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1.0 EXECUTIVE SUMMARY 
 
1.1 INTRODUCTION 
 
This Health Risk Assessment (HRA) has been prepared to evaluate the toxic air contaminant 
impacts of the proposed Tesoro Reliability Improvement and Regulatory Compliance Project. 
 
1.2 PROJECT LOCATION AND SCAQMD ID NUMBER 
 
The proposed project will occur at Tesoro’s Refinery and at a separate site where Tesoro 
operates their SRP.  Tesoro is the owner and operator of both facilities operating at two 
locations:  (1) the main refinery operations are located in Wilmington; and (2) the SRP is located 
in Carson. 
 
The Tesoro Refinery is located at 2101 East Pacific Coast Highway in the Wilmington district of 
the City of Los Angeles.  The Refinery, SCAQMD ID No. 800436, occupies about 300 acres of 
land, with the larger portion located within the jurisdiction of the City of Los Angeles and the 
smaller portion located within the City of Carson.  The Refinery is bounded to the north by 
Sepulveda Boulevard, to the west by Alameda Street, to the south by the Southern Pacific 
Railroad tracks, and to the east by the Dominguez Channel.  The Refinery is bisected by Pacific 
Coast Highway, with the larger portion of the Refinery to the north of Pacific Coast Highway 
and the smaller portion to the south. 
 
The SRP, SCAQMD ID No. 151798, is located at 23208 South Alameda Street in the City of 
Carson, north of the Refinery.  Adjacent areas to the SRP are heavy industrial and include other 
refineries, a hydrogen plant, undeveloped lots, and container storage areas. 
 
1.3 LAND USE AND ZONING 
 
Implementation of the proposed modifications at Tesoro Refinery will occur within existing 
property boundaries.  The Refinery is zoned for heavy industrial uses (M3-1).  The land use in 
the vicinity of the Refinery includes oil production facilities, refineries, hydrogen plants, coke 
handling facilities, automobile wrecking/dismantling facilities, and other industrial facilities.  
The nearest residential areas to the Refinery include a residential area in the City of Long Beach, 
about one-half mile east of the Refinery and residential areas of Wilmington about 0.17 mile 
west of the southern portion of the Refinery and about 0.25 mile west of the Refinery.  The 
Alameda Corridor, a major port access arterial, is located west of the Refinery.  Other industrial 
uses west of the Refinery include wrecking yards, storage tanks farms and container storage 
areas.  Industrial facilities north of the Refinery include the BP Coke Barn, other refining 
activities, and storage tanks farms, and an intermodal container transfer facility (ICTF).  Land to 
the east of the Refinery includes a rail yard, the Terminal Island Freeway, a residential 
neighborhood and light manufacturing facilities.  Land uses south of the Refinery are 
predominately heavy industrial with wrecking yards, a truck terminal and storage tank facilities.  
No schools are located within 0.25 mile of the Refinery. 
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A portion of the Refinery’s tank farm and the SRP are located in the City of Carson.  The SRP is 
located north of the Refinery at 23208 South Alameda Street in the City of Carson.  The SRP is 
zoned for heavy manufacturing uses (MH) by the City of Carson’s Land Use element of its 
General Plan.  Adjacent land uses to the SRP also are heavy industrial and include other 
refineries, a hydrogen plant, undeveloped lots, and container storage areas.  The closest 
residential area is about 0.5 mile east of the SRP in the City of Long Beach.  No schools are 
located within 0.25 mile of the SRP. 
 
1.4 DESCRIPTION OF FACILITY AND PROCESSES 
 
The Tesoro Refinery and SRP processes crude oil into marketable products including gasoline, 
diesel fuel, jet fuel, and other products.  Emission sources at the Refinery include combustion 
sources (heaters, boilers, and internal combustion engines), fugitive components (pumps, valves, 
flanges, compressors, drains, etc.), cooling towers, storage tanks, flares, petroleum coke 
handling, and loading/unloading facilities. 
 
Auxiliary systems are also needed to support Refinery operations including hydrogen plants (to 
produce hydrogen needed for certain refinery reactions), boilers to produce steam, cogeneration 
plants to produce electricity and steam, and wastewater treatment systems. 
 
The SRP recovers sulfur from gas streams.  Emission sources at the SRP include the SRP Claus 
Units 600 and 700, combustion sources (heaters, flares, and boilers), fugitive components 
(pumps, valves, flanges, compressors, drains, etc.), storage tanks, and loading/unloading 
facilities.  No changes in toxic emissions are expected due to the proposed project modifications 
at the SRP.  Since no increases in toxic emissions are expected, no increase in health risk is 
expected and, therefore, the SRP was excluded from the HRA. 
 
1.5 SUMMARY OF RESULTS 
 
This document contains the HRA prepared for the Tesoro Reliability Improvement and 
Regulatory Compliance Project.  The results of the project HRA are summarized herein. 
 
The HRA has been prepared in accordance with the August 2003 Office of Environmental 
Health Hazard Assessment (OEHHA) Air Toxics Hot Spots Program Guidance Manual for the 
Preparation of Health Risk Assessments and the October 2003 Air Resources Board 
Recommended Interim Risk Management Policy for Inhalation-based Residential Cancer Risk 
memo.  This HRA includes a comprehensive analysis of the dispersion of certain AB2588-listed 
compounds into the environment, the potential for human exposure, and a quantitative 
assessment of individual health risks associated with the predicted levels of exposure.   
 
Table 1 summarizes the results of this HRA.  The Refinery emissions associated with 
implementation of the proposed project are estimated to result in an increased cancer risk to the 
maximum exposed individual worker (MEIW) of 3.13 per one million, an increased cancer risk 
to the maximum exposed individual resident (MEIR) of 6.76 per one million, and an increased 
cancer risk to the maximum exposed sensitive receptor of 6.76 per one million.  The maximum 
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acute hazard index for the proposed project is estimated to be 0.508 and the maximum chronic 
hazard index is estimated to be 0.085.  The total Cancer Burden for the project is 0.091. 
 
Based on the HRA results, the MEIW is located approximately 650 feet east of the Refinery and 
MEIR is located approximately 2,625 feet east of the Refinery.  The proposed project cancer risk 
at the MEIW and the MEIR are below the 10 x 10-6 or 10 per one million risk threshold.  The 
non-cancer acute and chronic health impacts for the proposed project are below the hazard index 
of 1.0.  
 
 

TABLE 1 
SUMMARY OF TESORO REFINERY 

PROPOSED PROJECT HRA RESULTS 
 
     Risk Value 

Risk Factor 
New/Modified 

Equipment 
Replaced 

Equipment(1) 
Proposed 
Project 

Excess Cancer Risk (per million) to the Maximum 
Exposed Individual Worker 3.18 x 10-06 -4.00 x 10-08 3.14 x 10-06 

Excess Cancer Risk to the Maximum Exposed Individual 
Resident (per million) 6.92 x 10-06 -1.60 x 10-07 6.76 x 10-06 

Excess Cancer Risk to the Maximum Exposed Sensitive 
Receptor (per million) 6.92 x 10-06 -1.60 x 10-07 6.76 x 10-06 

Maximum Acute Hazard Index 0.5080 -- 0.5080 

Maximum Chronic Hazard Index 0.0846 -- 0.0846 

Cancer Burden 0.0914 -- 0.0914 
(1) Risk Value based on previous AB2588 HRA. 
 
 
2.0 PROPOSED PROJECT DESCRIPTION 
 
The proposed Refinery modifications are summarized in this section.  The locations of the 
proposed new and modified units at the Refinery are shown in Figures 2.  The new units are 
replacements for existing units and are located in the same vicinity as the unit that is being 
replaced.  Several components of the proposed project are related to replacement of existing 
equipment, while the balance is being proposed for modification or replacement to reduce 
emissions, comply with regulatory requirements, and improve process safety and reliability.   
 
2.1 Cogeneration Units 
 
Tesoro currently operates a cogeneration system that supplies a portion of electricity and steam 
used by the process equipment at the Refinery.  Tesoro supplements onsite generation by 
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purchasing electricity from the Los Angeles Department of Water and Power (LADWP) to meet 
remaining demands for the refining operation.  The existing cogeneration system is a major 
source of NOx emissions at the Refinery.  To reduce NOx emissions and remain within Tesoro’s 
annual RECLAIM NOx allocations, Tesoro is proposing to replace the two existing 30 MW 
cogeneration units (Cogens A and B) and their associated SCR units with one new 61.02 MW 
cogeneration system (Cogen C), consisting of a gas turbine, a steam turbine, a heat recovery 
steam generator, and the associated air pollution control equipment (including NOx and CO 
control technology such as a SCR unit and catalyst, respectively).  A new emergency diesel-
powered internal combustion (I.C.) engine will also be installed to supply power to the 
instruments and auxiliary equipment in the gas turbine, which will allow the boilers to continue 
to operate and provide sufficient steam as necessary, and maintainsing a safe shutdown and start 
up of the Refinery during a power outage.  The new emergency I.C. engine will only be 
constructed as part of the installment of Cogen C. 
 
The proposed new cogeneration system would increase the maximum electrical generating 
capacity at the Refinery by about one megawatt while reducing NOx emissions.  The increased 
electrical generation capacity will allow the Refinery to rely mainly on onsite power generation 
under normal operating conditions as part of an effort to reduce the risk of process upset due to 
interruption of power supplied by any outside provider.   
 
2.2 Steam Boilers 
 
Currently, the existing four steam boilers (Boilers 7, 8, 9, and 10) also generate steam for 
multiple processes at the Refinery.  The total combined permitted heat input for the four boilers 
at the Refinery is 734.16 mmBtu/hr.  Similar to the existing gas turbines, these existing steam 
boilers are major sources of NOx emissions at the Refinery.  As part of the strategy to reduce 
existing NOx emissions to comply with the annual reductions to Tesoro’s RECLAIM NOx 
Annual Allocation, Tesoro will replace the four existing boilers (Boilers 7, 8, 9, and 10) with two 
new boilers (Boilers 11 and 12), each with total heat input rating of no more than 400 mmBtu/hr.  
The new boilers will burn refinery fuel gas or natural gas and will be equipped with new SCR 
units to reduce NOx emissions. 
 
2.3 Fuel Gas Treatment Unit 
 
A new fuel gas treatment unit will be installed to remove sulfur in fuel gas to allow Tesoro to 
meet future regulatory requirements (BACT requirements for sulfur in fuel gas).  The fuel gas 
treatment unit will be a custom design using hydrotreating technology to treat high sulfur fuel 
gas streams at the Refinery.  Under this process, the fuel gas is compressed, heated and 
catalytically reacted with hydrogen in a bed of hydrotreater catalyst to convert sulfur compounds 
into H2S.  The carbonyl sulfide (COS) formed during the reaction will be hydrolyzed to H2S in 
an additional downstream reactor.  The gas will be cooled and the H2S removed using amine 
scrubbing.   
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2.4 Ammonia Storage 
 
Ammonia is an integral part of the SCR process for NOx control.  The proposed project includes 
a total of three new SCR Units, one for the new cogeneration system, and one for each of the two 
new boilers.  The existing SCR Units at the existing cogeneration units use anhydrous ammonia.  
The new SCR Units for the cogeneration unit and the boilers will use aqueous ammonia.  The 
proposed project includes a new 12,000 gallon storage tank to provide an adequate supply of 
aqueous ammonia for the proposed new SCR Units and removing the connection to the existing 
anhydrous ammonia storage tank. 
 
2.5 Liquefied Petroleum Gas (LPG) Recovery 
 
Tesoro is planning to recover liquid products from light petroleum gases and replace older 
equipment at the DCU, the HCU and the FCCU as outlined in the following subsections. 
 
2.5.1 Delayed Coking Unit (DCU) Modification 
 
The DCU converts atmospheric residuum and heavy crude fraction into gases, light liquids, 
naphtha, distillate oils, and petroleum coke.  The feed to the DCU is heated to a high temperature 
causing the light materials to boil off leaving behind solid materials called petroleum coke.  
Tesoro is proposing to remove water and recover more liquid products (i.e., LPG) from process 
gas in the DCU and existing equipment by:  1) replacing three existing fractionator overhead 
accumulators with three larger vessels, 2) adding a new fractionator overhead wash water 
system; and 3) adding new pumps and piping as necessary.  In addition, Tesoro plans to replace 
the deethanizer and depropanizer columns that are old and need to be replaced with identical 
columns. 
 
2.5.2 Hydrocracking Unit (HCU) Modification 
 
The HCU converts gas oil in the presence of hydrogen into gases, light liquids, light naphtha, 
heavy naphtha, and diesel streams.  The HCU consists of a reaction section and a fractionation 
section.  The proposed modifications will be made to the fractionation section and will include:  
1) adding an amine scrubber feed knockout drum; and 2) adding booster pumps and piping.  The 
purpose of the proposed modifications is to increase the amount of liquid recovered, reduce 
process gas by improving liquid/vapor separation, and reduce the potential for entrained liquids 
moving into the amine system. 
 
2.5.3 Fluid Catalytic Cracking Unit (FCCU) Modification 
 
The FCCU converts heavy oil into lighter hydrocarbon compounds.  The FCCU produces a large 
quantity of gasoline blending components and feedstocks for the alkylation process.  As part of 
an effort to recover more liquid fuel and reduce process gas generation, two heat exchangers in 
the FCCU Recovery section will be removed and replaced with more efficient heat exchangers to 
allow better heat transfer and better recovery of liquid fuel from process gas. 
 



TESORO RELIABILITY IMPROVEMENT AND REGULATORY COMPLIANCE PROJECT 
 
 
 

 

6 

2.6 Coke Handling, Screening and Loading System 
 
Petroleum coke generated at the DCU is transferred via conveyor belts to the coke storage and 
loading area for distribution to offsite facilities by either trucks or rail cars.  The existing coke 
barn is scheduled for replacement as part of the proposed project.  The existing coke storage 
facility will be replaced with a new coke storage facility.  In addition to the new coke storage 
facility, Tesoro is proposing to build new coke loading facilities and make modifications to the 
associated coke transfer equipment as necessary. 
 
2.7 Compliance with Revised CARB Phase III - Hydrotreating Unit (HTU) 

Modification 
 
The proposed modifications to the HTU-2 are designed to increase throughput to desulfurize 
more naphtha in order to meet sulfur specifications for blending into revised CARB Phase III 
compliant gasoline products.  In order to make cleaner gasoline meeting the revised CARB 
gasoline specifications, the proposed project will be completed solely by modifying existing heat 
exchangers or adding new heat exchangers.  As a result of the modifications, the proposed HTU 
maximum capacity is expected to increase from 23,000 BPSD to 27,000 BPSD, which allows 
removal of sulfur from more of the existing product streams. 
 
2.8 Amine/Sour Water Reliability Upgrades 
 
The proposed modifications to the HTU-2 are designed to increase throughput to desulfurize 
more naphtha in order to meet sulfur specifications for blending into revised CARB Phase III 
compliant gasoline products.  In order to make cleaner gasoline meeting the revised CARB 
gasoline specifications, the proposed project will be completed solely by modifying existing heat 
exchangers or adding new heat exchangers.  As a result of the modifications, the proposed HTU 
maximum capacity is expected to increase from 23,000 BPSD to 27,000 BPSD, which allows 
removal of sulfur from more of the existing product streams. 
 
The proposed reliability upgrades include the installation of a new larger amine flash drum to 
allow for the proper residence time of the amine solution to enhance removal of hydrocarbons 
and prevent the hydrocarbons from being inadvertently routed to the sulfur plants.  Excess 
hydrocarbons in the sulfur plants can increase the operating temperatures, causing the plant to 
shut down and release exhaust gas with high sulfur concentrations to the atmosphere, potentially 
creating odors and nuisance situations.  The existing flash drum will be modified for use 
primarily as a sour water flash drum and as a back up to the new amine flash drum.  The 
existing vapor recovery heat exchanger and knock out drum will also be replaced with a larger 
system to increase reliability of the amine system. 
 
2.9 Recover/Treatment of Sour Gas from the Spent Acid Storage Tank and the LPG 

Sulfur Extraction Unit 
 
Sour gas from the spent acid storage tank and the LPG Sulfur Extraction Unit at the Alkylation 
Unit will be modified to improve recovery and treatment.  This proposed modification will 
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reduce the sulfur emissions from a vent gas stream and help the Refinery improve compliance 
with the U.S. EPA MACT Standards for Petroleum Refineries (40 CFR Part 63, Subpart CC). 
 
2.10 Connecting Atmospheric Pressure Relief Devices to Flare 
 
Tesoro has a company policy to minimize the potential for atmospheric releases from PRDs 
associated with refinery equipment and will connect PRDs to the flare gas recovery system 
whenever feasible.  Therefore, as part of the proposed project, Tesoro is proposing to connect all 
of the PRDs in the FCCU to the flare gas recovery system, except for the PRDs on the main 
fractionator due to design constraints.  This modification will also assist Tesoro in complying 
with SCAQMD Rule 1173 - Control of Volatile Organic Compound Leaks and Releases from 
Components at Petroleum Facilities and Chemical Plants. 
 
2.11 Delayed Coker Unit (DCU) Modifications 
 
The DCU converts residual oil into light hydrocarbons (i.e., propane and butane), naphthas, gas 
oils, and petroleum coke.  The DCU thermally cracks the long chain hydrocarbon molecules in 
the residual oil into shorter chain molecules. 
 
2.11.1 Coke Drum Blowdown System Modifications 
 
The coke drum blowdown system processes steam and hydrocarbons from coke drum decoking 
(i.e., removing the built-up coke) and warm-up.  This system recovers water, oil, and any non-
condensable gas.  The proposed modifications to this system include:  1) removing and replacing 
the blowdown contactor and blowdown accumulator with larger vessels; and 2) adding a new 
heat exchanger and condensers.  These proposed modifications will allow better oil and water 
separation while reducing the amount of heavy hydrocarbons being carried over to the slop oil 
storage tank. 
 
2.11.2 DCU Heater H-101 Modification 
 
Heater H-101 is proposed to be modified to improve heat transfer efficiency by enlarging the fire 
box to increase the heat transfer area.  Additionally, new low NOx burners will be installed to 
reduce NOx emissions. 
 
2.12 Crude Oil Storage Tank 
 
The proposed project includes the construction of one new 500,000 barrel crude oil storage tank 
in order to provide additional crude oil storage capacity and to provide operational flexibility. 
 
2.13 Sulfur Recovery Plant (SRP) Claus Units 600/700 Modification 
 
One objective of the proposed project is to increase sulfur removal capacity of the SRP Claus 
Units 600 and 700 by adding oxygen to the inlet air.  Liquid oxygen will be purchased from a 
local production facility and delivered by truck to the SRP where it will be stored in a new 
pressurized oxygen tank.  The proposed project also includes the removal and replacement of the 
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existing reaction furnace burners, modification of the existing Safety Instrumented System, and 
upgrades to modernize the Waste Heat Boilers, and installation of one new oxygen tank (at least 
4,500 cubic-foot capacity). 
 
3.0 HAZARD IDENTIFICATION 
 
The operation of the Refinery generates various air contaminants.  Some of these chemical 
compounds are potentially carcinogenic, toxic, or hazardous, depending on concentration or 
duration of exposure.  Numerous federal, state, and local regulatory agencies have developed 
lists of TACs.  The list of potentially-emitted substances considered in the preparation of the 
HRA for the proposed project is identified in Appendix A-I of the CARB AB2588 guidelines 
report.  The AB2588 TACs emitted from the proposed project are shown in Table2.  Some of 
these pollutants were consolidated into one category, e.g., polycyclic aromatic hydrocarbons 
(PAHs).  Health effects data are not available for all compounds.  Therefore, a total of 36 TACs 
were included in the air dispersion modeling (see Table 2).  For carcinogens, slope factors were 
used to compute cancer risk through inhalation.  If the carcinogen is a multi-pathway pollutant, a 
potency slope was used to estimate the risk from non-inhalation pathways.  For non-cancer 
health effects, reference exposure levels (REL) and acceptable oral doses (for multi-pathway 
pollutants) were used.  The non-carcinogenic hazard indices were computed for chronic and 
acute exposures with their respective toxicological endpoints shown. 
 
4.0 EXPOSURE ASSESSMENT 
 
The exposure assessment estimates the extent of public exposure to each TAC emitted by the 
Refinery and determines the groundlevel concentrations of each compound through air quality 
modeling. 
 
4.1 EMISSION SOURCES 
 
There are a number of emission sources at the Refinery.  These include aboveground tanks, 
heaters/boilers, flares, cogeneration facilities, pumps, valves, flanges, drains, process equipment, 
and other miscellaneous sources of emissions. The proposed project will modify emissions from 
sources (i.e., valves, flanges, pumps, and compressors) in various locations throughout the 
Refinery. 
 
The existing Refinery includes multiple types of sources including point sources and areas 
sources.  A total of 20 sources at the Refinery were modeled as part of the proposed project.  A 
point source is a source with emissions released from a single point with a velocity and vertical 
direction.  An example of a point source is a flare or an exhaust for a fired source.  An area 
source is a source with fugitive emissions throughout a specific location.  An example would be 
a process unit that has various valves, flanges, pumps, compressors, and drains located 
throughout the unit.  Emissions are assumed to be emitted continuously throughout "the area" of 
the process unit.   
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Table 3 summarizes the sources that were modeled for the proposed project HRA.  The 
emissions reduction associated with the replaced Cogen A and B and boilers were previously 
included in the SCAQMD-approved AB2588 HRA for the facility.  The health risks from the 
AB2588 HRA are used to identify the health risk decreases from the replaced equipment.  The 
combination of the proposed project increases and the decreases from the replaced equipment 
provides the overall proposed project TAC impacts. 
  
4.2 EMISSION ESTIMATES 
 
Emission rates for the proposed project are shown in Table 2.  The emission rates for each source 
are provided in Appendix A of Volume II.  Emission rates are based on operating 24 hours per 
day and 365 days per year, except the Cogen Backup Generator C and emergency I.C. engine, 
which are based on 8,736 hours (24 hours of shutdown) and 200 hours of annual operation, 
respectively.  No change in TAC emissions are expected at the SRP as a result of the proposed 
project because the proposed modifications include piping for oxygen and no increase in fuel 
combustion. 
 
VOC emission factors for fugitive components installed in conjunction with the proposed project 
were based on the SCAQMD’s latest guidelines for fugitive components, assuming the use of 
BACT and an inspection and monitoring program (SCAQMD, 1999).  Speciation of VOC 
emissions was derived from speciation data used by the Refinery for annual emissions reporting 
and AB2588 reporting.  Combustion source emissions are calculated based on fuel feed rate and 
standard emission factors or emission factor guarantees provided by the manufacturer.  Fugitive 
emissions from the Crude Tank were calculated using the TANKS 4.09d model. 
 
4.3 AIR QUALITY MODELING 
 
4.3.1 Modeling Scenarios 
 
Air quality modeling was conducted for all emission sources from the proposed project.  A total 
of 20 sources were modeled.  The California Air Resources Board (CARB) Hotspots Analysis 
Reporting Program (HARP) model is the most appropriate model for determining the air quality 
impact from proposed project.  The HARP model is well suited for refinery modeling since it can 
accommodate multiple sources and receptors.  The HARP model (CARB, 2008) combines the 
US Environmental Protection Agency (EPA) Industrial Source Complex dispersion model 
(ISCST3) with a risk calculation model based on the Air Toxics Hot Spots Program Risk 
Assessment Guidelines (OEHHA, 2003).  The dispersion portion of the HARP model provides 
estimates of source-specific annual and hourly maximum ambient ground level concentrations.  
The risk estimation portion of the HARP model is discussed in Section 5. 
 
The following settings were used in running the ISCST3 dispersion model: 
 

- Use stack-tip downwash; 
- Use buoyancy-induced dispersion; 
- Do not use gradual plume rise; 
- Do not use calm wind processing routine; 
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- Do not use missing data processing routine; 
- Use default wind profile exponents;  
- Use default vertical potential temperature gradients;  
- Use urban mode dispersion; and, 
- Use simple terrain. 

 
HARP was set to include algorithms to model the effects of building downwash on emissions 
from nearby or adjacent point sources.  Terrain elevations were also taken into account even 
though the Refinery is located in a relatively flat area. 
 
The release parameters for each source are shown in Table 3. 
 
The maximum groundlevel concentrations based on the results of air quality modeling for each 
toxic air contaminant at the location of the facility MEIW and MEIR are provided in Tables 4 
and 5, respectively.  Maximum impact receptor location results from HARP are in Appendix A.  
A complete set of the input and output files have been submitted electronically and are available 
from the SCAQMD. 
 
4.3.2 Meteorological Data 
 
The SCAQMD-provided meteorological data for Long Beach was used for wind and surface 
data.  The Long Beach data is the closest location for which meteorological data is available in 
the HARP model and is the same data set used for previous HRA’s for the Tesoro Refinery.  
 
4.3.3 Modeled Receptor Networks 
 
The receptors used in the HARP model included fenceline, fine, and sensitive receptors.  The 
terrain surrounding the facility is relatively constant, however, terrain variations were included 
for the receptor networks identified below.  Figure 3 shows all modeled source locations and 
receptors. 
  
4.3.4 Fenceline Receptors 

 
The fenceline receptors (maximal spacing every 100 meters(m)) were used to determine the 
maximum concentrations at the property line of the Refinery facility. 
  
4.3.5 Fine Receptor Grid 
 
A fine receptor grid (100 m x 100 m spacing) was used to identify maximum impact locations.  
The grid extends 2,000 meters west, 1,500 meters east, 3,000 meters north, and 2,000 meters 
south from the intersection of Pacific Coast Highway and the facility.  
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4.3.6 Sensitive Receptors 
 
Discrete receptors for sensitive endpoints were modeled to determine the health risk for schools, 
parks, medical centers, etc. Table 6 shows the sensitive receptors that were used and the 
associated location and risk. 
 
4.3.7 Census Block 
 
A discrete receptor grid for census blocks within 5000 meters of the project was modeled to 
determine the cancer burden in the area surrounding the Project.  Since the maximum 
carcinogenic risk associated with the proposed project is above one per one million, a one per 
one million isopleth has been generated form the grid.  The census blocks were modeled 
separately from the rest of the receptors and details can be found in Appendix B. 
 
4.3.8 Coordinate System 
 
All source and receptor locations were modeled with a Universal Transverse Mercator (UTM) 
type coordinate system. The terrain surrounding the Refinery is relatively flat, therefore, the 
terrain elevations were not included with the source receptors. 
 
5.0 HEALTH RISK ASSESSMENT MODEL 
 
5.1 CARCINOGENIC HEALTH IMPACTS 
 
The HRA modeling was performed using the HARP model.  The HARP model is designed for 
AB2588 risk assessments.  It incorporates the algorithms and recommendations found in the Air 
Toxics Hot Spots Program Risk Assessment Guidelines: The Air Toxics Hot Spots Program 
Guidance Manual for Preparation of Health Risk (OEHHA, 2003), and the California Air 
Resources Board (CARB) Recommended Interim Risk Management Policy for Inhalation-Based 
Residential Cancer Risk Memo (CARB/OEHHA, 2003). 
 
The HARP model requires data to be input, such as, identification codes of modeled pollutants, 
receptor coordinates, population data, and peak 1-hour and annual emission rates.  The model 
then generates ambient air concentrations and cancer risk estimates.  In addition, the model also 
computes excess cancer burden for carcinogens and hazard indices (acute and chronic) for non-
carcinogens. 
 
The HRA provides worst-case estimates of potential public exposure to each TAC for which 
cancer risk is to be quantified or for which chronic and acute non-cancer effects are to be 
evaluated.  Exposure may occur by single or multiple routes and the duration may vary.  Table 7 
shows the chemicals emitted from the proposed project and their potential health impacts 
(carcinogens, and chemicals with acute and chronic health concerns). 
 
The OEHHA Guidelines suggest that pathways such as inhalation, dermal absorption, crop 
ingestion, fish ingestion, soil ingestion, and mother's milk, be included in a risk assessment, as 
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appropriate.  Additionally, the OEHHA Guidelines provide algorithms for use in estimating 
exposures attributable to various pathways.  The following pathways were included in this HRA 
for residential exposure:  (1) inhalation; (2) dermal absorption; (3) home grown produce; (4) soil 
ingestion; and (5) mother's milk. The potential for animal product ingestion was not included 
because animal and dairy farms are beyond the Refinery’s area of influence.  Furthermore, no 
commercial agricultural areas or basins for the storage of drinking water were found in the 
vicinity of the proposed project.   
 
Receptor exposures are based on two likely exposure scenarios including living and working at a 
location impacted by toxic air emissions.  These are the residential and worker receptor 
scenarios.  Risk assessment modeling for the residential exposure assumes a continuous lifetime 
exposure of 70 years duration.  The underlying assumption is that the residential population 
remains at one point for 24 hours per day, seven days per week, 50 weeks per year, for 70 years. 
These assumptions are defined as the “Derived (Adjusted) Cancer Risk” method for multi-
pathway exposure in HARP.  This is considered conservative because most people change places 
of residence during their lifetime and do not remain at home all day, almost every day for a 
continuous 70-year period. 
 
Workers are assumed to be exposed for eight hours per day, five days per week, 49 weeks per 
year, for 40 years.  The same pathways were included in this HRA for worker exposure as for 
residential exposure except ingestion of homegrown produce, which is not a valid route of 
exposure for occupational receptors. 
 
Multi-pathway exposure was evaluated for the contaminant per the OEHHA Guidelines.  
Inhalation and oral slope factors, and RELs values that were used in the HRA were from the 
Heath Database included in the HARP modeling software.  The updated database can be found at 
http://www.arb.ca.gov/toxics/harp/downloads.htm.  Tables 7 and 8 provide the health data used 
in the HRA for the facility. 
 
The toxicity of polycyclic aromatic compounds (PACs), also known as PAHs, was based on the 
OEHHA potency equivalency factor weighting scheme.  The carcinogenic PAHs are the sum of 
the Group 2A and 2B PACs (see page 106 of Part II Technical Support Document Describing 
Available Cancer Potency Factors, OEHHA, April 1999).  Benzo(a)pyrene is the index 
compound for relative potency and for potency equivalency factors (PEFs) for PAHs and related 
derivatives.  Under the OEHHA scheme, benzo(a)pyrene is assigned a PEF of 1.  Most other 
PAHs of concern in this risk assessment (e.g., benz(a)anthracene, benzo(b)fluoranthene, and 
benzo(k)fluoranthene have a PEF of 0.1.  Chrysene has a PEF of 0.01. 
 
Exposed population risk (i.e., cancer burden) is usually limited to the one per million impact 
zone by census block.  Since the maximum impact from the proposed project is expected to be 
greater than one per million, census blocks were also modeled. 
 
5.2 NON-CARCINOGENIC HEALTH IMPACTS 
 
In the analyses of non-carcinogenic health effects, it is generally assumed that a threshold exists 
below which no health impacts are expected.  The substances evaluated in this risk assessment 
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can produce health effects due to acute or chronic exposures, although the concentration required 
to produce such effects may vary greatly depending on the compound.  The concept of a 
threshold is based on studies, which indicate that the body can tolerate exposure to some 
chemicals at low levels of exposures.   
 
The types of non-cancer health effects resulting from exposure to compounds vary according to 
the substance, the magnitude of exposure, and the period of exposure.  These health effects 
generally can be classified into acute exposures (short-term exposures) and chronic exposures 
(long-term exposures, generally years). 
 
The potential for acute/chronic health effects is evaluated herein by comparing the Reference 
Exposure Levels (RELs) with ground level concentration or dosage values developed by the 
HARP model.  Ground level concentration values are used for the inhalation pathway, and 
dosage values are used for the oral pathway.  The RELs represent the threshold for health effects.  
Exposure to contaminants at ground level concentrations or doses below the RELs is not 
expected to result in health effects.  The acute/chronic RELs have been compared to the ground 
level concentration and dosage at the maximum impact point for each pollutant.   
 
Little data is available on the interaction of mixtures of compounds, their fate in the 
environment, and the overall effect on the human body.  The cumulative effects of chemicals in 
the body can be synergistic, additive, or antagonistic.  It is not possible to evaluate chemical 
mixtures for synergistic or antagonistic health effects because the data available are very limited. 
 
The use of a hazard index approach has been applied as a guideline for reviewing the cumulative 
non-carcinogenic health impacts of a mixture of compounds.  The hazard index approach 
assumes that the health effects of chemical mixtures are additive.  It is calculated by dividing the 
estimated exposure (ground level concentration for inhalation or dose for oral) to a given 
substance by the REL for that substance, and adding the results for each chemical evaluated as 
shown. 
 

                                                     Exposurei 
       Hazard Index(endpoint) =  Sum of     ---------------- 
                                                            Health Standardi 
 

 Where:  i = the number of pollutants reviewed 
 
The calculated hazard index is for that combination of substances that exert their effect on the 
same target organs (endpoint).  Therefore, a multi-pathway hazard index is calculated using all 
applicable exposure pathways (both inhalation and oral) and RELs for each endpoint.  A hazard 
index is calculated for both acute and chronic health effects. The acute hazard index is based on 
the maximum 1-hour emissions and modeling results.  The chronic hazard index is based on the 
annual average concentration and related air quality modeling results. 
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6.0 RISK CHARACTERIZATION  
 
The health risk impacts associated with the proposed project emissions increases excluding 
emission reductions from replaced equipment are evaluated in this section. 
 
6.1 CANCER RISK ESTIMATES  
 
6.1.1 Maximum Exposed Individual Worker (MEIW) 
 
The cancer risk estimates for the new/modified equipment are shown in Table 9.  Based on the 
air quality modeling and related assumptions, the proposed project cancer risk to the MEIW is 
3.18 x 10-6 or about 3.18 per one million for all sources.  The MEIW is based on a 40-year 
exposure period.  The ingestion of homegrown produce pathway is not valid for occupational 
exposures and is excluded from the calculated cancer risk.  The MEIW location (Receptor No. 
1245: UTM coordinates 386133, 3739290) is graphically shown in Figure 4.   
 
About 45 percent of the cancer risk at the MEIW is attributed to emissions from Source No. 19 
(new Backup Generator emergency I.C. engine combustion emissions) (see Table 10).  Other 
sources that contribute to the MEIW cancer risk include about 34.6 percent from Source No. 11 
(new Fuel Gas Hydrotreater Fugitive emissions) and 14.0 percent from Source No. 20 (new 
Backup Generator emergency I.C. engine Fugitive emissions).  Emissions of diesel exhaust 
particulate matter and 1,3-butadiene are responsible for about 40.6 percent and 40.3 percent of 
the MEIW risk, respectively (See Table 11).  Exposure via the inhalation pathway accounts for 
approximately 82 percent of the cancer risk (See Table 9). 
 
The net proposed project cancer risk for the MEIW is 3.14 x 10-6 (Table 1). 
 
6.1.2 Maximum Exposed Individual Resident (MEIR) 
 
Based on the air quality modeling and related assumptions the new/modified equipment cancer 
risk to the MEIR is 6.92 x 10-6 or about 6.92 per one million for all sources.  The MEIR risk was 
selected from the fine receptor grid that was zoned as residential or sensitive receptors.  The 
MEIR is located at Bethune Mary School, which is a sensitive receptor location.  The MEIR 
location (Receptor No. 2191: UTM coordinates 386830, 3739496) is indicated graphically in 
Figure 4.  
 
About 76.2 percent of the cancer risk at the MEIR is attributed to emissions from Source No. 19, 
(new Backup Generator combustion emissions), (see Table 12).  Emissions from Source No. 11 
(new Fuel Gas Hydrotreater Fugitive emissions) contributed about eight percent.  Emissions of 
diesel exhaust particulate matter are responsible for about 67.8 percent of the MEIR risk, 
followed by PAHs (12.5 percent), and 1,3-butadiene (11.1 percent) (see Table 13).  Exposure via 
the inhalation pathway accounted for approximately 80 percent of the cancer risk (see Table 9). 
 
The net proposed project cancer risk for the MEIR is 6.76 x 10-6 (Table 1). 
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6.2 SENSITIVE RECEPTORS  
 
The peak cancer risk and chronic index for a sensitive receptor occurs at Bethune Mary School 
approximately 2,265 feet east of the Refinery.  The peak acute index for a sensitive receptor 
occurs at the Apostolic Faith Center and the Wilmington Park Preschool.  The new/modified 
equipment cancer risk, chronic index, and acute index are 6.92 x 10-6 or about 6.92 in one 
million, 0.015, and 0.0723, respectively (see Table 6).  
 
The net proposed project cancer risk for as sensitive is 6.76 x 10-6 (Table 1). 
 
6.3 CANCER BURDEN 
 
6.3.1 Isopleths 
 
Modeling was performed by using all census blocks within 5,000 meters from the proposed 
project.  The cancer risk used to define the one per one million area of influence (isopleth) for 
the Refinery is shown in Figure 4.  The risk calculations for the isopleth assume a 70-year 
multipathway exposure. 
 
6.3.2 Cancer Burden  
 
Using the one per one million isopleth from the census block grid as a study area, cancer risk 
levels at the census blocks with their respective populations contained within the one per one 
million isopleth were developed.  Residential population data included in the analysis is based on 
the 2000 census data incorporated in HARP. 
 
The excess cancer burden for each census block was calculated by multiplying the predicted 70-
year lifetime risk at each census block with its population.  The total excess cancer burden is 
computed as the sum of cancer burden for each census block (Appendix B).  The total excess 
cancer burden within the area of influence was predicted to be 0.091 (see Table 1). 
 
6.4 NON-CARCINOGENIC HEALTH EFFECTS 
 
6.4.1 Acute Health Effects 
 
The proposed project emits pollutants which may have acute health effects.  Therefore, the total 
hazard indices for acute health effects were estimated.  As shown in Table 14, the maximum 
hazard index is the central nervous system (CNS) toxicological endpoint with a hazard index of 
0.508.  The acute hazard index is caused by exposure to hydrogen sulfide (100 percent).  The 
maximum acute hazard index location (Receptor No. 1903: UTM coordinates 385794, 3739524) 
is shown in Figure 4. 
 
6.4.2 Chronic Health Effects 
 
The proposed project emits pollutants which may have chronic health effects.  As shown in 
Table 15, the respiratory system (RESP) has been predicted as the maximum toxicological 



TESORO RELIABILITY IMPROVEMENT AND REGULATORY COMPLIANCE PROJECT 
 
 
 

 

16 

endpoint for chronic exposure with a hazard index of 0.0846.  Most of the chronic hazard index 
is due to exposure to hydrogen sulfide (92.2 percent).  The maximum chronic hazard index 
location (Receptor No. 1245: UTM coordinates 386133, 3739290) is shown in Figure 4. 
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TABLE 1

SUMMARY OF TESORO 
PROPOSED PROJECT HRA RESULTS

New/Modified 
Equipment

Replaced 
Equipment

Proposed 
Project

3.18E-06 -4.00E-08 3.14E-06

6.92E-06 -1.60E-07 6.76E-06

6.92E-06 -1.60E-07 6.76E-06

0.5080 -- 0.5080

0.0846 -- 0.0846

0.0914 -- 0.0914
(1) Results reflect New/Modified emission increases only (i.e., do not include reductions from Replacement Equipment).
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Risk Value

Maximum Acute Hazard Index(1)

Maximum Chronic Hazard Index(1)

Cancer Burden(1)

Risk Factor
Excess Cancer Risk (per million) to the Maximum 
Exposed Individual Worker
Excess Cancer Risk to the Maximum Exposed Individual 
Resident (per million)
Excess Cancer Risk to the Maximum Exposed Sensitive 
Receptor (per million)

M:\MC\2550 - Tesoro\HRA\2550 HRA Tables:Table 1 Sum HRA



TABLE 2

EMISSIONS OF INDIVIDUAL CHEMICALS FOR TESORO

CHEMICAL
Emissions 

(lbs/hr)
Emissions 

(lbs/yr)
1,2,4-Trimethylbenzene (2) 1.69E-03 1.48E+01
1,3-Butadiene 2.75E-02 1.03E+02
Acetaldehyde 7.71E-02 1.77E+02
Acrolein 6.11E-03 3.19E+01
Ammonia 5.34E+00 1.76E+04
Arsenic 1.19E-04 2.38E-02
Benz[a]anthracene 9.99E-15 8.75E-11
Benzene 2.13E-02 6.80E+01
Benzo[a]pyrene 1.51E-11 1.33E-07
Benzo[b]fluoranthene 4.00E-05 3.51E-01
Cadmium 1.12E-04 2.29E-02
Chromium (VI) 7.43E-06 1.49E-03
Chrysene 2.42E-05 2.12E-01
Copper 3.05E-04 6.09E-02
Cumene 2.88E-04 2.52E+00
Cyclohexane 1.82E-03 1.60E+01
Dibenzo[a,h]pyrene 4.55E-19 3.98E-15
Diesel Exhaust Particulate Matter 2.49E+00 4.98E+02
Ethyl Benzene 2.05E-02 1.72E+02
Ethylene 5.25E-01 4.60E+03
Formaldehyde 4.53E-01 2.86E+03
Hexane 2.60E-02 2.28E+02
Hydrogen Chloride 1.38E-02 2.77E+00
Hydrogen Sulfide 2.04E-01 1.79E+03
Indeno[1,2,3-cd]pyrene 3.43E-04 3.01E+00
Lead 6.17E-04 1.23E-01
Manganese 2.30E-04 4.61E-02
Mercury 1.49E-04 2.97E-02
Naphthalene 2.43E-03 8.74E+00
Nickel 2.90E-04 5.80E-02
PAHs 3.17E-03 4.69E+00
Phenol 4.23E-03 3.71E+01
Propylene 3.77E-01 3.30E+03
Propylene Oxide 1.32E-02 1.15E+02
Selenium 1.64E-04 3.27E-02
Toluene 7.76E-02 6.12E+02
Xylenes (mixed) 4.16E-02 3.37E+02
(1) Results reflect New/Modified emission increases only (i.e., do not include 
reductions from Replacement Equipment).
(2) No health effects data available; therefore, not modeled.

Proposed Project(1)
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TABLE 4

GROUND LEVEL CONCENTRATIONS
MAXIMUM EXPOSED INDIVIDUAL WORKER (MEIW)

CHEMICAL
Maximum 1-hr 
GLC (ug/m3)

Annual Average 
GLC (ug/m3)

1,2,4-Trimethylbenzene 2.80E-02 7.47E-04
1,3-Butadiene 5.45E-01 3.73E-02
Acetaldehyde 2.79E-01 5.22E-04
Acrolein 1.25E-02 4.00E-05
Ammonia 3.24E+00 1.63E-01
Arsenic 5.66E-04 9.82E-07
Benz[a]anthracene 2.94E-14 1.01E-15
Benzene 7.12E-02 2.40E-04
Benzo[a]pyrene 4.44E-11 1.54E-12
Benzo[b]fluoranthene 1.25E-03 7.68E-05
Cadmium 5.30E-04 9.46E-07
Chromium (VI) 6.65E-04 2.81E-05
Chrysene 1.45E-03 2.52E-06
Copper 3.53E-05 6.14E-08
Cumene 4.22E-03 7.83E-05
Cyclohexane 1.73E-02 2.97E-04
Dibenzo[a,h]pyrene 1.34E-18 4.61E-20
Diesel Exhaust Particulate Matter 1.18E+01 2.06E-02
Ethyl Benzene 5.40E-02 7.64E-04
Ethylene 1.74E+01 1.12E+00
Formaldehyde 6.39E-01 1.55E-03
Hexane 5.35E-01 2.75E-02
Hydrogen Chloride 6.58E-02 1.14E-04
Hydrogen Sulfide 9.30E+00 7.80E-01
Indeno[1,2,3-cd]pyrene 1.08E-02 6.58E-04
Lead 2.93E-03 5.09E-06
Manganese 1.10E-03 1.90E-06
Mercury 7.07E-04 1.23E-06
Naphthalene 1.25E-02 3.45E-04
Nickel 1.38E-03 2.39E-06
PAHs 1.29E-02 2.46E-05
Phenol 8.90E-02 3.71E-03
Propylene 1.33E+01 9.29E-01
Propylene Oxide 1.15E-03 1.72E-05
Selenium 7.78E-04 1.35E-06
Toluene 9.80E-02 1.07E-03
Xylenes (mixed) 8.33E-02 1.29E-03
Results reflect New/Modified emission increases only (i.e., do not include reductions from
Replacement Equipment).
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TABLE 5

GROUND LEVEL CONCENTRATIONS
MAXIMUM EXPOSED INDIVIDUAL RESIDENT (MEIR)

CHEMICAL
Maximum 1-hr 
GLC (ug/m3)

Annual Average 
GLC (ug/m3)

1,2,4-Trimethylbenzene 1.25E-02 3.09E-04
1,3-Butadiene 1.48E-01 4.41E-03
Acetaldehyde 2.28E-01 6.62E-04
Acrolein 1.05E-02 8.93E-05
Ammonia 2.29E+00 1.16E-01
Arsenic 4.59E-04 7.03E-07
Benz[a]anthracene 3.34E-14 5.30E-16
Benzene 5.79E-02 2.81E-04
Benzo[a]pyrene 5.05E-11 8.05E-13
Benzo[b]fluoranthene 2.76E-04 1.63E-05
Cadmium 4.30E-04 6.77E-07
Chromium (VI) 3.08E-04 7.43E-06
Chrysene 1.18E-03 1.80E-06
Copper 2.87E-05 4.40E-08
Cumene 2.12E-03 4.46E-05
Cyclohexane 1.05E-02 1.96E-04
Dibenzo[a,h]pyrene 1.52E-18 2.41E-20
Diesel Exhaust Particulate Matter 9.60E+00 1.47E-02
Ethyl Benzene 3.17E-02 8.04E-04
Ethylene 3.92E+00 2.05E-01
Formaldehyde 5.49E-01 5.94E-03
Hexane 1.66E-01 6.75E-03
Hydrogen Chloride 5.34E-02 8.19E-05
Hydrogen Sulfide 1.59E+00 7.80E-02
Indeno[1,2,3-cd]pyrene 2.37E-03 1.40E-04
Lead 2.38E-03 3.65E-06
Manganese 8.88E-04 1.36E-06
Mercury 5.73E-04 8.79E-07
Naphthalene 7.07E-03 9.74E-05
Nickel 1.12E-03 1.71E-06
PAHs 1.05E-02 2.56E-05
Phenol 3.41E-02 1.22E-03
Propylene 2.94E+00 1.34E-01
Propylene Oxide 2.17E-03 2.07E-04
Selenium 6.31E-04 9.67E-07
Toluene 7.16E-02 1.81E-03
Xylenes (mixed) 5.20E-02 1.36E-03
Results reflect New/Modified emission increases only (i.e., do not include reductions from 
Replacement Equipment).
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TABLE 7

CHEMICALS EMITTED AND ASSOCIATED HEALTH EFFECTS

CHEMICAL CAS NO. Carcinogens
Noncarcinogens 

Chronic
Noncarcinogens 

Acute
1,2,4-Trimethylbenzene 95636
1,3-Butadiene 106990 X X
Acetaldehyde 75070 X X
Acrolein 107028 X X
Ammonia 7664417 X X
Arsenic 7440382 X X X
Benz[a]anthracene 56553 X
Benzene 71432 X X X
Benzo[a]pyrene 50328 X
Benzo[b]fluoranthene 205992 X
Cadmium 7440439 X X
Chromium (VI) 218019 X X
Chrysene 7440508 X
Copper 18540299 X
Cumene 98828
Cyclohexane 110827
Dibenzo[a,h]pyrene 189640 X
Diesel Exhaust Particulate Matter 9901 X X
Ethyl Benzene 100414 X X
Ethylene 74851
Formaldehyde 50000 X X X
Hexane 110543 X
Hydrogen Chloride 7647010 X X
Hydrogen Sulfide 7783064 X X
Indeno[1,2,3-cd]pyrene 193395 X
Lead 7439921 X
Manganese 7439965 X
Mercury 7439976 X X
Naphthalene 91203 X X
Nickel 7440020 X X X
PAHs 1151 X
Phenol 108952 X X
Propylene 115071 X
Propylene Oxide 75569 X X X
Selenium 7782492 X
Toluene 108883 X X
Xylenes (mixed) 1330207 X X
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TABLE 8

HEALTH DATA

CHEMICAL
Cancer Potency 

(mg/kg-day)-1
Chronic RELs 

(ug/m3)
Acute RELs 

(ug/m3)
1,2,4-Trimethylbenzene -- -- --
1,3-Butadiene 6.00E-01 2.00E+01 --
Acetaldehyde 1.00E-02 9.00E+00 --
Acrolein -- 6.00E-02 1.90E-01
Ammonia -- 2.00E+02 3.20E+03
Arsenic 1.20E+01 3.00E-02 1.90E-01
Benz[a]anthracene 3.90E-01 -- --
Benzene 1.00E-01 6.00E+01 1.30E+03
Benzo[a]pyrene 3.90E+00 -- --
Benzo[b]fluoranthene 3.90E-01 -- --
Cadmium 1.50E+01 2.00E-02 --
Chromium (VI) 5.10E+02 2.00E-01 --
Chrysene 3.90E-02 -- --
Copper -- -- 1.00E+02
Cumene -- -- --
Cyclohexane -- -- --
Dibenzo[a,h]pyrene 3.90E+01 -- --
Diesel Exhaust Particulate Matter 1.10E+00 5.00E+00 --
Ethyl Benzene 8.70E-03 2.00E+03 --
Ethylene -- -- --
Formaldehyde 2.10E-02 3.00E+00 9.40E+01
Hexane -- 7.00E+03 --
Hydrogen Chloride -- 9.00E+00 2.10E+03
Hydrogen Sulfide -- 1.00E+01 4.20E+01
Indeno[1,2,3-cd]pyrene 3.90E-01 -- --
Lead 4.20E-02 -- --
Manganese -- 2.00E-01 --
Mercury -- 9.00E-02 1.80E+00
Naphthalene 1.20E-01 9.00E+00 *
Nickel 9.10E-01 5.00E-02 6.00E+00
PAHs 3.90E+00 -- --
Phenol -- 2.00E+02 5.80E+03
Propylene -- 3.00E+03 --
Propylene Oxide 1.30E-02 3.00E+01 3.10E+03
Selenium -- 2.00E+01 --
Toluene -- 3.00E+02 3.70E+04
Xylenes (mixed) -- 7.00E+02 2.20E+04
Source: Consolidated Table of OEHHA/ARB Approved Risk Assessment Health Values, updated June 
25, 2008
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TABLE 9

SUMMARY OF CANCER RISK 

EXPOSURE PATHWAY

Maximum 
Exposed 
Individual 
Resident

Maximum 
Exposed 
Individual 

Worker
Inhalation 5.56E-06 2.60E-06
Dermal 5.62E-07 5.07E-07
Soil Ingestion 8.63E-08 6.68E-08
Ingestion of Home Grown Produce 7.06E-07 0.00E+00
Ingestion of Animal Products 0.00E+00 0.00E+00
Ingestion of Mother's Milk 0.00E+00 0.00E+00
Cancer Risk From New/Modfied Equipment 6.92E-06 3.18E-06
Cancer Risk from Replaced Equipment -1.60E-07 -4.00E-08
Cancer Risk for the Proposed Project 6.76E-06 3.14E-06
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TABLE 10

CONTRIBUTION TO CANCER RISK BY EMISSION SOURCE FOR MEIW

Source No. Source Name Cancer Risk % of Cancer Risk
19 New Generator 1.44E-06 45.28%
11 New Fuel Gas Hydrotreater Fugitives 1.10E-06 34.59%
20 New Generator Fugitives 4.44E-07 13.96%
4 New Cogen Fugitives 8.95E-08 2.81%
5 New Boiler 11 Fugitives 4.02E-08 1.26%
6 New Boiler 12 Fugitives 4.02E-08 1.26%
17 H101 Fugitives 8.65E-09 0.27%
1 New Boiler 11 6.27E-09 0.20%
2 New Boiler 12 5.35E-09 0.17%
3 New Cogen 3.87E-09 0.12%
14 DCU Asset Fugitives 9.22E-10 0.03%
13 Coker Blowdown Fugitives 7.58E-10 0.02%
16 HTU2 Fugitives 5.67E-10 0.02%
8 New Crude Tank 1.96E-10 0.01%
7 LPG - HCU Fugitives 0.00E+00 0.00%
9 LPG - FCCU Fugitives 0.00E+00 0.00%
10 LPG - DCU Fugitives 0.00E+00 0.00%
12 Amine Drum Fugitives 0.00E+00 0.00%
15 Merichem Fugitives 0.00E+00 0.00%
18 Ammonia Tank Fugitives 0.00E+00 0.00%

Total 3.18E-06 100.00%
Results reflect New/Modified emission increases only (i.e., do not include reductions from Replacement Equipment).
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TABLE 12

CONTRIBUTION TO CANCER RISK BY EMISSION SOURCE FOR MEIR

Source No. Source Name Cancer Risk % of Cancer Risk
19 New Generator 5.27E-06 76.20%
11 New Fuel Gas Hydrotreater Fugitives 5.55E-07 8.02%
20 New Generator Fugitives 5.26E-07 7.61%
3 New Cogen 2.57E-07 3.72%
4 New Cogen Fugitives 9.61E-08 1.39%
2 New Boiler 12 5.55E-08 0.80%
1 New Boiler 11 5.33E-08 0.77%
6 New Boiler 12 Fugitives 4.31E-08 0.62%
5 New Boiler 11 Fugitives 4.31E-08 0.62%
17 H101 Fugitives 1.16E-08 0.17%
16 HTU2 Fugitives 2.19E-09 0.03%
14 DCU Asset Fugitives 1.36E-09 0.02%
13 Coker Blowdown Fugitives 1.12E-09 0.02%
8 New Crude Tank 5.18E-10 0.01%
18 Ammonia Tank Fugitives 0.00E+00 0.00%
15 Merichem Fugitives 0.00E+00 0.00%
12 Amine Drum Fugitives 0.00E+00 0.00%
10 LPG - DCU Fugitives 0.00E+00 0.00%
9 LPG - FCCU Fugitives 0.00E+00 0.00%
7 LPG - HCU Fugitives 0.00E+00 0.00%

Total 6.92E-06 100.00%
Results reflect New/Modified emission increases only (i.e., do not include reductions from Replacement Equipment).
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