID
CMAQ

Period
1998
January, April, August, November, 1998

Coordinate System
UTM
Lambert

Meteorological Domain
348 km x 268 km
Coarse grid 864 km x 816 km

Nested grid 400 km x 304 km 

Horizontal Cells
87 x 67
Coarse grid 72 x 68 

Nested grid 100 x 76

Horizontal Grid Resolution
4 km x 4 km
Coarse grid 12 km x 12 km

Nested grid 4 km x 4 km

Vertical Layers
10
17

Vertical Top Layer
3 km above surface
14.6 km above surface

First Layer
Centered 10 meters above surface
50 meters deep

Vertical Resolution
Varying grid spacing
Sigma coordinate system

2.1.3.1.1 CALMET

CALMET generates three-dimensional meteorological fields to drive air quality models.  It is a diagnostic model and is the simpler of the two models.  It requires inputs from observational data for surface and aloft winds as well as temperature data.  CALMET uses a diagnostic wind field generator with objective analysis and parameterized treatments of:

· slope flows, 

· kinematic terrain effects, and 

· terrain blocking effects,

 and includes  

· a divergence minimization procedure, and 

· a micro-meteorological model for over land and over water boundary layers.

CALMET requires hourly surface observations of:

· wind speed, 

· wind direction, 

· temperature, 

· cloud cover, 

· ceiling height, 

· surface pressure, 

· relative humidity, and 

· precipitation type (e.g., snow, and rain).  

These variables are routinely measured at National Weather Service (NWS) surface stations.  Supplemental data from the Aerometric Information Retrieval System (AIRS) and California Irrigation Management Information System (CIMIS) datasets are also used.  For this study, data are obtained from the 10 NWS stations, 154 AIRS stations, and 38 CIMIS stations.  

The upper air data required by CALMET are twice-daily observations of vertical profiles of:

· wind speed, 

· wind direction, 

· temperature, and 

· pressure.  

Upper air data from Miramar NAS are used.  Buoy data at two stations are used to provide meteorological conditions at sea level.

The grid for the wind field in the CALMET model is 87x67 cells with 4 km grid spacing in x and y directions (see Table 2.1 and Figure 2.2) and 10 vertical layers with varying grid spacing.  The middle of the first vertical layer is 10 meters above the surface to be compatible with surface observations typical for the NWS.  The grid top vertical layer is located at 3 km above the surface.  

The CALMET outputs are read directly as inputs by CALGRID.  Figure 2.3 shows the surface wind field for one hour of output.  Table 2.2 shows the UTM and latitude/longitude coordinates of the grid used in CALMET and CALGRID.  

Table 2.2 – Coordinates of Grid Used in CALMET and CALGRID Models


SW corner
NW corner
NE corner
SE corner

UTMX (km)
        250.0
      250.0
      600.0
      600.0

UTMY (km)
      3580.0
    3850.0
    3850.0
    3580.0

Latitude (deg)
    32.33oN
    34.76oN
    34.79oN
   32.35oN

Longitude (deg)
 -119.66oW
 -119.76oW
 -115.91oW
-115.94oW

QA / QC – CALMET and MM5

A cursory review of CALMET and MM5 wind fields reveal that the model outputs capture some of the general features of the observed wind speeds and wind directions.  The wind rose for five observational sites for the months of January and August 1998 were compared to the CALMET and MM5 outputs.  We did not evaluate the wind fields for a complete year of data.  We do not have an established protocol to evaluate the wind fields on an annual basis.  Comparisons between the CALMET and MM5 outputs showed differences between the two meteorological models.  These differences in meteorology will affect air quality model outputs.  Additional information is available in our report on regional modeling for the NAP (CARB 2003b).

[image: image5.wmf]Figure 2.3 - Gridded Wind Flow from CALMET

2.1.3.1.2 MM5

MM5 is an advanced state-of-science prognostic meteorological model that solves the conservation equations to simulate winds and temperatures.  This is a primitive equation model that uses the sigma coordinate system in the vertical dimension with equally spaced rectangular grid in the horizontal on an Arakawa-Lamb B grid.  The MM5 simulations use:

· the Blackadar high-resolution planetary boundary layer scheme, 

· shallow convection, 

· dry convective adjustment, and

· the Grell cumulus scheme with explicit moisture that resolves mixed water-ice phase.  

Long and short wave radiation will be parameterized using Dudhia’s scheme.

The non-hydrostatic version of the MM5 model (which is used by CMAQ) is applied with one coarse and one fine nested domain.  Figure 2.4 shows the location of the grids used in the modeling study.  The grid has 17 levels in vertical sigma coordinates with resolution of approximately 50 m in the first layer and expanding towards the top of the modeling domain.  The coarse and fine nested grids have 72x68 and 100x76 grid points with 12, and 4 km horizontal grid spacing, respectively.  Table 2.3 shows the coordinates for the corners of the 4 km domain.  

Table 2.3 – Coordinates of the Fine Nested Numerical Grid used in MM5


SW corner
NW corner
NE corner
SE corner

UTMX (km)
        231.05
      233.85
      633.04
      628.05

UTMY (km)
      3560.01
    3859.79
    3855.54
    3556.34

Latitude (deg)
    32.15oN
    34.84oN
    34.84oN
   32.14oN

Longitude (deg)
 -119.84oW
 -119.92oW
 -115.55oW
-115.64oW

[image: image6.wmf]Figure 2.4 - Location of the Coarse and Fine Grids Used in MM5

The MM5 numerical model is initialized from the analysis files created by the National Climate and Environmental Prediction (NCEP) center using analysis nudging only.  Atmospheric circulation patterns that are prevalent over the region during the study period are numerically simulated using the coarse and fine nested grids with a two-way nested grid approach.  In this approach, the effects of small-scale terrain on the evolution of the atmospheric circulation patterns are captured by the fine nested grid.  The model is capable of capturing the major flow features observed within the study domain. 

2.1.3.2 Emissions – Regional  

The regional inventory for the domain shown in Figure 2.2 are prepared for seasonal and weekday/weekend effects for a total of eight emission inventories (two per season) for 

· area sources, 

· point sources, 

· off-road emissions, 

· on-road emissions, and 

· natural and biogenic emissions.  

Table 2.4 shows a summary of a subset of seasonal emissions inventory for weekdays for the regional modeling domain.  An expanded summary is available in a separate report (CARB 2003b).  Appendix B shows a list of pollutants included in the analyses for regional modeling.

Table 2.4 – Subset-Summary of Seasonal Emissions Inventory

for Regional Analysis (Weekday Only)

Pollutant
Winter 

(tons/day)
Spring 

(tons/day)
Summer (tons/day)
Fall 

(tons/day)

diesel PM
30
30
34
29

1,3-butadiene
5.3
5.4
5.8
5.0

benzene
32
32
35
34

acetaldehyde
74
86
101
87

formaldehyde
30
28
30
29

perchloroethylene
24
24
24
24

nickel
0.13
0.16
0.16
0.14

trichloroethylene
50
50
50
51

acrolein
1.31
1.37
1.47
1.28

lead
0.83
1.13
1.15
0.97

arsenic
0.05
0.05
0.05
0.06

Cr(VI)a
-
-
-
-

Expanded details are available in a separate report (CARB 2003b DRAFT)

a) Less than 0.005 tons per day

PM and gases are partitioned for the chemical mechanism with latest profiles maintained by the CARB Emissions Inventory Branch.  Diesel PM and Cr(VI) emissions are for PM10 only, whereas other PM are TSP emissions.  Note that for Wilmington we intend to use monthly inventories.

Area and point source emissions and are extrapolated to 1998 levels from ARB’s 1997 baseline emissions inventory.  Winter, spring, summer, and fall emissions are based on February, May, August, and November average emissions, respectively.  The latest spatial surrogates used for recent SIP modeling in Southern California are used to grid the area emissions inventory.

Off-road emissions from commercial ships are based on the August 3-7, 1997 ozone episode.  Hourly emissions from August 3, a Sunday, and August 5 are used for weekend and weekday emissions, respectively.  Commercial aircraft emissions are from EDMS (Version 3.2.2.3).  Only aircraft emissions below 1000 meters are included in the inventory.  Weekend and weekday emissions are from August 3 and August 5, 1997, respectively, similar to the commercial ships.

On-road emissions for motor vehicles are from EMFAC2000 (2.02) for evaporative emissions.  Exhaust emissions are from EMFAC2000 with DTIM4.  Seasonal average temperatures and relative humidity for 1998 are used to prepare weekend and weekday emissions inventories.

Biogenic sources are based on the July 13-19, 1998 ozone episode.  Hourly biogenic emissions for the lowest biogenic emission day, July 13, are used to represent winter biogenic emissions.  The day with the highest emissions, July 16, is used to represent summer conditions.  July 15 with mid-range emissions is used to represent spring and fall emissions.  Winter, spring, and fall are probably overestimated.  Even so, these emissions are generally located in areas with high vegetation away from population centers and model sensitivity at populated areas is probably low.

2.1.3.3 Initial and Boundary Conditions – Regional

Default boundary conditions were used for the model runs that are the same for each month and are based on the SCOS97 Regional Modeling Update.  CALGRID was run from for January 1 to December 31, 1998.  CMAQ was applied on January, April, August and November 1998.  Both air quality models use the same emissions and initial and boundary conditions.  Table 2.5 shows the initial conditions and the boundary conditions used for the top of the domain.  Table 2.6 shows the lateral boundary conditions used for the rest of the domain.  Additional information is available in a separate report (CARB 2003b).

Table 2.5 – Initial and Top Boundary Conditions (Concentrations)

Species
Concentration

(ppb)
Species
Concentration

(ppb)
Species
Concentration

(ppb)

O3
30.
ALK1
2.656
FORM
2.02

CO
180.
ALK2
0.023
ALD
2.02

HCHO
0.67
ALK3
1.082
ACET
0.178

CCHO
0.001
ALK4
1.352
C7H8
0.478

ETHE
0.495
ALK5
2.732
STYR
0.292

CH4
1,660.
ARO1
0.301
OXYL
0.637



ARO2
1.726
PDCB
0.521



OLE1
0.556
TRP1
0.079



OLE2
0.558
All other species
0.001

Table 2.6 – Lateral Boundary Conditions (Concentrations)

Species
Over Ocean

(ppb)
Over Land

(ppb)
Species
Over Ocean

(ppb)
Over Land

(ppb)

O3
40.
40.
ALK1
0.2
0.6

NO
0.001
0.001
ALK2
0.76
2.28

NO2
0.001
2.
ALK3
0.19
0.57

CO
350.0
350.0
ALK4
0.001
0.001

HCHO
0.03
2.79
ALK5
0.74
2.22

CCHO
0.67
2.01
ARO1
0.42
1.26

ETHE
0.18
0.57
ARO2
0.14
0.42

CH4
1660.
1660.
OLE1
0.36
1.98




OLE2
0.001
0.001




ACET
0.178
0.178




All other species
0.001
0.001

2.2  Microscale (Gaussian) Air Dispersion Models

Since regional models estimate a uniform concentration within a receptor grid of several square kilometers, micro-scale models are used to obtain a more resolved concentration field near emission sources.  Several types of microscale models are tested for this analysis.  These models are U.S. EPA Guassian models as described in USEPA’s Guideline on Air Quality Models.  The models were applied to estimate annual ambient concentrations for point and line sources.

Gaussian models are useful tools to estimate downwind concentrations at receptor distances of approximately one hundred meters to a few kilometers from local sources of emissions.  Sometimes it is necessary to use these models for receptors that are tens of meters from a source because few alternatives are available.  As mentioned in Section 1, neighborhood scale concentration gradients, or Hot Spots, cannot be assessed adequately with monitoring alone, due to the coarse resolution of a few monitors.  However, receptor spacing for microscale modeling may be placed at 50 meter resolution in order to determine if any Hot Spots show as a result of the cumulative emissions analysis.  

Microscale air quality models are generally steady-state Gaussian plume models.  The one exception is the CALPUFF (ref.) model, which is a non-steady state Gaussian puff model.  CALPUFF may also be used for long-range transport.  Steady-state Gaussian models assume a Gaussian distribution of the diffusion of the plume in the cross directions of the plume travel, the y and z axis.  In the direction of the wind, the plume is diluted inversely proportional to the wind speed.  Therefore, Gaussian models generally are not suitable for winds speeds that approach zero.  In addition, it is also assumed that downwind plume travel is infinite.  Hourly inputs required for the steady-state Gaussian models are:

· emission rate,

· wind speed,

· wind direction,

· ambient temperature,

· atmospheric stability, and

· mixing height.

Emissions from point sources, such as facilities, are simulated with three separate models:  ISCST3 (ref.), AERMOD (ref.), and CALPUFF.  These models are well suited for simulating the dispersion of emissions from point sources such as stacks and fugitive sources such as evaporative emissions.  ISCST3 is the most commonly applied USEPA model for point sources.  AERMOD is an advanced model that is being promoted by USEPA to replace ISCST3.  CALPUFF is also an advanced model on the USEPA list of recommended models for assessing impacts in complex terrain and for long-range transport.

Microscale Modeling Work Plan

Table 2.4 shows the elements of the microscale modeling work plan proposed in the protocol for the NAP and Barrio Logan.  Table 2.4 also shows the status of the elements of the work plan for each of the five models listed in the protocol for microscale analysis.

Table 2.4 – Microscale Modeling Work Plan Elements of the NAP Modeling Protocol

Work Plan Elements
Model


ISCST3
AERMOD
CALPUFF
CAL3QHCR
LAGRANGIAN

a
Estimate a detailed concentration field near emission sources.
+
O
O
+
(

b
Apply and test the models to estimate annual ambient concentrations.  
+
+
+
+
(

c
Use on-site (Memorial Academy Charter School) meteorological observations and cloud data from the closest NWS station (Montgomery Field) to calculate Pasquill-Gifford stability categories required for modeling. 
+


+


d
Prepare source configurations inputs for more than 600 individual point sources for more than 100 individual pollutants and diurnal variation of emissions by hour of day and by day of week.
+
+
+

(

e
Prepare hourly traffic volume for the roadway links from the 1999 travel demand model results and traffic network for San Diego County provided by SANDAG.  



+


f
Obtain the emission factors from EMFAC2000 version 2.02r for an average summer day of calendar year 1999.  Base the composite emission factors on the default fleet for San Diego County.  This output is generated using Caltrans’ Impact Rate Summary (IRS) model.  



+


g
Conduct a performance evaluation for each model.  Compare model estimates with measured hourly concentrations for criteria pollutants, and 24-hour and annual concentrations for toxic pollutants where measurements are available.
O
O
O
O 
(

h
Evaluate the micro-scale models with a new database for short-range dispersion in urban areas.  Data will be collected through a field monitoring study for a tracer gas and meteorological data.
+
+
O

(

I
After evaluating the performance of each micro-scale and regional model, we will develop recommendations for guidelines, including technical protocols and methodologies.
(
(
(
(
(

j
Share our modeling results and recommendations with EPA's Emission Modeling and Analysis Division, OAQPS, which is currently developing guidelines for air dispersion modeling of toxic pollutants in urban areas.  
(
(
(
(
(

Status:

(+)  Completed                                (() To be considered for Wilmington 

(O) Some testing; not completed    (() Change of Scope;  not completed

The microscale modeling analysis has been exploratory in nature through much of the project.  This is because key model inputs and model formulations have been subject to iterative improvement.  For example:

1. Initial model results identified sources, such as some dry cleaners (a source of perchloroethylene), where the emissions inventory needed refinement.

2. Discussions at the October 2001 Working Group Meeting resulted in questions about the accuracy of the emissions of hexavalent chromium from North Island and Lindbergh.  

3. Diesel PM emissions are of concern for ships and the railroad.  

4. AERMOD continues to be revised.  Our initial testing in Barrio Logan was with AERMOD (Version 99351), the appropriate version for that time.  Our subsequent tracer study evaluations in Barrio Logan used AERMOD (Version 02222).  

Although we tested all three of the above models with emissions in Barrio Logan, it was decided, based on efficiency, to continue further analyses with ISCST3 only until the emissions inventory is more stable.

Microscale Modeling Work Plan Elements Status - 

(+) Completed                       

· We include only one production run of ISCST3 in this analysis.  Further modeling with AERMOD and CALPUFF could be concluded in a separate report if needed and the emissions are refined.

· Emissions from major roadways, such as cars and trucks, are simulated with the CAL3QHCR (ref.) model.  CAL3QHCR is a line source model initially developed by CalTrans to simulate the dispersion of emissions from motor vehicles on roadways (CALINE) and then adapted by the US-EPA to simulate annual average impacts (CAL3QHCR).  CAL3QHCR is on the US-EPA list of recommended models.  In addition, CALINE has undergone performance evaluations for hourly CO concentrations and for inert tracer gasses.    

(O) Some Testing – Not Completed    

· We tested CALPUFF in Barrio Logan for only a few pollutants.  The reason for this is that the feature that is available in ISCST3, and is used to streamline the calculations for postprocessing risk, is not available in CALPUFF.  Specifically, in ISCST3, we store the output concentration based on a unit emission rate for each source at each receptor.  This made it easy to postprocess the modeling output for estimating inhalation risk for each pollutant.  (More on this in Section 4.0 Health Risk Assessment.)  In CALPUFF we cannot store the output concentration for each source at each receptor without making multiple model runs or modifying the source code.  Therefore, we only tested CALPUFF with nine pollutants for a full year simulation.

(() Change of Scope – Not Completed

· The protocol also indicated that a Lagrangian particle dispersion model would be used to provide concentration estimates at scales of meters to tens of meters from a source.  This type of modeling is not completed.  Our original contract with UCR called for performing Lagrangian modeling in Barrio Logan.  However, the scope of work for the contract was changed and the Lagrangian modeling was discontinued.

Although Lagrangian particle modeling was not performed, the University of California, Riverside’s (UCR) College of Engineering-Center for Environmental Research and Technology (CE-CERT) did conduct a special study for receptors very near a source.  A trailer study was conducted at UC Riverside (Venkatram 2003b).  In the trailer study, a neutrally buoyant tracer gas, SF6, was released from the top of a trailer in the parking lot at UC Riverside.  Receptors were placed in two arcs at ten and twenty meters downwind.  The trailer study showed improvements in model predictions can be obtained by including a new dispersion algorithm with site-specific turbulence information.  This new algorithm is proposed for inclusion in future releases of AERMOD.

(()  To Be Considered For Wilmington 

· In addition to showing the completed work elements, the Table 2.4 shows that we have gaps in the work required for the model performance evaluation.  Appendix F includes the model performance evaluation for the regional and microscale models.  Some model performance was conducted by comparing model estimates with observations of long term concentrations of TAC’s at Memorial Academy Charter School.  The model performance with criteria pollutants was not conducted.  Completing this type of work could lead to a better understanding of criteria pollutant emissions inventory and the microscale model’s ability to simulate dispersion in Barrio Logan.  Other elements of the work plan where not completed in Barrio Logan because it makes more sense to complete these items with the Wilmington study.  

2.2.2 Micro-scale Modeling Domain and Time Period

Micro-scale models do not require a modeling domain similar to a regional model (with CALPUFF being an exception).  This is because a gridded meteorological field is not required.  However, the point sources for the micro-scale modeling fall within a spatial extent spanning 15 km x 15 km as shown in Figure 2.5.  The domain includes most of the San Diego area with the downtown area near the center.  A nested domain of receptors (70 x 50 grids) with 50m grid spacing is 3.5 km x 2.5 km.  The time period for the microscale modeling simulation is a complete consecutive 12 months from November 1999 through October 2000.  This consecutive 12 month period was selected because it was the first 12 months of data available at the Memorial Academy Charter School sampling location.  The dates of the 1999 data have been changed to 2000 so that one meteorological file can be used in the microscale models.

Figure 2.5 Microscale Modeling Domain and Receptor Field (need scale)
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2.2.3 Inputs for Micro-scale Modeling

Inputs for the micro-scale modeling include meteorological data, emissions, and source configurations.

2.2.3.1 Meteorology – Microscale

Microscale models require hourly observations where representative, on-site observations are preferred.  For this project meteorological data for ISCST3 dispersion modeling are constructed from both on-site and nearby representative meteorological observational data at the nearest National Weather Service (NWS) station.  

Figure 2.6 shows the location of Memorial Academy Charter School where on-site surface meteorological measurements are collected.  Hourly wind speed, wind direction, temperature, and relative humidity are collected and processed for the period of 11/01/1999 – 10/31/2000.  On-site surface meteorological observations are supplemented with cloud data from the nearest NWS station, located about four miles northwest of the study area at Lindbergh Field International Airport.  These data are processed in accordance with U.S. EPA recomendations to estimate atmospheric stability (US-EPA, 1996).  A constant value of 500m is used as default for urban and rural mixing heights in ISCST3 meteorological input file.
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Figure 2.6 – Locations of Surface Observations

The wind rose for meteorological conditions at Memorial Academy Charter School is shown in Figure 2.7.  The wind rose for Lindbergh Field and Miramar Naval Air Station are available in Appendix A.  Comparing the wind rose data from each of these stations shows that the wind fields across the San Diego region are not uniform.  The onshore breezes at Memorial Academy Charter School are evident from the west and southwest, while at Lindbergh and Miramar, the onshore breezes are from the northwest.  Drainage flows are seen at Memorial Academy Charter School from the northeast and at Miramar from the east.  

[image: image9.wmf]Figure 2.7 – Memorial Academy Wind Rose

Table 2.5 shows a summary of the surface station observations.  Although the mean wind speed is lower at Memorial Academy Charter School than at Lindbergh or Miramar, there could be multiple reasons for this difference such as anemometer height, upwind fetch of anemometer, general surface roughness differences.

Table 2.5 – Meteorological Surface Station Summary

Station
Latitude
Longitude
Elevation (ft)
Anemometer Height (m)
Period of Observations
Mean Wind Speed (m/s)
% of Calms

Memorial Academy
32.698333
-117.132222
26
7.3
2000b
1.96
1.00%

Lindbergh Field
32.733556
-117.189657
14
10a
1984-1988
3.59
7.25%

Miramar Naval Air Station
32.868381
-117.142534
478
10a
1967-1971
2.80
16.90%

Footnotes:

a) 10m sensor height assumed.

b) The actual period of observation is November 1, 1999 through October 31, 2000.

Also shown in Appendix A are stability frequencies and wind frequencies for the three surface stations mentioned above.  There are a higher percentage of nighttime stable conditions for Memorial Academy Charter School data compared to Lindbergh and Miramar.  This may be of minor issue since the diurnal emission patterns in Barrio Logan show that most emissions are released during daytime conditions.

Additionally, the ISCST3 air dispersion model simulates the magnitude of dispersion with the use of rural or urban dispersion coefficients.  The San Diego Air Pollution Control District (SDAPCD) commissioned a special report to evaluate the influence of the marine layer on the use of rural and urban dispersion coefficients (Wagner, 1996).  The report recommends one of two options to best simulate dispersion in San Diego coastal environments with the ISCST3 air dispersion model.  The first option is to reclassify the urban dispersion coefficients two steps more stable than would be estimated using standard USEPA practices.  This method would reclassify C stability to E stability, for example.  The second option is to use rural dispersion coefficients in urban areas of San Diego along the coast).  Additionally, the report supports the use of dispersion models that do not require the use of rural and urban dispersion coefficients.  AERMOD is a model that does this.  However, we only performed some preliminary testing of AERMOD in Barrio Logan.

For our evaluation, ISCST3 is used with urban dispersion coefficients.  The meteorological data processed for Memorial Academy Charter School resulted in higher stability conditions than what would be normally used from Lindbergh Field.  Appendix A shows the stability distribution for Memorial Academy Charter School and Lindbergh Field.  Memorial Academy Charter School shows twice as much F stability than Lindbergh.  In addition, Memorial Academy Charter School shows less than half the hours of neutral D stability than Lindbergh Field.  This tendency of higher stability conditions for the Memorial Academy Charter School data compared to the Lindbergh data show that using ISCST3 with urban dispersion coefficients and Memorial Academy Charter School data is similar to the recommendations of the Wagner report.

Ideally five years of consecutive meteorological data are desired when evaluating the downwind dispersion of pollutants with models such as ISCST3 (US EPA 2003).  The purpose of this is to minimize year-to-year variability in model predictions.  At Memorial Academy Charter School, we only have data for one year and cannot ascertain whether this year is more or less dispersive than an average year.

2.2.3.2 Emissions – Microscale 

Over 100 pollutants are included in the microscale model analysis.  Of the list of pollutants available in the emissions inventory, only those pollutants that had a corresponding chronic health hazard index or a cancer unit risk factor in the OEHHA guidelines were included in the microscale modeling results.  The complete list of pollutants is shown in Table C2 in Appendix C.

Introduction

The boundaries of the Barrio Logan and Logan Heights communities are identified using maps from the San Diego Association of Governments (SANDAG) and through discussions with local community organizations.  These boundaries are used for identifying the emissions inventory for microscale modeling.  

[image: image10.wmf]The microscale inventory includes emissions from 

· Point Sources (e.g., major facilities), 

· Off-Road Sources (e.g., railroads, ships, and docks), and

· On-Road Sources (i.e., motor vehicles).

Two other categories of emissions are 

· Area Sources (e.g., dry cleaners and gasoline stations) and  

· Natural Emissions including Biogenics.  

The ARB’s California Emission Inventory Development and Reporting System (CEIDARS) database are used to track emissions, emission reductions, to judge the effectiveness of control technology applications statewide and to satisfy requirements for the Clean Air Act,

Point sources in CEIDARS include sources that emit 10 tons or more per year of criteria air pollutants.

Emissions from area sources (e.g., small facilities) are calculated en masse on a regional basis in the CEIDARS database.  For the microscale analysis in Barrio Logan some area source emissions have been identified individually and are included with the point sources inventory.  The remaining area sources and natural emissions inventory are included with the regional models. 

The micro-scale modeling domain for emissions inventory data includes an area approximately 15km by 15km.  A schematic map of the domain for the micro-scale inventory is shown in Figure 2.8.  In this figure locations of point and off-road emission sources are shown as circles.  The roadway links used for modeling on-road emissions are shown in Figure 2.9.  In this figure, model receptors (70x50 central gridded area on the map) are shown as dots, on-road links shown within the box area are used for micro-scale modeling, and point and off-road sources are shown as stars and squares.

Additional information on the above topics can be obtained at the following locations.

· CEIDARS database
www.arb.ca.gov/emisinv/district/database.htm

· On-road and off-road emissions
www.arb.ca.gov/msei/msei.htm


· Areawide emissions
www.arb.ca.gov/emisinv/areasrc/areameth.htm


· OEHHA/ARB Approved Risk Assessment Health Values
www.arb.ca.gov/toxics/healthval/healthval.htm
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Figure 2.8  Micro-scale Modeling Domain for Emissions
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Figure 2.9  Micro-scale Nested Modeling Domain – Receptor Field

A neighborhood-scale emissions inventory for microscale modeling is used that is comprised of the following elements:

· Point Sources

Within Barrio Logan, over 200 facilities were visited in order to verify activities and obtain physical parameters needed for the microscale modeling.  Fifty of the facilities were surveyed in detail to obtain product usage and process rate information.

· Off-Road Sources
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Off-road mobile source activity near Barrio Logan includes the airports of Lindbergh Field where commercial aircraft have approximately 74,000 operations per year.  The North Island Naval Air Station includes 51,000 operations per year with 21,000 touch and go operations per year.  North Island conducts flight training.  Additional off-road mobile sources include the railways where there are over three miles of track in Barrio Logan.  The shipping lane receives one to two ships per day.

· On-Road Sources

The on-road mobile source activity in Barrio Logan was determined using the regional transportation model from SANDAG.  DTIM and EMFAC2000 are used to produce gridded motor vehicle emissions.  Mobile sources account for most diesel PM, benzene, and formaldehyde emissions.

Summary of All Microscale Emissions

Table 2.6 shows a summary of emissions for the microscale modeling in the Barrio Logan domain.  Additional details on each source type are shown in the sections that follow.

Table 2.6 – Summary of Emission Inventory for Microscale Analysis

Pollutant
Point Sources (lbs/yr)
Off-Road Mobile (lbs/yr)
On-Road Mobile (lbs/yr)
Total

(lbs/yr)

Formaldehyde
20,567
109,750
10,400
140,717

Diesel PM
17,663
106,776
8,000
132,439

Acetaldehyde
478
33,841
2,000
36,319

Benzene
1,807
15,542
14,000
31,349

Acrolein
0
16,429
-
16,429

Lead
25
1,703
-
1,728

Arsenic
15
1,640
-
1,655

Cr(VI)
14
82
-
96

Footnotes: - means no data 

2.2.3.2.1 Point Sources – Including Some Traditional Area Sources
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The point source inventory developed in California is one of the most comprehensive in the United States because the Hot Spots program requires some smaller facilities such as dry cleaners and autobody shops as well as all major sources to report their emissions to local air districts and the ARB.  The methods used to enhance the point source inventory for Barrio Logan were presented to the 10th Annual Emission Inventory Conference (Smith, 2001) and are outlined below.

Point Sources in Barrio Logan 

To capture all relevant facilities in the Barrio Logan community, ARB staff used the CEIDARS point source database, information from the San Diego Air Pollution Control District (APCD) permit files, and a business license database from the Office of the Treasurer of the City of San Diego.  These databases are searched by zip code and roughly 1,500 businesses are identified.  This list is reduced to approximately 300 facilities by deleting businesses outside of the Barrio Logan and Logan Heights region, and by deleting businesses that are likely nonpolluting, such as service oriented businesses (accountants, health professions, law and insurance firms, certain retail operations, etc.).  Cleaning/maintenance operations and contracting/construction businesses headquartered in Barrio Logan are assumed to operate outside of the study community, and thus, are also deleted.  Approximately 200 facilities are visited to collect specific information on facility physical characteristics, types of on-site processes and activities, and assignment of standard industrial classification (SIC) codes. 

From the information collected during site visits, 38 facilities are excluded from the emission inventory because they are either out of business, outside of the study region, or are determined not to have significant on-site emissions.  Also, ARB staff were unable to contact 57 of the listed facilities.  Because the operation of those facilities could not be verified, they could not be further analyzed, and, thus, are not included in the inventory.  We believe that the exclusion of these facilities did not result in a serious underestimation of the emissions in the Barrio Logan community because these facilities are small and conducted types of activities that would not significantly impact the inventory.  The final Barrio Logan point source inventory included 205 facilities. 

Types of Point Sources 

Of the 205 facilities in the inventory, 38 are major source facilities, which had San Diego APCD permits and are also in the CEIDARS point source database.  Emissions data for these facilities are retrieved from the CEIDARS database and included in the inventory without further manipulation.  Emission from the thirty additional facilities that had San Diego APCD permits, but are not reported in CEIDARS, are quantified from information contained in the San Diego APCD permit files, such as process rates and product information.  In some cases, permit information is supplemented with specific data obtained from visits of the facilities.

Of the remaining 137 unpermitted facilities, two types are predominant:  autobody and auto repair (89 facilities) and welding and metal fabrication (24 facilities).  ARB staff visited 32 auto repair shops in the community, and developed emission inventory estimates for these facilities based on product usage data obtained during visits and the chemical composition of the products, which are obtained from MSDSs and ARB speciation profiles.  ARB staff also visited 18 welding and metal fabrication shops in Barrio Logan, and calculated inventories using a method similar to that used for auto repair shops.

Twenty-two unpermitted facilities did not fall into any of the above categories, but these facilities performed a number of emission-producing activities, such as wood finishing, engraving, and machine cleaning and repair.  Emissions for these facilities are calculated using permit threshold regulatory limits, speciation profiles, and information collected during site visits.

Point Source Diesel Particulate Matter (PM) Inventory for Barrio Logan

Emission data for diesel PM from facilities in the Barrio Logan community are limited.  Many of the major facilities in Barrio Logan report diesel PM emissions from stationary engines as a single total for the facility.  Therefore, the diesel PM emissions from engines are divided equally among all the engines at the facility.  In order to spatially allocate these emissions, the location of each stationary engine is determined by using data from health risk assessment reports submitted to the San Diego APCD.  Alternatively, if the risk assessment data are not available, all emissions from these sources are assumed to be emitted from a theoretic stack located at the center of the facility.  CEIDARS inventory data containing criteria emissions from diesel-powered compression ignition engines are reported in this inventory as diesel PM, while other diesel sources, such as boilers, are speciated using ARB profiles.

Smaller sources of diesel PM emissions such as on-road and off-road mobile sources operating at facilities are not included for the microscale inventory because of their portability and lack of data to spatially allocate these emissions.  Rather, these emissions are included in the regional inventory.  Sources of these types include:

· portable engines,

· truck idling and running emissions on-site,

· forklifts, and 

· transportation refrigeration units. 

Comparison of the Point Source Emission Inventory to the CEIDARS Database

The emission inventory obtained for the Barrio Logan community for point sources is shown in Table 2.5.  The vast majority of emissions of pollutants originated from the 38 facilities in the CEIDARS database.  Appendix B shows the distribution of inventories from various point sources.  

Conclusion – Local Point Sources

In this study, we found that only 38 facilities located in the Barrio Logan area are included in the CEIDARS point source database.  Using the technical approach developed for this work, we are able to develop emission inventories for an additional 167 facilities within just a three square mile area.  With few exceptions, these additional facilities did not greatly contribute to the emission inventory; the regional inventory derived from the CEIDARS database is sufficient to capture most air pollutants from stationary sources located in the Barrio Logan community.  Still, emissions from large point sources alone may not be adequate for a neighborhood scale assessment.  For example, when emissions of air toxics from small facilities are modeled, local areas of elevated exposure and associated health risk may be simulated, if the facilities are co-located in proximity to sensitive receptors.  These areas would remain undetected in the absence of a microscale analysis with an enhanced inventory.

Table 2.7 – Point Source Inventory in Barrio Logan

Pollutant
CAS
Emissions from Facilities in CEIDARS Database (38)

(lbs/yr)
Total Emissions (205)a

(lbs/yr)
% of CEIDARS in Total

Diesel PM
9901
16,475.0
17,675.6
93.2

Methanol
67561
2,117.3
2,683.5
78.9

Isopropyl Alcohol
67630
1,381,871.8
1,384,331.1
99.8

n-Butyl Alcohol
71363
164,180.7
164,712.0
99.7

Benzene
71432
1,677.0
1,791.1
93.6

Methylene Chloride
75092
24,478.6
24,500.8
99.9

Propylene Oxide
75569
22,716.4
22,716.4
100.0

Methyl Ethyl Ketone
78933
28,250.9
35,962.8
78.6

Trichloroethylene
79016
2,327.2
2,327.2
100.0

Naphthalene
91203
310.2
687.2
45.1

Ethyl Benzene
100414
6,861.7
7,226.4
95.0

Methyl Isobutyl Ketone
108101
16,227.2
17,036.7
95.2

Toluene
108883
7,918.0
19,073.5
41.5

Perchloroethylene
127184
1,411.1
2,055.8
68.6

Xylenes
1330207
48,954.1
53,351.8
91.8

Lead
7439921
19.8
22.8
86.9

Manganese
7439965
1,216.6
1,234.5
98.6

Nickel
7440020
185.0
187.4
98.7

Chlorine
7782505
528.9
529.0
100.0

Cr(VI)
18540299
15.8
16.5
95.6

a Number in parentheses represents the number of facilities.

2.2.3.2.2 Off-Road Emissions
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Off-road emissions include sources such as

· ships,

· trains,

· airports,

· forklifts,

· cranes, 

· off-road vehicles, and

· portable engines.

For this project, only certain selected off-road sources (i.e., ships, trains, commercial aircraft, and military aircraft) are included for microscale modeling.  The remaining sources for off-road emissions are included in the regional modeling.  

The selected off-road emissions are obtained directly from CEIDARS and are spatially allocated using information obtained from the SDAPCD.  The Port of San Diego marine logs are used to spatially allocate shipping emissions to each of three berthing locations and transit lines.  ARB’s speciation profiles are used to speciate emissions generated by each category.  Diesel PM emissions are not speciated and are instead quantified as total PM10.  

Diesel PM, emitted from forklifts, cranes, off-road vehicles, and portable engines at stationary source facilities are not included in the microscale analysis because data are not available for spatial allocation.  CARB quantifies these emissions using OFFROAD and spatial surrogates.  These emissions are included in the regional modeling.   

2.2.3.2.3 On-Road Emissions 
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On-Road emissions for microscale modeling in Barrio Logan are from motor vehicles and the emissions are based on hourly traffic volumes and emission factors.  The San Diego Association of Governments (SANDAG) provided the 1999 travel demand model results and traffic network for San Diego County.  The travel demand model does not provide separate miles traveled between cars and trucks.  Therefore regional assumptions are applied to the travel demand model results to estimate diesel truck miles traveled.  Total vehicle miles traveled in Barrio Logan is estimated as 898,292 [VMT/day] as compared to 70,036,699 [VMT/day] in San Diego County.  San Diego County is an area of 4260 square miles and contains 48,583 roadway links.  The Barrio Logan area is approximately 0.2% of the San Diego County area (7 square miles) and includes 991 road links.  

The emission factors for diesel exhaust and volatile organic compounds (VOC) are obtained from EMFAC2000 (version 2.02r) for calendar year 1999.  

Diesel PM Emissions

Diesel exhaust emission factors for PM10 obtained from EMFAC are a function of vehicle speed alone.  The default fleet is used for diesel exhaust emission factors in San Diego County.  The vehicle speed is obtained from DTIM for the AM peak (6-9am), PM peak (3-6pm), and off-peak hours.  The hourly traffic volume, together with the emission factors, is used to obtain the emission rates in grams per mile.  Diesel traffic is distributed hourly based on the hourly profile (Table 2.8) from a truck traffic count of the Long Beach Freeway (CARB 1998). 

Table 2.8 – Hourly Truck Traffic Profile (CARB 1998)

Hour
Profile
Hour
Profile
Hour
Profile

1 am
.10
9
.88
5
.40

2
.09
10
.85
6
.26

3
.11
11
1.0
7
.27

4
.18
noon
.80
8
.18

5
.29
1 pm
.89
9
.12

6
.39
2
.82
10
.10

7
.58
3
.82
11
.08

8
.80
4
.70
midnight
.07

The profile is for freeway truck traffic observed on the Long Beach Freeway one mile north of the San Diego Freeway interchange.  The data were gathered on December 7-8, 1993.  The peak one hour truck traffic count was 2280 trucks/hour.

VOC Emissions

VOC emission factors obtained from EMFAC are a function of 

· vehicle class, 

· relative humidity, 

· temperature, and 

· speed.  

The composite emission factors are based on the default fleet for San Diego County.  Monthly average relative humidity and ambient temperatures for each hour of the 24-hour day are used to estimate VOC emission factors from EMFAC.  For convenience, only the annual average values of relative humidity and temperature are presented in Table 2.9.  The vehicle speed and traffic loading are obtained from DTIM for the AM peak (6-9am), PM peak (3‑6pm), and off-peak hours.         

Table 2.9 – Annual Average Hourly  Relative Humidity and Temperture (C) – San Diego

Hour
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

RH %
73
73
74
74
74
73
73
71
67
63
60
57
56
56
57
58
60
63
67
69
71
72
72
73

T (C)
16
16
16
16
16
15
15
16
17
18
19
20
21
21
21
20
20
19
18
18
18
17
17
17

VOC emissions are summarized with the Impact Rate Summary module from Caltrans’ DTIM.  TOG speciation profiles for non-catalyst and catalyst gasoline fueled vehicles are used to obtain emission factors for TACs from VOCs.  The speciation profiles applied to identify pollutants are shown in Table 2.10.  These profiles are part of ARB’s organic gas speciation data.  These profiles are available at the following ARB web site.

http://www.arb.ca.gov/emisinv/speciate/speciate.htm
Table 2.10 – Weight Fractions of TOG for Specified Organic Chemicals (1999)

Pollutant
Non-Cat. Stabilized (Profile ID 401)
Catalyst Stabilized (Profile ID 438)

Formaldehyde
0.0312
0.0173

Acetaldehyde
0.0075
0.0025

1,3-butadiene
0.0083
0.0056

Benzene
0.0344
0.0268

Styrene
0.0013
0.0013

Toluene
0.0679
0.0599

Xylenes
0.0600
0.0499

Acrolein
0.0018
0.0014

MTBE

0.0186
0.0198

Profiles available at:  

http://www.arb.ca.gov/emisinv/speciate/speciate.htm.

A composite emission factor for gasoline vehicles and diesel fueled vehicles is estimated for each hour of the day and for each link for direct input to the CAL3QHCR air quality model. The CAL3QHCR model is a roadway model that accepts hourly meteorological data for a full year to estimate annual average concentrations. 

2.2.3.2.4 Emissions Inventory – Conclusions and Recommendations

The following conclusions were realized during the inventory development for local emissions in Barrio Logan.  These conclusions are focal points in the next neighborhood scale study, the Wilmington Air Quality Study.

1. Most point source emissions appeared to be generated by facilities already present in CEIDARS.  Smaller neighborhood source facilities appeared to contribute relatively little to the inventory as a whole.  

2. Exceptions are facilities such as a warehouse and a manufacturing facility, which both potentially emitted significant quantities of diesel PM and Cr(VI), respectively.  Facilities emitting these pollutants should receive additional review in future neighborhood assessments.  

3. This study did not assess the accuracy, comprehensiveness, and overall uncertainty in CEIDARS inventories.  Because CEIDARS facilities comprise a large proportion of point source inventories, overall uncertainty should be considered and quantified, at least for the highest mass/toxicity pollutants.  

4. Ships, rail, and other major off-road inventory sources are important contributors to community risk.  Spatial allocation and absolute inventories are important for these categories, and care should be used in developing inventories for microscale assessment.  

5. Travel demand models are fundamental for microscale link-based inventories.  The SANDAG model does not have an ability to distinguish cars from trucks; regional assumptions about the number of trucks on each link may not be adequate to assess diesel PM emissions in the community.  Travel demand model assumptions should be examined in greater detail and, where possible, site-specific information should be used.  

6. On-road exhaust emissions were the only on-road inventory category included in microscale modeling.  Future neighborhood assessments should also focus on evaporative emissions and resuspended roadway dust.  

2.2.3.3 Source Configurations

As a reminder Figure 2.10 shows the general location of Barrio Logan.  Some of the major features shown in Figure 2.10 are Lindbergh Field (commercial airport), North Island (military airport), and the shipping lane of the bay.  Also indicated in Figure 2.10 is the location of Memorial Academy Charter School where ambient monitoring was conducted for 18 months.
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Figure 2.10 – Barrio Logan

Hourly emission factors were used to scale emissions for time of day for each facility.  Weekday and weekend profiles are the same.  

CEIDARS Sources

Point sources that are in the CEIDARS database include UTM coordinates and stack conditions of the release points.  When available, the HRAs on-file from the facilities were reviewed to improve the data available from CEIDARS.  A few of the UTM coordinates did not represent the stack locations and where corrected.

Area Sources

ArcView GIS software is used to geolocate area sources that are included as point sources based upon the street address.  Data obtained from the site surveys are used to set the facility back from the street.  The facility locations were verified for those facilities with higher risks estimates.  Two facilities were relocated from the geolocation to a more representative UTM coordinate.  Release parameters for the area sources are estimated based upon the site surveys.

Railroad Emissions

The SDAPCD indicated that the switchyard does not have switching activities.  Therefore, only line haul emissions are allocated to the rail line.  The diesel exhaust emissions for the rail line are 5,621 lbs/yr.  Emissions are simulated as a series of volume sources.

Coronado Bridge Emissions

Diesel PM emissions from Coronado Bridge initially were included with the CAL3QHCR analysis.  Due to the significant impact of diesel PM impacts, the emissions from the bridge were modeled with ISCST3 instead as a series of volume sources.  The bridge maximum clearance is 217 feet (66.1 meters).  Diesel PM emissions from the bridge are placed at this height for the crest and gradually decreasing heights to ground level at the bridge on and off ramps for ISCST3.  TOG emissions from Coronado Bridge remain in CAL3QHCR analysis and are placed at ten meters above ground level.  Ten meters is the upper limit for CAL3QHCR inputs.  

Motor Vehicle Emissions

The motor vehicle emission sources are modeled as line sources.  Figure 2.11 shows the modeled roadway links superimposed on an aerial photograph of Barrio Logan.  These are the links used to simulate emissions from the roadways in the CAL3QHCR model.
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Figure 2.11 – Roadway Links in Barrio Logan

Airport Emissions

The airport emissions from two nearby airports are included in the microscale inventory for Barrio Logan modeling.  The two airports are Lindbergh Field (commercial airport) and North Island.  Airport emissions are allocated to four emission modes:  approach, climb out, takeoff, and taxi/idle.  In addition, emissions from the auxiliary power units (APU) are at the gate only.

The FAA defines LTO as an aircraft’s landing and takeoff (LTO) cycle.  One aircraft LTO is equivalent to two aircraft operations (one landing and one takeoff).  The standard LTO cycle begins when the aircraft crosses into the mixing zone as it approaches the airport on its descent from cruising altitude, lands and taxis to the gate.  The cycle continues as the aircraft taxis back out to the runway for takeoff and climbout as it heads out of the mixing zone and back up to cruising altitude.  The five specific operating modes in a standard LTO are:  approach, taxi/idle-in, taxi/idle-out, takeoff, and climbout.  Most aircraft go through this sequence during a complete standard operating cycle (FAA 1997a). 

For the purpose of allocating aircraft emissions, we distinguish four areas where emissions are released.  These locations are:  approach, taxi and idle, take off, and climbout.  In addition emissions from the APU’s are released from the gate only.  Emissions from the taxi/idle modes are uniformly distributed along the taxi ways to the gate.  

Emissions from the approach and take off are treated somewhat differently.  The FAA recommends the use of the Emission Dispersion Modeling System (EDMS) for modeling emissions from airports.  The EDMS is based on the standard Gaussian plume equation in many of EPA air dispersion models.  This is the same formulation as used in the ISCST3 and AERMOD.

The EDMS omits the emissions from the approach and climb out in the dispersion calculations.  We include these emissions in our analysis.  The approach is defined as the zone where the aircraft enters the mixing zone.  The climb out is defined as the zone up to where the aircraft exits the mixing zone.  As a default, the EDMS uses a mixing zone height of 3,000’ when the mixing zone is unknown (FAA 1997b).  

According to AirNav.com, the approach angle for Lindbergh Field in San Diego is 3.5 degrees.  With this type of approach angle and a mixing zone of 3,000’ we can calculate the horizontal distance over which emissions from the approach can be distributed, 14.95 kilometers.  We also assume the climb out angle from Lindbergh field is 3.5 degrees for lack of data.  In addition we assume the approach and climb out at North Island are similar to the approach and climb out at Lindbergh Field.

We use the approach of simulating the aircraft emissions in the various modes as a series of volume sources.  This approach is an approximation to the line source, however given the relatively large distances from the aircraft emissions to the Barrio Logan receptors, this approximation should result in negligible differences on the concentrations calculated at Barrio Logan receptors.

The volume source calculations from the aircraft emissions require initial dispersion to the Gaussian plume in the vertical and the horizontal.  The initial dispersion in the horizontal (Sigma Yo) is estimated as W/2.15 per the guidelines.  For approach, taxi, and climb out modes, we assume W to be the distance between volume source releases.  For idle emission modes such as at the gate, we assume W to be 30 meters.

The initial dispersion in the vertical (Sigma Zo) is estimated as H/2.15 for surface modes and as H/4.13 for elevated release modes.  In our case we assume H is 15 meters for surface modes such as taxi and idle.  For elevated modes such as approach and climb out, we assume H is 40 meters.

Normally we assume the flight path for the approach and the climb out from the airports are in line with the air strip.  However, it was pointed out to us that the climb out path of aircraft from North Island changes course to a due south direction (San Diego Air Pollution Control District in a meeting at the ARB).

2.2.3.3.1 Source Configuration – Conclusions and Recommendations

A large effort was made in Barrio Logan to gather source specific data for each source configuration.  Based on the experience gained while processing these data, the following conclusions were determined.

1. Source configuration data from the CEDAIRS database should always be screened for appropriateness prior to air quality modeling.  This includes the UTM coordinates of the stacks, stack gas temperature and velocity, and stack tip diameter.

2. Source configuration data for non-CEDAIRS facilities can usually be generalized based upon the type of activity (e.g., fugitive sources or paint booths) for the purpose of simulating the dispersion of multiple facitlities.

3. Exceptions to generalizing source configurations are source types that emit pollutants such as Cr(VI) and diesel PM because of the higher cancer potency of these emissions.  

4. Geocoding facility locations with default street setbacks for spatially allocating facilities are generally sufficient for non-CEIDARS facilities and receptor grid spacing larger than fifty meters.

3.0  Model Results

This section shows the results of the regional and microscale model simulations.  At this time the best approach for integrating regional and microscale model results is still under investigation.  Therefore, regional and microscale results are presented separately, where the regional model results are presented first.

3.1  Regional Modeling 

Regional modeling of over 30 toxic species using the SAPRC99 chemical mechanism for Barrio Logan was conducted with CALGRID and CMAQ.  CALGRID annual average calculations are based on simulating 365 days of emissions and meteorology.  CMAQ annual average calculations are based on simulating one month for each season (4 months total) of emissions and meteorology.  Some differences between model results may be due the choice of which months are used for simulations in CMAQ.  CAMx with the RTRAC module is not used since it was not made publicly available.  The list of toxics is shown in Appendix C.  Figure 2.2 shows the domain used for the regional modeling.

The emissions and meteorology inputs are discussed in previous sections of this report and in more detail in the regional modeling report (ARB, 2003). 

3.1.1 Regional Modeling Results

Figures 3.1 and 3.2 display the spatial distribution of the gridded annual average concentrations predicted by CALGRID and CMAQ during 1998 on selected the toxics for the domain.

Figure 3.1 – Comparison of predicted 1998 Annual Average Concentrations for 

a) 1,3-butadiene and b) benzene using CALGRID and CMAQ
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Figure 3.2 – Comparison of predicted 1998 Annual Average Concentrations for 

a) formaldehyde and b) PM Diesel Exhaust using CALGRID and CMAQ

Comparisons with Previous Studies

The Multiple Air Toxics Exposure Study (MATES II) was a monitoring and modeling program conducted by the South Coast Air Quality Management District  (SCAQMD).  For MATES-II about 30 pollutants were monitored from April 1, 1998 to March 31, 1999 at 10 sites located in South Coast air basin.  In addition to the field study, the Urban Airshed Model (UAM) was used to simulate the air quality for that study period.  

We compared the annual average toxics concentrations from CALGRID and CMAQ from our study with against the UAM predictions and annual average observations from the MATES-II program for selected species (an example is given in Figure 3.3).  The comparison was made directly with the UAM 2km x 2km grid cells and the CALGRID and CMAQ 4km x 4km grid cells (i.e., 2km x 2km grid cells were not averaged to 4km x 4km grid cells).  In general, good agreement with the MATES‑II model predictions is observed.  Good agreement is also found with other recent modeling studies in the MATES-II domain  (CRC, 2002).  The regional modeling report has more details (ARB, 2003b).

Figure 3.3 – Comparison of annual average toxic VOCs concentrations predicted by CALGRID and CMAQ in 1998 against UAM and observations during MATES-II field program (April 1, 1998 to March 31, 1999).
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3.1.2 Regional Modeling – Conclusions and Recommendations

1. Comparison of model predictions with 1998 observations from the ARB monitoring network indicate that, overall for all species, CMAQ under predicted by 38% and CALGRID over predicted by 17% the observed annual average concentrations for toxics VOCs.  Both models significantly under predict the PM species by more than 50%.

2. Comparison of observed and predicted annual average concentrations for 1998 at each site shows that, in general, CMAQ predicts lower annual concentrations than CALGRID.  CALGRID significantly over predicts toluene at most sites.  Predicted hexavalent chromium is below the limit of detection (LOD) at all sites.  PM diesel exhaust does not compare well with elemental carbon.

3. Some species were significantly under predicted by both models, like carbon tetrachloride, chloroform, ethylene chloride, and styrene.

4. There are significant variations on the model performance depending on the site and species.

5. Both models predict annual average VOC concentrations that, in general, vary by a factor of two (±50%) from observations for species such as benzene, toluene, acetaldehyde and formaldehyde.  These results are in agreement with other studies (CRC, 2000).  For 1,3-butadiene, CALGRID concentrations match observations within a factor of two at many sites, but CMAQ has only a few predictions in this range.  For other species, the models were not very successful in reproducing observations (i.e., styrene, dichloromethane, ethylene oxide, xylenes, and vinyl chloride).

6. The predicted annual average concentrations of PM species, in general, are lower than the observations at all monitoring sites.  

7. Model performance was site and species specific.  Overall, CMAQ appears to predict the annual concentrations for the domain a factor of two (i.e., ±50%) for most VOC species.  While CALGRID predictions were between ±50% of observations for only a limited number of VOC species.  Both models significantly under predict PM concentrations.

8. Our results appear in agreement with other studies that used the MATES-II data.

3.2  Microscale Modeling

The results that are presented in this section are for local emissions only.  That is, the regional background emissions are estimated separately with the regional grid model.  In addition, 

· the results of the microscale models are from primary emissions only (secondary reactions are not part of the simulation), 

· deposition of pollutants in the microscale analysis is not considered, and 

· risk is estimated through inhalation only (multipathway risk is not part of the analysis).

3.2.1 Microscale Model Results

Figure 3.4 shows the resultant risk from all local sources of emissions in Barrio Logan using ISCST3 for point sources and CAL3QHCR for mobile sources.  This figure includes sources such as diesel PM, benzene, hexavalent chromium, and others.  The regional background level is missing from Figure 3.4.

Figure 3.4 – Risk Summary all Local Emissions

Table 3.1 shows the observed risk at Memorial Academy Charter School and the estimated risk from the local emissions model analysis.  Since we do not have a method to measure diesel PM, the observed risk from diesel PM is not calculated.  As shown in Table 3.1, the observed risk from TACs is 210 per million.  The estimated risk for the same TACs from the microscale air quality model analysis is 37 per million.

For comparison purposes, the risk estimated from the regional modeling results are also shown in Table 3.1.  The estimated risk from non-diesel exhaust emissions is 320 per million.  This is 110 per million greater than the risk estimated from observations.  Most of the difference (110 per million) is due to 1,3-butadiene and benzene estimated risk.  The estimated overall risk including diesel exhaust is 990 per million from the regional model results.

Table 3.1 – Inhalation Risk (per Million) Estimates at Memorial Academy

TAC
Observed
Modeled Microscale (ISCST3/CAL3QHCR)
Modeled Regional (CALGRID)e



Point Sources
Motor Vehicles
Diesel Truck
Diesel Other
Microscale Total


diesel exhaust



27
107
134
670g

1,3-butadiene
88
3
5


8
110

benzene
74
1
4


5
130

formaldehyde
16
1
1


2
13

acetaldehyde
4
0
0


0a
8

perchloroethylene
3
0
c


0
19

nickel
1
0



0
1

methylene chloride
0
0



0
1

trichloroethylene
0
0



0
- d

Cr(VI)
<LODb
16



16
2

other
23
5



5
35

Total w/o diesel exhaust
210
27
10


37
320

Total w/diesel exhaust





170
990f

(a) 0 means less than 0.5 / million.

(b) Cr(VI) was observed on occasion but is generally below Level Of Detect (30/million).

(a) A blank cell means no calculation for this cell.

(b) CALGRID results for trichloroethylene are not available because it was lumped with trichloroethane.  This has been corrected for future regional model runs such as for Wilmington.

(c) (ARB 2003b)

(d) CMAQ simulations resulted in 640 per million risk for overall risk in the grid cell with Barrio Logan.

(e) CMAQ simulations resulted in 470 per million risk for diesel PM.  (LFW is changing this 670 to 690, if so, then change the rest of the numbers accordingly.  –Tony)

As a reminder Figure 3.5 shows an aerial view of Barrio Logan.  Local sources are plotted as dots on the map.  Individual facilities are modeled as point and volume sources in the micro-scale modeling.  The rail line is plotted as a series of volume sources.  The shipping lane is also plotted as a series of volume sources.  Memorial Academy Charter School is shown on the maps as a pentagon.  Appendix E contains a satellite view of Barrio Logan with all microscale sources plotted on the figure.

Figure 3.5 – Aerial View of Barrio Logan


Benzene

Benzene emissions are from many sources, including automobiles, in Barrio Logan.  Table 3.2 shows a summary of local benzene emissions by source in Barrio Logan.  Figure 3.6 shows the risk estimated from local benzene emissions.  The dispersion of the emissions are simulated with the CAL3QHCR and ISCST3 models.  CAL3QHCR is used to simulate roadway emissions and ISCST3 is to simulate the point source emissions.  The results of the two model simulations are superimposed and shown in Figure 3.6.  Appendix E shows results of other pollutants such as formaldehyde.

Table 3.2 – Summary of Benzene Sources near Barrio Logan

Source
Inventory (lbs/yr)

Motor Vehicle
14,000

ARCO tanks
170

Chevron tanks
290

Others
16,540

Total
31,000

Bold sources are visible in plot

Figure 3.6 – Benzene Risk, Local Emissions

Facility Specific HRAs

Emissions from single facilities are simulated with ISCST3 in order to compare our model results with those from the HRA completed by the facility for the AB2588 Hot Spots Program.  The two facilities selected for this comparison are Southwest Marine and NASSCO.  The comparison is made only for non-diesel TAC emissions since diesel PM was not identified as a TAC when the facilities conducted their risk assessments.

A cursory review of the risk estimated with our model simulations and the risk estimated by the facility HRA show that the estimated risks are similar between the two analyses for both facilities.  There are minor differences, which are likely due to differences in parameters such as meteorological data.  Meteorological data for the HRAs completed for AB2588 are from Lindbergh Field, where we used data from Memorial Academy Charter School.  Figures showing the estimated risk from Southwest Marine and NASSCO estimated with our ISCST3 simulation are available in Appendix E.

It was expected that the model results are similar between our analysis and the facility HRA analysis.  In order to have the most complete and up-to-date emissions and source configuration in our database, we obtained the facility HRAs where available.  The updated database was for the Barrio Logan modeling analysis only.  These updated emissions inventory are not updated in CEDAIRS.

Metal Plating and Cr(VI)

As discussed in Section 1.4, we conducted special monitoring for Cr(VI) for about five months in 2001/2002 near two metal plating facilities.  As shown in Table 1.3, the observed Cr(VI) for the five month average at the highest impacted monitor is 0.76 ng/m3.  The modeled annual average concentration from ISCST3 at this same location is 0.6 ng/m3 (90 per million inhalation risk).  In this case, the modeled concentration is similar to the observed value
.  Figure E6, in the Appendix E, shows the Cr(VI) concentration is localized and drops rapidly with distance from the source. 

Additional modeling (Isakov, 2003) for these sources show that additional data on activity can improve modeling estimates on shorter time scales.

3.2.2 Microscale Modeling – Conclusions and Recommendations

1. Diesel PM is the major contributor to estimated inhalation risk in Barrio Logan.  

2. The risk estimated at a facility is similar to the HRA risk estimated for the HOT Spots program.  This was expected because we included the HRA data in our database of emissions and source configuration for model input.

3. ISC/CALINE generally underpredicts observations at Memorial Academy Charter School.

4. Estimated risk from local emissions is highly localized dropping off rapidly within a few hundred meters.

5. Microscale model results only show the impact of local emissions.  These results should be added to contributions from outside the local neighborhood to obtain total risk.

6. Developing a microscale inventory for neighborhood scale modeling can be an iterative process.  After the first round of dispersion modeling, hot spots are realized where emissions may be overestimated.  Further inspection may be warranted to verify.

7. For further evaluations, one would need to evaluate off-road mobile emissions more closely including North Island and Lindbergh emissions, with special attention to hexavalent chromium.  Also diesel PM from ships and railroad needs closer inspection.

8. For further evaluations, simulations with AERMOD and CALPUFF could be completed once the above off-road mobile inventory is reconciled.

3.3  Integration of Microscale and Regional Model Results

Microscale results are representative of near field impacts on the order of meters, while the regional modeling results are impacts from far sources and regional sources on the order of kilometers.  Combining these results would ideally result in the total predicted concentrations and could be compared to observations.

Benzene 

Figure 3.7 shows the model predictions from regional and local scale modeling for benzene at Memorial Academy Charter School.  The regional CALGRID model results overpredict the observations at Memorial Academy Charter School.  In addition, the nearest toxic monitoring sites, Chula Vista and El Cajon also show lower observations than that predicted at Memorial Academy Charter School.  The local scale model results are small compared to the regional model results.  The motor vehicle component of benzene impacts for local scale modeling are greater than the point source component as seen with the CAL3QHCR results compared to the ISCST3 results.

Figure 3.7 – Benzene at Memorial Academy 

Year-to-Year Variability

As seen in Figure 3.7 and summarized in Table 3.3, regional model estimates are for 1998.  The microscale estimates are based on meteorological data for 2000 mostly and emissions for on-road mobile are for 1999.  Microscale emissions inventory for non-motor vehicle emissions (e.g., point sources) are basically reflective of 2000 because they are the best available at the time of the analysis.  Observations at Memorial Academy Charter School are for year 2000 mostly.  For Chula Vista and El Cajon observation data are for 1995 – 2000.  

Table 3.3 – Base Year Data for Modeling

Data
Regional Model
Microscale Model

Meteorological
1998
11/99 – 10/00

Emissions Inventory
1998
1999 motor vehicle,

2000a other

a) Microscale inventory for non-mobile source is the best available.  Since CEDAIRS data are in constant flux, the non-mobile emissions represent the year in which the data were queried.

As seen in Figure 3.7, the year-to-year variability of observation data at Chula Vista and El Cajon can be 40% to 50% over a five-year period for benzene.  This observational variability can be due to year-to-year meteorological conditions or to control measures.  For the modeled data, the year-to-year variability is not presented even though it can be significant based on the observation data shown in Figure 3.7.  To obtain the year-to-year variability in the model estimates would require five times the model runs for a five-year period in addition to the five databases required for the meteorological and emissions inventory data.  Since the Barrio Logan analysis is a pilot study, we determined that it would be prohibitive to make multiple production runs for the models.  

Double Counting

The regional modeling estimate is based on emissions from far away as well as emissions within the grid cell.  Double counting of emissions would result if we simply superimposed the model results from the local scale modeling with the model results from the regional scale modeling.  

We performed some sensitivity studies with the CALGRID model to determine if the air quality models are sensitive to the double counting of local scale emissions.  It was determined that in Barrio Logan, the regional model results are insensitive to double counting.  However, this is not the case in all areas.  For example, local scale emissions in Wilmington are contributors to the regional scale model results in Wilmington.  This will be discussed further in a future study on Wilmington air emissions.

For the sensitivity study, the CALGRID model was run twice.  The first model run was a standard run with all emissions included.  The second model run was simulated with zero emissions in the grid cell coincident with Barrio Logan.  The results of the two model runs showed a less than 1% difference between model simulations with and without local scale emissions.  Therefore, in the case of Barrio Logan, it may be possible to sum the local scale model results with the regional model results to obtain a combined result without observing the effect of double counting. 

Emissions from the Barrio Logan grid cell of the regional modeling represents a very low percentage of county-wide emissions.  Table 3.2 shows the emissions in San Diego County and the regional modeling grid-cell where Barrio Logan is located.

Table 3.2 – Regional Model Emissions for San Diego County and 

Barrio Logan Grid Cell for a Summer Weekday (1998)  

Species
San Diego County Emissions  

(kg/day)
Barrio Logan Cell Emissions

(kg/day)
Percent  of  County

CO
1,416,728
26,873  
1.9 %

NOx
174,181
3,938
2.3 %

1,3-butadiene
673.678
10.992
1.6 %

Benzene
4,452
79.265
1.8 %

p-dichlorobenzene
332.143
7.586
2.3 %

Perchloroethylene
4,134
68.251
1.7 %

Methylene dichloride
952.311
57.580
6.1 %

Carbon Tetrachloride
0.030
0
0.0 %

Styrene
211.120
2.811
1.3 %

Toluene
22,532
689.639
3.1 %

Trichloroehtylenea
3,838
9.305
0.2 %

Chloroform
0.243
0.003
1.2 %

MTBE
11,795
202.557
1.7 %

Xylenes
13,399
322.842
2.4 %

Ethylene oxide
19.213
0.091
0.5 %

Acrolein
212.464
2.259
1.1 %

o-dichlorobenzene
0.140
0.003
2.1 %

Ethylene chloride
2.649
0.029
1.1 %

Vinyl chloride
28.704
0.313
1.1 %

CR(VI)
0
0
0.0 %

PM Arsenic
19.683
0.059
0.3 %

PM Beryllium
0
0
0.0 %

PM Cadmium
6.876
0.098
1.4 %

PM Iron
7,198
140.771
2.0 %

PM Lead
147.864
2.280
1.5 %

PM Manganese
138.334
2.716
2.0 %

PM Mercury
5.127
0.050
1.0 %

PM Nickel
21.258
0.310
1.5 %

PM Zinc
153.695
2.270
1.5 %

PM Diesel Exhaust
4,177
111.677
2.7 %

VOCb
159,135
3,363
2.1 %

a) include trichloroethane (TCA) 

b) Alk1+Alk2+...+Alk5+Aro1+Aro2+Ole1+Ole2

Other sensitivity studies are conducted for Barrio Logan regional modeling.  Changing the boundary conditions has very small impact on annual average toxic concentrations.  Another sensitivity study is conducted on shortening the run time.  The annual average was simulated by two methods – a) running 12 months of simulation time, and b) running one month per season of simulation time.  The result of the shorter simulation time, four months, is about 10% higher risk than the 12-month average.

3.3.1 Integrated Model Results Conclusions and Recommendations

We have gained valuable experience in applying these modeling techniques to assess the combined risk from multiple sources in a neighborhood assessment.  Our next neighborhood assessment analysis is for Wilmington (in Los Angeles).  The following list of conclusions and recommendations may be applied in Wilmington for integrating model results.

1. Integrating regional and microscale model results should be carefully completed.  Double counting of regional and microscale emissions can lead to overestimation of risks.  In Barrio Logan, the models are not very sensitive to double counting.  This is not the case in Wilmington.

2. We recommend additional testing of methods for combining results from different types of air quality models (i.e., combining grid based model results with Gaussian based model results) for neighborhood assessments.  

3. The Wilmington protocol lists several possibilities for combining results of regional and microscale models.  These approaches are 

· running the regional model twice, with and without local scale emissions,

· running the regional model with tracer emissions, and 

· using a box model to estimate local scale contributions to subtract double counting.
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� Microscale and local scale both describe the emissions, and air quality modeling of emissions, that are generated from specific individual point sources.  Air quality models, such as ISCST3, are used to simulate the downwind dispersion of microscale emissions for receptors that are tens of meters to hundreds of meters from the source.





� Direct comparisons between observations and model estimates are not valid here because model results for the five-month observation period are not presented.
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