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1.0 INTRODUCTION AND SUMMARY

At the request of the Western States Petroleum Association (WSPA), ERM-West, Inc. (ERM)
and Flow Science Incorporated (Flow Science) have prepared this report with mercury
sampling results obtained by Brown and Caldwell, to respond to Regional Water Control
Board (RWQCB) requests to the five Bay Area refineries to complete a technical report on the
fate of mercury in crude oil in the San Francisco Bay (SFB) Area Petroleum Refineries.

Various analyses have been performed to comply with the RWQCB requests. These analyses
are listed below and are discussed in detail throughout the report.

e Measured airborne emissions of mercury from the combustion of refinery fuel gas and
from process vent stacks;

¢ Conducted atmospheric dispersion modeling for calculating mercury deposition;
e Prepared Synthesis of Results;

e Estimated the mercury mass balance from refinery operations; and

Performed literature review of mercury emissions and relevant studies in the SFB Area
and the United States (US) for context.

Mercury occurs naturally in the environment from enriched soil, forest fires, oceans, volcanoes,
and geothermal areas. It is also released from human activities such as mining, industrial
activities including cement production, municipal waste incineration, chlor-alkali production,
and fuel combustion. Model-based estimates indicate that human induced recycling, natural
emissions, and new point-sources each account for approximately one-third of total inputs of
atmospheric mercury (Lindberg et al. 2007). Tables 1-1 and 1-2 compare mercury contributions
to the SFB by source type, and through direct deposition and from watershed transport,
respectively.

Table 1-1 summarizes mercury contributions from various source types in the SFB Area. The
primary contributors are the erosion of buried sediments and runoff from the Central Valley
watersheds. These sources account for 36% and 38%, respectively.

ERM 1 WSPA /0032209 -6/12/2009
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Estimated Annual Mercury Contribution (in kg/yr) from Various Sources to the San Francisco
Bay and Contributions from the Bay Area Refineries

Contribution Percent of Total
Contributing Sources (kglyr)* Mercury Contribution
Mercury Contributions — Bay Area Refineries
SFB Area Refineries 1 <0.1%
Mercury Contribution from Area Wide Source Types

Wastewater (municipal & industrial) Discharges 18 2%
Non-urban Storm Water Runoff 25 2%
Direct Atmospheric Deposition into the SFB 27 2%
Guadalupe River Watershed (mining legacy) 92 8%
Urban Storm Water Runoff 160 13%
Central Valley Watershed 440 36%
Erosion of buried sediments 460 38%
Total 1220 100%

T Source: San Francisco Bay RWQCB total maximum daily load (TMDL), 2006.

Table 1-2 provides a comparison of mercury contributions from SFB Area refineries estimated
by this study via direct atmospheric deposition to watersheds and urban runoff for both the
total and from the SFB Area refineries.

Estimated Annual Mercury Contribution (kg/yr) from Direct and Indirect Atmospheric Deposition
into the San Francisco Bay

SBF Area Refinery

Contribution Percent
Source (kglyr) Contribution
Direct Deposition
Direct Atmospheric Deposition into the SFB (total)* 27.00 -
Direct Atmospheric Deposition into Bay Waters from SFB Area
Refineries 0.19 0.7%

Indirect Mercury Contributions

Non-Urban Storm Water Runoff (total) * 25.00 -
Urban Storm Water Runoff (total)* 160.00 -
Contribution from Surrounding Watersheds from Refineries 0.82 0.44%

1 Source: San Francisco Bay RWQCB total maximum daily load (TMDL), 2006.

Conclusions from the mercury fate and transport analysis indicate that the SFB Area refineries
contribute minimal mercury to the Bay. Modeled mercury deposition rates from SFB Area
refineries, when compared with reported estimates of mercury deposition at locations within
and around the SFB Area, are equivalent to approximately 0.5% to 5% of both wet and dry
deposition flux estimates.

Assuming all of the mercury from SFB Area refineries that is deposited to the watershed area
draining directly to the SFB reaches the Bay, the contribution from the SFB Area refineries is
estimated to be equivalent to approximately 5.6% of the mercury contributed to the SFB by

ERM 2 WSPA /0032209 -6/12/2009



Final

municipal and industrial discharges, approximately 3.7% of the mercury deposited directly
from atmospheric deposition occurring over the SFB, and approximately 0.2% of the mercury
contributed to the SFB by the Central Valley Watershed (see Section 3, Table 3-3). Thus,
estimated mercury loadings from atmospheric deposition of mercury emitted by SFB Area
refineries are a small fraction of total mercury loadings from other sources in the SFB region.
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2.0 ATMOSPHERIC DISPERSION AND DEPOSITION MODELING

An atmospheric dispersion and deposition modeling analysis was performed to simulate the
downwind transport and deposition rate of mercury due to airborne emissions of mercury
from the five SFB Area refineries.

2.1 Modeling Emissions

Mercury mass emission rates used in the atmospheric dispersion and deposition modeling
were derived from direct measurement of mercury in refinery fuel gas and in process vent
stacks. A final review of data quality on all sample results was conducted; the review
confirmed the validity of the data for modeling and reporting. A discussion of the
measurements and emissions calculation methodology used to determine the mercury mass
emission rates is included in Appendix A.

Emissions from the combustion of fuel gas (combustible gas generated during petroleum
refining) were calculated assuming that 100% of the mass of mercury contained in the refinery
fuel gas burned will be emitted into the atmosphere. Emissions from each of the refineries
were calculated using refinery-specific fuel gas usage from April 2007 through March 2008.
Mercury emissions due to the combustion of refinery fuel gas were distributed between
various stack locations based upon:

e Specific refinery operations and information provided by refinery staff;
e Combustion source size and permitted limits found in Title V Permits; and

e Source type.

Depending on this refinery-specific information, ERM minimized the number of stacks or point
sources by co-locating stacks that may have similar release characteristics since this would not
significantly impact total mercury deposition rates on a regional scale. Total calculated
mercury emissions from combustion of fuel gas at the five SFB Area refineries are 1.14 kg/yr.

In addition, process vent stacks were directly measured for mercury content and the average
stack mercury mass rate that was attributed to the process stacks at each refinery. Total
calculated mercury emissions from process stacks at the five SFB Area refineries are

17.96 kg/yr.

2.2 Modeling Methodology

2.2.1 Model Selection

After the consideration of various dispersion and deposition models, it was determined that
the CALPUFF modeling system would be most appropriate for the analysis of the SFB and
surrounding watersheds, which encompass a large area. The modeled area, or modeling
domain, was based on the drainage basins located within the SFB Area, which drain into the
SFB. The modeling domain for this analysis is illustrated in Figure 2-1. CALPUFF was chosen
because (1) it is a regulatory agency-approved model; (2) it can incorporate both wet and dry
deposition; (3) it uses a regional meteorological data set; and (4) it is capable of predicting
pollutant concentrations and deposition rates on both a local and regional scale. The United
States Environmental Protection Agency (USEPA)-approved CALPUFF modeling system is the
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state-0f-the art system that has been used by the CARB for modeling exercises in the Bay Area
and throughout the state.

The components of the CALPUFF modeling system include:

o CALMET;
e CALPUFF; and
e CALPOST.

The CALPUFF modeling system can simulate dispersion in multiple layers with space-varying,
three-dimensional (3-D) meteorological data fields, (created by CALMET) to more accurately
simulate pollution dispersion. This is especially true in locations such as the SFB Area, where
the terrain varies and there are many microclimates. CALPUFF also utilizes mixing height,
surface characteristics such as land use and land cover, and dispersion properties that are also
included as part of the CALMET output file. The CALMET processing also accounts for the
land /water interface the meteorological changes that occur between water and land surfaces
through the development of independent dispersive parameters of the wind and atmospheric
data. It does so by using the land use data, and overwater and overland characteristics to
define specific surface roughness, albedo, and bowan ratio, which are used to define dispersive
conditions within the wind field.

Using ERM internal software similar to CALPOST, post-processing was performed to compile
specific results tables and summary reports of the deposition values created by the CALPUFF
model.

2.2.2 Meteorological Data Development

A meteorological data set was developed using CALMET. Recently, the California Air
Resources Board (CARB) completed a modeling analysis to assess whether sources of air
pollutants potentially contributing to regional haze may impact visibility in Federal Class I
Areas (National Parks, Wilderness Areas, National Monuments, etc.). This “Regional Haze”
analysis was performed using the CALPUFF modeling system and a 3-D wind field data set
created by CALMET. ERM requested and received the various CALMET input and output
files from CARB and has reviewed the specific characteristics, inputs, and output computer
files. The primary datasets used for preprocessing included Mesoscale Meteorological 5-KM
Gridded Data (MM5), United States Geological Survey (USGS) Land Cover Institute (USGS-
LCI) digitized regional land-use data, and USGS Digital Elevation Model (DEM) terrain data.
The MM5 data have wind vectors, speeds, temperatures, precipitation, and boundary layer
heights at 5-kilometer (km) intervals. The CALMET preprocessor was first used by CARB to
regrid the data to user specified grid spacing (in this case 4 km) by interpolating the MMS5 data
at each 4 km grid point. This “regridded” MM5 data was then incorporated with data from 279
surface stations, the digitized surface and terrain data, and the digitized land use data to
modify the flow vectors (both speed and direction) based upon the angle and height of the
opposing terrain.

Due to the extremely large size of the raw MMS5 data sets, CARB supplied ERM with the initial
“regrid” of the MM5 data at intervals of 4 km for 2002. CARB also provided ERM with the
preprocessed land use and terrain data, and the preprocessed surface station data and a
CALMET input file. The combined file size is over 500 gigabytes.

ERM’s initial review of the final data set (files used by CARB as input to CALPUFF) revealed
that the processed CALMET data set did not include the precipitation data, which are required
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for calculating the wet deposition of mercury. Therefore, the data were reprocessed to include
the missing precipitation data.

2.2.3 Modeling Assumptions and Input Parameters

Numerous model inputs and control parameters were used for the air dispersion and
deposition modeling. Tables 2-1 through 2-3 provide information on the specific parameters
and model input assumptions used in the analysis. Table 2-1 provides the general technical
model inputs. Table 2-2 provides specific mercury speciation information and Table 2-3
provides chemical parameters used by the CALPUFF model for calculating deposition
velocities.

ERM 6 WSPA /0032209 -6/12/2009
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Table 2-1 CALPUFF Technical Modeling Inputs
Model Input Description Default Input used? Model Input Used?
Length of run No-Default 8760 hours
Technical Options
Vertical distribution Yes Gaussian
Terrain adjustment method Yes Partial plume path adjustment
Subgrid-scale complex terrain flag Yes Not modeled
Near-field puffs modeled as elongated slugs Yes No
Transitional plume rise modeled Yes Yes, transitional rise computed
Stack tip downwash Yes Yes, use stack tip downwash
Method used to simulate building downwash Yes ISC method
Vertical wind shear modeled above stack top Yes No, vertical wind shear not modeled
Puff splitting allowed Yes No, puffs are not split
Chemical mechanism flag Yes Chemical transformation not modeled
Wet removal modeled No Yes
Dry deposition modeled Yes Yes
Gravitational settling (plume tilt) modeled Yes No
PG dispersion coefficients for rural areas
Method used to compute dispersion coefficients Yes (computed using the ISCST multi-segmented

approximation) and MP coefficients in urban
areas

Use both sigma-(v/theta) and sigma-w from
Sigma-v/sigma-theta, sigma-w measurements used Yes PROFILE.DAT to compute sigma-y and sigma-z
(valid for METFM - 1, 2, 3, 4, 5)

PG dispersion coefficients for rural areas

Back-up method used to compute dispersion when (computed using ISCST multi-segment

measured turbulence data are missing Yes approximation) and MP coefficients in urban
areas

Method for Lagrangian timescale for Sigma-y (used

only if MDISP=1,2 or MDISP2=1,2) Yes 617.284 (s)

Method used for Advective-Decay timescale for Yes No turbulence advection

Turbulence (used only if MDISP=2 or MDISP2=2)

Method used to compute turbulence sigma-v &
sigma-w using micrometeorological variables (Used Yes Standard CALPUFF subroutines
only if MDISP = 2 or MDISP2=2)

PG sigma-y, z adj. for roughness Yes No
Partial plume penetration of elevated inversion Yes Yes
Strength of temperature inversion Yes No

Map Projections and Grid Control Parameters

Projection No LCC: Lambert Conformal Conic
DATUM-region for output coordinates No-Default WGS-84, Global Coverage
Project origin (decimal degrees) latitude No-Default 37N

Project origin (decimal degrees) longitude No-Default 120.5W

Project parallels (decimal degrees) latitude No-Default 30N

Project parallels (decimal degrees) latitude 60 N

ERM 7 WSPA /0032209 -6/12/2009



Final

Model Input Description Default Input used? Model Input Used?
No of X grid cells (NX) (kilometers)* No-Default 333
No of Y grid cells (NY) (kilometers)* No-Default 333
No of vertical layers (NZ) No-Default 12
Grid origin (kilometers) (X) No-Default -497.2
Grid origin (kilometers) (Y) No-Default -544.9
Miscellaneous Dry Deposition Parameters
Reference cuticle resistance Yes 30.0 s/cm
Reference ground resistance No 5.0 s/cm
Reference pollutant reactivity Yes 8
Number of particle size intervals used to evaluate
particle size deposition velocities Yes o
Vegetation state in un-irrigated areas Yes 1

Miscellaneous Dispersion and Computational Parameters

Horizontal size of puff (m) beyond which time-
dependent dispersion equations (Heffter) are used to Yes 550
determine sigma-y and sigma z

Stability class used to determine plume growth rates

for puffs above the boundary later Yes 5

Vertical dispersion constant for stable conditions Yes 0.01

Factor for determining transition-point from
Schulman-Scire to Huber-Snyder Building Yes 0.5
downwash scheme

Range of land use categories for which urban

. S Yes 10, 19

dispersion is assumed
Maximum travel distance of puff/slug (in grid units)

A ] Yes 1.0
during one sampling step
Maximum number of slugs/puffs release from one No 1
source during on time step
Maximum number of sampling steps for one

; : No 1
puff/slug during on time step
Number of iterations using when computing the
transport wind for a sampling step that includes Default 2
gradual rise
Minimum sigma y for a new puff/slug (m) Default 1.0
Minimum sigma z for a new puff/slug (m) Default 1.0
Mmmgm wind speed (m/s) allowed for non-calm Default 05
conditions.
Maximum mixing height (m) Default 3000
Minimum mixing height (m) No 20
Wind speed classes Default 1.54, 3.09, 5.14, 8.23, 10.8
nd 4 orofil | ‘ bil ISC Rural Values

Wind speed profile power-law exponents for stability Default AB.C.D.E F

classes 1-6
0.07 ,0.07, 0.10, 0.15, 0.35, 0.55

ERM 8 WSPA /0032209 -6/12/2009
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Model Input Description Default Input used? Model Input Used?

Potential temperature gradients for Stable Classes E

and F (deg/km) Default 0.02, 0.035

Plume path coefficients for each stability class (used

when MCTADJ=3) Default A,B,C,D,EF

0.5,0.5,0.5, 0.5, 0.35, 0.35

T Number of grid cells exceeds maximum number allowed in USEPA Version of the CALMET model. The executable
code was revised to accommodate this large number of cells and recompiled to complete the meteorological modeling.

Mercury Speciation. Releases of Mercury to the atmosphere typically occur in three forms:
elemental [Hg(0)], reactive (RGM), and particulate [Hg(p)], or any combination of these. Each
mercury species exhibits different depositional characteristics. RGM deposition occurs more
quickly than Hg(0) because it is more soluble and adsorbs to most surfaces. It is widely
accepted that this form of mercury has the highest deposition rate (Vijayaraghavan et al. 2008).
Mercury speciation data are not available specifically for the combustion of refinery fuel gas;
however, there are data available for combustion emissions from coal-fired power plants.
Table 2-2 summarizes Hg speciation fractions that have been compiled using emissions data
from 30 coal-fired power plants located in the eastern United States (Vijayaraghavan et al.
2008). The 30 power plants referenced above represent facilities with the highest percentage of
RGM emissions (Vijayaraghavan et al. 2008) and would subsequently provide a conservative
basis (or upper bound) for the deposition modeling. Total mercury emissions from each of the
five Bay Area Refineries were multiplied by the fractions for each of the three mercury species
as indicated in Table 2-2.

Mercury Speciation

Mercury Species Speciation Description Percent of Emitted Mercury
Hg(0) Elemental 39%
Ha(p) Particulate 4%
RGM Reactive 57%

Source: Plume-in-grid modeling of atmospheric mercury (Vijayaraghavan et al. 2008)

Deposition Velocities. The CALPUFF model is capable of using site-specific atmospheric
conditions and land-use data provided in the meteorological data set for calculating
representative deposition velocities. In addition to land-use data, specific chemical parameters
are input and used by CALPUFF to calculate site-specific deposition velocities for Hg(0), Hg(p),
and RGM as discussed below. For the best representation of specific conditions in the San
Francisco Bay Area, this analysis has been performed utilizing the CALPUFF-derived
deposition velocities. For each of the mercury phases, both dry and wet deposition were
calculated.

For the deposition of particulates, the CALPUFF modeling input parameters include mass
mean diameter, the associated standard deviation, and scavenging as summarized in Table 2-3.
These default values are provided by the CALPUFF model and represent default values for a
non-reactive set of pollutants (nitrate-NOs), and would provide maximum deposition rates.

For the elemental and reactive mercury phases, input parameters include diffusivity, reactivity
and mesoscale resistance, and Henry’s Law coefficients. The wet deposition of these more
reactive mercury phases are only affected by scavenging from liquid (not frozen) precipitation

ERM 9 WSPA /0032209 -6/12/2009
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(see Table 2-3). Except for the Henry’s Law coefficients, default values producing the highest
deposition rates of reactive pollutants were used (nitric acid - HNO:3).

Chemical Parameters

Dry Deposition Parameters (Particulate)

Species Name Geometric Mass Mean Diameter Geometric Standard Deviation
P (microns) (microns)
Mercury particulate (Hg(p)) 0.48 2.0

Dry Deposition Parameters (Gas)

Henry’s Law

Species Name Diffusivity Alpha Star Reactivity Meso. Resist. Coef.
Hg(0) 0.1628 1.0 18.0 0.0 1.00E-07
RGM 0.1628 1.0 18.0 0.0 1.00E-07

Wet Deposition Parameters
Scavenging Coefficient (sec™)

Species Name Liquid Precipitation Frozen Precipitation
Hg(0) 6.00E-05 0.00E+00
Hg(p) 1.00E-04 3.00E-05
RGM 6.00E-05 0.00E+00

Source: CALPUFF Modeling System.

Table 2-3 shows the values assumed for this analysis. As stated above, the parameters selected
have the highest potential for deposition and, therefore, provide a conservative basis of
deposition for this assessment. In addition, it should be noted that, for the particulate phase,
the default mass mean diameter are for diameters of 10 microns or less as established by the
USEPA. Particulates from the use of combustion sources are typically in the range of less than
one micron, thus providing additional conservative estimates for deposition.

The CALPUFF dispersion modeling requires the input of source-specific parameters. The
mercury modeling analysis was performed using a series of point sources. Point-source inputs
include:

Source location;

Stack emissions;

Stack gas exit temperature;
Stack gas exit velocity;
Stack inner diameter; and

Stack base elevation.

For each refinery, the modeling was performed assuming the mercury emissions are emitted
from several representative stacks (between five and eight depending on the refinery). This
minimized the number of modeled emission points. The stack emissions were co-located, or
combined to best represent source type, size (based on Title V permits), and location. The stack
release parameters were dependent on specific refinery processes and representative source-
release parameters. Modeled source locations were unique for each of the refineries, in order to
best represent the specific combustion sources at each site. Because this analysis is meant to
calculate the transport of mercury throughout the Bay Area, the co-location of sources should
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not significantly impact the overall modeled mercury concentrations and deposition within the
drainage basins throughout the modeling domain.

2.2.4 Modeling Domain and Deposition Calculation Locations

The modeling analysis included the identification of numerous grid point locations for use in
the calculation of deposition rates. In order to represent the regional nature of this analysis, a
Cartesian grid was used, and points were placed every one and one half kilometers throughout
the modeling domain. The modeling domain includes the rectangular area as illustrated in
Figure 2-1 and covers the SFB and its surrounding water shed. Elevations for each of the
gridded points were obtained from USGS DEMs. The CALPUEFF dispersion model utilizes the
model inputs, including mercury emissions, source release parameters, and regional
meteorological conditions to calculate mercury deposition rates at each of the gridded point
locations.
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Figure 2-1 Modeling Domain
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2.3 Atmospheric Dispersion Modeling Results

Air dispersion modeling was conducted for the refineries using the source parameters, which
include a representative set of sources for each of the five SFB Area Refineries. Mercury
deposition was calculated assuming emissions were in the particulate phase. Deposition rates
within the modeling domain are dependant on many variables, including, but not limited to
distance from a source, meteorology, land use and terrain features.

A review of the modeling results reveal that the majority of the deposition occurs to the north
of the refinery sources, with a lesser amount depositing to the east and northwest. The lateral
extent of the deposition is caused by a combination of the predominant wind characteristics in
the SFB Area and local and regional terrain. CARB has illustrated seven general wind flow
patterns that occur in the SFB Area as shown in Figure 2-2. Table 2-3 summarizes the
percentages of directional airflow patterns (illustrated in Figure 2-2) that typically occur at four
periods of the day (as well as daily average) by season. Most commonly, winds travel from the
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west through the Golden Gate and from the northwest through the Cheleno and Luca Valleys.
As illustrated, many are combination wind patterns, moving from one direction and changing
due the interaction of local terrain. As seen in Figure 2-2 wind flow patterns labeled
Northwesterly, Southerly, Bay Inflow, and Bay Outflow (flow patterns 1a, II, V, and VI) are
likely to pick up mercury emissions from the refineries. These wind conditions occur
approximately 51% of the time and are the most common wind patterns in this area, which are
consistent with the modeling results. To a lesser extent, the modeling results show deposition
occurring to the northwest of the refinery sources. This is also consistent with the wind flow
patterns (IIL, IV, and VI) showing a frequency of 19% toward the northwest.

Upon further review of the modeling, the results showed that wet deposition dominates over
dry deposition. It also reveals that a majority of the wet deposition occurs toward the north
and that dry deposition occurs most often to the east. Based upon the wind flow patterns
during winter months, when most of the wet weather patterns occur, southerly flows are
generated by storm fronts and then move across the SFB Area. Table 2-3 shows a
predominance of southerly and southeasterly winds that occur during winter months (32%
during the rainy season) and would account for the dominance of the wet deposition to the
north. During the summer and autumn months when rainfall is least, winds are dominated by
the northwesterly wind flow regime, ranging from 78 to 54 percent, respectively.

The modeled deposition rates at each of the gridded points can also be used to calculate the
total annual mercury deposition within a modeling region due to SFB Area Refineries. An
analysis of the total deposition has been completed and is discussed in Section 3.
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Table 2-4 San Francisco Bay Area Air Basin Surface Airflow Types Seasonal and Diurnal Percentage of
Occurrence (1977-1981 Data)

la Ib 1l 1 \Y \% VI VI
North- North-
Types westerl westerly Souther South-  North- Bay Bay calm
Y (Moderate to y easterly easterly Inflow Outflow
(Weak)
Strong)
Time - PST Percent of the Time
Winter
4 a.m. 3 4 19 14 8 21 5 24
10 a.m. 4 5 19 20 10 11 19
4 p.m. 16 16 16 12 13 3 22
10 p.m. 6 9 14 14 10 20 3 21
All Times 7 9 17 15 10 14 12 14
Spring
4 a.m. 27 25 11 2 4 21 5 12
10 a.m. 29 25 14 6 5 3 17 1
4 p.m. 22 60 4 4 2 S
10 p.m. 40 34 8 2 4 5 5
All Times 29 36 10 3 4 6 7 5
Summer
4am. 40 37 4 -t 0 6 2 10
10 a.m. 37 44 4 —-=- 1 1 13 0
4p.m. 20 77 2 0 1 0 -t 0
10 p.m. 39 55 2 0 R 1 1 1
All Times 34 53 3 0 1 2 4 3
Fall
4 a.m. 25 13 7 6 3 22 3 19
10 a.m. 28 15 6 11 6 7 23 4
4p.m. 31 46 5 6 2 7 B
10 p.m. 37 24 6 3 13 12
All Times 30 24 6 6 4 11 9 9
Annual

4 a.m. 24 20 10 6 4 16 4 16
10 a.m. 25 22 11 9 6 6 18 4
4 p.m. 22 50 5 6 2 -t
10 p.m. 31 30 5 4 10 2 10
All Times 26 30 9 6 5 8 8 8

' < 0.5 percent

Source: California Air Resources Board. Aerometric Data Division. 1984. Reprinted January 1992. California Surface
Wind Climatology. June.
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San Francisco Bay Area Airflow Pattern Types
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la Northwasterly Ib Northwesterly
(weaak) (moderate to strong)

IV Northeasterly

i

VI Bay Ou illw

V Bay Inflow

Source: California Air Resources Board. Aerometric Data Division. 1984.
Reprinted January 1992. California Surface Wind Climatology. June.
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2.4 Analysis Limitations

Simulation of dispersion and the predictions of concentration and deposition related to
mercury emissions from point sources by their very nature may include limitations in the
accuracy of model predictions. Modeling for the SFB Area refineries is no different. Dispersion
models calculate a wide variety of concentrations/deposition over a series of specific locations,
which represent an ensemble average of specific events. Events can include “known”
meteorological parameters (wind speed, wind direction, mixing height, etc.) or source-specific
characteristics (point source, area source, volume source, etc.). Variations in these collective
events reveal both inherent and controlled limitations of dispersion models. Inherent
deviations are the variability of uncontrolled parameters in the events, such as the repeatability
of identical wind speeds over numerous observations. In theory, the inherent deviations can
create a difference in modeled vs. measured concentrations of + 50% (USEPA 2005). Controlled
(or reducible) variances are associated with parameters within the event that can be more easily
managed or reproduced, such as a constant emission rate. Typically, these can be designed to
minimize the variation. Model variations are considered reducible as opposed to inherent.

Studies for examining model accuracy have confirmed that dispersion models are more reliable
in estimating long-term averaged concentrations than they are in estimating short-term
averages at specific locations. Models are reasonably reliable for calculating the magnitude of
highest concentration occurring within an area; however, not necessarily at a given point in
time or space of that predicted concentration. Model accuracies for the highest derived
concentrations typically range from +10 to £40%.

Studies have shown that the CALPUFF modeling system provides the technical basis and has
the capabilities for addressing both long-range transport and complex wind situations. Studies
have also shown that model accuracies are sufficient for use in the 50 km - 200 km range, and
in some instances up to 300 km. Although scientific advancements continue to emerge, the
CALPUFF model has been found to be scientifically accepted for use in regulatory applications
by both state and federal agencies and for simulating long-range transport.

Mercury can be emitted in various phases (i.e., elemental, particulate, and reactive gas phase),
or in combination. Therefore, inherent uncertainties can occur depending on the assumptions
made regarding the amount of each phase being emitted. In addition, reactive gas phase
mercury is highly dependent upon outside ambient conditions and, thus, would provide a
greater rate of uncertainty within the dispersion and deposition in the model. However,
specific mercury emissions speciation was not available for this analysis. Therefore, in order to
minimize the uncertainty and increase the reliability of the modeled results, the mercury
emissions were assumed to be in the particulate phase.
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3.0 SYNTHESIS OF RESULTS - MERCURY TRANSPORT & FATE

Figure 3-1

Estimates of atmospheric deposition rates of mercury resulting solely from emissions from the
SFB Area refineries were presented in Section 2. These deposition rates from the SFB Area
refineries (at individual model grid points) were used to estimate the resulting total
atmospheric deposition in the watershed area draining directly into the SFB. These model-
based estimates of atmospheric deposition in the watershed area were compared with reported
rates of atmospheric deposition of mercury in the SFB Area and other regions of the US.

The watersheds draining directly into the SFB (see Figure 3-1) were identified using the
California Interagency Watershed Map of 1999 (updated May 2004, “calw221”) (CalWater 2.2.1
http:/ /gis.ca.gov/catalog/BrowseRecord.epl?id=22175), which is the State of California’s
working definition of watershed boundaries. Note that the drainage area indicated in Figure
3-1 does not include the drainage area associated with streams flowing into SFB through the
Sacramento-San Joaquin Delta (such as the Sacramento and San Joaquin Rivers). Thus, the area
identified in Figure 3-1 is consistent with the modeling domain chosen in Section 2. The SFB
watershed area in CalWater 2.2.1 also includes watersheds that drain directly into the Pacific
Ocean, but these watersheds were also excluded from this analysis.

Watershed Area Draining Directly into the San Francisco Bay

0 20 40 60 80
- Kilometers

Notes:
e  Identified from the California Interagency Watershed Map of 1999.

®  Note that the above area does not include the (indirect) contributing area of streams flowing into the San
Francisco Bay through the Sacramento-San Joaquin Delta.
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The modeled atmospheric deposition at individual modeled grid points, as described in Section
2, were interpolated to obtain average total deposition rates from the SFB Area refineries over
the areas identified in Figure 3-1. Spatial averaging was performed using a commercial
Geographic Information System software package called ArcGIS®. For this analysis, the point-
based model deposition rates were interpolated to a fine grid mesh (0.1 km x 0.1 km) and
aggregated over these fine grids to obtain spatially averaged deposition rates for the entire area
shown in Figure 3-1. Over the SFB Area, the average annual total deposition rate of mercury
resulting from the SFB Area refineries was estimated to be 0.1 ng/m?/yr (see Table 3-1).

Total Deposition of Mercury to the SFB Area Obtained by Interpolation of Point-Based Model
Estimates Presented in Section 2

Average Deposition

Location Area (km?) Total Deposition (g/yr) (g/km?yr or pg/m?3yr)
SF Bay Water 1121 190 0.17
SF Bay Land 9035 820 0.1
SF Bay Area Total 10156 1010 0.1

Estimated deposition fluxes of mercury from the SFB Area refineries were compared with
reported estimates of atmospheric mercury deposition fluxes at locations within and around
the SFB in Table 3-2. Table 3-2 illustrates that the modeled total deposition flux of mercury
from the SFB Area refineries varies from 0.5% to 5% of both the wet and dry deposition flux
estimates reported in the literature. The observed and model-based estimates of deposition
fluxes presented in Table 3-2 are within the range of deposition fluxes reported from other
parts of the US (see Table B-8).
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Comparison of Estimated Total Mercury Deposition Fluxes (ug/m?/yr) From SFB Area
Refineries with Measured and Modeled Atmospheric Mercury Deposition Fluxes Reported in

the Literature

Estimate from
this study as a

Flux fraction of
Geographical area Wet/dry (Hg/m?yr) literature value Data Source
San Francisco Bay and the
watersheds draining directly into it Model-based estimates from this
(Figure 3-1) wet+dry 0.1 - study
Measurements from MDN, see
Covelo, CA (MDN Site CA 97) wet 3.8-4.8 2.1% - 2.6% Table B-5
Measurements from MDN, see
San Jose, CA (MDN Site CA 72) wet 2.1-3.1 3.2% - 4.7% Table B-5
Measurements from Tsai and
Entire San Francisco Estuary wet 4.2 2.4% Hoenicke (2001), see Table B-6
Measurements f