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1. Introduction

This document explains how the Santa Barbara County Air Pollution Control District (District) created
the DICE Screening Tool. This spreadsheet calculates conservative cancer risk and chronic non-cancer
risk values due to emissions from stationary diesel-fired internal combustion engines (DICE). This tool
was created to reduce the amount of time required to conduct health risk assessments (HRAs) for DICE
permits. The spreadsheet, DICE Screening Tool.xlsx, and the user guide, User Guide for DICE HRA
Screenings, are referenced in Section 5 of this document.

2. User Inputs

= “
Engine Data User Inputs
Meteolorogical Data Set
® Lompoc H Strest {3 Santa Barbara MNational Guard {3 Santa Barbara Airport
" Santa Maria Airport {1 Santa Ynez Airport {1 Vandenberg Airport

Dispersion Engine Rating: bhp

@ Rural
{} Urban

DPM Emission Factor: 015 |(g/bhp-hr

Permitted Hours: 50 hrfyr

Building Downwash

Distance from Source:

@ Mo Building Downmwash

Nearest Resident: 50 meters

{} Include Building Downwash
Nearest Worker: 20 meters

This section describes the user inputs for the DICE Screening Tool. Guidance is provided on how to
select or enter the appropriate user inputs, and default values are provided where possible.

2.1  Meteorological Data Set

Meteolorogical Data Set

@. Lompoc H Street {:} Santa Barbara Mational Guard {:} Santa Barbara Airport

{} Santa Maria Airport {} Santa Ynez Airport {} Vandenberg Airport
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The Meteorological Data Set option prompts the user to select which set of meteorological data best
represents the area where the engine is located. More information about these meteorological data sets is
available on the District’s Meteorological Data webpage referenced in Section 5 of this document. The
Meteorological Data Set radio buttons are linked to cell ES of the Model Results tab. Cell E§ will output
the number shown in Table 2.1 below based on the selected data set radio button. The Met Data Output
in cell E9 of the Model Results tab uses the information in the Lookup Tables tab in the Excel VLOOKUP
function to output the corresponding abbreviated meteorological data set name, as shown in Table 2.1.
The meteorological data option is used to identify the appropriate diesel particulate matter (DPM)
concentration in the Model Results tab, which is then used to calculate the risk results.

Table 2.1: Meteorological Data Sets in DICE Screening Tool

Data Set Name Number Abbreviated Name
Lompoc H Street 1 LompocHSt
Santa Barbara National Guard 2 SBNG
Santa Barbara Airport 3 SBA

Santa Maria Airport 4 SMX

Santa Ynez Airport 5 SQA
Vandenberg Airport 6 VBG

2.2 Dispersion

Dispersion

{®) Rural

{:} Urban

The Dispersion option prompts the user to select whether the engine is located in an urban or rural area.
Section 3.2 of the District’s Modeling Guidelines for Health Risk Assessments, referenced in

Section 5 of this document, explains how to determine if the urban or rural option should be used. A
discussion of the difference between urban and rural options in air dispersion modeling can be found in
Section 5.1 of the U.S. Environmental Protection Agency’s AERMOD Implementation Guide, referenced
in Section 5 of this document.

The urban and rural buttons in the Dispersion option are linked to cell E6 of the Model Results tab. Cell
E6 will output “1” if the rural button is selected, and it will output “2” if the urban button is selected. The
Excel function in the Dispersion Output in cell E7 of the Model Results tab will output either “R” for rural
or “U” for urban dispersion. The dispersion option is used to identify the appropriate DPM concentration
in the Model Results tab, which is then used to calculate the risk results.

2.3 Building Downwash

Building Downwash

@ Mo Building Downwash

4 Include Building Downwash
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The Building Downwash box prompts the user to select whether or not building downwash should be
included in the analysis. Building downwash occurs as air flows over and around buildings, impacting
the dispersion of pollutants from nearby stacks, and is explained in more detail in the U.S. Environmental
Protection Agency’s Guideline for Determination of Good Engineering Practice Stack Height (Technical
Support Document For the Stack Height Regulations), referenced in Section 5 of this document. The user
should select the “Include Building Downwash” button if there is a building near the engine or if it is
unclear whether a building is close and/or large enough to cause downwash effects. The “No Building
Downwash” button may be chosen only if the conditions of Equation 2.3-1 are true.

D = 5L (Equation 2.3-1)
where: D = shortest distance from the exhaust stack to the building
L= lesser of the following two values:

building height and projected building width (PBW)
PBW = maximum cross — sectional length of the building;
for rectangular buildings, PBW = /(length? + width?)

The Building Downwash radio buttons are linked to cell E4 of the Model Results tab. Cell E4 will output
“1” if the No Building Downwash button is selected and “2” if the Include Building Downwash button is
selected. The Building Downwash Output in cell ES will output “NoBDW” if building downwash is not
applied, and “BDW?” if building downwash is included in the model results. The building downwash
option is used in the DICE Calculations tab to identify the DPM concentration from the correct scenario
(i.e., with building downwash included or without), which is then used to the calculate the risk results.

2.4  Engine Rating

Engine Rating: hhp

The Engine Rating box prompts the user to enter the rating of the DICE in units of brake horsepower.
The Engine Rating Bin Output in cell E3 of the Model Results tab uses the information in the Lookup
Tables tab in the Excel VLOOKUP function to output the corresponding brake horsepower bin identifier,
as shown in Table 2.4 below. The brake horsepower bin is used to identify the appropriate DPM
concentration in the Model Results tab, which is then used to calculate the risk results. Note that cell C3
in the DICE Calculations tab is set equal to cell G15 in the U/ tab; the exact rating of the engine, not the
brake horsepower bin, is used to calculate the annual emissions of diesel PM.

Table 2.4: Engine Brake Horsepower Rating Bins in DICE Screening Tool

Engine Rating Range (bhp) Brake Horsepower
Minimum Maximum Bin Name
0 50 bhpl
51 100 bhp2
101 150 bhp3
151 175 bhp4
176 200 bhp5
201 275 bhp6
276 300 bhp7
301 400 bhp8
401 500 bhp9
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Engine Rating Range (bhp) Brake Horsepower
Minimum Maximum Bin Name

501 600 bhp10

601 750 bhpll

751 825 bhpl2

826 1150 bhp13

1151 1500 bhp14

1501 -- bhpl5

2.5 DPM Emission Factor

DPM Emission Factor: gfhhp-hr

The DPM Emission Factor box prompts the user to enter the DPM emission factor in grams per brake
horsepower per hour (g/bhp-hr). This emission factor should be equal to the PM emission factor used in
the permit. For new engines, this value is typically 0.15 g/bhp-hr based on CARB’s Airborne Toxic
Control Measure for Stationary Compression Ignition Engines, referenced in Section 5 of this document,
although the emission factor may be lower based on the manufacturer’s guarantee. For existing engines,
refer to the permit for the PM emission factor used in the emission calculations. Cell C4 in the DICE
Calculations tab is set equal to cell G17 in the Ul tab, the DPM emission factor. This emission factor is
used to calculate the annual emissions of diesel PM, which affects the risk calculations.

2.6  Permitted Hours

Permitted Hours: hrf‘rfr

The Permitted Hours box prompts the user to enter the maximum number of hours that the engine is
permitted to operate in a year for non-emergency purposes. The District typically permits new emergency
standby diesel engines to operate 50 hours per year for non-emergency purposes. Emergency usage of
diesel engines should not be evaluated in NSR or AB 2588 HRAs' or HRA screenings because such
usage is not routine and predictable. More information about the requirements for emissions to be
evaluated in HRAs can be found at the California Air Resources Board’s Overview of the Air Toxics “Hot
Spots” Information and Assessment Act webpage, referenced in Section 5 of this document. Cell C5 in
the DICE Calculations tab is set equal to cell G18 in the Ul tab, the maximum number of hours permitted
for non-emergency usage. The number of hours is used to calculate the annual emissions of diesel PM,
which affects the risk calculations.

2.7  Distance from Source

Distance from Source:

Nearest Resident: 50 meters

Nearest Worker: 20 meters

' HRAs and HRA screenings for CEQA evaluations may require emergency usage.
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The Distance from Source boxes prompt the user to enter the distance from the engine to the nearest
resident and nearest worker in units of meters. Typically, it is straightforward to approximate these
distances using the ruler tool in Google Earth. However, if it is not clear where the closest receptors are,
it may be helpful to consult a GIS expert to identify the nearest residential or commercial parcel. The
distance to the nearest resident should be measured from the location of the engine’s exhaust stack to the
nearest edge of the closest house, apartment building, college/boarding school dorm, K-12 school,
daycare or care facility, or hospital. The distance to the nearest worker should be measured from the
location of the engine’s exhaust stack to the nearest edge of the closest commercial building or outdoor
area where a worker could be located on a daily basis (i.e., agricultural field, golf course, park, etc.).
Usually, the nearest resident and worker are outside of the property boundary for the facility that
owns/operates the engine. However, there could be onsite residential receptors (e.g. dormitories on a
college campus, housing on a military base, etc.). In addition, onsite worker receptors must be evaluated
if the worker is not employed by or monetarily tied to the facility being evaluated (e.g. agricultural
workers on a field within an oil lease, employees of restaurants located on a military base, etc.).
Additional information about onsite receptors can be found in Section 3.9.8 of the District’s Modeling
Guidelines for Health Risk Assessments, referenced in Section 5 of this document. If the exact location of
the engine is unknown, enter a value of 0 for both the nearest resident and nearest worker. This will
prompt the spreadsheet tool to calculate the most conservative risk results for each type of risk.

Cell E11 in the Model Results tab is set equal to cell G21 in the UI tab (the distance from the engine stack
to the nearest resident), and cell F11 in the Model Results tab is set equal to cell G22 in the UI tab (the
distance from the engine stack to the nearest worker). Cells E15 and F15 in the Model Results tab use
MATCH functions to select the column in the DPM Concentrations tables that corresponds to the distance
to the closest resident and worker, respectively. If the distance falls between two of the distances shown
in the table, then the MATCH function chooses the smaller of the two distances (e.g., 14 falls between 10
and 15, so the MATCH function will choose the column associated with a distance of 10 meters). The
DICE Screening Tool rounds down the distance to be health protective. Section 3.2 of this document
discusses how the DPM concentrations in the Model Results tab were determined. These concentrations
are used to calculate the risk results.

For a refined HRA, the maximally exposed individual resident (MEIR) and maximally exposed individual
worker (MEIW) are determined by placing receptors at all residential and worker locations. In contrast,
for screening HRAs such as those conducted for this tool, the model creates a radial grid (i.e., concentric
circles of receptor rings at multiple distances from the source) and determines the maximum
concentration in each receptor ring. To ensure that the DICE Screening Tool is sufficiently health
protective, the maximum concentration must be used when the distance to the nearest resident or worker
is smaller than the distance to the location where the maximum concentration is predicted by the model.
For example, if the model predicts a DPM concentration of 0.1 ug/m® at a distance of 20 meters from the
source, and the nearest resident is located 10 meters from the source where a concentration of 0.05 pg/m’
is predict;ed, then the residential risks should be calculated using the maximum DPM concentration of
0.1 pg/m’.

The VLOOKUP formulas in cells N4 and N12 identify the distance at which the maximum DPM
concentration occurs for the selected engine size bin, dispersion option, and meteorological data set with
no building downwash applied and with building downwash, respectively. These distances are used in
the IF functions in cells L7, N7, L15 and N15 to output the maximum DPM concentration for the selected
inputs if the distance at which the maximum concentration occurs is greater than the distance to the
nearest resident/worker, or to output the DPM concentration as shown in the DPM Concentrations tables
using the MATCH functions described above.
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3. Development of the DICE Screening Tool

The District created the DICE Screening Tool using Microsoft Excel within the Microsoft 365 Suite. Air
dispersion modeling results were determined from running various scenarios in the Non-Vehicular Diesel
Engine Risk Assessment Screening Tool developed by the California Air Pollution Control Officer’s
Association (CAPCOA) and the California Air Resources Board (CARB); this tool incorporates the U.S.
Environmental Protection Agency’s AERMOD Version 21112 and the CARB’s Hotspots Analysis and
Reporting Program Version 2 (HARP 2) Air Dispersion Modeling and Risk Tool (ADMRT). As
explained in Section 3.3, the District used CARB’s HARP 2 Risk Assessment Standalone Tool (RAST)
Build 22118 to develop the risk calculations for the DICE Screening Tool.

3.1  Default DICE Stack Parameters

Default stack parameters for DICE were developed by the CAPCOA and CARB as described in

Section 5.1 and of their July 2024 Non-Vehicular Diesel Engine Risk Assessment Guidance, referenced in
Section 5 of this document. These default parameters, shown in Table D-2 of the aforementioned
document, are reproduced in Table 3.1 below, with one revision for the purposes of developing this tool,
as explained below.

CAPCOA/CARB’s July 2024 Non-Vehicular Diesel Engine Risk Assessment Guidance contains engine
sizes in bins going up to 4500 bhp and then one bin for all engines larger than 4500 bhp. Santa Barbara
County has very few stationary DICE greater than 1500 bhp; for this reason, all engines greater than
1500 bhp were grouped into one bin for the purposes of developing the DICE Screening Tool. The stack
parameters from each bin for engines larger than 1500 bhp in CARB/CAPCOA’s document were
averaged and are presented in the last row of Table 3.1.

Table 3.1: Default Stationary DICE Stack Parameters

Engine Size Stack Temp Stack Inner Release Height Exit Velocity
(bhp) (K) Diameter (m) (m) (m/s)
<50 813 0.06 2.1 47.1
51-100 797 0.07 2.4 56.9
101-150 755 0.09 2.4 53.0
151-175 795 0.10 2.4 46.9
176-200 761 0.10 2.9 55.5
201-275 780 0.11 3.0 56.4
276-300 789 0.13 3.0 57.4
301-400 780 0.13 3.0 63.9
401-500 770 0.15 3.1 59.4
501-600 786 0.15 3.4 69.8
601-750 764 0.20 3.7 57.8
751-825 755 0.20 3.7 55.8
826-1150 775 0.25 3.8 53.5
1151-1500 750 0.25 4.3 52.2
>1501 757 0.44 6.3 48.0

These default stack parameters were used in the modeling runs to develop the DICE Screening Tool as
described in Section 3.2 below. The CAPCOA and CARB Non-Vehicular Diesel Engine Risk Assessment
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Screening Tool allows the user to enter the type of stack configuration (i.e., vertical, capped or
horizontal). Horizontal stacks for DICE are uncommon in Santa Barbara County. Capped stacks are very
common for DICE, and yield more conservative modeling results than vertical stacks in the vast majority
of modeling exercises. For these reasons, the District used the capped option for all modeling runs in
developing the DICE Screening Tool.

3.2  Modeling Runs

The majority of time spent developing this tool was dedicated to setting up and running modeling
scenarios in CAPCOA/CARB’s Non-Vehicular Diesel Engine Risk Assessment Screening Tool. A model
run was needed for each combination of the fifteen engine brake-horsepower size bins, the six
meteorological data sets, and the urban/rural air dispersion options, which equals 180 runs with no
building downwash applied. In addition, various building configurations were modeled for the different
combinations of inputs in order to find a reasonable worst-case building downwash scenario for each of
the 180 combinations.

Table 3.2 below lists the inputs required in CAPCOA/CARB’s Non-Vehicular Diesel Engine Risk
Assessment Screening Tool and how these inputs were selected for the District’s model runs in creating
our DICE Screening Tool. As described in Section 3.3, when the risk is calculated, the engine-specific
data (i.e., the engine rating, DPM emission factor, and hours of operation) are used, not the defaults in
Table 3.2 below. See Section 3.3 for details about how the risk calculations account for different engine
ratings, DPM emission factors, and hours of operation.

Table 3.2: Model Inputs

Input Selection

Page 7

Inventory Year

N/A (blank)

Meteorological Data Files

Each of the six chosen data sets

Base Elevation (m)

See ourair.org/metdata

Dispersion Coefficients

Urban and rural

Urban Population

See Table 3.3 below

Engine Horsepower

See Table 3.1 above

Engine Load Factor (%) 100%

Engine Annual Usage 50 hr/yr
Diesel PM10 Emission Factor 0.15 g/bhp-hr
Diesel PM10 Emissions (Ib/yr) Calculated by the tool

Stack Orientation Capped

Stack Height (m)

Stack Internal Diameter (m)

Stack Exhaust Temperature (K)

Stack Exit Velocity (m/s)

See Table 3.1 above

Stack Exit Flow Rate (m?/s)

Used “Calculate” button in the tool;
based on diameter and velocity

Receptor Distances (m):
Resident and Worker

Not relevant because only results from
default grid were used

Receptor Grid

Use Default Grid Spacing

Risk Settings

Not relevant because risk results
calculated from this tool were not used
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For the urban dispersion option, the population was determined based on the typical area where the
selected meteorological data set would be applied. Table 3.3 shows the selected urban population, taken
from Section 3.2 of the District’s Form-15i, for each meteorological data set included in the tool.

The first step in the building downwash analysis consisted of running several initial building

Table 3.3: Urban Population

Meteorological Data Set

Selected Urban Population

Lompoc H Street 44,444
SB National Guard 88,665
Santa Barbara Airport 32,690
Santa Maria Airport 109,707
Santa Ynez Airport 6,126
Vandenberg Airport 44,444

configurations for a certain subset of the model input combinations. The purpose of this was to reduce
the number of model runs needed, balanced with the intent to find the worst-case building configuration
for each set of model inputs. To that end, three meteorological data sets were chosen to represent a range

of conditions:

The wind roses for the three selected sites are shown in Figures 3.1 through 3.3.
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Carpinteria has mostly low wind speeds and a low average wind speed, with one prevailing wind
direction (i.e., winds from the west-northwest)

Las Flores Canyon contains a large percentage of high wind speeds and a high average wind
speed, with two prevailing wind directions (i.e., winds from the northwest and south-southeast)

Santa Ynez Airport has the U* adjustment applied, more moderate wind speeds, and one
prevailing wind direction (i.e., winds from the west-southwest)

January 2026
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WIND ROSE PLOT. DISPLAY:

Carpinteria 2019-2023 Wind Speed
Direction (blowing from)

DATA PERIOD:

Start Date: 1/1/2019 - 00:00
End Date: 12/31/2023 - 23:59

TOTAL COUNT: CALM WINDS:

43822 hrs. 10.73%

AVG. WIND SPEED:

1.36 m/s
1
!
-
1
!
| WIND SPEED
1|_ ‘ . (mfs)
\ . . ! - . ; DATE:
" . . ! = K g O -1
" el | S Bl ss0-1110 10/28/2024
S N EER L ra Il so-s80
. \x: i ”,/' ’,,’ B ::0-s70
R . i e i 1 210-380 ] .
S R TP L [] oso-210 -:':p('(:\ A
A ! Lo Calms: 10.73%
! P
- ! -7
| SOUTH
S
WRPLOT View - Lakes Environmental Software
Figure 3.1: Carpinteria 2019-2023 Wind Rose
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WIND ROSE PLOT: DISPLAY:
Las Flores Canyon 2019-2023 Wind Speed
Direction (blowing from)
DATA PERIOD:
Start Date: 1/1/2019 - 00:00
End Date: 12/31/2023 - 23:59
TOTAL COUNT: CALM WINDS:
43817 hrs. 0.88%
AVG. WIND SPEED:
3.30 mis
WIND SPEED
(mis)
O -1 DATE:
- 8.80-11.10 10/28/2024
Il s0-&s80
Bl :c0-s70
[ 210-360 ey "
[ oso-210 apcd e
Calms: 0.88%
WRPLOT View - Lakes Environmental Software
Figure 3.2: Las Flores Canyon 2019-2023 Wind Rose
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WIND ROSE PLOT. DISPLAY:
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Figure 3.3: Santa Ynez Airport 2019-2023 Wind Rose

Three engine brake horsepower bins were selected for the same reason, to reduce the total number of
runs. Three bins were selected: the smallest range (<50 bhp), a range representative of the median engine
size in Santa Barbara County (301-400 bhp), and a range representative of the largest engines typically
permitted in Santa Barbara County (1151-1500 bhp).

Building downwash is applied in CAPCOA/CARB’s Non-Vehicular Diesel Engine Risk Assessment
Screening Tool using one of nine building positions relative to the stack, the distance from the building to
the stack, building height, X dimension and Y dimension, as shown in Figure 3.4 below.
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w DICE Tool v23312 - x

File  GeTo

Building Information

Building Position Relative to Stack:

Buidling Distance to Stack (m): l:l
Building Height {m): l:l

Building X Dimension {m}):

Il

Building Y Dimensian (m):

Convert Previous

Figure 3.4: Building Information
For the three meteorological data sets and three engine brake horsepower bins previously described,
model runs were completed with buildings in position 5, zero meters distance to the stack, with the

configurations shown in Table 3.4 below.

Table 3.4: Initial Building Configurations for Building Position 5

Building Building X Building Y
Height (m) | Dimension (m) | Dimension (m)
3 3 3
3 6 6
3 9 9
6 6 6
6 9 9

Model runs were also conducted for the same meteorological data sets and engine bins with each of the
remaining eight building positions (i.e., 1 through 4 and 6 through 9) with the configurations shown in
Table 3.5 below.
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Table 3.5: Initial Building Configurations for Other Building Positions

Building Distance Building Building X Building Y
to Stack (m) Height (m) | Dimension (m) | Dimension (m)

3 3 3 3
3 3

3 3 9 9
6 3 3 3
6 3 6 6
6 3 9 9
3 6 6 6
3 6 9 9
3 9 9 9
6 6 6 6
6 6 9 9
6 9 9 9

All of these initial building configurations were run for the selected meteorological data sets and engine
bins using the rural dispersion option. For each combination of meteorological data and engine bin, all
building configurations with a maximum concentration greater than or equal to half the maximum for all
configurations were identified. Then, model runs were completed for the same meteorological data and
engine bin for those building configurations with at least half the maximum concentration.

The data from these initial building configurations resulted in the following conclusions for the final runs:

Maximum concentrations are not extremely different for different meteorological data sets.
Furthermore, the Carpinteria, Ellwood, Goleta, Las Flores Canyon, and Paradise Road stations are not
commonly used due to the unique meteorological conditions at these sites and the low number of
engines located in areas represented by these sites. Because the Lompoc H Street, SB National
Guard, Santa Barbara Airport, Santa Maria Airport, Santa Ynez Airport, and Vandenberg Airport
stations provide sufficient coverage for Santa Barbara County, only these six meteorological data sets
were included in the tool.

The maximum concentration for the urban dispersion option almost always occurred with the same
building configuration that resulted in the maximum concentration for the rural dispersion option.
When this was not the case, the maximum concentration for the urban dispersion option was only
slightly higher than the concentration from the urban run with the building configuration that resulted
in the maximum concentration for the rural dispersion option. For this reason, the District did not
perform any further sensitivity analyses for the urban dispersion option; the building configuration
resulting in the maximum concentration for the rural dispersion option for each meteorological data
set and engine bin was used for the urban dispersion option.

Building configurations that resulted in the maximum concentrations varied greatly, but none of them
involved the building position 5 nor a building with 3-meter X or Y dimensions. Therefore, these
building configurations were not included in the final building downwash model runs.

The building configurations included in the final downwash model runs for the rural dispersion option are
shown in Table 3.6 below. These configurations were modeled for each of the building positions 1
through 4 and 6 through 9.
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Table 3.6: Final Building Configurations

Building Distance Building Building X Building Y
to Stack (m) Height (m) | Dimension (m) | Dimension (m)

3 3 6 6
3 3

6 3 6 6
6 3 9 9
3 6 6 6
3 6 9 9
3 9 9 9
6 6 6 6
6 6 9 9
6 9 9 9

The Model Results tab of the DICE Screening Tool contains the modeled DPM concentrations for all runs
with no building downwash in rows 21 through 200. Rows 206 through 385 contain the modeled DPM
concentrations from the runs with building downwash applied. The selected building configurations vary
among the meteorological data sets and engine size bins; the configuration for each combination was
chosen based on the maximum modeled concentration for the rural dispersion option, and the same
configuration was applied to the urban dispersion option for the same combination of meteorological data
set and engine size bin.

3.3  Risk Calculations

The risk is calculated based on the DPM concentrations from the Model Results tab. The annual
emissions of DPM in units of pounds per year are calculated in cell C7 in the DICE Calculations tab in
the DICE Screening Tool; Equation 3.3-1 shows how these emissions are calculated. All the information
required to calculate the emissions is entered by the user in the Ul tab of the DICE Screening Tool.

Eppy = (EFppy * BHP * H gnpya1) /€ (Eq. 3.3-1)

where: Eppy = average annual emission rate of DPM (Ib/yr)
EFppy=DPM emission factor (g/bhp-hr)
BHP = engine rating (bhp)
Hnnua = hours of operation for non-emergency use (hr/yr)
C = conversion factor from g to 1b (453.592 g/1b)

The CAPCOA and CARB Non-Vehicular Diesel Engine Risk Assessment Screening Tool output files
include the calculated DPM concentrations, cancer risks, and chronic HIs at each receptor distance based
on the user inputs. Because the District developed this tool for each of the fifteen engine brake
horsepower rating bins, the DPM concentrations must be scaled based on the parameters entered into the
tool that impact the DPM emissions (i.e., the engine rating, DPM emission factor, and hours of
operation). As explained in Section 2.3, cells C9 and C10 in the DICE Calculations tab display the DPM
concentrations at the MEIR and MEIW, respectively, from the model runs performed for developing this
tool. Cells C11 and C12 display the scaled DPM concentrations to be used for the risk calculations. As
the model runs used the median engine rating for each bin, DPM emission factor of 0.15 g/bhp-hr and
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assumption that the engine operates 50 hours per year, the concentrations must be scaled accordingly
before the risks are calculated, as shown in Equation 3.3-2.

— BHP EFppym Hannual
Cppm,scated = CppMmodel * * * (Eq. 3.3-2)
BHPodel

EFDPM,model Hannualmodel

where: Cppuscatea = scaled DPM concentration (pg/m?)
Cprymode = DPM concentration from the model run (ug/m?)
BHP = engine rating (bhp)
BHP 40 = engine rating used in the model (bhp)'
EFppy=DPM emission factor (g/bhp-hr)
EFppymode = DPM emission factor used in the model (0.15 g/bhp-hr)
Hapnua = hours of operation for non-emergency use (hr/yr)

Hunnuat.moder = hours of operation used in the model (50 hr/yr)

HARP 2 RAST was used to determine residential and worker cancer risk factors, which are defined in the
subsequent paragraphs. Because diesel PM is not a multipathway pollutant, only the inhalation pathway
was evaluated. For the residential cancer risk, the following options were selected: Individual Resident
receptor type, 30-year exposure and the intake rate from the RMP using the Derived Method. The
fraction of time at home option for ages greater than 16 years was applied. For the worker cancer risk, the
following options were selected: Worker receptor type, 25-year exposure and intake rate from the
OEHHA Derived Method. A worker adjustment factor of 4.2 and the default worker exposure frequency
of 250 days/year were applied. Equations 3.3-3 and 3.3-4 show how the worker adjustment factor was
calculated. Operations of one hour per day and one day per week are assumed based on typical engine
maintenance and testing.

WAF = Hyesidential * Dy esidential «* DF (Eq. 3.3_3)

Hsource Dsource

where: WAF = the worker adjustment factor for cancer risk

Hesidgentias = the number of hours per day on which the long-term residential
concentration is based = 24 hours

Hjource = the number of hours per day that the source operates = 1 hour

D esidentia = the number of days per week on which the long-term residential
concentration is based = 7 days

Dyource = the number of days per week that the source operates = 1 day

DF = the discount factor = 0.025; see equation below

! The engine rating used in the model for each size bin is listed in column D of the second table in the Lookup
Tables tab of the DICE Screening Tool.
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DF — Hcoincident % Dcoincident (Eq. 3.3-4)

Hyorker Dworker

where: DF = the discount factor

H_oincizen: = the number of hours per day that the offsite worker’s schedule and the
source’s emission schedule overlap = 1 hour

H,orker = the number of hours per day that the offsite worker works = 8 hours

Deoincizen: = the number of days per week that the offsite worker’s schedule and
the source’s emission schedule overlap = 1 day

Dyvorker = the number of days per week that the offsite worker works = 5 days

Risk factors were calculated by dividing the risk result by the annual DPM concentration entered into the
RAST program. For a concentration of 1 ug/m’, the residential cancer risk result is 744.29 in a million,
and the worker cancer risk result is 259.93 in a million. These values are used in the DICE Calculations
tab of the DICE Screening Tool to calculate the cancer risk at the MEIR and MEIW, in cells C19 and
C20, respectively; the formulas are shown below in Equations 3.3-5 and 3.3-6.

where:

where:

CRyesident = CopmMEIR * Fresident (Eq. 3.3-5)

CResiden: = residential cancer risk (in a million)
Cppu v = scaled DPM concentration at the MEIR (ug/m?)

Fresizens = residential cancer risk factor = 744.29 (unitless)

CRyorker = Copmmeiw * Fworker (Eq. 3.3-6)

CR\vorker = Worker cancer risk (in a million)
Cpprymem = scaled DPM concentration at the MEIW (ug/m®)

Forker = worker cancer risk factor =259.93 (unitless)

Chronic non-cancer risk is expressed as a hazard index (HI), which is calculated by summing the hazard
quotients (HQs) for each toxic pollutant. A pollutant’s HQ is equal to the concentration of the pollutant
divided by the reference exposure level (REL) for that pollutant. RELs for toxic air contaminants are
determined by the Office of Health Hazard Assessment (OEHHA); more information on RELs can be
found at OEHHA’s OFHHA Acute, 8-hour and Chronic Reference Exposure Level (REL) Summary
webpage, referenced in Section 5 of this document. Because DPM is the only pollutant evaluated for
chronic non-cancer risk from a DICE, the HI is equal to the DPM HQ. The chronic HI at the MEIR and
at the MEIW are calculated in cells C21 and C22, respectively, in the DICE Calculations tab; the
formulas are shown below in Equations 3.3-7 and 3.3-8.

where:
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Chronic Hl . ogj4on: = / RELppy chronic (Eq. 3.3-7)
Chronic Hlyesigens = residential chronic HI (unitless)
Cppumer = scaled DPM concentration at the MEIR (ug/m?)
RELppaschronic = chronic REL for DPM (5.0 pg/m?)
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. c
Chronic Hl,yypor = DPM'ME’W/ RELppycrsonie (Eq. 3.3-8)

where: Chronic Hl,orker = Wworker chronic HI (unitless)
Copumeny = scaled DPM concentration at the MEIW (ug/m?)
RELppyt chronic = chronic REL for DPM (5.0 ug/m?)

3.4  Programming Details

The DICE Screening Tool was created using Microsoft Excel in Microsoft 365. The UI tab was created
to display all the information a permit engineer would need to complete a DICE HRA screening in a user-
friendly interface. First, radio buttons were created for the meteorological data set, dispersion, and
building downwash options using the Developer tab at the top of the Excel window. Under the Insert
drop-down list, “Group Box (Form Control)” was selected and three boxes were drawn for each of the
user input options. Right-clicking on the box and selecting “Edit Text” allows the user to edit the header
of the group box. Then, the necessary radio buttons were created by selecting “Option Button (Form
Control)” under the Insert drop-down list. The radio buttons were grouped into the appropriate group
boxes and the text was edited in the same manner as the group boxes.

In order to pull data from the selected radio buttons, the buttons must be linked to a cell in Excel. This
can be accomplished by right-clicking on the button, selecting “Format Control” and linking a cell in the
Control tab of the Format Control pop-up window. Once a cell is linked for one radio button, all of the
radio buttons in the same group box will be automatically linked to the same cell. Using this
methodology, each button was linked to the Model Results tab: the meteorological data set buttons were
linked to cell E8, the dispersion buttons were linked to cell E6, and the building downwash buttons were
linked to cell E4. The meteorological data set, dispersion and building downwash outputs are discussed
in Sections 2.1 through 2.3 of this document.

The Engine Rating, DPM Emission Factor, Permitted Hours and Distance from Source boxes do not use
radio buttons; the user is required to enter a numerical value in these boxes. The outputs calculated based
on the user inputs for these boxes are explained in Sections 2.4 through 2.7 of this document.

The DICE screening health risk outputs shown in blue at the bottom of the Ul tab are based on data in the
DICE Calculations tab. IF functions are used to display the cancer and chronic non-cancer risk results at
either the MEIR or MEIW, whichever has a higher risk result as displayed in cells C19 through C22 of
the DICE Calculations tab. IF functions are also used to display only one significant figure after the
decimal point for each type of risk; if the risk is below 0.1, “<0.1 is displayed.

The Lookup Tables tab contains the data necessary for the VLOOKUP functions used for the
meteorological data set and engine bin size outputs in the Model Results tab, as explained Sections 2.1
and 2.4 of this document.

The DICE Calculations tab calculates the engine emissions and resulting risk values. Cells C3, C4 and
C5 are equal to the user inputs from the Ul tab for the engine size, diesel PM emission factor and
permitted hours. Annual diesel PM emissions are calculated in cell C7 using the formula in Equation
3.3-1 of this document. The determination of the DPM concentration outputs for the MEIR and MEIW
shown in cells L7, N7, L15 and N15 in the Model Results tab are explained in Section 2.7 of this
document. In the DICE Calculations tab, the DPM concentrations shown in cells C9 and C10 correspond
to the concentrations determined in the Model Results tab. The IF functions in these cells output the
concentrations with no building downwash applied if the user has selected that option, and output the
concentrations with building downwash applied if the user has selected that option. These concentrations
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are scaled in cells C11 and C12 in the DICE Calculations tab using the formulas described in Equation
3.3-2. The cancer risk results are calculated in cells C19 and C20 using the formulas described in
Equations 3.3-5 and 3.3-6, respectively. The chronic non-cancer risk results are calculated in cells C21
and C22 using the formulas described in Equations 3.3-7 and 3.3-8, respectively.

If OEHHA publishes a revised cancer risk value or chronic REL for diesel PM in the future, the tool must
be updated. The risk analysis would need to be re-run in the RAST program to determine the new
residential and worker cancer risk factors if the diesel PM cancer risk value was revised. The chronic
REL for diesel PM, shown in cell C16 in the DICE Calculations tab, would need to be updated if the REL
was revised. Furthermore, if 8-hour chronic and/or acute RELs are published for diesel PM, the tool
would need to be revised to include calculations of 8-hour chronic and acute non-cancer risks.

4. Revising the Tool for Other Districts’ Use

This section outlines how another air district could create their own district-specific DICE Screening Tool
based on our District’s spreadsheet.

4.1 Creating Data

The air district should create the same types of data as our District in order to create a DICE Screening
Tool: concentrations from a modeling program based on various scenarios and building configurations,
and risk calculation formulas. The District recommends using CAPCOA/CARB’s Non-Vehicular Diesel
Engine Risk Assessment Screening Tool with the built-in default stack parameters, but other stack
parameters and modeling programs (such as AERSCREEN and the HARP 2 RAST module) may be used.

Next, the air district should conduct their own modeling runs using default stack parameters, their
meteorological data sets and the modeling options that they use for health risk assessments, as described
in Section 3.2 of this document. The air district should conduct their own runs to determine the most
conservative building options for each scenario.

The risk should be calculated in a similar way to the methodology described in Section 3.3 of this
document. This involves determining appropriate emission factors for DICE and performing residential
and worker cancer risk analyses in the RAST program. The air district would need to determine their
own residential and worker cancer risk factors if they do not want to use the same risk analysis
assumptions as our District, described in Section 3.3 of this document.

4.2  Editing Our District’s Spreadsheet

After the air district has obtained the necessary data required to create their own spreadsheet tool, they
can follow the procedure described in Section 3.4 of this document to create a new spreadsheet, or edit
our District’s existing spreadsheet'. This section describes how an air district may need to edit the
existing spreadsheet to create their own DICE Screening Tool.

In the UI tab, an air district may need to change the risk significance thresholds in green, in the case that
the air district’s thresholds differ from our District’s. The meteorological data set radio buttons, as well
as the information in the Lookup Tables tab related to the meteorological data, will have to be modified

for the data sets used in that air district. Ensure that cell E9 of the Mode! Results tab outputs the correct
meteorological data set abbreviation based on the selected radio button.

V'If an air district would like to edit our District’s DICE Screening Tool to create their own tool, please contact the
District for an unprotected version of the spreadsheet.
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In cell E3 of the Model Results tab, a formula is used to output the appropriate engine size bin. This
formula, as well as the associated table of engine size data in the Lookup Tables tab, may need to be
edited depending on how the air district determined and aggregated their DICE stack parameter data.

In the Model Results tab, the data in the tables “DPM Concentrations With No Building Downwash” and
“DPM Concentrations With Building Downwash” should be erased, and the air district should fill in the
tables with the data from their modeling runs. Ensure that the formulas in column B output the correct
results to match with the information in the Engine Data Outputs table at the top of this tab.

If the air district wants to use the same assumptions as our District for the risk calculations, no data in the
DICE Calculations tab needs to be changed. However, if the air district performed their own risk analysis
with different assumptions using the RAST program, the residential and worker cancer risk factors in
cells C14 and C15 will need to be changed (see Section 3.3). Additionally, if the air district calculates
speciated diesel exhaust pollutant emissions, formulas for calculating the acute non-cancer risk will need
to be added.
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6. Contacts

For questions on the DICE Screening Tool, contact the District at:

Phone: 805-961-8800
Email: toxics@sbcapcd.org

For questions on HARP 2, contact CARB at:

Phone: 916-322-1617
Email: harp@arb.ca.gov
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