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March 23, 2007

Scott Lutz

Manager, Toxics Evaluation Section, Engineering Division
Bay Area Air Quality Management District

939 Ellis Street

San Francisco, CA 94109

Re:  Addendum to Modeling Protocol for Pacific Steel Casting Health Risk
Assessment, Pacific Steel Casting Company

Dear Mr. Lutz,

In response to the letter the Bay Area Air Quality Management District (the “District”)
sent to Pacific Steel Casting (PSC) on January 29, 2007, please find attached an
Addendum (the “Addendum”) to the Revised Modeling Protocol for Pacific Steel
Casting Health Risk Assessment (the “Protocol”), dated August 2005, for your review.

On behalf of PSC, ENVIRON will be conducting the Air Toxics Heath Risk Assessment
(HRA) that is based on the AB2588 Emission Inventory Report submitted to the District
on February 15, 2007 and approved for use in the HRA by the District in a letter dated
February 23, 2007. This Addendum describes the changes from the approved Protocol to
accommodate the District’s requirement for PSC to use the current U.S. Environmental
Protection Agency-approved regulatory air dispersion model, AERMOD, specified in the
District’s January 29, 2007 letter. As HARP has not been updated to utilize AERMOD,
the risk assessment calculations will be conducted using ENVIRON’s own risk
assessment database tool that implements the California Environmental Protection
Agency’s Office of Environmental Health Hazard Assessment and District risk
assessment methodologies,'™ and which has previously been approved by the District for
use in other health risk assessments at facilities in its jurisdiction.

Additionally in its January 29, 2007 letter, the District requires that PSC use
meteorological data collected (by the District) at the UC Berkeley Richmond Field
Station. The Addendum also presents a discussion of the meteorological data that will be
used in this assessment.

As the methodologies presented in this Addendum have been previously discussed with
the District for use in this HRA, ENVIRON will proceed with implementing these
methods in order to complete the HRA in a timely manner. If the District has any
questions or concerns on implementation of these methodologies, please notify me at

! california Environmental Protection Agency (Cal/EPA). 2003. The Air Toxics Hot Spots Program Guidance Manual for Preparation
of Health Risk Assessments. Office of Environmental Health Hazard Assessment. August;

*California Environmental Protection Agency (Cal/EPA). 2000. Air Toxics Hot Spots Program Risk Assessment Guidelines: Part IV
Technical Support Document for Exposure Assessment and Stochastic Analysis. Office of Environmental Health Hazard
Assessment. September;

®Bay Area Air Quality Management District (BAAQMD). 2005. Bay Area Air Quality Management District Staff Report. Toxic
Evaluation Section. June;

“Bay Area Air Quality Management District (BAAQMD). 2005. Air Toxics NSR Program Health Risk Screening Analysis (HRSA)
Guidelines. June.
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your earliest convenience. If you have any questions or require any additional
information, please feel free to contact me at 510.420.2513 or
ddaugherty@environcorp.com. Thank you for your assistance in this matter.

Sincerely,

Douglas D. Daugherty, Ph.D., P.E., CIH
Senior Manager

Enclosure (1)

cc: Chris Chan, Pacific Steel Casting
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ADDENDUM TO MODELING PROTOCOL FOR
PACIFIC STEEL CASTING HEALTH RISK ASSESSMENT

March 23, 2007

Submitted to: Bay Area Air Quality Management District, San Francisco, California
Prepared for: Pacific Steel Casting Co., Berkeley, California
Prepared by: ENVIRON International Corporation, Emeryville, California

1.0 BACKGROUND

On behalf of Pacific Steel Casting Co. (PSC) of Berkeley, California, ENVIRON will be
conducting the Air Toxics Heath Risk Assessment (HRA) that is based on the AB2588 Emission
Inventory Report (EIR) submitted to Bay Area Air Quality Management District (the “District”)
on February 15, 2007 and approved for use in the HRA Dby the District in a letter dated February
23, 2007. In response to the District’s letter to PSC on January 29, 2007, this Addendum (the
“Addendum”) to the Revised Modeling Protocol for Pacific Steel Casting Health Risk
Assessment (the “Protocol”) dated August 2005 describes the changes from the approved
protocol as a result of the District’s requirement for PSC to use the current U.S. Environmental
Protection Agency-approved regulatory air dispersion model, AERMOD. The methods
described in the Addendum are similar to those that have been approved by the District for a
facility in South San Francisco. As HARP has not been updated to utilize AERMOD, the risk
assessment calculations will be conducted using ENVIRON’s own risk assessment database tool
that implements the California Environmental Protection Agency’s Office of Environmental
Health Hazard Assessment and District risk assessment methodologies (Cal/EPA 2000, 2003,
BAAQMD 2000, 2005a, 2005b), and which has previously been approved by the District for use
in other health risk assessments at facilities in its jurisdiction. Additionally, the District requires
that PSC use meteorological data collected (by the District) at the UC Berkeley Richmond Field
Station. The Addendum presents a discussion of the meteorological data that will be used in this
assessment.

The remainder of this Addendum presents a brief description of the air dispersion model
AERMOD, a detailed discussion of the analyses required to develop a meteorological data set for
use with AERMOD, brief discussions of the land use analysis and source parameters used in
AERMOD, and finally a brief discussion of the risk assessment database tool that will be used
for the HRA.
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2.0  AIRDISPERSION MODEL SELECTION

On the District’s direction for use in the AB2588 HRA, ENVIRON will use the American
Meteorological Society/Environmental Protection Agency Regulatory Model (AERMOD)
version 07026, the United States Environmental Protection Agency (USEPA) recommended air
dispersion model (USEPA 2004a). AERMOD was developed as a replacement for USEPA’s
Industrial Source Complex Short Term (ISCST3) air dispersion model to improve the accuracy
of air dispersion model results for routine regulatory applications and to incorporate the progress
in scientific knowledge of atmospheric turbulence and dispersion. This change was made in
November 2005 (USEPA 2005a). After a one-year transition period for the change in model
(i.e., as of November 9, 2006), ISCST3 was no longer considered a USEPA-approved model for
certain regulatory applications.

3.0 METEOROLOGICAL DATA

31 Hourly Surface Meteorological Data

On the District’s direction in the letter to PSC dated January 29, 2007, ENVIRON will use
meteorological data collected by the District (wind direction, wind speed, and temperature) at the
UC Berkeley Richmond Field Station (UC Richmond) as the District determined it to be the
most representative meteorological data available for air dispersion modeling at Pacific Steel
Casting Company in Berkeley. Figure 1 shows the location of the UC Richmond station relative
to PSC. As discussed in District responses to comments on the approved protocol, the five most
recent complete years of meteorological data will be used in the air dispersion modeling. For the
UC Richmond station, data from 2000, 2001, 2003, 2004 and 2005 are the five most recent years
available from the District which meet USEPA completeness criteria or air dispersion modeling
applications (USEPA 2000). Meteorological data from 2002 does not meet USEPA completeness
criteria for modeling. Based discussions with the District, ENVIRON will use meteorological
data from 2000, 2001, 2003, 2004 and 2005 for this assessment. Wind roses for these dates are
presented in Attachment A.

In addition to wind direction, wind speed, and temperature, AERMET requires cloud cover data
to develop an AERMOD-ready meteorological data set. The UC Richmond station does not
record cloud cover; therefore, ENVIRON used cloud cover data from Oakland International
Airport to augment the wind direction, wind speed, and temperature collected at UC Richmond.

3.2 Upper Air Meteorological Data

AERMOD requires representative upper air meteorological data inputs to characterize the
atmospheric transport and dispersion. AERMET (the meteorological preprocessor to AERMOD)
requires upper air sounding data to generate an AERMOD meteorological data input file
(USEPA 2004b). The upper air sounding data are typically only available from National
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Climatic Data Center (NCDC) and/or National Weather Service (NWS) stations and are
measurements of various meteorological parameters such as wind speed and direction,
temperature, and pressure, usually taken at multiple levels in the atmosphere. AERMET checks
four different between-level gradients: ambient temperature gradient, wind speed shear, wind
direction shear, and dew point temperature gradient. The Oakland International Airport is the
only upper-air station in Northern California that NCDC recommends for reliable, complete, and
representative upper-air data for air dispersion modeling purposes for projects in Northern
California® as it is the only full-time station exhibiting a complete data set without data quality
issues. Thus, upper air data from the Oakland International Airport will be used in AERMET
processing for PSC.

3.3 AERMOD/AERMET Data Processing Methods

This section discusses additional data requirements and processing methods used for conducting
air dispersion modeling using AERMOD at PSC. The estimation of surface parameters is a
required data input to AERMET in addition to the surface and upper air meteorological data
discussed previously. The methods to be used to develop AERMET surface parameters for PSC
are discussed below.

Prior to running AERMET, it is necessary to specify the surface parameters to be used. The
surface parameters include surface roughness, Albedo, and Bowen ratio, and are used to compute
fluxes and stability of the atmosphere (USEPA 2004b) and require the evaluation of nearby land
use and temporal impacts on these surface parameters. Typically characteristics around both the
primary project area and the surface meteorological data collection site are recommended for
evaluation by USEPA (USEPA 2004b) and the draft Guidelines (ARB 2006). As is evident in
Figure 1, both the UC Richmond station and PSC are located in close proximity to each other
with similar land use for areas surrounding each point. Additionally, both sites are near the
shoreline of the San Francisco Bay, although the orientation of the shoreline relative to each site
is slightly different. In the vicinity of the UC Richmond station, the shoreline runs roughly east-
west, whereas adjacent to PSC, it runs roughly north-south (as shown in Figure 1). In
accordance with USEPA guidelines and discussion with the District, surface parameters supplied
to AERMET were specified for the area surrounding the meteorological station.

ENVIRON determined radial land-use sectors around the UC Richmond meteorological station
using USGS land cover maps in conjunction with recent aerial photographs. ENVIRON then
specified surface parameters for each sector using default seasonal values adjusted for the local
climate. Land-use data in the form of the National Land Cover Database from 2001 (USGS
2003) were analyzed to assign the surface parameter matrix that was used for AERMET. When
a radial land-use sector consisted of multiple land-use types, ENVIRON used an area-weighted
average of each surface parameter, as recommended by USEPA (2004b)

! Personal communication, William Brown of NCDC by telephone to C. Mukai of ENVIRON on May 5, 2006.
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Where available and appropriate, USEPA guidance (USEPA 2004b) was followed. However,
USEPA guidance was developed based on nationwide averages. There are instances in which
known local characteristics differ from national norms and would impact the methods used to
evaluate the surface parameters. In addition, large differences in surface parameters (such as
surface roughness) between the upwind and downwind direction from the primary project area
can result in significant inaccuracies in predicted airborne concentrations if not addressed during
the development of the AERMET surface parameters. Both of these topics are discussed in
additional detail below.

3.3.1 Surface Parameter Values

There are several issues in the determination of the specific values to use for the surface
parameters for which available guidance is not specific and professional judgment must
be used. First, USEPA guidance provides several tables of surface parameter values
which contain eight land use categories (USEPA 2004b). The National Land Cover
Database 2001 (NLCD 2001), in contrast, includes twenty-one categories with an
additional eight coastal wetlands subcategories (USGS 2003). The NLCD 2001
categories were mapped to the USEPA categories based on descriptions available from
the USGS and professional judgment. Table 1 shows the mapping between the two sets
of land use classifications that ENVIRON will use in the air dispersion analysis for PSC.

Second, the AERMET User’s Manual contains tables of values for the surface parameters
based on four seasonal vegetative cycles (e.g., ‘Spring’ refers to the period of re-growth
after the last frost). AERMET accepts surface parameters for temporal annual, seasonal,
or monthly temporal periods. The determination of the appropriate seasonal value for a
given period, in addition to the choice of monthly, seasonal, or hourly temporal divisions,
is left to the user. This is particularly crucial in California (and thus for PSC), which has
seasonal weather that is atypical from the rest of the country. For example, values
assigned to winter assume the presence of snow cover, which is rare in Berkeley. For
Berkeley, ENVIRON has assigned each temporal division a corresponding seasonal
category based on the local conditions and USEPA Guidance as explained below
(USEPA 2004b). ENVIRON notes that the methodologies for determining these
temporal divisions, as described below, have been approved by ARB for use at another
site in Richmond? and by the District for use at a site in South San Francisco.

As mentioned earlier, the AERMET user’s guide provides general characteristics for the
various seasons. “Spring” refers to the period when vegetation is emerging and partially

2 Personal communication, J. Yuan of ARB by e-mail to D. Daugherty of ENVIRON on August 3, 2006.
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green and applies to the 1-2 months after the last killing frost. “Summer” applies to the
period when vegetation is lush. “Autumn” refers to the period of the year when freezing
conditions are common, deciduous trees are leafless, soils are bare after harvest, grasses
are brown, and no snow is present. “Winter” conditions apply to snow covered surfaces
and subfreezing temperatures. By default, the AERMET user’s guide says winter
includes December, January, and February; spring includes March, April, and May;
summer includes June, July, and August; and autumn includes September, October, and
November. However, the AERMET user’s guide also cautions that the seasons do not
correspond to a particular group of months, but more on latitude and the annual
vegetative growth cycles (USEPA 2004b).

The climate in the San Francisco Bay Area is very different from national norms and the
months of the year do not always correspond to the default seasons provided in the
AERMET user’s guide. For example, “Winter” values were not considered for PSC
because snow cover is rare for Berkeley. Furthermore, ENVIRON determined that a
season between summer and autumn (summer/autumn) would likely be more
representative of conditions for some months of the Bay Area’s dry season due to the
prolonged dry period after the growth of summer vegetation and the browning of grasses.
Therefore, ENVIRON first developed the following guidelines for determining which
months belong in each season for PSC:

e Autumn applies during the first several months of the rainy season until the frost
potential no longer exists; it is characterized by brown grasses and the lack of
leaves on deciduous trees;

e Spring applies when vegetation is emerging or partially green, approximately 1-2
months after significant frost potential;

e Summer applies when vegetation is lush; and

e Summer/Autumn, which is an average of the surface parameter values from
summer and autumn, is typically a few months after the last significant rains when
grasses begin to brown.

In order to determine which months belong to these seasons, ENVIRON surveyed
snowfall, precipitation, and temperature data from multiple meteorological stations in the
vicinity of PSC.> The months selected for each season for the UC Richmond
meteorological station are presented in Table 2, and the surface parameter values for the
revised seasons are presented in Table 3.

® Meteorological data to determine seasonal trends obtained from Western Regional Climate Center
(http://www.wrcc.dri.edu/)
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In addition to defining the months of the seasons at the UC Richmond meteorological
station, ENIVRON also evaluated precipitation data in order to select a condition (wet,
dry, average) for the Bowen ratio. ENVIRON first tabulated seasonal precipitation totals
from meteorological stations in the vicinity of the UC Richmond meteorological station
for each of the modeling years of interest. As suggested by the AERMET User’s Guide,
those precipitation totals were then compared to historical precipitation averages (USEPA
2004b). If the tabulated values were greater than twice the historical average, a wet
Bowen ratio condition was selected. If the tabulated values were less than half the
historical average, a dry Bowen ratio condition was selected. Otherwise, an average
Bowen ratio condition was selected. Selected Bowen ratio conditions are presented in
Table 4. The surface parameters developed using these methodologies are presented in
Attachment B, Tables B-1 through B-3. ENVIRON notes that the methodologies
described above and the information presented in Tables 2 and 3 have been approved by
ARB for use at another site in Richmond” and by the District for use at a site in South
San Francisco.

3.3.2 Sector Selection and Analysis

Land cover information from a specific defined area surrounding the UC Richmond
meteorological station was used to calculate the weighted average surface parameter
values for each sector. AERMET guidance recommends the use of an upwind fetch
distance of three kilometers for estimation of the surface parameters, corresponding to a
circle with a radius of three kilometers surrounding the meteorological station. The
recommendation is based on the estimated typical distance required to obtain a new
turbulent boundary layer height after a roughness transition (USEPA 2004b). According
to USEPA guidance, shorter fetch distances can be considered in cases of urban areas or
areas with large roughness length. For example, USEPA guidance (USEPA 2004b)
indicates that the “rate of boundary layer growth as defined by Hogstrom and HOgstrom
(1978) could be sufficiently rapid so as to grow to a depth of 400 meters within 1
kilometer downwind.” Additionally, it goes on to say that the “distance needed to attain
an urban-influenced boundary height of just 100 meters with a surface roughness ranging
from 0.5 to 1.5 meters is only about 250 meters for unstable (convective) conditions, 700
meters for neutral conditions, and 1,330 meters for slightly stable conditions.” This
indicates that the boundary height profiles in areas within 250 to 1,330 meters of a
shoreline would be in a transition from characteristics of flow over water to
characteristics of flow over land. Based on this range and discussions with the District, it
was assumed that after one-kilometer (1,000 meters), it is likely that the boundary layer

* Personal communication, J. Yuan of ARB by e-mail to D. Daugherty of ENVIRON on August 3, 2006.

6 ENVIRON



depth has stabilized to exhibit a profile solely of flow over land. Therefore, a 1 km circle
from the geographic center of the meteorological station was used to calculate the surface
parameters. Land cover information surrounding the UC Richmond meteorological
station is shown in Figure 2.

AERMET accepts as input a table of surface parameters defined according to radial
sectors covering segments of wind direction. A maximum of twelve sectors of at least 30
degrees can be chosen based on patterns in the local land use. The number of sectors and
the directions included in each are left to the determination of the user. For the UC
Richmond meteorological station, ENVIRON defined five sectors that maximize
homogenous areas within each sector and minimize significant transitions within sectors,
as shown in Figure 2.

For shoreline sources, sectors can be comprised of both land and water, where surface
roughness can vary by several orders of magnitude. The assignment of surface
parameters to such a mixed-use sector containing significant amounts of both land and
water based on upwind surface characteristics can significantly over- or under-predict
concentrations depending on the configuration of the land-use, source, and receptors.
The approach adopted in “Wind Flow and Vapor Cloud Dispersion at Industrial and
Urban Sites” (Hanna and Britter 2002) only includes the effects of roughness downwind
of the source, because the distance to achieve a new equilibrium boundary layer is
typically much less than distances of interest. Another consideration at PSC is that the
division of the project area into sectors does not account for transitions in surface
parameters that occur normal to the sector boundaries. Specifically, analyses of the effect
of cross-wind transitions in surface roughness, the surface parameter that can influence
AERMOD predicted airborne concentrations most significantly (ENVIRON 2005, Long
et al. 2004), indicate that changes more than two orders of magnitude can result in
significant over- or under- estimates of concentrations (Hanna and Britter 2002). In such
cases, applying a distance weighted average based on zones defined in the direction radial
from the project area can result in surface roughness estimates which, when used for
dispersion modeling applications, produce more representative results. A methodology
for calculating a representative surface roughness, following the methodology of Goode
and Belcher (1999), is described in Hanna and Britter (2002). In practice, changes of
several orders of magnitude in surface roughness most frequently occur in water-to-land
transitions. At PSC, open water is included within a three-kilometer circle around the
both the UC Richmond meteorological station and the site.
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However, based on discussions with the District and USEPA guidance (USEPA 2005a),
USEPA default land-use analysis was performed such that concentrations estimated in a
sector downwind of a source are based on surface characteristics upwind from the source.
This methodology was used to estimate surface parameters using the one-kilometer circle
around the UC Richmond meteorological station as the District’s area of highest concern
focuses on areas within one kilometer of the facility. If areas of concern extend beyond
one kilometer from the facility, additionally analyses using the Hanna and Britta method
described above would be conducted to take into account the significant transition in
surface roughness at the shoreline.

34 AERMET Mixing Height

For each year, surface and upper air data files were combined using version 06341 of AERMET
to develop the required model-ready meteorological data files. AERMET processes the data in
three stages. The first stage extracts meteorological data from archive data files and processes
the data through various quality assessment checks. The second stage merges all data available
for 24-hour periods and stores these data together in a single file. The third stage reads the
merged meteorological data and estimates the necessary boundary layer parameters for use by
AERMOD. Following USEPA’s guidance (USEPA 2004b), the upper air data was subjected to
preliminary quality control by employing the MODIFY keyword, which makes three adjustments
to the sounding data: first, it deletes mandatory levels from the sounding; second, it sets non-zero
wind directions to zero if the wind speed is zero; third, it replaces missing ambient and dew point
temperatures with interpolated values. Aside from employing the MODIFY keyword, missing
periods of meteorological data will be left unaltered. For each year, AERMET generates two
files for AERMOD: a file of hourly boundary layer parameter estimates and a file of multiple-
level observations of wind speed and direction, temperature, and the standard deviation of the
fluctuating components of wind.

4.0 LAND USE ANALYSIS

AERMOD can evaluate heat island effects from urban areas to atmospheric transport and
dispersion using an urban boundary layer option. As per USEPA guidance (USEPA 2005a, b),
ENVIRON used Auer’s method of classifying land-use as either rural or urban (Auer 1978) and
a population density analysis to analyze the urban nature of the region in which the primary
project area is located. These methods call for analysis of the land within a three-kilometer
radius from the meteorological station and primary project area to determine if the majority of
the land can be classified as either rural (i.e. undeveloped) or urban and if the population density
exceeds 750 people per square kilometer. In addition to the standard three-kilometer radius, a
one-kilometer radius around both the UC Richmond meteorological station and facility was also
evaluated to determine land use characteristics and population density. As discussed for the
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surface parameter analyses, the one kilometer radius was evaluated as the District’s area of
highest concern focuses on areas within one kilometer of the facility.

To conduct the Auer analysis, ENVIRON used the USGS NLCD 2001 Land Cover Data (USGS
2003) obtained as part of the surface parameter determination discussed above to evaluate areas
around the facility and UC Richmond meteorological station. Table 5 shows the descriptions of
the land use designations used in the NLCD 2001 data set and the corresponding Auer land use
type and descriptions used in this analysis. Figures 3 and 4 show the Auer land use designation
around both the UC Richmond meteorological station and facility area and Table 6 shows the
total area of each Auer land use designation and its percentage of total.

As shown in Table 7, more than fifty percent of the area circumscribed by both the one- and
three-kilometer radius circles around the UC Richmond meteorological station consists of Auer
land-use industrial, commercial or residential urban land types. Table 7 also shows the land use
analysis around the facility as approximately 46.5% urban for the three-kilometer radius and
64.1% for the one-kilometer radius. The land use in a three-kilometer radius around the facility
has a lower urban percentage due to the high percentage of water (37.8%), however, the water
surfaces are not between the source and receptors in the predominant downwind direction. As
shown in Table 7, the land use excluding the water area is predominantly urban for both the
meteorological station and facility.

As a secondary analysis, USEPA guidance (USEPA 2005a, b) also recommends the
determination of population density for the project area, and if that density exceeds 750 people
per square kilometer, then modeling should be conducted using urban dispersion coefficients.

In order to determine population density, ENVIRON GeoLytics’® Census CD 2000 Short Form
Blocks (Release 1.0) to gather 2000 US Census data in one- and three-kilometer buffers around
the UC Richmond meteorological station and facility. The population in each buffer was
determined and a density was calculated using the total area of the buffer, including the water
area, as shown in Table 8. Additionally, as much of the area in each of the buffers was water
with zero population, densities were also calculated considering only the land area and excluding
the water area. In all cases, as shown in Table 8, the population density exceeds the 750 people
per square kilometer threshold.

As the land use around the UC Richmond meteorological station and around the facility in the
predominantly downwind directions is predominantly urban and the population density around
both the meteorological station and facility are greater than 750 people per square kilometer, the
urban boundary layer option will be used in modeling.

Selection of the urban boundary layer option in AERMOD also requires an estimate of the
population of the urban area in order to make adjustments to the urban boundary layer. As the
urban boundary layer option is selected, published census data should be used to determine the
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population contributing to the heat island effect, as recommended by USEPA (USEPA 2005a).
USEPA guidance (USEPA 2005b) recommends using published census data corresponding to
the Metropolitan Statistical Area (MSA) for the model area. In this case, the pertinent MSA is
the San Francisco-Oakland-Fremont MSA (population 4,123,470) would be selected (USCB
2003). However, to be conservative for this analysis, estimated populations data for Berkeley,
Albany and El Cerrito (total population of 139,606) will be used (USCB 2007).

50 SOURCE PARAMETERS

Table 9 lists the emission points (e.g., point and volume sources) and associated release
parameters for each emission point that will be used in the air dispersion modeling. Table 9 also
indicates which sources (as identified by District source ID) are routed through each emission
point. This table is consistent with the emissions tables (Tables 5 through 7) and process flow
diagrams (Figures 3 through 6) presented in the EIR.

6.0 HEALTHRISK ASSESSMENT

As HARP has not been updated to utilize AERMOD, the risk assessment calculations will be
conducted using ENVIRON’s own risk assessment database tool, which has previously been
approved by the District for use in other air toxic health risk assessments at facilities in its
jurisdiction.  The risk assessment methods used in the database are consistent with guidelines
provided by Cal/EPA (Cal/EPA 2000 and 2003) and BAAQMD (BAAQMD 2000, 2005a,
2005b).

Per District recommendations,>® a multipathway health value approach will be used in this HRA
to estimate cancer risk and noncarcinogenic hazards for potentially exposed receptor populations.
Multipathway health values combine population-specific exposure assumptions for each
complete exposure pathway, site-specific information, and chemical specific toxicity values.
The multipathway health values are multiplied by the modeled air concentrations to obtain
cancer risk and noncarcinogenic hazards. Chemical specific multipathway health values are
calculated using Cal/EPA's Hotspots Analysis and Reporting Program (HARP), Version 1.3 that
implements risk assessment methods consistent with District health risk assessment guidelines
(BAAQMD 2005b). Three sets of multipathway health values were calculated for cancer and
chronic noncancer endpoints using HARP: residents, offsite workers and sensitive receptors
(i.e., children at school sites). Acute effects will be evaluated using Cal/EPA acute reference
exposure levels (RELS).

®Personal communication, S. Lutz of the District in conversation with D. Daugherty of ENVIRON on September
21, 2006.
® Personal communication, D.Chong of the District by e-mail to M. Posson of ENVIRON on September 25, 2006.
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Table 1

Land Use Designations for Surface Parameter Analysis

Pacific Steel Casting Co.
Berkeley, CA

USGS
Code

2001 USGS Land Use Type

2001 USGS Land Use Type Description®?

EPA
Code

EPA Land Use
Type for Surface
Parameter

Analysis>?

11

Open Water

Open Water - All areas of open water,
generally with less than 25% cover of
vegetation or soil.

Water

21

Developed, Open Space

Developed, Open Space - Includes areas with
a mixture of some constructed materials, but
mostly vegetation in the form of lawn grasses.
Impervious surfaces account for less than 20
percent of total cover. These areas most
commonly include large-lot single-family
housing units, parks, golf courses, and
vegetation planted in developed settings for
recreation, erosion control, or aesthetic
purposes

Urban

22

Developed, Low Intensity

Developed, Low Intensity - Includes areas
with a mixture of constructed materials and
vegetation. Impervious surfaces account for
20-49 percent of total cover. These areas
most commonly include single-family housing
units.

Urban

23

Developed, Medium Intensity

Developed, Medium Intensity - Includes areas
with a mixture of constructed materials and
vegetation. Impervious surfaces account for
50-79 percent of the total cover. These areas
most commonly include single-family housing
units.

Urban

24

Developed, High Intensity

Developed, High Intensity - Includes highly
developed areas where people reside or work
in high numbers. Examples include apartment
complexes, row houses and
commercial/industrial. Impervious surfaces
account for 80 to100 percent of the total
cover.

Urban

42

Evergreen Forest

Evergreen Forest - Areas dominated by trees
generally greater than 5 meters tall, and
greater than 20% of total vegetation cover.
More than 75 percent of the tree species
maintain their leaves all year. Canopy is never
without green foliage.

Coniferous Forest|

43

Mixed Forest

Mixed Forest - Areas dominated by trees
generally greater than 5 meters tall, and
greater than 20% of total vegetation cover.
Neither deciduous nor evergreen species are
greater than 75 percent of total tree cover.

Mixed Forest

52

Shrub/Scrub

Shrub/Scrub - Areas dominated by shrubs;
less than 5 meters tall with shrub canopy
typically greater than 20% of total vegetation.
This class includes true shrubs, young trees in
an early successional stage or trees stunted
from environmental conditions.

Desert Shrubland

71

Grassland/Herbaceous

Grassland/Herbaceous - Areas dominated by
grammanoid or herbaceous vegetation,
generally greater than 80% of total vegetation.
These areas are not subject to intensive
management such as tilling, but can be
utilized for grazing.

Grassland

90

Woody Wetlands

Woody Wetlands - Areas where forest or
shrubland vegetation accounts for greater
than 20 percent of vegetative cover and the
soil or substrate is periodically saturated with
or covered with water.

Swamp

95

Emergent Herbaceous
Wetlands

Emergent Herbaceous Wetlands - Areas
where perennial herbaceous vegetation
accounts for greater than 80 percent of
vegetative cover and the soil or substrate is
periodically saturated with or covered with
water.

Swamp

References:

! United States Geological Survey (USGS) 2001 National Land Cover Dataset (NLCD) Zone 60 Land Cover
Layer. 2003. http://www.mrlc.gov/

2 http://www.mrlc.gov/nlcd_definitions.asp

3 United States Environmental Protection Agency (USEPA). 2004. User's Guide for the AERMOD
Meteorological Preprocessor (AERMET). Office of Air Quality Planning and Standards. Emissions
Monitoring and Analysis Division. Research Triangle Park, North Carolina. EPA-454/B-03-002.

Notes:

November.

@ Available land uses designations are: water, deciduous forest, coniferous forest, mixed forest*, swamp,
cultivated land, grassland, urban, desert shrubland
* mixed forest is an average of coniferous and deciduous forests
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Table 2
Summary of Seasons for AERMET Surface Parameter Analysis
Pacific Steel Casting Company
Berkeley, California

Winter Spring Summer Summer/Autumn Autumn
February April July November
N/AZ March May August December
June September January
October

Notes:

1. Seasons were determined based on a California-specific adaptation of the default values presented in USEPA'sUser's Guide for the AERMOD
Meteorological Preprocessor (AERMET), November 2004.

Spring: Vegetation is emerging or partially green; approximately 1 month after significant frost potential
Summer: Vegetation is lush

Summer/Autumn: A few months after the last significant rain

2. Winter conditions (snow covered surfaces and subfreezing temperatures) do not typically exist at PSC.

Acronyms

AERMOD = American Meteorological Society/Environmental Protection Agency Regulatory Model
USEPA = United States Environmental Protection Agency

Autumn: First several months of the rainy season until significant frost potential no longer exists; grasses are brown and
vegetation is dried out
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Summary of AERMET Surface Parameters

Table 3

Pacific Steel Casting Company
Berkeley, California

Albedo Bowen Ratio Surface Roughness
Wet Conditions Average Conditions Dry Conditions 9
Land Use
. Summer/ . Summer/ . Summer/ . Summer/ . Summer/
Spring | Summer > | Autumn Spring | Summer > | Autumn Spring | Summer > | Autumn Spring | Summer > | Autumn Spring | Summer > | Autumn
Autumn Autumn Autumn Autumn Autumn
Coniferous Forest 0.12 0.12 0.12 0.12 0.3 0.2 0.25 0.3 0.7 0.3 0.55 0.8 1.5 0.6 1.05 1.5 1.3 1.3 1.3 1.3
Cultivated Land 0.14 0.2 0.19 0.18 0.2 0.3 0.35 0.4 0.3 0.5 0.6 0.7 1 1.5 1.75 2 0.03 0.2 0.13 0.05
Deciduous Forest 0.12 0.12 0.12 0.12 0.3 0.2 0.3 0.4 0.7 0.3 0.65 1 1.5 0.6 1.3 2 1 1.3 1.05 0.8
Desert Shrubland 0.3 0.28 0.28 0.28 1 1.5 1.75 2 3 4 5 6 5 6 8 10 0.3 0.3 0.3 0.3
Grassland 0.18 0.18 0.19 0.2 0.3 0.4 0.45 0.5 0.4 0.8 0.9 1 1 2 2 2 0.05 0.1 0.06 0.01
Mixed Forest* 0.12 0.12 0.12 0.12 0.3 0.2 0.28 0.35 0.7 0.3 0.6 0.9 1.5 0.6 1.18 1.75 1.15 1.3 1.18 1.05
Swamp 0.12 0.14 0.15 0.16 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Urban 0.14 0.16 0.17 0.18 0.5 1 1 1 1 2 2 2 2 4 4 4 1 1 1 1
Water 0.12 0.1 0.12 0.14 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0001 0.0001 0.0001 0.0001
Notes:

1. Values for mixed forest are assumed to be the average of deciduous forest and coniferous forest.

2. Values for summer/autumn are assumed to be the average of summer and autumn.
3. All values from USEPA Guidance: United States Environmental Protection Agency (USEPA). 2004a.

User's Guide for the AERMOD Meteorological Preprocessor (AERMET). Office of Air Quality Planning and Standards.

Emissions Monitoring and Analysis Division. Research Triangle Park, North Carolina. EPA-454/B-03-002. 5-9, 4-49. November.

Acronyms

AERMOD = American Meteorological Society/Environmental Protection Agency Regulatory Model
USEPA = United States Environmental Protection Agency
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Table 4

Summary of Bowen Ratio Conditions* for AERMET Surface Parameter Analysis
Pacific Steel Casting Company
Berkeley, California

Year Winter Spring Summer Summer/Autumn Autumn

2000 N/A average average wet average

2001 N/A average average dry wet

2003 N/A dry average dry average

2004 N/A average dry wet average

2005 N/A average wet dry average
Notes:

1. Bowen ratio conditions were determined by comparing the average precipitation for that season to the average long-term precipitation of that season. The
following guidelines were used:

dry: the average precipitation for that season is less than half the long-term average precipitation for that season
wet: the average precipitation for that season is more than twice the long-term average precipitation for that season

the average precipitation for that season is greater than or equal to half the long-term average precipitation for that season, and less than or

average: equal to twice the long-term average precipitation for that season

If insufficient data was collected from the station nearest to the facility, the next closest station with data was used.

Source:
Western Regional Climate Center (http://www.wrcc.dri.edu/)
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Table 5

Land Use Designations for Auer Urban/Rural Determination
Pacific Steel Casting Co.

Berkeley, CA
Auer Classification
USGS .. 4, | AuerLand 3
Code | 2001 USGS Land Use Type | 2001 USGS Land Use Type Description™ Use Tvpe® Auer Land Use Name for Urban/Rural
ype g
Determination
Open Water - All areas of open water,
11 |Open Water generally with less than 25% cover of A5 Water Surfaces - Rivers, lakes Rural
vegetation or soil.
Developed, Open Space - Includes areas with
a mixture of some constructed materials, but
mostly vegetation in the form of lawn grasses.
Impervious surfaces account for less than 20 Estate Residential - Expansive family
21 Developed, Open Space percent of t'otal cover. These_areas m(_)st R4 dwelling on multi-gcre tracts; At?undant Rural
commonly include large-lot single-family grass lawns and lightly wooded; >80%
housing units, parks, golf courses, and vegetation
vegetation planted in developed settings for
recreation, erosion control, or aesthetic
purposes
Developed, Low Intensity - Includes areas Common Residential - Single family
with a mixture of constructed materials and dwelling with normal easements;
. vegetation. Impervious surfaces account for generally one story, pitched roof
22 Developed, Low Intensity 20-49 percent of total cover. These areas R1 structures, with driveways; Abundant Rural
most commonly include single-family housing grass lawns and light-moderately
units. wooded; >70% vegetation
R2: Compact Residential - Single, some
multiple, family dwelling with close
spacing; generally <2 story, pitched roof
Developed, Medium Intensity - Includes areas structures; garages (via alley), no
with a mixture of constructed materials and driveways; Limited lawn sizes and shade
. . vegetation. Impervious surfaces account for trees; <30% vegetation
23 Developed, Medium Intensity 50-79 percent of the total cover. These areas R2,R3 R3: Compact Residential - Old multi- Urban
most commonly include single-family housing family dwellings with close (<2 m) lateral
units. flat roof structures; garages (via alley)
and ashpits, no driveways; Limited lawn
sizes, old established shade trees; <35%
vegetation
I11: Heavy Industrial - Major chemical,
steel and fabrication industries; generally
3-5 story buildings, flat roofs; Grass and
tree growth extremely rare; <5%
Developed, High Intensity - Includes highly vegetation
developed areas where people reside or work 12: Light-moderate Industrial - Rail yards,
in high numbers. Examples include apartment truck depots, warehouses, industrial
24 Developed, High Intensity complexes, row houses and 11,12, C1 |parks, minor fabrications; generally 1-3 Urban
commercial/industrial. Impervious surfaces story buildings, flat roofs; Very limited
account for 80 t0100 percent of the total grass, trees almost totally absent; <5%
cover. vegetation
C1: Commercial - Office and apartment
buildings, hotels; >10 story heights, flat
roofs; Limited grass and trees; <15%
vegetation
Evergreen Forest - Areas dominated by trees
generally greater than 5 meters tall, and
greater than 20% of total vegetation cover. Undeveloped Rural - Heavily wooded;
42 Evergreen Forest More than 75 percent of the tree species A4 >95% vegetation Rural
maintain their leaves all year. Canopy is never
without green foliage.
Mixed Forest - Areas dominated by trees
generally greater than 5 meters tall, and . .
43 Mixed Forest greater than 20% of total vegetation cover. A4 Undeveloped Rural - Heavily wooded, Rural
. . . >95% vegetation
Neither deciduous nor evergreen species are
greater than 75 percent of total tree cover.
Shrub/Scrub - Areas dominated by shrubs;
Undeveoped - Uncutats vassand
52 |Shrub/Scrub ypically gr 9 ' A3 Mostly wild grasses and weeds, lightly Rural
This class includes true shrubs, young trees . )
. . wooded; 90% vegetation
in an early successional stage or trees
stunted from environmental conditions.
Grassland/Herbaceous - Areas dominated by
grammanoid or herbaceous vegetation, Undeveloped - Uncultivated; wasteland;
generally greater than 80% of total . .
71 |Grassland/Herbaceous . . A3 Mostly wild grasses and weeds, lightly Rural
vegetation. These areas are not subject to . .
. . - wooded; 90% vegetation
intensive management such as tilling, but can
be utilized for grazing.
Woody Wetlands - Areas where forest or
shrubland vegetation accounts for greater Undeveloped - Uncultivated; wasteland;
90 |Woody Wetlands than 20 percent of vegetative cover and the A3 Mostly wild grasses and weeds, lightly Rural
soil or substrate is periodically saturated with wooded; 90% vegetation
or covered with water.
Emergent Herbaceous Wetlands - Areas
where perennial herbaceous vegetation Undeveloped - Uncultivated; wasteland;
Emergent Herbaceous accounts for greater than 80 percent of - .
95 . . . A3 Mostly wild grasses and weeds, lightly Rural
Wetlands vegetative cover and the soil or substrate is . )
L ) ) wooded; 90% vegetation
periodically saturated with or covered with
water.
References:

! United States Geological Survey (USGS) 2001 National Land Cover Dataset (NLCD) Zone 60 Land Cover Layer. 2003. http://www.mrlc.gov/
# http:/Aww.mrlc.gov/nlcd_definitions.asp
% Auer, Jr., A.H. “Correlation of Land Use and Cover with Meteorological Anomalies”. Journal of Applied Meteorology, 17:636-643, 1978.
* United States Environmental Protection Agency (USEPA). 2005. Revision to the Guideline on Air Quality Models: Adoption of a Preferred General Purpose

(Flat and Complex Terrain) Dispersion Model and Other Revisions; Final Rule. 40 CFR Part 51, Appendix W. 70 Federal Register 68218-61. November 9.
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Table 6
Land Use Areas for Auer Analyses
Pacific Steel Casting Co.

Berkeley, CA
3-km around UC Richmond 1-km around UC Richmond
Auer Land Use L Urban or Rural . . - .
e Auer Land Use Description . station station 3-km around facility 1-km around facility
Classification Classification > > > >
Area (m°) Area % Area (m°) Area % Area (m°) Area % Area (m°) Area %
A3 Undeveloped Rural 223,472 0.8% 60,094 1.9% 601,653 2.1% 94,818 3.0%
A4 Undeveloped Rural Rural 22,626 0.1% 11,108 0.4% 76,050 0.3% 0 0.0%
R1 Common Residential Rural 2,151,177 7.6% 527,324 16.8% 2,760,480 9.8% 173,205 5.5%
R4 Estate Residential Rural 888,061 3.1% 216,831 6.9% 1,002,288 3.5% 169,308 5.4%
A5 Water Surfaces Rural 8,273,070 29.2% 348,884 11.1% 10,683,123 37.8% 692,589 22.0%
R2, R3 Compact Residential Urban 12,301,429 43.5% 1,401,395 44.6% 9,954,303 35.2% 1,007,692 32.1%
11,12, C1 Industrial and Commercial Urban 4,433,506 15.7% 577,792 18.4% 3,215,203 11.4% 1,005,787 32.0%
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Table 7
Results of Auer Analyses
Pacific Steel Casting Co.

Berkeley, CA

Including water area Excluding water area
Area evaluated

val Rural Urban Rural Urban
3 km around UC Richmond station 40.9% 59.1% 16.4% 83.6%
1 km around UC Richmond station 37.0% 63.0% 29.2% 70.8%
3 km around facility 53.5% 46.5% 25.2% 74.8%
1 km around facility 35.9% 64.1% 17.8% 82.2%
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Table 8
Population Densities
Pacific Steel Casting Company
Berkeley, California

Population Density
Area evaluated (people/kmz) -
Including Excluding
water area water area
3 km around UC Richmond station 1,929 2,727
1 km around UC Richmond station 1,242 1,397
3 km around facility 1,972 3,170
1 km around facility 1,141 1,463
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Point Sources

Table 9

Proposed Source Parameters for Air Dispersion Modeling Using AERMOD

Pal

cific Steel Casting Co.
Berkeley, California

Plant Stack Name Type Associated Source Number(s) Abatement Device Stack Height (ft) | Temperature (F) | Exit Flowrate (cfm) Diameter (inches)
Plant 1 P1/P7 Stack S2, S3, S4 A8 Baghouse/A7 Carbon 65.0 ambient 59,232 66
Plant 1 P2 Stack S16, S17 A2 Baghouse 30.5 ambient 5,424 14.5"x13.5" duct
Plant 1 P3 Stack S15 A3 Baghouse 28.7 ambient 7,980 12"x16" duct
Plant 1 P4 Stack S12, S13 A4 Baghouse 375 ambient 8,897 23"x12.5" duct
187 |Plant 1 P5 Stack S1 A5 Baghouse 32.0 124.8 12,027 28.5"x21" duct
Plant 1 P6 Stack S14 A6 Baghouse 315 ambient 7,980 17"x17" duct
Plant 1 Finishing Roof A-D  [Roof Vent (x4) |S12 fug, S13 fug, S14 fug None 36.0 ambient 9,716 54
Plant 1 Main Roof A-B Roof Vent (x2) [S1 fug, S2 fug, S3 fug, S4 fug, S22, S32001, S18 |None 39.3 ambient 9716 54
Plant 2 P1 Stack S22, S23, S26, S29, S30, S31, S32 A1/A2 Baghouses/A7 Carbon 85.0 09.1 50,313 57
Plant 2 P3 Stack (x2) ~|S27 A3 Baghouse 465 99.5 23,077 2 30"x20" ducts, with equal flow
Plant 2 P4 Stack S6, S7, S8, S9, S10, S11, S12 A4 Baghouse
703 31.0 ambient 7,890 15"x16" duct
Plant 2 P5 Stack S33-S40 A5 Baghouse 31.3 ambient 19,636 17.5"x18.5" duct
Plant 2 P10 Stack S44-49 A10 Baghouse 38.0 152.0 10,105 26.5
Plant 2 Source 24 Stack Stack S24 None 32.0 ambient 4,676 40
Plant 2 Finishing Roof A-B  [Roof Vent (x2) |S33-S40 fug None 32.0 ambient 9,716 52
: S13-S18, S20, S21, S22 fug, S23 fug, S27 fug,
Plant 2 Molding Roof A-F Roof Vent (x6) S29 fug, S30 fug, S31 fug None 33.0 ambient 0716 52
Plant 3 P1 Stack S1 Al Baghouse 42.0 103.4 22,968 39
Plant 3 P2 Stack S5, S6 A2/A6 Baghouses 40.0 ambient 62,000 60
S4, S19, Mold Mixing Area (S14, S18, Core,
Plant 3 P3 Stack Molding) A3/A7 Baghouses/A8 Carbon 545 84.0 74.904 67
1603 ’ S4 fug, S19 fug, Mold Mixing Area (S14, S18,
Plant 3 Molding Roof A-B Roof Vent (x2) Core, Molding) None 445 ambient 0716 54
N Heat Treat Furnace, Cleaning and Grinding, Arc Air
Plant 3 Finishing Roof A-F  |Roof Vent (x6) Booth Welding None 435 ambient 0716 54
Plant 3 Meltshop Roof A-C__ [Roof Vent (x3) |S1 fug None 40.0 ambient 32,400 54
Volume Sources
. Release Height Initial Lateral Initial Vertical
Plant Name Type Abatement Device (i) Dimension (ft) Dimension (ft)
703 |Plant 2 TSR Door Door S47 fug, S48 fug, S49 fug NA 6 10 12
Notes:

"Fug" after a source number indicates fugitive emissions from that source.

NA = not applicable.
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WIND ROSE PLOT:
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WIND ROSE PLOT:
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WIND ROSE PLOT:
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Table B-1

Summary of Sector-Specific Surface Roughness, Bowen Ratio, and Albedo for 2000

Pacific Steel Casting Company

Berkeley, California

Surface
Sector No. Month Season Albedo Bowen Ratio Roughness
January Autumn 0.18 2.00 1.00
February Spring 0.14 1.00 1.00
March 0.14 1.00 1.00
April 0.16 2.00 1.00
May Summer 0.16 2.00 1.00
1 June 0.16 2.00 1.00
July 0.17 1.00 1.00
August 0.17 1.00 1.00
Segtember Summer/Autumn 0.17 1.00 1.00
October 0.17 1.00 1.00
November 0.18 2.00 1.00
December Autumn 0.18 2.00 1.00
January 0.18 1.96 0.97
February Spring 0.14 0.98 0.98
March 0.14 0.98 0.98
April 0.16 1.95 0.98
May Summer 0.16 1.95 0.98
2 June 0.16 1.95 0.98
July 0.17 0.98 0.98
August 0.17 0.98 0.98
Segtember Summer/Autumn 0.17 0.98 0.98
October 0.17 0.98 0.98
November 0.18 1.96 0.97
December Autumn 0.18 1.96 0.97
January 0.17 1.55 0.75
February Spring 0.14 0.78 0.75
March 0.14 0.78 0.75
April 0.15 1.54 0.75
May Summer 0.15 1.54 0.75
3 June 0.15 1.54 0.75
July 0.16 0.78 0.75
August 0.16 0.78 0.75
Segtember Summer/Autumn 0.16 0.78 0.75
October 0.16 0.78 0.75
November 0.17 1.55 0.75
December Autumn 0.17 1.55 0.75
January 0.16 0.98 0.48
February Spring 0.13 0.52 0.48
March 0.13 0.52 0.48
April 0.13 0.98 0.48
May Summer 0.13 0.98 0.48
4 June 0.13 0.98 0.48
July 0.15 0.52 0.48
August 0.15 0.52 0.48
Segtember Summer/Autumn 0.15 052 0.48
October 0.15 0.52 0.48
November 0.16 0.98 0.48
December Autumn 0.16 0.98 0.48
January 0.17 1.57 0.77
February Spring 0.14 0.80 0.77
March 0.14 0.80 0.77
April 0.15 1.57 0.77
May Summer 0.15 1.57 0.77
5 June 0.15 1.57 0.77
July 0.16 0.80 0.77
August 0.16 0.80 0.77
Segtember Summer/Autumn 0.16 0.80 0.77
October 0.16 0.80 0.77
November Autumn 0.17 1.57 0.77
December 0.17 1.57 0.77

ENVIRON



Table B-2

Summary of Sector-Specific Surface Roughness, Bowen Ratio, and Albedo for 2001

Pacific Steel Casting Company

Berkeley, California

Surface
Sector No. Month Season Albedo Bowen Ratio Roughness
January Autumn 0.18 1.00 1.00
February Spring 0.14 1.00 1.00
March 0.14 1.00 1.00
April 0.16 2.00 1.00
May Summer 0.16 2.00 1.00
1 June 0.16 2.00 1.00
July 0.17 4.00 1.00
August 0.17 4.00 1.00
Segtember Summer/Autumn 0.17 2.00 1.00
October 0.17 4.00 1.00
November 0.18 1.00 1.00
December Autumn 0.18 1.00 1.00
January 0.18 0.98 0.97
February Spring 0.14 0.98 0.98
March 0.14 0.98 0.98
April 0.16 1.95 0.98
May Summer 0.16 1.95 0.98
2 June 0.16 1.95 0.98
July 0.17 3.91 0.98
August 0.17 3.91 0.98
Segtember Summer/Autumn 0.17 3.01 0.98
October 0.17 3.91 0.98
November 0.18 0.98 0.97
December Autumn 0.18 0.98 0.97
January 0.17 0.79 0.75
February Spring 0.14 0.78 0.75
March 0.14 0.78 0.75
April 0.15 1.54 0.75
May Summer 0.15 1.54 0.75
3 June 0.15 1.54 0.75
July 0.16 3.08 0.75
August 0.16 3.08 0.75
Segtember Summer/Autumn 0.16 3.08 0.75
October 0.16 3.08 0.75
November 0.17 0.79 0.75
December Autumn 0.17 0.79 0.75
January 0.16 0.52 0.48
February Spring 0.13 0.52 0.48
March 0.13 0.52 0.48
April 0.13 0.98 0.48
May Summer 0.13 0.98 0.48
4 June 0.13 0.98 0.48
July 0.15 1.92 0.48
August 0.15 1.92 0.48
Segtember Summer/Autumn 0.15 1.92 0.48
October 0.15 1.92 0.48
November 0.16 0.52 0.48
December Autumn 0.16 0.52 0.48
January 0.17 0.80 0.77
February Spring 0.14 0.80 0.77
March 0.14 0.80 0.77
April 0.15 1.57 0.77
May Summer 0.15 1.57 0.77
5 June 0.15 1.57 0.77
July 0.16 3.12 0.77
August 0.16 3.12 0.77
Segtember Summer/Autumn 0.16 312 0.77
October 0.16 3.12 0.77
November Autumn 0.17 0.80 0.77
December 0.17 0.80 0.77
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Table B-3

Summary of Sector-Specific Surface Roughness, Bowen Ratio, and Albedo for 2003

Pacific Steel Casting Company

Berkeley, California

Surface
Sector No. Month Season Albedo Bowen Ratio Roughness
January Autumn 0.18 2.00 1.00
February Spring 0.14 2.00 1.00
March 0.14 2.00 1.00
April 0.16 2.00 1.00
May Summer 0.16 2.00 1.00
1 June 0.16 2.00 1.00
July 0.17 4.00 1.00
August 0.17 4.00 1.00
Segtember Summer/Autumn 0.17 2.00 1.00
October 0.17 4.00 1.00
November 0.18 2.00 1.00
December Autumn 0.18 2.00 1.00
January 0.18 1.96 0.97
February Spring 0.14 1.97 0.98
March 0.14 1.97 0.98
April 0.16 1.95 0.98
May Summer 0.16 1.95 0.98
2 June 0.16 1.95 0.98
July 0.17 3.91 0.98
August 0.17 3.91 0.98
Segtember Summer/Autumn 0.17 3.01 0.98
October 0.17 3.91 0.98
November 0.18 1.96 0.97
December Autumn 0.18 1.96 0.97
January 0.17 1.55 0.75
February Spring 0.14 1.55 0.75
March 0.14 1.55 0.75
April 0.15 1.54 0.75
May Summer 0.15 1.54 0.75
3 June 0.15 1.54 0.75
July 0.16 3.08 0.75
August 0.16 3.08 0.75
Segtember Summer/Autumn 0.16 3.08 0.75
October 0.16 3.08 0.75
November 0.17 1.55 0.75
December Autumn 0.17 1.55 0.75
January 0.16 0.98 0.48
February Spring 0.13 0.99 0.48
March 0.13 0.99 0.48
April 0.13 0.98 0.48
May Summer 0.13 0.98 0.48
4 June 0.13 0.98 0.48
July 0.15 1.92 0.48
August 0.15 1.92 0.48
Segtember Summer/Autumn 0.15 1.92 0.48
October 0.15 1.92 0.48
November 0.16 0.98 0.48
December Autumn 0.16 0.98 0.48
January 0.17 1.57 0.77
February Spring 0.14 1.57 0.77
March 0.14 1.57 0.77
April 0.15 1.57 0.77
May Summer 0.15 1.57 0.77
5 June 0.15 1.57 0.77
July 0.16 3.12 0.77
August 0.16 3.12 0.77
Segtember Summer/Autumn 0.16 312 0.77
October 0.16 3.12 0.77
November Autumn 0.17 1.57 0.77
December 0.17 1.57 0.77
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Table B-4

Summary of Sector-Specific Surface Roughness, Bowen Ratio, and Albedo for 2004

Pacific Steel Casting Company

Berkeley, California

Surface
Sector No. Month Season Albedo Bowen Ratio Roughness
January Autumn 0.18 2.00 1.00
February Spring 0.14 1.00 1.00
March 0.14 1.00 1.00
April 0.16 4.00 1.00
May Summer 0.16 4.00 1.00
1 June 0.16 4.00 1.00
July 0.17 1.00 1.00
August 0.17 1.00 1.00
Segtember Summer/Autumn 0.17 1.00 1.00
October 0.17 1.00 1.00
November 0.18 2.00 1.00
December Autumn 0.18 2.00 1.00
January 0.18 1.96 0.97
February Spring 0.14 0.98 0.98
March 0.14 0.98 0.98
April 0.16 3.90 0.98
May Summer 0.16 3.90 0.98
2 June 0.16 3.90 0.98
July 0.17 0.98 0.98
August 0.17 0.98 0.98
Segtember Summer/Autumn 0.17 0.98 0.98
October 0.17 0.98 0.98
November 0.18 1.96 0.97
December Autumn 0.18 1.96 0.97
January 0.17 1.55 0.75
February Spring 0.14 0.78 0.75
March 0.14 0.78 0.75
April 0.15 3.08 0.75
May Summer 0.15 3.08 0.75
3 June 0.15 3.08 0.75
July 0.16 0.78 0.75
August 0.16 0.78 0.75
Segtember Summer/Autumn 0.16 0.78 0.75
October 0.16 0.78 0.75
November 0.17 1.55 0.75
December Autumn 0.17 1.55 0.75
January 0.16 0.98 0.48
February Spring 0.13 0.52 0.48
March 0.13 0.52 0.48
April 0.13 1.92 0.48
May Summer 0.13 1.92 0.48
4 June 0.13 1.92 0.48
July 0.15 0.52 0.48
August 0.15 0.52 0.48
Segtember Summer/Autumn 0.15 052 0.48
October 0.15 0.52 0.48
November 0.16 0.98 0.48
December Autumn 0.16 0.98 0.48
January 0.17 1.57 0.77
February Spring 0.14 0.80 0.77
March 0.14 0.80 0.77
April 0.15 3.12 0.77
May Summer 0.15 3.12 0.77
5 June 0.15 3.12 0.77
July 0.16 0.80 0.77
August 0.16 0.80 0.77
Segtember Summer/Autumn 0.16 0.80 0.77
October 0.16 0.80 0.77
November Autumn 0.17 1.57 0.77
December 0.17 1.57 0.77
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Table B-5

Summary of Sector-Specific Surface Roughness, Bowen Ratio, and Albedo for 2005

Pacific Steel Casting Company

Berkeley, California

Surface
Sector No. Month Season Albedo Bowen Ratio Roughness
January Autumn 0.18 2.00 1.00
February Spring 0.14 1.00 1.00
March 0.14 1.00 1.00
April 0.16 1.00 1.00
May Summer 0.16 1.00 1.00
1 June 0.16 1.00 1.00
July 0.17 4.00 1.00
August 0.17 4.00 1.00
Segtember Summer/Autumn 0.17 2.00 1.00
October 0.17 4.00 1.00
November 0.18 2.00 1.00
December Autumn 0.18 2.00 1.00
January 0.18 1.96 0.97
February Spring 0.14 0.98 0.98
March 0.14 0.98 0.98
April 0.16 0.97 0.98
May Summer 0.16 0.97 0.98
2 June 0.16 0.97 0.98
July 0.17 3.91 0.98
August 0.17 3.91 0.98
Segtember Summer/Autumn 0.17 3.01 0.98
October 0.17 3.91 0.98
November 0.18 1.96 0.97
December Autumn 0.18 1.96 0.97
January 0.17 1.55 0.75
February Spring 0.14 0.78 0.75
March 0.14 0.78 0.75
April 0.15 0.78 0.75
May Summer 0.15 0.78 0.75
3 June 0.15 0.78 0.75
July 0.16 3.08 0.75
August 0.16 3.08 0.75
Segtember Summer/Autumn 0.16 3.08 0.75
October 0.16 3.08 0.75
November 0.17 1.55 0.75
December Autumn 0.17 1.55 0.75
January 0.16 0.98 0.48
February Spring 0.13 0.52 0.48
March 0.13 0.52 0.48
April 0.13 0.52 0.48
May Summer 0.13 0.52 0.48
4 June 0.13 0.52 0.48
July 0.15 1.92 0.48
August 0.15 1.92 0.48
Segtember Summer/Autumn 0.15 1.92 0.48
October 0.15 1.92 0.48
November 0.16 0.98 0.48
December Autumn 0.16 0.98 0.48
January 0.17 1.57 0.77
February Spring 0.14 0.80 0.77
March 0.14 0.80 0.77
April 0.15 0.80 0.77
May Summer 0.15 0.80 0.77
5 June 0.15 0.80 0.77
July 0.16 3.12 0.77
August 0.16 3.12 0.77
Segtember Summer/Autumn 0.16 312 0.77
October 0.16 3.12 0.77
November Autumn 0.17 1.57 0.77
December 0.17 1.57 0.77
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Digital Elevation Maps
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