




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































http://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en


http://www.caleemod.com/
http://epa.gov/ttnchie1/ap42/






http://www.baaqmd.gov/~/media/files/planning-and-research/rules-and-regs/workshops/2016/reg-2-5/hra-guidelines_clean_jan_2016-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/files/planning-and-research/rules-and-regs/workshops/2016/reg-2-5/hra-guidelines_clean_jan_2016-pdf.pdf?la=en




















































http://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en




http://www.baaqmd.gov/~/media/dotgov/files/rules/regulation-2-rule-1/documents/20171206_fr_0201-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/dotgov/files/rules/regulation-2-rule-1/documents/20171206_fr_0201-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/dotgov/files/rules/reg-2-rule-5-new-source-review-of-toxic-air-contaminants/documents/rg0205_120716-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/dotgov/files/rules/reg-2-rule-5-new-source-review-of-toxic-air-contaminants/documents/rg0205_120716-pdf.pdf?la=en












http://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en


https://weta.sanfranciscobayferry.com/sites/default/files/weta/currentprojects/DFTX/files/DTFXDraftEIREIS/WETA%20DFTX%20Draft%20EIS%20EIR%20June%202013.pdf
https://weta.sanfranciscobayferry.com/sites/default/files/weta/currentprojects/DFTX/files/DTFXDraftEIREIS/WETA%20DFTX%20Draft%20EIS%20EIR%20June%202013.pdf
https://ww2.arb.ca.gov/resources/documents/non-road-diesel-engine-certification-tier-chart
https://ww2.arb.ca.gov/resources/documents/non-road-diesel-engine-certification-tier-chart
https://weta.sanfranciscobayferry.com/publications


http://www.baaqmd.gov/~/media/files/planning-and-research/rules-and-regs/workshops/2016/reg-2-5/hra-guidelines_clean_jan_2016-pdf.pdf?la=en
http://www.baaqmd.gov/~/media/files/planning-and-research/rules-and-regs/workshops/2016/reg-2-5/hra-guidelines_clean_jan_2016-pdf.pdf?la=en
































 

FRIANT RANCH EVALUATION 
 

  









































































Point Molate
Appendix B
PGM Inputs, Outputs, and Assumptions

9

The metrics relevant to the ozone health effects selected in this study are consistent with the ozone
NAAQS (see Appendix C). The model provides hourly concentrations that are further post-processed
to produce maximum daily average 8-hour (MDA8) ozone concentrations for each day. Figure 2-3
displays spatial plots of the annual average MDA8 ozone for the 2035 emissions scenario and the
corresponding annual average MDA8 increases due to the Projects emissions. In the 2035 base case
emissions scenario, modeling results show a gradient with lower MDA8 concentrations in the range of
30 to 40 ppb in the western side of the domain and larger concentrations in the range of 45 to 50 ppb
in the eastern side of the domain with the largest concentrations of 53 ppb in San Bernardino County.
Concentrations in the central valley range between 40 to 45 ppb. MDA8 ozone concentrations in
counties around the Bay area are generally low and range between 30 to 37.5 ppb. The maximum
impact to the annual average MDA8 ozone concentrations due to the Project is 0.007 ppb and occurs
in western Contra Costa County where it represents only a 0.02 percent increase over the base case
concentrations.

Figure 2-4 displays MDA8 ozone for the base case and increases in MDA8 ozone due to the project on
October 2d, the day that the Project has the highest ozone contribution for the entire modeling year.
The highest MDA8 ozone contribution due to the Project is 0.051 ppb (Figure 2-4, right) and occurs
west of Contra Costa County where it represents a 0.08 percent increase over the base case
concentrations on that day.

Figure 2-3. Annual Average MDA8 Ozone Concentrations from the Base Case Scenario
(left) and Increases in Annual Average MDA8 Ozone Concentrations due to the
Project (right) for the Annual Modeling of the 2035 Emissions Scenario
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Figure 2-4. MDA8 Ozone Concentrations from the Base Case Scenario (left) and Increases
in MDA8 Ozone Concentrations due to the Project (right) on October 2, the Day
with the Highest Project Ozone Contributions for the Annual Modeling of the
2035 Emissions Scenario
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1. HEALTH EFFECTS ANALYSIS

The potential health effects of ozone and particulate matter less than 2.5 microns in diameter (PM2.5)
concentrations due to the Project’s emissions were estimated using the Environmental Benefits
Mapping and Analysis Program (BenMAP), Community Edition v1.5 (March 2019).1 BenMAP, originally
developed by the United States Environmental Protection Agency (USEPA), is a powerful and flexible
tool that helps users estimate human health effects and economic benefits resulted from changes in
air quality. BenMAP outputs include PM- and ozone-related health endpoints such as premature
mortality, hospital admissions, and emergency room visits. BenMAP uses the following simplified
formula to relate changes in ambient air pollution to certain health endpoints (USEPA, 2018)2:

Health Effect = Air Quality Change ´ Health Effect Estimate ´ Exposed Population ´ Background Health
Incidence

· Air Quality Change - The difference between the starting air pollution level (the base) and the air
pollution level after some change, such as a new source.

· Health Effect Estimate - An estimate of the percentage change in an adverse health effect due to a
one unit change in ambient air pollution. Effect estimates, also referred to as concentration-
response (C-R) functions, are obtained from epidemiological studies.

· Exposed Population - The number of people affected by the air quality change. The government
census office is a good source for this information. This analysis uses data from PopGrid, which is
an add-on program to BenMAP that allocates the block-level U.S. Census population to a user-
defined grid.3

· Background Health Incidence - An estimate of the average number of people that die (or suffer
from some adverse health effect) in a given population over a given period of time. For example,
the health incidence rate might be the probability that a person will die in a given year. Health
incidence rates and other health data are typically collected by the government as well as the
World Health Organization.

The health endpoints analyzed in this study and the BenMAP results are presented in Section 2 of this
appendix.

2. HEALTH EFFECTS ANALYSIS RESULTS

This section presents the health outcome of the Project emissions on the population in the Northern
California model domain, estimated by the BenMAP model. The Comprehensive Air Quality Model with
extensions (CAMx) modeling results (Appendix B) are processed to generate aggregated daily
averages PM2.5 and maximum daily 8-hour ozone appropriate for various health endpoints. The CAMx
simulation results from the full year (January to December) are used to estimate the health effects of
PM2.5 and ozone. BenMAP translates increases in the pollutant concentration due to the Project
emissions to changes in the incidence rate for each health effect using a C-R function derived from
previously published epidemiological studies. BenMAP often provides multiple C-R functions based on

1 http://www.epa.gov/air/benmap/
2 The common function used for calculating health effects is the following log-linear function: Health Effect =

Background Health Incidence x [1 – exponential (Health Effect Estimate * Air Quality Change)] x Exposed
Population

3 https://www.epa.gov/benmap/benmap-community-edition
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different epidemiological studies for a given health endpoint. We used the USEPA default C-R functions
when evaluating health effects, except for more refined population data. This analysis uses population
data from PopGrid, which allocates the census population to each modeled 4x4 kilometer (km) grid
cell.

The population used for both the quantified health effects and the calculation of background health
incidence presented here is for the future year 20354, for consistency with the CAMx model year. This
is conservative compared to the Project build out year of 2028.

2.1 PM2.5 Health Effects

Although there are a large number of potential health endpoints that could be included in the analysis
as described above, we selected the key health endpoints that have been the focus of recent United
States Environmental Protection Agency (USEPA) risk assessments (e.g., USEPA, 2010; USEPA, 2014).
For example, the USEPA notes that health endpoints were selected based on consideration of at-risk
populations (e.g. asthmatics), endpoints that have public health significance, and endpoints for which
information is sufficient to support a quantitative concentration-response relationship (USEPA, 2014).

The health endpoints and associated C-R functions examined in this study are presented in Table 2-1.
Each C-R function is based on a certain age range for the given health endpoint depending on the
underlying epidemiological study on which it is based. Increases in the BenMAP-estimated health
effect incidences and percent of background health incidence due to the Project emissions are
presented in Table 2-2. These values reflect the total health effects across the Northern California
model domain.

Table 2-1. Summary of PM2.5 Health Endpoints Used in this Study

Health Endpoint Age
Range

Daily
Metric

Seasonal
Metric

Annual
Metric

C-R Function
Selected

Emergency Room Visits, Asthma 0-99 24-hr mean Mar et al., 20101

Mortality, All Cause 30-99 24-hr mean Quarterly
mean

Mean Krewski et al., 20091

Hospital Admissions, Asthma 0-64 24-hr mean - - Sheppard, 20031

Hospital Admissions, All
Cardiovascular (less Myocardial
Infarctions)

65-99 24-hr mean

-

- Bell, 20121

Hospital Admissions, All Respiratory 65-99 24-hr mean - - Zanobetti et al., 20091

Acute Myocardial Infarction,
Nonfatal

18-24
24-hr mean -

- Zanobetti et al., 20091

Acute Myocardial Infarction,
Nonfatal

25-44 24-hr mean
-

-

Acute Myocardial Infarction,
Nonfatal

45-54 24-hr mean
-

-

4 For background incidence rates, BenMAP projects likely mortality rates for future years, but for other health
effects, incidence rates are based on population changes only and may not reflect rates for future years.
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Table 2-1. Summary of PM2.5 Health Endpoints Used in this Study

Health Endpoint Age
Range

Daily
Metric

Seasonal
Metric

Annual
Metric

C-R Function
Selected

Acute Myocardial Infarction,
Nonfatal

55-64 24-hr mean
-

-

Acute Myocardial Infarction,
Nonfatal

65-99 24-hr mean
-

-

1 C-R functions available in BenMAP (USEPA, 2018)

The results show that the highest health effect is for all-cause mortality, with an estimated mean
increased incidence of 0.59 deaths per year due to the project emissions. Smaller mean increased
incidences were estimated for other relevant PM2.5-related health effects: 0.29 increase in incidence of
asthma related emergency room visits, 0.11 increase in incidence of respiratory hospital admissions,
and 0.05 increase in incidence of cardiovascular hospital admissions.

It should be noted, however, that the estimated increased incidence in those health effects are quite
minor compared to the background health incidence values (shown in Table 2-2 as percent of
Background Health Incidence). For example, for mortality, the increase of 0.59 deaths per year due to
project emissions represents 0.0002% of the total all-cause mortality for people ages 30 to 99.

Table 2-2. BenMAP-Estimated Mean PM2.5 Health Effects of the Project Emissions Across the
Northern California Model Domain1

Health Endpoint2 Incidences (Mean) Percent of Background
Health Incidence (%)

Emergency Room Visits, Asthma [0-99] 0.29 0.0003%

Mortality, All Cause [30-99] 0.59 0.0002%

Hospital Admissions, Asthma [0-64] 0.02 0.0001%

Hospital Admissions, All Cardiovascular (less
Myocardial Infarctions) [65-99]

0.05 0.00003%

Hospital Admissions, All Respiratory [65-99] 0.11 0.00008%

Acute Myocardial Infarction, Nonfatal [18-24] 0.00002 0.00009%

Acute Myocardial Infarction, Nonfatal [25-44] 0.001 0.00009%

Acute Myocardial Infarction, Nonfatal [45-54] 0.004 0.00009%

Acute Myocardial Infarction, Nonfatal [55-64] 0.006 0.00009%

Acute Myocardial Infarction, Nonfatal [65-99] 0.03 0.00009%

1 Health effects are shown terms of incidences of each health endpoint and how it compares to the base (2035 base
year health effect incidences) values.
2 Affected age ranges are shown in square brackets.
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2.2 Ozone Health Effects
As noted above, although a larger number of health endpoints could be evaluated, we selected the
health endpoints based on recent USEPA risk assessments (USEPA, 2010; USEPA, 2014). The health
endpoints and associated C-R functions examined in this study are presented in Table 2-3. Each C-R
function is associated with a certain age range for the given health endpoint depending on the
epidemiological study on which it is based. Increases in the BenMAP-estimated health effect incidences
and percent of background health incidence due to the Project emissions are presented in Table 2-
4Table 2-4. These values reflect the total health effects across the Northern California model domain.

Table 2-3. Summary of Ozone Health Endpoints Used in this Study.

Health Endpoint Age
Range

Daily
Metric

Seasonal
Metric

Annual
Metric

C-R Function Selected

Hospital Admissions, All Respiratory 65 - 99 MDA8 - - Katsouyanni et al., 20091

Mortality, Non-Accidental 0 - 99 MDA8 - - Smith et al., 20091

Emergency Room Visits, Asthma 0 - 17 MDA8 - - Mar and Koenig, 20091

Emergency Room Visits, Asthma 18 - 99 MDA8 - - Mar and Koenig, 20091

1 C-R function available in BenMAP (USEPA, 2018)

For this project, asthma related emergency room visits are associated with the highest health effects
due to the project emissions in the Northern California domain (0.70 increase for adults ages 18 to 99
and 0.47 increase for children ages 0 to 17). Hospital admissions due to respiratory issues for adults
age 65-99 and non-accidental mortality have lower incidence increases (0.09 and 0.05 respectively).

It should be noted, however, that the estimated increases in those health effect incidences are quite
minor compared to the background health incidence (shown in Table 2-4 as percent of Background
Health Incidence). For example, the increase in asthma emergency room visits represents 0.001% of
the total asthma-related emergency room visits for children.

Table 2-4. BenMAP-Estimated Mean Ozone Health Effects of the Project Emissions Across the
Northern California Model Domain1

Health Endpoint2 Incidences (Mean) Percent of Background
Health Incidence (%)

Hospital Admissions, All Respiratory [65-99] 0.09 0.0001%

Mortality, Non-Accidental [0-99] 0.05 0.00003%

Emergency Room Visits, Asthma [0-17] 0.47 0.001%

Emergency Room Visits, Asthma [18-99] 0.70 0.001%

1 Health effects are shown terms of incidences of each health endpoint and how it compares to the base (2035 base
year health effect incidences) values.
2 Affected age ranges are shown in square brackets.
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2.3 Conclusion
The PM2.5 and ozone concentration changes modeled by CAMx were converted to health effects on
various health endpoints including premature mortality, hospitalizations, and emergency room visits,
using the BenMAP health effects assessment model and USEPA defaults for health endpoints.
Estimated changes in the health effect incidences are presented across the grids in the Northern
California model domain. Across the board, the estimated increases in those health effect incidences
are quite minor compared to the background health incidence values with the largest PM2.5 health
effect (all-cause mortality) representing only 0.0002% of the total of all deaths, and the largest health
effect for ozone (asthma related emergency room visits by children) representing 0.001% of all
emergency room visits. For the PM2.5-related health endpoints, the health effect on mortality is the
highest (Incidence = 0.59). For ozone-related health endpoints, asthma related emergency room visits
are most affected (Incidence = 0.70 for adults ages 18 to 99 and Incidence = 0.47 for children ages 0
to 17). Other health effect incidences are lower. When taken into context, the small increase in
incidences and the very small percent of the number of background incidences indicate that these
health effects are negligible in a developed, urban environment.

Health effects presented above conservatively utilize combined operational emissions at full Project
buildout together with average daily construction emissions. In reality, any overlapping years of
construction and operation would have lower operational emissions. Additionally, operational
emissions reflect the higher of the two design alternatives being considered (the residential heavy
option), and conservatively utilize the first year of potential residency (year 2024) for emission
factors, while full Project build out is expected in year 2028.

Uncertainty

The approach and methodology of this analysis ensures that the uncertainty is of a conservative
nature. In addition to the conservative assumptions built into the emissions noted above, there are a
number of assumptions built into the application of C-R functions in BenMAP that may lead to an
overestimation of health effects. For example, for all-cause mortality health effects from PM2.5, these
estimates are based on a single epidemiological study that found an association between PM2.5

concentrations and mortality. While similar studies suggest that such an association exists, there
remains uncertainty regarding a clear causal link. This uncertainty stems from the limitations of
epidemiological studies, such as inadequate exposure estimates and the inability to control for many
factors that could explain the association between PM2.5 and mortality such as lifestyle factors like
smoking. Several reviews have evaluated the scientific evidence of health effects from specific
particulate components (e.g., Rohr and Wyzga 2012; Lippmann and Chen, 2009; Kelly and Fussell,
2007).  These reviews indicate that the evidence is strongest for combustion-derived components of
PM including elemental carbon (EC), organic carbon (OC) and various metals (e.g., nickel and
vanadium), however, there is still no definitive data that points to any particular component of PM as
being more toxic than other components. The USEPA has also stated that results from various studies
have shown the importance of considering particle size, composition, and particle source in
determining the health effects of PM (USEPA, 2009). Further, the USEPA (2009) found that studies
have reported that particles from industrial sources and from coal combustion appear to be the most
significant contributors to PM-related mortality, consistent with the findings by Rohr and Wyzga
(2012) and others. This is particularly important to note here, as a large portion of PM emissions
generated from the Project are from entrained roadway dust (see Appendix A), and not from
combustion. Therefore, because they do not consider the relative toxicity of PM components, the
results presented here are conservative.
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For both the PM2.5 and ozone health effects calculated, each of the pollutants may be a confounder of
the other. Thus, while the C-R functions are from studies that evaluated the effects for each pollutant
individually, both air pollutants could contribute to the health effect outcomes evaluated, and thus the
overall impacts may be overstated.

Another uncertainty highlighted by the USEPA (2012) that applies to potential health effects from both
PM2.5 and ozone, is the assumption of a log-linear response between exposure and health effects,
without consideration for a threshold below which effects may not be measurable. The issue of a
threshold for PM2.5 and ozone is highly debatable and can have significant implications for health
effects analyses as it requires consideration of current air pollution levels and calculating effects only
for areas that exceed threshold levels. Without consideration of a threshold, any incremental
contribution to existing ambient air pollution levels, whether below or above the applicable threshold
for a given criteria pollutant, is assumed to adversely affect health. Although the USEPA traditionally
does not consider thresholds in its cost-benefit analyses, the NAAQS itself is a health-based threshold
level that the USEPA has developed based on evaluating the most current evidence of health effects.

As noted above, the health effects estimation using this method presumes that effects seen at large
concentration differences can be linearly scaled down to (i.e., correspond to) small increases in
concentration, with no consideration of potential thresholds below which health effects may not occur.
This methodology of linearly scaling health effects is broadly accepted for use in regulatory evaluations
and is considered as being health protective (USEPA, 2010), but potentially overstates the potential
effects. In summary, health effects presented in this report are conservatively estimated, and the
actual effects may be zero.



Point Molate
Appendix C
BenMAP and Health Effects

8

3. REFERENCES

/1/ Kelly, F.J., J.C. Fussell, 2007.  Particulate Toxicity Ranking Report.  Report Number 2/07.
Environmental Research Group, Kings College, London.

/2/ Lippmann, M., L.C. Chen, 2009.  Health effects of concentrated ambient air particulate matter
(CAPs) and its components. Crit. Rev. Toxicol., 39, 865e913.

/3/ Rohr A.C., R.E. Wyzga, 2012.  Attributing Health Effects to Individual Particulate Matter
Constituents. Atmos Environ., 62, 130-152. doi:10.1016/j.atmosenv.07.036.

/4/ USEPA, 2009. Integrated Science Assessment (ISA) For Particulate Matter (Final Report, Dec
2009). U.S. Environmental Protection Agency, Washington, DC, EPA/600/R-08/139F, 2009.
https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=216546

/5/ USEPA, 2010. Quantitative Health Risk Assessment for Particulate Matter. Office of Air Quality
Planning and Standards, U.S. Environmental Protection Agency. EPA-452/R-10-005. June
2010. Available:
https://www3.epa.gov/ttn/naaqs/standards/pm/data/PM_RA_FINAL_June_2010.pdf

/6/ USEPA, 2012.  Regulatory Impact Analysis for the Final Revisions to the National Ambient Air
Quality Standards for Particulate Matter.  U.S. Environmental Protection Agency, Washington,
DC, EPA-452/R-12-005. https://www3.epa.gov/ttn/ecas/docs/ria/naaqs-pm_ria_final_2012-
12.pdf.

/7/ USEPA, 2014. Health Risk and Exposure Assessment for Ozone Final Report. Risk and Benefits
Group, Health and Environmental Impacts Division, Office of Air Quality Planning and
Standards, U.S. Environmental Protection Agency.EPA-452/R-14-004a.

/8/ USEPA, 2018. BenMAP Environmental Benefits Mapping and Analysis Program – Community
Edition User’s Manual. United States Environmental Protection Agency. Available at:
https://www.epa.gov/benmap/benmap-ce-manual-and-appendices.


	Appendix M. Air Quality Tables
	Emissions Summary Tables
	CalEEMod Outputs
	Construction HRA
	Operational HRA
	Ferry HRA
	Friant Ranch Evaluation




