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Abstract 
Crude oil and petroleum products are an integral part of day to day living in 
California. Motor fuels are not only used as the means of getting to where we work 
and recreate, they are  also essential in transporting goods to market in California 
and throughout the world, and are critical to California’s economy and the welfare of 
its people. The objectives of this report are to 1) provide an environmental trend 
analysis of the petroleum industry from 1985 to 2004, and 2) identify potential 
environmental, public health and safety issues which could affect the development 
and expansion of petroleum infrastructure. This report will focus its assessment on 
marine terminals, refineries, storage terminals, and pipelines. It will not address the 
environmental trends associated with oil production or retail distribution and sale of 
petroleum based transportation fuels - these trends would be addressed in any 
future updates to this report as needed for subsequent Energy Report proceedings. 

Key Words 
Petroleum, refinery, marine terminals, petroleum pipelines, transportation fuels, 
environmental performance, energy and environment, public health, safety, biology, 
water resources, environmental justice, land use, air quality. 
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EXECUTIVE SUMMARY 
This report provides an overview of California’s petroleum infrastructure and the 
environmental issues and trends observed since 1985. A look to the future is also 
provided to determine if environmental issues could affect projected expansion of 
petroleum infrastructure needed to meet growing demand for transportation fuels. 
Four key infrastructure components are assessed: marine terminals, refineries, bulk 
storage tanks, and pipelines.  
 
California’s petroleum infrastructure was developed primarily in the San Francisco 
Bay and the Los Angeles/Long Beach areas, with much smaller facilities in the 
Santa Maria and Bakersfield areas. Several of the facilities built in the early 1900s 
are still operating. Marine terminals have declined in number since 1985, although 
exact data are not available. The number of refineries has decreased by 40 percent 
and no refineries have been built since 1969. However, operating capacity has 
decreased by only 20 percent due to upgrades and modifications to the 21 existing 
refineries. 
 
Environmental regulations governing the formulation of gasoline and diesel were the 
driving forces for the modifications made to refineries. Because of California’s 
specific gasoline and diesel requirements, only a few refineries in the U.S. and other 
parts of the world can supply fuel to the state. This places more pressure on in-state 
terminals and refineries to modify their facilities to maintain or increase capacity. 
This pressure will continue as fuel demand grows. Energy Commission staff have 
estimated that, depending upon demand, the San Francisco Bay Area could require 
between 0.8 and 1.6 million barrels of additional storage tank capacity construction 
by 2015, while the Los Angeles/Long Beach area could require between 3.4 and 6.0 
million barrels. 
 
Land use patterns surrounding petroleum infrastructure have changed over time, 
with increasing residential expansion in proximity to infrastructure facilities. Buffer 
land separating industrial and residential areas may not be adequate in some 
places, in part because zoning laws only came into being in the 1970s and much of 
the infrastructure was already in place by that time. Because of these development 
patterns, there is limited land available in and around marine terminals and refineries 
for expansion and/or development of new facilities. In addition, ports may elect to 
expand cargo container operations rather than petroleum-related operations. 
 
Minority and low-income populations have increased in both absolute number and 
percentage in the vicinity (within six miles) of refineries. Minority populations around 
refineries in 2000 ranged from 71 percent in the Los Angeles/Long Beach area to 42 
percent in the San Francisco Bay Area. Low-income populations ranged from 19 
percent in the Los Angeles/Long Beach area to 7.5 percent in the San Francisco 
Bay Area for the same time period.  
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Communities adjacent to petroleum infrastructure facilities, particularly refineries, 
have raised a number of environmental justice and safety concerns. These include: 
air emissions from flaring of hydrocarbon releases; inadequate monitoring and 
disclosure of air emissions; the potential for significant accidents; and the cumulative 
health effects of toxic chemical releases. Community members believe that they are 
shouldering more than their share of impacts related to petroleum infrastructure. 
Local air districts, other government agencies, and the refineries are working closely 
with these communities to address their concerns. 
 
The primary environmental issues associated with petroleum infrastructure include 
air emissions from tanker deliveries and refining operations, toxic chemical releases, 
management of hazardous materials and waste disposal, oil spill and dredging 
effects to water quality and biological communities, and the introduction of non-
indigenous aquatic species from discharge of tanker ballast water. For the most part, 
impacts have declined since 1985 due to new local, state and federal environmental 
and safety regulations. 
 
Overall, air pollutant emissions have declined (generally by 50 percent or more) 
since 1975. Marine terminals emissions (oxides of nitrogen, oxides of sulfur, and 
particulate matter) are generally greater than emissions from refineries, bulk storage, 
and pipelines. Bulk storage facilities emit higher levels of reactive organic gases 
than do the other three sectors. With the exceptions of oxides of sulfur (SO2), 
petroleum infrastructure air emissions are a relatively small portion of the statewide 
and regional inventories. However, because of continuing concerns regarding 
regional ozone and particulate matter levels, additional controls will likely be 
imposed on the industry by the California Air Resources Board and local air districts.  
 
Localized emissions from the flaring of hydrocarbons released during upset events 
at refineries have declined since 2000 due to increased monitoring by the local air 
districts. New regulations currently being developed will further reduce flaring 
emissions. Global climate change emissions of carbon dioxide have decreased 
since 1990, although emission levels have varied significantly within the time period. 
 
The petroleum industry accounts for the bulk of SO2 emissions. Although the state is 
in compliance with federal and state SO2 standards, particulates formed by the 
burning of high sulfur fuel in tankers are a significant public health concern. State 
and local agencies have little regulatory control over these tankers while they are at 
sea.  
 
Marine terminal and refinery operators will have to continue to work closely with the 
local air districts and communities to address flaring and other air emissions. Any 
new port or refinery facilities would be required to offset increased air emissions. 
(This report does not address the costs or availability of offsets.) Additional marine 
terminals and increases in tanker traffic would increase SO2 emissions, unless 
controls are implemented, and could contribute to public health concerns from diesel 
particulate matter.  
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Other routine petroleum-related operations are not major contributors to public 
health risk on a regional basis. Petroleum facilities must document and evaluate the 
health risk of toxic chemical releases. With the exception of one facility (where 
actions are being taken to reduce risk), no significant cancer or noncancer risks are 
projected.   
 
Data needed to adequately characterize hazardous waste generation and 
management in the petroleum industry are not available. However, limited data 
indicate that refineries have reduced the amount of hazardous waste produced by 
40 percent. This sector currently accounts for 5 to 7 percent of the total hazardous 
wastes disposed in the state, and for 7 to 16 percent of wastes sent to landfills. Both 
better data gathering efforts, and continued waste reduction efforts by the industry 
are needed.  
 
The use of hazardous materials, such as ammonia and chlorine, is prevalent in 
petroleum operations. The industry has a good record of managing the potential 
risks to the public from the use of hazardous materials. Intentional releases due to 
terrorism or sabotage by employees are greater concerns today than in the past, 
and current hazardous materials regulations do not specifically address this issue. 
The safety record, both to on-site workers as well as to the public, will likely continue 
to improve, especially if process safety management efforts are better integrated 
with hazardous materials regulations.  
 
Water use and waste water discharges associated with petroleum infrastructure 
facilities have declined over time. However, substantial amounts of freshwater 
continue to be used for cooling and opportunities exist fro further reductions.  
 
Spills and releases from land-based petroleum infrastructure and from petroleum 
tankers at sea can impact soil and water bodies. Past spills to ground at petroleum 
facilities have resulted in soil and groundwater contamination that is currently being 
cleaned up. New laws and processes have been adopted to reduce the likelihood 
and consequences of such spills. 
 
Tanker oil spills have declined in both number and volume since 1985. Should a spill 
occur and persist or reach shore, biological communities would be adversely 
impacted.  
 
Ballast water exchanges by large tankers have, in some cases, significantly altered 
the aquatic environment through the introduction of hundreds of nonindigenous 
species. Recent measures by state and federal agencies have reduced the potential 
for continued introduction of such species. Oil spill controls and new regulations and 
studies to limit the introduction of nonindigenous aquatic species would limit the 
impacts from new growth in petroleum infrastructure. Biological resources can also 
be impacted by the increased sedimentation resulting from dredging needed to 
construct port facilities and inlets, or maintain waterways.  
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The dredging needed in San Francisco Bay to allow additional petroleum tanker 
traffic would increase sedimentation and could impact biological communities.  
 
Energy Commission staff have identified a number of opportunities where partnering 
with the petroleum industry, the communities that live near petroleum infrastructure, 
agencies and others could help address many of the issues identified above. Such 
partnerships would also further the Commission’s goals of educating stakeholders 
on the need for petroleum infrastructure to meet future demand for transportation 
fuels, and help the industry reduce its usage of energy and increase energy self-
reliance. 
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CHAPTER 1: INTRODUCTION 
This report has been prepared as part of the Energy Commission’s 2005 Integrated 
Energy Policy Report process to provide information on the environmental 
performance of California’s petroleum infrastructure facilities, consistent with the 
requirements of Public Resources Code Section 25302 (a). California’s petroleum 
industry, and the diverse products that it produces, are critical to the state’s 
economy. As the demand for those products – especially transportation fuels – 
continues to increase, the state’s petroleum infrastructure will need to be 
modernized and expanded. Accommodating such changes raises a range of 
environmental, public health, and safety issues that will need to be addressed. The 
purpose of this report is to provide state, regional and local decision makers with 
information on the nature and extent of those issues, how they have been addressed 
in the past, and what future trends may be expected with changes or expansion of 
the state’s petroleum infrastructure facilities. 
 
The report initially describes the state’s petroleum infrastructure facilities, how they 
operate, and what changes may occur in the future. The focus is on marine 
terminals, storage facilities, pipelines and refineries. The report then describes the 
environmental performance of those facilities from 1985 to 2004, including land use, 
environmental justice, air quality, public health, safety and hazardous materials 
management, hazardous waste management, water and biology. How these issue 
areas could affect expansion of petroleum infrastructure facilities are also described. 
Findings and policy options from these historical and prospective reviews are 
summarized at the end of this chapter and discussed further in each individual 
chapter. 
 
California Oil History 
Crude oil and the refining industry are part of the history of the United States and 
California. Crude oil development began in the late 1800s as a means of developing 
lighting and heating products that would provide alternatives to candles and whale 
oil. Gasoline-powered automobiles followed in the early 1900s. 
 
Drilling for crude oil in the U.S. first took place in Pennsylvania, in 1859. Three years 
later, the first producing oil well in California was drilled in Humboldt County. Crude 
oil fields were later discovered throughout the state, notably in Los Angeles, Kern, 
and San Joaquin counties. Between 1885 and 1929, California oil production grew 
from 325,000 barrels per year to over 77 million barrels per year. 
 
Crude oil was originally transported in whiskey barrels via horse-drawn wagons, then 
railroads were used. In California, the majority of rail shipments were delivered to the 
most populated area in the state, San Francisco. Railroads ultimately became too 
costly and inefficient, which led to the construction and use of pipelines and tanker 
ships. California’s first pipeline, connecting Newhall and Ventura, was built in 1886.  
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Oil processing began in California with simple distilleries in the late 1800s. In 1876 
the first refinery was built in Newhall, California. This refinery could process 20 
barrels of oil per day.1 Today, California’s refineries process around one million 
barrels of crude oil per day. Some refineries are still located on sites originally 
developed in the early 1900s, such as Chevron is Richmond refinery (construction 
started in 1901), and its El Segundo refinery (began operating in 1911). 
 
Over time, the U.S. oil industry has experienced many mergers, acquisitions and 
divestitures. Standard Oil was created in 1870 and, in 1911, divided into 34 
companies, including Atlantic Richfield (ARCO), Amoco, Chevron, Esso (Exxon) and 
Mobil. British Petroleum, Shell and Texaco were founded later. New companies, 
including Big West LLC, ConocoPhillips, Tesoro and Valero, have recently been 
formed, while others, such as ChevronTexaco (recently renamed Chevron) and 
ExxonMobil, have merged. Some of these companies’ worldwide activities include 
exploration, shipping, and refining, while others are more limited in their activities 
and have a more localized, regional scope.  
 
California’s 21 refineries are owned by 15 companies. One third of these do not 
produce gasoline. While the last refinery constructed in California was built in 1969, 
companies have continued to invest in modifications to meet environmental 
requirements so that they can continue to operate in the state.2  
 
The crude oil and petroleum products industry in California accounts for 
approximately 15 percent of the state’s workforce. According to the Western States 
Petroleum Association, the petroleum industry in California provides more than 
1,068,392 jobs. They estimate 324,808 are directly employed and 743,584 are 
indirectly employed as suppliers, contractors, and services.3  
 
Findings and Policy Options 
 
Findings 

 Increased imports of crude and petroleum products, mostly from foreign 
sources, will necessitate new marine terminal and storage facilities. 

 
 Although no major new refineries are expected, new fuel specifications 

designed to reduce air pollution will require further refinery modifications. 
 
 Marine terminals and refineries were built before local zoning laws were 

established, resulting in residential communities in proximity to infrastructure 
facilities. Petroleum infrastructure expansions may be difficult to plan, permit 
and build due to lack of available land in existing port and refinery locations, 
and by land-use conflicts with adjacent communities and local governments. 

 
 Development and use of general plan policies, model ordinances, and 

guidance documents for siting of ports and refineries (for example, the 2005 
handbook prepared by the California Air Resources Board) could help local 
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communities and decision makers resolve land-use issues relating to the 
modification or expansion of petroleum infrastructure facilities.   

 
 The percentage of minority populations currently residing within six miles of 

Los Angeles/Long Beach refineries has grown from 45 percent in 1980 to 71 
percent in 2000  The percentage of minority populations currently residing 
within six mile of the San Francisco Bay area refineries has grown from an 
average of 30 percent in 1985 to an average of 55 percent in 2000. The 
percentage of low-income populations has stayed about the same since 
1985. In 2000 it ranged from 19 percent in the Los Angeles/Long Beach area 
to 7.5 percent in the San Francisco Bay area. 

 
 Communities surrounding refineries are concerned about a variety of 

environmental, health, and safety impacts related to the operation of oil 
refineries and related facilities. Federal, state, and local agencies, most of 
which have active environmental justice policies and programs, are working 
closely with these communities to identify, address, and monitor impacts from 
petroleum infrastructure. 

 
 Most air pollutant emissions from the petroleum industry have declined since 

1975 due to new air quality rules and regulations and changes in the industry. 
However, diesel particulate matter emissions, especially from ports and 
tankers, continue to be a major air quality and health issue.  

 
 Flaring of hydrocarbon compounds released during upset conditions at 

refineries continues to be a major concern to communities near refineries. Air 
districts have increased monitoring of flare episodes and related enforcement 
actions,  and are continuing to develop new regulations to minimize flare 
emissions in their efforts to work with local communities on this issue. 

 
 Air districts project differing levels of future marine terminal and refinery 

emissions, due to differing growth assumptions and differing methodologies 
for determining emissions. Only the Bay Area air district is projecting 
increases in air emissions from petroleum infrastructure. The South Coast air 
district is projecting that emissions will remain flat if infrastructure expansion 
projects comply with applicable regulatory requirements.  

 
 Marine terminal expansions will increase diesel particulate matter emissions 

from international tankers unless federal laws limiting sulfur content in tanker 
fuels, and state and local laws addressing in-port activities, are implemented.  

 
 Air toxic releases from petroleum infrastructure facilities do not exceed 

regulatory risk levels. An exception is one facility in Santa Barbara County. 
 

 There have been some releases from refineries that have affected the health 
of local communities and some accidents within facilities that have caused 
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worker injuries, and in one case, a worker death. However, operators of 
petroleum infrastructure facilities have, for the most part, effectively managed 
their use of hazardous materials such that they do not pose a significant 
safety or health risk to local communities. Incorporating process safety 
management principles in hazardous materials management regulations 
would help to maintain this safety record. 

 
 Given the events of 9/11, updating hazardous materials management 

regulations to address threats to the safety of petroleum infrastructure, either 
from terrorists or disgruntled employees, could further increase safety. 

 
 Data on hazardous waste generation and management are inconsistent and 

often lacking for petroleum infrastructure facilities. While it appears that waste 
generation has declined about 45 percent since 1998, the industry continues 
to account for a major share of the wastes generated in the state: 5 to 7 
percent of total manifested wastes and 7 to 16 percent of landfilled wastes. 

 
 Spills and releases from petroleum infrastructure operations have affected 

both land and water bodies. Soil and groundwater contamination from past 
releases from petroleum infrastructure is being remediated and new 
regulations and process controls should reduce the potential for future 
releases.  

 
 Although the number of oil spills per year to water bodies from tankers 

delivering petroleum products has declined since 1986, as has the volume of 
oil spilled, oil spills can impact water quality and biological resources.  

 
 Use of freshwater in petroleum processes has declined but the industry still 

consumes significant quantities of water.  
 

 Dredging to allow for tanker traffic and terminal development can increase 
sedimentation in the bays and waterways where it is needed, and as a result, 
also impact biological communities. Additional dredging would be needed in 
the San Francisco Bay Area to accommodate larger tankers. 

 
 Discharge of ballast water from tankers (and all ocean-bound ships) has 

caused the introduction of non-indigenous species into California waterways. 
Aggressive regulations and programs underway by the State Lands 
Commission should limit further introductions. 

 
Policy Options 

 Energy Commission staff recognize the many efforts underway by federal, 
state and local agencies to address environmental issues related to 
petroleum infrastructure operation, modification and expansion.  The 
Commission staff should work cooperatively with these agencies to (1) 
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provide timely information on the need and plans for the expansion or 
modification of petroleum infrastructure facilities; (2) review and comment on 
policies, regulations and strategies being developed to address  
environmental issues; and (3) identify opportunities to reduce energy usage at 
terminals and refineries through increases in efficiency, and the use of 
alternative fuels, including waste materials such as petroleum coke.  Such 
collaborative efforts could reduce environmental impacts and enhance the 
energy self-sufficiency of the petroleum industry while facilitating needed 
infrastructure modification and expansion.  

 
 Energy Commission staff should support the Air Resource Board’s efforts to 

develop petroleum infrastructure siting criteria that can be used by local land 
use agencies when permitting new or modified facilities.  

 
 The Energy Commission should continue, as appropriate, to sponsor studies 

such as the one underway with the California Air Resources Board to help 
develop tools that can be used to further community-based efforts to address 
environmental and public health concerns related to petroleum infrastructure. 

 
 The Energy Commission should work with local air districts and the California 

Air Resources Board to (1) address differences in methodologies for 
estimating air emissions from ports and refineries; and (2) support the 
development and implementation of regulatory strategies to facilitate the 
expansion of petroleum infrastructure facilities. 

 
 The Energy Commission should be an active participant in efforts by the Air 

Resources Board to reduce particulate matter emissions from shipping 
activities associated with marine terminals. 

 
 The Energy Commission should partner with industry, and other agency and 

stakeholder efforts to examine process improvements within the petroleum 
industry. There may be opportunities to optimize energy usage in conjunction 
with improvements or changes to existing processes to meet environmental 
goals. In particular, the Energy Commission should collaborate with the 
Department of Toxic Substances and Control’s current program with the 
petroleum industry for reducing waste. 
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End notes 
 
                                            
1 www.providentenergy.com/ breitburn/company/hist_california.pdf 
2 1971.  Evaporative emissions from gasoline were restricted in specific air basins in the summer. A 
"bromine number" established for fuels limited olefin content.  

1976 - 1980. A stepped program began to reduce the maximum sulfur content of unleaded 
gasoline.  
1977 - 1992. A stepped program began to reduce the lead content of all gasoline and ban the 
addition of manganese to unleaded gasoline. 
1992. Lower evaporative emissions requirements during the summer in California, mandated 
deposit control additive, and banned the addition of lead to gasoline (with a few limited exceptions).  
The winter oxygenate requirement for gasoline was established.  
1994. All gasoline required to meet unleaded gasoline requirements. 
1996. California required Phase 2 reformulated gasoline 
1999 - 2003. California required phase out of Methyl tertiary butyl ether in gasoline. 
2003 -2004. California required Phase 3 reformulated gasoline 
2005 -2006. Ultra low sulfur diesel requirements established 

3 Western States Petroleum Association. California’s Petroleum Industry (PowerPoint Presentation)  
http://wspa.org/issues/ei.htm. 
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CHAPTER 2 CALIFORNIA’S PETROLEUM 
INDUSTRY INFRASTRUCTURE 
 
Introduction  
This section provides an historical snapshot of petroleum infrastructure in California 
since1985, how it appears today, and how it might appear in the future. For the 
purposes of this report, the petroleum industry is divided into three sectors: 
production, refining and storage, and retail marketing, as shown in Figure 2-1.  

• The production sector includes infrastructure relating to the exploration for 
and development and movement (via tanker ships) of crude oil from 
foreign ports.  

• The refining and storage sector includes marine terminals, refinery 
operations, pipeline shipments, storage of refined petroleum products and 
blending components at distribution terminals, and wholesale transfers of 
petroleum products.  

• Retail marketing includes delivery, storage, and marketing of finished 
products to the consumer (gasoline stations).  

 
Both the production and the retail marketing sectors are outside of the general scope 
of this section, though some aspects of their operation may be discussed to provide 
a more complete assessment. While this section concentrates on the refining and 
storage sector of the industry, it also provides a general overview of the changes in 
supply sources for in-state refineries. 
 

Figure 2-1:Oil Industry Sectors 
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Sources of Crude Oil 
Figure 2-2 shows in-state, Alaska’s North Slope, and foreign crude oil sources for 
California’s refineries for the period from 1982 through 2004. Over this period, the 
most dramatic change is the reduction of crude oil from Alaska and the increase in 
crude oil from foreign sources. California crude oil deliveries to refineries have slowly 
declined since 1985. Years prior to 1985 were included to show that in-state 
production peaked in 1985.  
 

Figure 2-2: Crude Oil Supply Sources to California Refineries1 
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California Oil Production 
The state’s 19852 total crude oil production (compared to that delivered to refineries) 
reached a peak of 424 million barrels, or about 1.16 million barrels per day. At that 
time, onshore production represented 84 percent of the total, state offshore 
production was nine percent, and federal offshore production was seven percent. In 
20033, California’s crude oil production totaled 278 million barrels; 83 percent from 
onshore production, six percent from state offshore production, and 11 percent from 
federal offshore production. This represents an average of about 762,000 barrels per 
day. Table 2-1 lists other relevant comparisons over the past 20 years. 
 

Table 2-1: California Crude Oil Production, 1985 and 20034 
 1985 2003 
National Oil Production Rank  4th 4th 
Number of Oil Producing Wells 50,250 47,330 
Number of Active Fields 243 283 
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Alaska and Foreign Crude Oil Sources 
Total Alaska oil production has been declining since its peak in 1988.5 At that time, 
production was a little more than two million barrels of crude oil a day. Since then, oil 
production has steadily fallen to less than one million barrels per day (995,300 
barrels as of 2003). This downward trend has been mirrored in California’s crude oil 
receipts from Alaska, albeit lagged by one year. The peak year for Alaskan crude oil 
imports into California was 1989. 
 
As oil production in both California and Alaska has fallen over the past 20 years, 
imports of foreign crude oil have grown to make up the shortfall. Foreign imports in 
1985 accounted for only five percent of California’s total crude oil requirements. In 
contrast, by 2003 foreign imports accounted for 36 percent of the state’s total crude 
oil requirements. Figure 2-3 shows the sources of foreign imports in 2003. The 
primary countries of origin have been Saudi Arabia, Ecuador, Iraq, and Mexico.6 
This trend of increasing imports of foreign oil is likely to continue. 
 
Figure 2-3: 2003 Foreign Crude Oil Sources to California Refineries7 
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Marine Terminals 
California has two main regions where petroleum is imported, refined, and stored. 
Figures 2-4 and 2-5 show these two major petroleum regions in the San Francisco 
Bay Area and the Los Angeles Basin. Tankers deliver crude oil to marine terminals 
in Northern and Southern California.  From the terminals, oil is transported to 
refineries via dedicated pipelines. In Northern California, each refinery or storage 
terminal has its own dedicated marine terminal. In Southern California, marine 
terminals are located in the ports of Los Angeles and Long Beach and are 
connected to refineries or storage terminals via pipelines. Gasoline, distillates, and 
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blendstocks, such as alkylates, are also imported to dedicated marine terminals and 
then transported via pipeline to refineries for further processing, or directly to 
wholesale distribution terminals. Refineries in Southern California are primarily 
clustered two to five miles north of the Port of Los Angeles. 
 

Figure 2-4: San Francisco Bay Area Petroleum Infrastructure 
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Figure 2-5: Los Angeles Basin Infrastructure 

 
 
Table 2-2 shows the number of marine terminals in various counties in the state 
based on recent California State Lands Commission reports. For the purpose of this 
table, marine terminals are defined as those facilities that load and unload marine 
vessels as their primary business. The table also illustrates that there are mobile 
marine terminaling operations that use trucks as the primary method of loading and 
unloading ships. A comparable inventory of marine terminals for 1985 is not 
available. Nevertheless, the report includes data on marine terminals that are either 
classified under caretaker status or as abandoned. In addition, anecdotal evidence 
indicates that a significant number of other marine terminals have closed over the 
past 20 years.  
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Table 2-2: Marine Terminals by County8 

County Stationary 
Marine 
Terminals 

Mobile Marine 
Operations 

Closed/Abandoned/Caretaker 
Status Marine Terminals 

Contra Costa 15 1 1 
Humboldt 1 0 0 
Los Angeles 20 3 5 
San Diego 8 0 0 
San Francisco 1 0 0 
San Luis Obispo 1 0 2 
Santa Barbara 1 0 0 
Santa Clara 0 0 1 
Solano 2 2 0 
Ventura 2 0 2 
 
Refining 
California is a major refining center in the West Coast petroleum market, with a 
combined crude oil distillation capacity of more than two million barrels per day. In 
2003, the state ranked third highest in the nation for refining capacity.9 Twenty-one 
of the nation’s 145 refineries reside in California and account for 12 percent of the 
nation’s total crude oil processing capacity. Six of California’s refineries are among 
the top 50 in the nation in processing capacity. Table 2-3 lists how refinery density 
has changed over the past 20 years within California. 
 

Table 2-3: California Refinery Location Profile* 
California Region 1985 2004 
Los Angeles 17 11 
Bakersfield 9 3 
San Francisco Bay Area 7 5 
Santa Maria 2 2 
Total 35 21 
*Note:  Three of the refineries listed in operation as of 1985 have since been combined into 
operations with other refineries.  Eleven other refineries have closed since 1985. 

 
The quantity of crude oil that a refinery can process is called its “throughput 
capacity.” Throughput capacity at California refineries has changed in response to 
modernization, expansions, and changes in fuel specification requirements. Since 
1985, the number of refineries in the state has gone from 35 to 21, as a result of 
changing fuel specifications and economics.10 As listed in Table 2-4, California has 
followed the national average in terms of closures, losing approximately 40 percent 
of its refineries over the past 20 years.   
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Table 2-4: California – National Comparison 

 1985 2003* 
National  – Number of Refineries 223 145 
National – Crude Oil Capacity (barrels) 16,137,000 16,757,000 
National  – Refinery Utilization Rate 77.6% 92.5% 
California – Number of Refineries 35 21 
California – Crude Oil Capacity (Barrels) 2,457,900 2,011,407 
California – Refinery Utilization Rate 70% 92% 

*Note:  Data for 2004 was not available at the time of this report. 
 
Table 2-5 shows changes in rated operable capacity of California’s refineries for the 
four refining regions of the state. During the early 1990s, California refiners invested 
over four billion dollars for upgrades and retrofits in order to implement federal and 
state cleaner-burning fuel regulations.11 Refineries that did not make these 
investments were either sold or shut down. The result was a general decline in gross 
crude oil processing throughput capacity and a move toward lighter finished 
products and away from unfinished oils. Gasoline, distillates, and aviation fuel 
accounted for 73 percent of all products in 2004. This is an 11 percent increase from 
1985 when 66 percent of refinery production was dedicated to light end products.  
 

Table 2-5: Operable Capacity at California Refineries 
(Thousands of Barrels per Day) 

Regional Location 1985 2004 
Bakersfield 189,100 115,300 
San Francisco Bay Area 893,700 781,001 
Los Angeles 1,324,600 1,069,800 
Santa Maria 50,500 51,300 
Total 2,457,900 2,017,401 

 
Total crude oil processing capacity dropped by 20 percent from its peak in 1987. 
Only two refineries are currently proposing increases in capacity. In 2005, the Shell 
Bakersfield refinery was sold to Big West LLC, an Ogden, Utah based company. The 
company plans to add two major processing units would nearly double the refinery’s 
current output of gasoline and diesel. In its present form, the Bakersfield refinery 
produces two percent of California’s reformulated gasoline and six percent of its 
diesel supplies.  
 
The Paramount Petroleum refinery in Southern California is also undergoing 
modifications to produce reformulated gasoline and ultra low sulfur diesel. Presently, 
the refinery produces asphalt products, heavy fuel oil, gas oil, diesel products, 
military jet fuel, and naphtha. The plan is for the refinery to produce 7,500 barrels of 
reformulated gasoline and 8,500 barrels of ultra low sulfur diesel12 per day in 
addition to their current production. On April 9, 2004, the South Coast Air Quality 
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Management District approved the environmental impact report for this project.  
Paramount will begin producing these fuels during the latter portion of 2005. 
 
Flaring 
Refineries are actually interdependent systems of separate processing units. The 
products of one unit are delivered as input to another unit on a continuous basis. 
Hydrocarbons generated in one processing unit cannot be stored for later 
processing in the downstream processing unit. During an upset condition, these 
hydrocarbons must be released, although direct release to the atmosphere is not 
safe. As a safety control measure, the excess hydrocarbons are combined with 
steam and burned or “flared” to prevent an uncontrolled release of hydrocarbons. 
These flares can occur as part of scheduled maintenance or during unplanned 
shutdowns. The flaring systems are designed to maximize the combustion of the 
hydrocarbons and minimize emissions. When the hydrocarbons are combined with 
insufficient steam and fail to burn completely, a visible flame and/or black smoke is 
emitted from the flare. This sometimes causes the flaring system to also produce a 
loud rumbling sound. The minimization of flaring is important for both environmental 
and economic reasons. California’s air districts that have refineries located with their 
jurisdiction have regulations that limit the density and duration of allowable 
emissions from flaring. 
 
Regulatory Changes Affecting Refinery Operations and Products 
 
Federal Clean Air Act Amendments 
Environmental regulations governing the formulation of gasoline and diesel were the 
driving force behind investment decisions made in the refining industry in the 
1990s.13 California refiners stopped producing leaded gasoline in 1993. The Federal 
Clean Air Act Amendments of 1990 (CAAA90) mandated the reduction of ozone-
forming volatile organic compounds (VOCs) and toxic air pollutants (TAPs). The 
VOC reductions were mandated during peak ozone months (e.g., summer months), 
while the TAP reductions were mandated over the entire year in ozone 
nonattainment areas. CAAA90 also mandated that all gasoline sold in nonattainment 
areas contain two percent oxygen by weight. Emissions of oxides of nitrogen (NOx) 
during combustion were mandated to be no greater than the amount produced by a 
1990 model-year automobile. Diesel sulfur limits of 0.05 percent by weight were also 
implemented. All of these reductions became effective on January 1, 1995, and were 
referred to as reformulated gasoline.14 Reformulated gasoline (RFG) also contains 
one percent or less benzene by volume and contains no heavy metals, such as lead 
or manganese. These requirements are often referred to as Federal Phase I 
Regulations, effective from 1995 through 1999. Federal Phase II Reformulated 
Gasoline Regulations were implemented in 2000 and further restricted VOCs, TAPs, 
and NOx emissions. 
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California Air Resource Board Regulations 
On March 1, 1996, the California Air Resources Board implemented the state’s 
gasoline standards. Federal Phase I standards were already in effect in 
nonattainment areas in California from January 1, 1995 through March 1, 1996, at 
which time the Air Resources Board’s Phase 2 RFG (CaRFG2) regulations went into 
effect. CaRFG2 mandated tighter restrictions than those required by CAAA90. 
 
Methyl Tertiary Butyl Ether (MTBE) 
Since 1992, oxygenates have been required for use in California gasoline to help 
achieve compliance with both federal and state air quality regulations.  Several 
oxygenates were available but methyl tertiary butyl ether (MTBE) was the preferred 
oxygenate due to its compatible blending properties and lower cost.  In the late 
1990s, MTBE was discovered in groundwater supplies within the state.  
 
The Energy Commission investigated alternatives to MTBE and concluded that 
ethanol was the most likely oxygenate to replace MTBE.15 On March 25, 1999, 
Governor Gray Davis issued Executive Order D-5-99. The order required the Energy 
Commission and the Air Resources Board to develop a timetable, by July 1, 1999, 
for the removal of MTBE from gasoline by December 31, 2002. On March 15, 2002, 
Governor Davis issued Executive Order D-52-02 allowing California refineries up to 
12 additional months for the transition from MTBE to ethanol.  Refiners successfully 
stopped using MTBE in the state at the end of 2003. 
 
The introduction of ethanol into California’s gasoline supply is referred to as 
CaRFG3 or Phase 3 gasoline. Generally, CaRFG3 regulations prohibit the use of 
MTBE, increase the oxygen cap for ten percent ethanol blends, and amend the 
wintertime oxygenate period. The introduction of ethanol significantly altered the 
physical handling of gasoline in the state, particularly for pipelines and distribution 
terminals where ethanol could cause corrosion. California’s only common carrier 
pipeline operator, Kinder Morgan, directed that it would no longer ship finished 
gasoline but would ship CARBOB (California Blendstock for Oxygenate Blending), a 
gasoline blendstock requiring the addition of ethanol to make a finished gasoline 
product. Ethanol-blended finished gasoline is not shipped in pipelines due to 
concerns over pipeline corrosion and commingling of ethanol with water.16 As a 
result of this, distribution terminals add ethanol (the oxygenate) directly at the truck 
loading rack.  
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Figure 2-7:Pipelines and Refineries 
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Pipelines and Petroleum Terminals 

Pipelines 
Petroleum product pipelines transport gasoline, diesel, and jet fuel from refining 
centers to distribution terminals throughout California and into neighboring states. 
Proprietary (generally facility-specific) pipeline operations typically move products 
over shorter distances between the refineries and nearby tank space, or over longer 
distances, but typically only between company-owned facilities. Figure 2-7 shows 
the major pipelines and refineries in California. 
 
Common-carrier pipelines transport petroleum products owned by “shippers of 
record” to various terminals throughout the state. As an example, in Northern 
California, most petroleum products move through Kinder Morgan’s Concord 
Terminal prior to entering its common-carrier pipeline. In Southern California, Kinder 
Morgan’s Watson Terminal serves as the focal point for all product shipments out of 
the Los Angeles Basin.  
 
Kinder Morgan Energy Partners, L.P. (Kinder Morgan), operates California’s 
common carrier pipelines under two subsidiary operations; Santa Fe Pacific 
Pipelines, L.P. (SFPP) and CALNEV Pipeline L.L.C. (CALNEV).17 SFPP is 
comprised of approximately 2,800 miles of pipelines that transport refined petroleum 
products in California, Oregon, Nevada, and Arizona. Seven distinct segments are 
identified by Kinder Morgan: West Line, East Line, San Diego Line, Colton to Las 
Vegas Line (CalNev), North Line, Bakersfield Line, and Oregon Line. 
 

Storage Terminals 
California has approximately 90 terminals that receive petroleum products by tanker, 
barge, pipeline, rail, or truck. Gasoline, diesel, and jet fuel are then transferred to 
trucks via loading racks to deliver to retail stations. 
 
As previously mentioned, Kinder Morgan’s Concord terminal is a primary hub in 
Northern California. The Concord facility houses 23 petroleum product tanks on 25 
acres. It possesses a total capacity of almost 1.2 million barrels. It should be noted 
that while the common-carrier pipeline operated by Kinder Morgan is regulated, the 
gathering lines into the Concord terminal and the tank fees are not. Kinder Morgan’s 
Watson terminal serves as the major hub for petroleum distribution in Southern 
California. The Watson facility consists of 15 tanks on 19 acres, storing more than 
800,000 barrels of refined petroleum products. Neither of these terminals has truck 
loading facilities (racks). They are operated strictly as part of the overall pipeline 
systems they serve. 
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Production and Infrastructure Trends 
 
Fuel Island 
California has often been described as a “fuel island” in terms of its specific gasoline 
and diesel requirements.18 Structural and regulatory changes have limited 
California’s gasoline and diesel importing options to the point where only a few out-
of-country refiners can produce reformulated gasoline that meets California’s 
requirements. While the state’s gasoline is considered to be the cleanest burning in 
the world, it comes with a cost. With only a handful of refineries located in such 
places as Eastern Canada, the Netherlands, Germany, the Middle East, Eastern 
Asia, and the Caribbean capable of producing CARBOB, California is vulnerable to 
significant wholesale and retail price spikes during periods of unplanned refinery 
maintenance or pipeline restrictions. High quality alkylates, or “near-BOBs” 
(blendstocks close in specification to CARBOB), and other blendstocks are now 
sought after on the world market to provide some form of relief from tight domestic 
gasoline supplies. Figure 2-8 details the source of gasoline and blendstock imports 
into California for 2003. Imports totaled almost 14.9 million barrels for the year, 
excluding oxygenates.  
 

Figure 2-8: Sources of Gasoline and Blendstock Imports into 
California in 200319 
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Future Production and Infrastructure Trends 
The refining industry does not generally publish its future plans for expansion or 
renovation until permits are sought. However, the California Energy Commission 
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staff has recently evaluated the level of petroleum infrastructure expansion that 
would be needed over the next 20 years.20 The Energy Commission staff determined 
that California’s petroleum infrastructure will require expansion in petroleum marine 
terminal capacity, marine storage, and the gathering pipelines that connect marine 
facilities and refineries to the main product pipelines. Depending on demand 
projections for transportation fuels, the San Francisco Bay Area could require 
between 0.8 and 1.6 million barrels of additional storage tank capacity construction 
by 2015, while the Los Angeles/Long Beach area could require between 3.4 and 6.0 
million barrels.  By 2025, the increased capacity requirements are estimated to 
range from 1.2 to 2.4 million barrels in the San Francisco Bay Area and 4.8 to 9.3 
million barrels in the Los Angeles/Long Beach area.  
 
Timely and reliable dredging of the Pinole Shoal to support marine movements into 
the Carquinez Straits is proving to be a major challenge, due mainly to lack of 
federal funding.  In addition, environmental concerns limit the period of time that 
dredging activity can occur and the locations where dredging spoils can be 
deposited. These factors do not prevent the delivery of petroleum products but lead 
to higher costs for transporting petroleum products.  
 
Attempts to expand refinery operations are frequently opposed by local 
communities. The most recent facility successfully permitted is a Kinder Morgan 
storage facility in Carson, California which will add 800,000 barrels of capacity for jet 
fuel, gasoline, and diesel. Of the ten new tanks scheduled for construction, four 
should be in service by the end of 2005 and the others will be in service in 2006. The 
permit also expanded pipeline capacity from Los Angeles Harbor to Carson. Upon 
completion, the terminal facility will have a total capacity of 5.7 million barrels (an 
increase of 1.5 million barrels compared to 2005). 
 
A brief summary of future fuel specifications, production, and infrastructure issues 
illustrates the potential changes that could require future refinery expansions and the 
uncertainty as to whether those changes would occur. 

• A U.S. Environmental Protection Agency rule will require that all diesel 
meet a new reduced sulfur content (ultra-low sulfur diesel, or ULSD) 
standard by June 2006. California’s diesel-producing refineries have 
already made this commitment and are equipped to produce ULSD. 
Some refineries in other states may close rather than invest in equipment 
to meet this requirement. It is not known at this time if production capacity 
impacts in other states will create a price or supply issue in California.   

• When EPA’s ULSD fuel standard takes effect in 2006, it will establish a 
different standard from California's ULSD fuel. California’s ULSD, which 
also takes effect in 2006, includes a ten percent aromatics requirement. 

• A new diesel lubricity standard was to take effect in California in January 
2005. However, lubricity additive injection systems at terminals 
throughout the state were not completed by that deadline. The California 
Department of Agriculture’s Division of Weights and Measures will publish 



24 

a new rule requiring the new diesel fuel lubricity standard sometime in 
2005. 

• New U.S. Environmental Protection Agency rules apply a 500 parts per 
million (ppm) particulate on-road limit to off-road diesel beginning in 2007, 
and 15 ppm limit to on-road diesel in 2010 and marine and rail in 2012. 
California has proposed expanding application of its on-road diesel fuel 
regulations in January 2007 to harbor craft and intrastate locomotives. 

• Refineries may invest in facility upgrades to help them use more “sour” 
crude oil (higher in sulfur content)21 in their fuel production.  In 2004, sour 
crude oil was a relative bargain compared to “sweeter” and lighter crude 
oil for those companies who could process this type of less expensive oil. 

• California’s refineries might not expand their current refinery throughput 
capacities. However, the state’s demand for transportation fuels is 
continuing to grow, requiring California to secure its fuels from out-of-
state sources. This may necessitate increasing California’s infrastructure, 
particularly to accommodate receiving and storing processed fuel through 
marine facilities.22 

• The 700 mile Longhorn Pipeline started delivering gasoline and diesel 
products to El Paso in February 2005 from Gulf Coast refineries. Kinder 
Morgan is planning to expand the segments of their Pacific East Line from 
El Paso to Tucson and from Tucson to Phoenix.  Refiners and importers 
in California have historically transported substantial amounts of 
petroleum products by pipeline to Arizona. This expansion would lessen 
the impact of Arizona’s rapid growth on California supply, as Gulf Coast 
products begin to reach Arizona in greater volume.  

 
Staff Findings and Policy Options 
There is a great deal of uncertainty regarding future trends in the petroleum 
infrastructure sector. However, for the purpose of assessing environmental trends, 
staff has made the following assumptions: 

• Demand will continue to increase even with initiatives to reduce 
dependency on petroleum. 

• New fuel specifications will require more modifications of refineries. 
• Only marginal increases in refinery capacity are expected (no new 

refineries). 
• Increased imports of crude and products are expected from foreign 

sources. 
• These increased imports are expected to come through marine terminals 

and 
• A small portion of the pipeline systems will need to be replaced on a 

continuing basis because the systems are aging. 
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CHAPTER 3:LAND USE 
 
Introduction 
When the petroleum industry first developed in California, most of the infrastructure 
was relatively remote from urban areas. As the state’s population expanded, 
communities grew up around many of the petroleum facilities, resulting in increasing 
conflicts between urban and industrial uses.  In response, local governments have 
increased their regulation of petroleum infrastructure facilities through their police 
powers and land use authority. This section discusses: 1) existing land uses in the 
vicinity of petroleum infrastructure facilities; 2) current intergovernmental cooperative 
efforts to address land use issues within California; and 3) land use implications of 
future petroleum infrastructure development trends.  
 
Regulatory Framework 
The primary responsibility for land use regulation and control in California rests with 
local governments. The State Constitution grants local government legislative 
bodies, such as city councils and county boards of supervisors, the authority to draft 
ordinances that serve to protect the public health, safety, and welfare of their 
citizens. The California Environmental Quality Act (CEQA), adopted in 1970, and 
several other state laws associated with land use regulations (e.g. Planning and 
Zoning Law, Subdivision Map Act, etc.), provide the statutory framework for the 
management of land use and development by cities and counties. Other agencies 
such as the California Coastal Commission, the San Francisco Bay Conservation 
and Development Commission, the State Lands Commission, or federal land 
agencies may also have authority in land use decisions. 
 
The Planning and Zoning Law (California Government Code, Title 7, Division 1, 
Section 65000 et seq.) requires each incorporated city and county to adopt a 
comprehensive, long-term general plan that governs the physical development of all 
lands under its jurisdiction. The general plan is a broadly scoped planning document. 
It defines large-scale planned development patterns over a relatively long period and 
contains policies designed to manage that development. All other documents that 
regulate land use must by law comply with, be consistent with, and be authorized by 
the general plan. These include zoning codes, community plans, specific plans, and 
subdivision ordinances. 
 
Land Use Setting and Trends 
Many petroleum refineries and storage terminals, pipelines, and port facilities were 
built prior to the adoption of CEQA, and were located in rural areas with access to 
existing waterways and seaports, with very little housing and commercial 
development surrounding them. But with population growth, metropolitan expansion 
has often occurred within close proximity to these petroleum facilities, with little or no 
governmental consideration for requiring distances between conflicting land uses.  
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CEQA and Planning and Zoning Law, which went in to effect in the 1970s, recognize 
the need to separate residential and commercial uses from industrial uses to 
minimize or avoid conflicts. Prior to this, there was no consideration for distance 
buffers. Since then, local government zoning and other land use regulations have 
been established to separate industrial facilities from residences and other sensitive 
facilities and to apply standards to provide protection from industrial harm. Buffers 
contained in zoning regulations vary widely by local jurisdictions, and are dependent 
upon the type of facility and the range of potential impacts to surrounding land uses.  
 
Marine Terminals/Storage Terminals 
West coast marine ports are becoming congested due to increasing demands for 
importing and exporting goods. In addition, the environmental impacts from port 
activities have increased land use conflicts with surrounding communities. The Air 
Resources Board has proposed guidance to help local land use agencies make 
siting decisions for sensitive land uses near certain types of industry.1 Because of 
the complexity of ports, the Air Resources Board has not identified a siting distance 
as it has with some other industrial facilities. Rather, the Air Resources Board 
recommends that land use agencies track the Board’s current efforts to evaluate 
port-related emission sources, and localized health risk and consider limiting the 
siting of new sensitive land uses in areas immediately downwind of ports. 
 
The Pacific Maritime Association has indicated that ports are grappling with the 
demands of the local communities, trying to balance the anticipated growth of 
international trade with quality of life issues for those that live in the surrounding 
communities.2 Some port consultants predict that trade will more than triple through 
west coast ports by the year 2020.  
 
In addition to growth in cargo shipments through the ports, Energy Commission staff 
expect that increased importation of crude oil and petroleum products will be 
necessary to meet future demand for transportation fuels.3 To handle this increase, 
additional terminals will be needed in the ports as well as additional supporting 
infrastructure (for example, storage terminals and pipelines) in the surrounding 
areas. Although crude oil receiving terminal capacity is adequate in the Ports of Los 
Angeles and Long Beach, additional storage and terminals equipped to receive 
clean fuels are needed. Land available for port expansions is limited and may not be 
targeted for petroleum infrastructure. For example, although over 500 acres (Pier 
400) of new land in the Ports of Los Angeles and Long Beach were created by filling 
in portions of both harbors, most of the space at Pier 400 is now occupied with cargo 
container activity, with limited space for petroleum infrastructure.  
 
Transystems Corporation, in a recent study, showed that the Ports of Los Angeles 
and Long Beach combined have 1,880 acres of land for their operations. According 
to the study, using current growth numbers (not projected and without the 
consideration of technological improvements), those ports will require over 5,000 
new acres for container operations by 2010 and an additional 9,400 new acres by 
2020. This acreage is not available. Increases in efficiency could help to handle 
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container growth. According to the Port of Long Beach, their container cargo 
throughput per acre last year was approximately 5,500 twenty foot/equivalent units 
(TEU) compared to a throughput of over 15,000 TEU’s per acre in Hong Kong and 
Shanghai.2 
 

The petroleum industry is continually analyzing current land holdings and 
acquisitions in and around the ports to determine ways of modifying operations with 
the knowledge that land is limited and that there are competing demands for 
whatever lands are available. 
 
Some of the environmental and safety issues of concern to local and state agencies 
that are processing permits for petroleum storage and product terminals include:  

• changes in visual quality 
• disturbances to vegetation and wildlife 
• impacts of air pollutant emissions on local communities 
• potential water and soil contamination and site reclamation and aquifer 

clean-up 
• increased tanker traffic and potential for spills at marine facilities. 
• disproportionate impacts on poor and minority populations 

 
These areas of environmental concern are further discussed in the Environmental 
Justice, Air Quality, Water Quality and Supply and Biological Resources 
sections of this report. 
 
Refineries 
Refineries require substantial physical infrastructure, and facility modifications or 
expansions are often needed to increase productivity or to comply with changing 
environmental regulations. Such projects usually raise environmental and safety 
concerns that can be time consuming, expensive and difficult to resolve. For 
example, the addition of above-ground petroleum storage can cause conflicts with 
existing land uses in the area, as well as conflicts with future growth patterns. 
 
Local governments sometimes approve residential developments and schools near 
heavy industrial zones that may include or are zoned for uses such as petroleum 
storage facilities and refineries. As reflected in Figures 3-1 and 3-2, residential 
subdivisions and schools in Northern and Southern California are located very close 
to existing petroleum infrastructure. The California Department of Education has 
established guidelines for the proximity of schools to petroleum facilities. These 
schools meet those guidelines, although community concerns with air quality, public 
health, and hazardous materials have raised land use compatibility issues. 
Residents’ perceptions about a project’s proposed expansion can lead to concerns 
that the project is incompatible or a poor fit in their neighborhood, often triggering 
community controversy and project delay.  
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The Air Resources Board recommends that siting of new sensitive land use 
immediately downwind of refineries should be avoided. Land use agencies should 
consult with their local air districts for help in determining appropriate separation 
distances. 
 
Refineries often have available land within their “fence line” to expand or modernize 
their facilities. Improvements to older technology may result in enhanced air quality 
and safety features at the refinery. Issues raised refinery modifications often include 
setback standards, lot coverage, outside storage, noise and height restrictions, and 
lot sizes. In order to resolve consistency issues, permit conditions sometimes require 
general plan amendments, rezones, variances, or development plan review by local 
agencies. However, in some communities the application of local zoning ordinances 
are delegated to local fire departments or other safety agencies that may not 
consider the full range of issues of concern to local citizens. Unless such concerns 
are addressed, local opposition and denial of permits may result in refinery 
construction delays and/or project cancellation. 
 

Figure 3-1:Northern California Land Use Map 
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Figure 3-2:Southern California Land Use Map 

 
 
Pipelines 
Pipelines constructed prior to the 1970s were subject to few zoning or use permit 
requirements. Subsequent urban development near these pipelines was often not 
adequately regulated to minimize safety hazards, resulting in schools and sensitive 
uses adjacent to those pipelines. With current environmental laws, local 
governments are better able to manage the risks to the public from urban 
encroachment into those areas where pipelines exist. Some actions typically 
implemented by local governments include allowing only the lowest density 
developments around pipelines, and locating bike paths, walking paths and 
recreational areas along pipeline rights-of-way. 
 
The American Petroleum Institute (API) recommends setbacks of 50 feet from 
petroleum and hazardous liquids lines for new homes, businesses, and places of 
public assembly. It also recommends 25 foot setbacks for garden sheds, septic 
tanks, and water wells and 10 foot setbacks for mailboxes and yard lights. Setbacks 
of 25 feet from residential property lines are the most common example in practice.4 
 
API has drafted best practices for petroleum pipeline operators to develop and 
actively manage public awareness programs associated with normal operations of 
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existing pipelines. For information on potential hazardous exposure to surrounding 
properties, see the Public Health Impacts of Toxic Pollutants and Safety and 
Hazardous Materials Management sections of this report. 
 
Land Use Development Concerns 
Decisions regarding economic development, housing, community and public 
facilities development, and environmental quality have an impact on land use 
patterns, supply, and affordability. Decision makers in all areas of government and 
within the private sector should provide adequate buffer areas or set backs from 
existing petroleum infrastructures when considering new development. In addition to 
the ARB Siting Guidelines discussed previously, Contra Costa County has 
established guidelines for all industries that could adversely impact public health and 
safety in the surrounding community. Applicants for industrial projects are required 
to go through a screening process to establish a hazard score for their project, 
based upon a formula set by the county. If the development project obtains a hazard 
score of 80 or more, the applicant applies for a land use permit. If the hazard score 
is less than 80, the applicant would proceed through the normal building permit 
process. The hazard score looks at the type of project (marine vessel, pipeline), 
distance of the project from sensitive receptors, and size of the project. Such an 
approach can determine appropriate buffers around the existing petroleum 
infrastructure, provide sufficient land for open space, allow other land uses that can 
coexist with existing and future communities, and streamline the permit process.5 
 
Staff Findings and Policy Options 
Land use patterns surrounding petroleum infrastructure have changed over time, 
with increasing residential expansion in proximity to infrastructure facilities. Current 
buffer separations may not be adequate in some places. 
 
Petroleum infrastructure expansions meet future transportation fuel needs may be 
difficult to plan, permit and build due to lack of available land in existing port 
locations and land-use conflicts with adjacent communities and local governments. 
 
The industry, safety regulators, state and local officials, and property developers and 
owners should undertake coordinated land use planning and decision making for 
future development near existing petroleum infrastructure facilities. Appropriate land 
use measures applied by local governments can bolster and complement a 
petroleum company’s efforts to protect its right-of-ways and buffers, and preclude 
uses that could pose a public safety concern. 
 
Land use decisions that provide appropriate physical separation between people 
and petroleum infrastructure could reduce the risk associated with the increasing 
numbers of people living and working in proximity to these facilities. Possible land 
use techniques include increasing the setback requirements, or regulating or 
prohibiting certain type of structures (e.g., apartment buildings or live/work lofts 
within industrial zones). Other possible options include the following: 
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• Use of local zoning ordinances, subdivision regulations, and planning 
policies developed in one area as models for land uses in other areas 
near petroleum infrastructure 

• Addition of a safety element supplement to city and county general plans 
to address the treatment of petroleum facilities and pipelines in land use 
decisions. This supplement would contain guidance to reduce significant 
risk to public safety. Counties and cities could also adopt public safety 
thresholds to guide the assessment of risk to public safety during 
environmental review of projects. Information from the Siting Handbook 
prepared by the Air Resources Board should serve as a primer for these 
efforts. 
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CHAPTER 4: ENVIRONMENTAL JUSTICE 
 
Introduction 
Environmental justice policies are intended to identify and address existing and 
potential disproportionate impacts of development on minority and low-income 
populations. As discussed in the Land Use chapter, residential areas have 
developed around California’s petroleum infrastructure. For the most part, minority 
and low-income populations surrounding refineries are high and have increased in 
percentage since, 1980.This section focuses on the Los Angeles/Long Beach region 
and the San Francisco Bay Area because of the large minority and low-income 
populations that live around refineries in those areas. Refineries in these areas are 
located in relatively close proximity to each other and have raised the greatest 
concern for adjacent communities. Smaller refineries are located north of Bakersfield 
and north and west of Santa Maria.  
 
This chapter describes the regulatory framework at the federal, state and local level 
related to environmental justice; demographic trends of the minority and low income 
populations near petroleum refineries and related facilities; the public health, safety 
and environmental concerns of those populations; and actions that are being taken 
to address those concerns. 
 
Regulatory Framework 
The U.S. Environmental Protection Agency’s 1998 Guidance for Implementing 
Environmental Justice assists federal agencies in developing environmental impact 
statements and other environmental documents that address the presence of 
minority and low-income populations. These documents assess whether 
disproportionate and adverse impacts will result from agency actions, including the 
issuance of permits for the construction, modification or operation of petroleum 
infrastructure facilities.  
 
Since 1998, the California Legislature has passed a number of laws that define 
environmental justice and require specific actions by the California Environmental 
Protection Agency (CalEPA) for addressing environmental justice issues related to 
agency policies and actions. CalEPA is the umbrella agency that oversees many of 
the state’s environmental agencies, including the Air Resources Board, Department 
of Toxic Substances Control, Office of Environmental Health Hazard Assessment, 
Integrated Waste Management Board, and the Department of Pesticide Regulation.  
 
The South Coast and the San Francisco Bay Area Air Quality Management Districts 
and some cities and counties have developed environmental justice policies and 
programs. As part of their programs, these agencies interact with local communities 
and organizations to address concerns related to oil refineries and related facility 
operations. For example, Contra Costa County adopted a final report on 
environmental justice in July 2003 that provides a vision and goals statement, 
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discussion of process and quality of life issues, a pilot project, an environmental 
justice strategy framework, and recommended departmental priorities. 
 
The South Coast Air Quality Management District (SCAQMD) has an extensive 
environmental justice workplan and a number of innovative community initiatives. 
Guiding principles of the workplan include the public’s right to live in an environment 
with clean air, to be informed of scientific findings, and to participate in 
environmental decisions affecting their community, and government’s responsibility 
to protect public health. SCAQMD community initiatives include the Clean Air 
Congress; Clean School Bus Program; Asthma and Air Quality Consortium; Brain 
and Lung Tumor and Air Pollution Foundation; Neighborhood Environmental Justice 
Councils to address specific air quality issues in targeted communities; and air 
quality presentations to schools, community and civic groups. 
 
The San Francisco Bay Area Air Quality Management District (BAAQMD) has an 
environmental justice and community outreach program based on a policy adopted  
in 2001 after input from local communities and environmental groups.1 The program 
is based on a commitment to fair enforcement policies and increased public 
participation. Activities to date include expanding the District’s database of 
environmental justice stakeholders, working with community members on 
publications, holding community meetings, and incorporating information on the 
District’s website. 
 
Demographic Analysis 
Using U. S. Census data, staff has analyzed how minority and low-income 
populations within a six-mile radius of refineries have changed between 1980 and 
2000.2 This section describes changes in minority, low-income, and total populations 
for the two study areas (note that the San Francisco Bay Area is subdivided into 
three sub-areas) within this radius. Statewide changes for the same period are noted 
as well. Information on changes in minority and low-income populations from 1980 to 
2000 within one mile of refineries in each of the two study areas is also provided. 
Figures providing specific information on the percent mix within each census block of 
both minority and low-income populations in the two areas for both 1980 and 2000 
are presented in Appendix A. 
 
California Demographics 
California as a whole had a total population of about 26,639,100 in 1980. The 
minority population was 7,809,750 or 29 percent, and the low-income population 
was 2,627,380 or 10 percent. The poverty/low-income threshold in 1980, as 
determined by the U.S. Census Bureau, was $8,414 in total household income for a 
family of four.3 
 
In contrast, the total population in California in 2000 was about 33,871,650, the 
minority population was 18,054,860 or 53 percent, and the low-income population 
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was 4,706,130 or 14 percent. The poverty threshold for a family of four was $17,603 
in total household income. 
 
Los Angeles and Long Beach Demographics 
In the Los Angeles and Long Beach area, most of the refineries are concentrated 
two to five miles north of the Port of Los Angeles. The total population within a six-
mile radius of all of these refineries in 1980 was about 870,000 and the minority 
population was approximately 389,420, or about 45 percent of the overall population. 
The number of low-income persons in 1980 was 112,000 or 13 percent of the total 
population.  
 
The total population within this same area around refineries in the Los Angeles/Long 
Beach area in 2000 was about 1,058,000 and the minority population was 
approximately 750,270 or about 71 percent of the overall population. The number of 
low-income persons within the area in 2000 was 197,253 or 19 percent of the total 
population.  
 
San Francisco Bay Area Demographics 
In the San Francisco Bay area, refineries are located in three areas. Two refineries 
are located in the Richmond/San Pablo area, one terminal is located in Rodeo, and 
six refineries are located in the Benicia/Martinez area. These areas overlap (see 
Appendix A). 
 
Demographic statistics for 1980 for the three areas are as follows. For 
Richmond/San Pablo, in 1980, total population within a six mile radius of the two 
refineries was about 182,750, the minority population was approximately 78,865 or 
43 percent, and the low-income population was 23,670 or 12 percent. The 
corresponding numbers for Rodeo were about 128,860 for total population, 
approximately 38,000 or 29 percent minority, and 11,500 or nine percent low-
income. Numbers for the six-mile radius of the six refineries in the Benicia/Martinez 
area were about 187,260 total population, approximately 34,150 or 18 percent 
minority, and 13,220 or seven percent low-income. 
 
In 2000, the total population for the Richmond/San Pablo area was about 265,000, 
the minority population was approximately 170,000 or 64 percent, and the low-
income population was 29,732 or 11.5 percent. The corresponding numbers for 
Rodeo were about 195,120 for total population, approximately 113,000 or 58 percent 
minority, and 15,365 or 8 percent low-income. Numbers for the Benicia/Martinez 
area were about 265,110 total population, approximately 111,521 or 42 percent 
minority, and 19,450 or 7.5 percent low-income. 
 
Table 4-1 shows how the minority and low-income populations have changed in the 
state and in the Los Angeles/Long Beach and San Francisco Bay Area study 
regions. The percent minority population has increased in all areas. The minority 
population within six miles of the Los Angeles/Long Beach refineries in 2000 is the 
highest at 71 percent. 
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Similarly the low-income population within six miles of the Los Angeles/Long Beach 
refineries in 2000 is also the highest at 19 percent. The percent of low-income 
populations in the San Francisco Bay Area has changed very little since 1980 and in 
2000 ranged from 7.5 percent to 11.5 percent. 
 

Table 4-1: Changes in Minority and Low-Income Populations 
Within Six-mile Radius of Major Refineries 

(1980 to 2000) 
Region Minority (Percent) Low-Income (Percent) 
 1980 2000 Percent 

Change 1980 2000 Percent 
Change 

California 29 53 +83 11 14 +27 
Los Angeles/ 
Long Beach 45 71 +58 13 19 +46 

San Francisco- 
Richmond/San 
Pablo 

43 64 +49 12 11.5 -4 

San Francisco- 
Rodeo 29 58 +100 9 8 -11 

San Francisco- 
Benicia/Martinez 18 42 +133 7 7.5 +7 

Source: U.S. Census Bureau 
 
Similar trends are also seen in an analysis of how population demographics have 
changed within a one-mile radius of Los Angeles/Long Beach and San Francisco 
Bay Area refineries (see Table 4-2). The minority and low-income populations are 
generally greater within a one-mile radius than within a six-mile radius. 
 
Table 4-2:Changes in Minority and Low-income Populations Within 

One Mile of Major Refineries 
Region Minority (Percent) 

 
Low-Income (Percent) 

 1980 2000 Percent 
Change 1980 2000 Percent 

Change 
California 29 53 +82 11 14 +27 
Los Angeles/ 
Long Beach 62 87 +40 19 30 +58 

San Francisco 
Bay Area 39 67 +71 14 14 0 

Source:  U.S. Census Bureau 
 
Local Community Environmental and Safety Concerns 
As described previously, local communities surrounding refineries, most of which 
were built fifty or more years ago, have changed over time. The areas where the 
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refineries were constructed were sparsely populated at that time. The tremendous 
increase in population in the ensuing decades, coupled with rezoning of land for 
residential and commercial uses, has led to residential and commercial areas being 
developed near the refineries.  
 
People living next to or in close proximity to the oil refineries have raised 
environmental and safety concerns regarding routine operations of these facilities. 
Their concerns include: 

• The view that communities near refineries bear a disproportionate share 
of adverse health and environmental impacts. 4 

• The cumulative health effects of toxic chemical releases from refineries 
and surrounding industry.5 

• Upset or non-routine events that may emit more pollution than allowed 
under normal operating conditions, which can lead to flaring (burning of 
gases), often without post-combustion controls. 6 

• Inadequate monitoring and reporting of refinery emissions, agency 
enforcement, and the lack of public access to data on refinery emissions. 
7 

• The potential for significant accidents and the inadequate level of 
notification, warnings and announcements, and evacuation plans if such 
events happen. 8 

• A desire to continue to work with local agencies on local concerns and to 
pursue community benefits, based on the working relationships local 
officials have developed with the communities. 9 

Refineries have been working with local governments and communities to address 
these concerns. In addition, to provide community benefits, refineries have also 
contributed to local causes. As an example, Bay Area refineries have provided over 
$10 million in financial contributions to United Way and other non-profits and their 
employees provide active support (including thousands of hours of volunteer time) to 
community organizations and charitable groups.10 
 
Energy Commission – ARB Initiative  
Although the Energy Commission has no regulatory role in addressing community 
concerns relating to petroleum infrastructure, the Commission is considering co-
funding a project in conjunction with the Air Resources Board to identify air quality 
impacts in minority and low-income communities related to land use decision-making 
regarding local emissions sources, including oil refineries. The project will 
accomplish the following: 

• Use existing data and modeling results to create a neighborhood-scale 
map of the health-related air quality effects of local emission sources, 
including oil refineries. 
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• Correlate the neighborhood-scale map with socioeconomic, land use, and 
transportation variables.  

• Use the relationships found in the correlation study to develop a 
procedure (“screening tool”) for identifying neighborhoods that are 
particularly vulnerable to harm from new emission sources. 

• Apply the screening tool to a hypothetical power plant and potentially an 
existing oil refinery. 

• With community participation, conduct a micro-scale study of a 
neighborhood to locate and describe emission sources and compare the 
information to the existing emission databases and outputs of the 
screening tool. 

 
Staff Findings and Policy Options 

Minority populations in the two geographic areas studied have grown since 1980. 
Compared to the state-wide change in minority growth, the Los Angeles/Long Beach 
area has experienced a similar growth change and the San Francisco Bay Area a 
much greater increase in minority populations.  
 
Poverty-level populations near refineries have also changed since 1980. In Los 
Angeles/Long Beach, the low-income population has increased as compared to the 
overall increase in the California low-income population. Low-income populations 
around refineries in the San Francisco Bay Area represent about the same 
percentage as they did in 1980.  
 
There are substantial minority and low-income populations living next to or near oil 
refineries and related facilities in the two geographic areas analyzed. Minority 
population percentages around refineries in 2000 range from 71 percent in the Los 
Angeles/Long Beach area to 42 percent in San Francisco Bay Area. Low-income 
populations range from 19 percent in the Los Angeles/Long Beach area to 7.5 
percent in San Francisco Bay Area. The percentages of these populations vary as 
compared to the California population as a whole. 
 
Communities near refineries that have a substantial percentage of minority and low-
income people believe that they should not shoulder a disproportionate share of the 
adverse impacts related to oil refinery and related facility operations. These 
communities are concerned about a variety of environmental, health, and safety 
impacts related to the operation of oil refineries and related facilities and look to 
federal, state, and local agencies to address their concerns. 
 
Federal, state, and local agencies are developing and implementing environmental 
justice policies. These policies are intended to increase the involvement of local 
communities in identifying and addressing environmental, health, and safety issues 
related to the operation of oil refineries and related petroleum facilities. 
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Studies like the one under consideration by the Energy Commission and the Air 
Resources Board can help develop tools that can be used to further community-
based efforts to address environmental and public health infrastructure-related 
concerns. 
 
Many of the finds and policy options identified in later chapters of this report would 
also help address environmental justice concerns. These options include: accurate 
record-keeping of upset events; increased monitoring of emissions; timely availability 
of information to the public; and upgrading of leak detection and repair programs. 
The Energy Commission supports federal, state, and local agency efforts to work 
with minority and low-income populations living near oil refineries and related 
facilities to reduce adverse environmental, public health, and safety impacts. 
 
The Energy Commission should track these efforts, and where appropriate, 
participate in partnerships with the industry, agencies, and local communities to 
resolve concerns in a timely manner. The Commission should also consider 
developing background material on the state’s need for petroleum infrastructure to 
provide all stakeholders with information useful in decision-making processes. 
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CHAPTER 5 AIR QUALITY 
 
Introduction 
Air pollution is one of our state's most serious environmental problems. Geography, 
climate, increasing population, industrial development, and vehicle use make 
meeting and maintaining national and state ambient air quality standards 
challenging. In particular, California’s air quality, economy, and our lifestyle are 
closely linked to the transportation sector. This includes the ubiquitous automobile 
and the numerous ancillary industries used to build, maintain, service, and fuel this 
sector.  
 
This chapter describes the air pollutant emissions of the petroleum infrastructure 
sector and the air regulatory framework that applies to that sector. Both past and 
future air quality trends are discussed. Over last 25 years, criteria pollutant 
emissions from the petroleum infrastructure have decreased. However, due to 
concerns and local air quality conditions, air districts and community groups will 
continue to monitor the petroleum infrastructure sources to ensure their continued 
conformance with air quality regulations in the face of anticipated demand growth for 
transportation fuels. State and local agencies have limited control over emissions 
from marine tankers; growth in petroleum tanker traffic could increase existing levels 
of air pollutants at ports. The analyses in this chapter address those sectors with the 
largest emission inventories and those pollutants with the highest emission levels. 
Many of the current and proposed rules and regulations pertinent to petroleum 
infrastructure are discussed in general terms where applicable. 
 
Regulatory Framework 
 
Federal 
As required by the Federal Clean Air Act, the United States Environmental 
Protection Agency (U.S. EPA) has established National Ambient Air Quality 
Standards and associated requirements to implement, maintain, and enforce these 
standards. An air quality standard defines the maximum amount of a pollutant that 
can be present in outdoor air without harm to the public's health. Pollutants regulated 
under these standards, known as criteria air pollutants, include, but are not limited 
to, ozone, nitrogen dioxide (NO2), sulfur dioxide (SO2), carbon monoxide (CO), 
respirable particulate matter (PM10), fine particulate matter (PM2.5), and lead. 
 
Under the Clean Air Act, new and modified major stationary sources of air pollution 
must undergo New Source Review (NSR) before commencing construction. NSR 
requirements vary depending on the attainment status of the area where the facility 
is to be located. In nonattainment areas (regions that violate federal ambient air 
quality standards), NSR requires the evaluation of new or modified sources. Any 
new or modified sources must offset new emissions. The Prevention of Significant 
Deterioration program applies in areas that are in attainment of the federal ambient 
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air quality standards. Permit requirements can include the use of emissions control 
technologies to limit emissions of criteria pollutants and the preparation of an 
emissions increment and visibility analysis. The U.S. EPA regulates interstate and 
coastal sources such as trains, ships and planes and works closely with 
organizations such as the International Maritime Organization to reduce emissions 
from international activities. 

State 
In California, the Air Resources Board has the primary responsibility for regulating 
most mobile and area-wide source emissions, and providing oversight of the air 
pollution control districts that have primary responsibility for permitting of stationary 
sources. The Air Resources Board has adopted a number of California Ambient Air 
Quality Standards, including pollutants not covered under the National Ambient Air 
Quality Standards and standards that are more stringent than the national 
standards. The primary global climate change gases, which are not currently 
regulated by the state or federal governments, for stationary sources, are carbon 
dioxide and methane. Based on 2002 legislation (AB1493, Pavley, Chapter 200, 
Statutes of 2002), the Air Resources Board approved standards to limit global 
climate change gas emissions from new passenger cars, sport utility vehicles and 
light trucks starting in 2009. 
 
Environmental Justice 
Some communities experience higher exposures than others to pollutants because 
of the cumulative impacts of air pollution from multiple mobile, commercial, 
industrial, and other sources. The Air Resources Board works with districts to 
develop remedies to reduce emissions, exposures and health risks in such 
communities. The Air Resources Board’s Environmental Justice1 Section has 
responsibility for the Community Health Program. The Board approved 
Environmental Justice Policies and Actions (Policies) on December 13, 2001, to 
establish a framework for incorporating environmental justice into its programs 
consistent with the directives of state law.  
 
The Bay Area and South Coast Air Quality Management Districts have formal 
Environmental Justice Programs incorporated into their permitting processes. The 
San Luis Obispo County Air Pollution Control District has been informally 
implementing the concept of environmental justice for several years. The San 
Joaquin Valley Air Pollutant Control District has a well-established protocol for 
addressing environmental justice issues related to its programs. Additional 
information is provided in the Environmental Justice section of this report. 
  
Local 
The local air districts (districts) are responsible for regulating stationary sources and 
developing and implementing air quality management plans to assure attainment or 
maintenance of both federal and state Ambient Air Quality Standards. Such plans 
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include consideration of control measures implemented by the Air Resources Board, 
as well as specific stationary source control measures adopted by individual districts. 
 
Local air districts collect air pollutant emission information directly from facilities and 
businesses that are required to obtain an air quality operating permit. The districts 
use this information to compile their emissions inventories and to provide emissions 
data to the Air Resources Board, as well as assist the Board in the development of 
emission estimates for un-permitted sources. District databases contain detailed 
information about the nature of the facility or business, the location, the type and 
amount of emissions, the air pollution-producing processes, type of air pollution 
control equipment, operating hours, and seasonal variations in activity. The districts 
use this information to develop air quality attainment plans and related regulations. 
 
Environmental Assessment 
 
California Setting 
The state’s petroleum infrastructure is primarily located in and around heavily 
populated metropolitan areas in 6 different air districts: the Bay Area Air Quality 
Management District; the South Coast Air Quality Management District; the San 
Joaquin Valley Air Pollution Control District; the San Luis Obispo County Air 
Pollution Control District; the Santa Barbara County Air Pollution Control District; and 
the Ventura County Air Pollution Control District. The latter three districts have 
minimal refinery capacity and are not addressed in detail in this air quality review. 
 
Figure 5-1 shows the relative refinery capacity of each of the districts identified 
above. These districts are home to the majority of California’s population (see Figure 
5-2) and contain the majority of the state’s air pollutant emissions, which often cause 
violations of federal and state ambient air quality standards. Depending on season, 
geography and climate, these air pollutant emissions may impact local and regional 
air quality that affects at least 80 percent of the state’s population.  
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Figure 5-1:California Refinery Capacity by Air District (Barrels of 

Crude Oil Per Day) 
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Figure 5-2: 2004 California Populations by District 
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Oxides of nitrogen (NOx) and reactive organic gas (ROG) emissions in these 
districts comprise about 70 percent of the state’s totals for those pollutants, which 
are produced primarily from industrial, commercial and transportation activities. 
Nearly 90 percent of the statewide 2004 oxides of sulfur emissions (SOx) are 
located in the six districts. 
 
Historical Data and Trends 
The Air Resources Board and air districts continuously develop regulations, improve 
data collection, and support technology improvements to improve air quality in the 
State. The Air Resources Board maintains the California Emission Inventory 
Development and Reporting System, which contains specific and regional 
information on point,2 area-wide3 and mobile source emissions of criteria4 and toxic 
air pollutants. 
 
Criteria Air Pollutant Emissions 
The California Emission Inventory Development and Reporting System uses broad 
definitions for the in-state petroleum sector that include crude oil production at the 
well head and the gasoline nozzle at dispensing locations, as well as the focus of 
this paper, the refinery sector. The database petroleum sector definitions exclude 
emissions from ships at marine terminals dedicated to importation of crude and 
refined products.  Marine terminal emissions are included in other parts of Air 
Resources Board database, but are not broken out by type of shipment. 
 
In preparing the historical portion of this analysis, staff used only emission data from 
the refinery sector to estimate emissions from 1975 to 2020 for NOx, ROG, PM10, 
and SOx, shown in Figures 5-3, 5-4, 5-5 and 5-6. This definition most closely 
matches the petroleum sector as defined by this report. The pollutants shown are 
representative of the emissions footprint and trends of all criteria pollutants, 
therefore, emissions data for total organic gases, CO and PM2.5 are not presented 
in the analysis. In addition, emissions from petroleum infrastructure in the three 
small districts (San Luis Obispo, Ventura, and Santa Barbara) are small and are also 
not included here. 
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Figure 5-3:Reactive Organic Gas Emissions from all Petroleum 
Sectors (tons/day) 

 
Figure 5-4:Petroleum Sector Oxides of Sulfur Emissions 
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Figure 5-5:Petroleum Sector Oxides of Nitrogen Emissions 

(tons/day) 

 
 

As shown in Figures 5-3, 5-4, 5-5, and 5-6, emissions from the petroleum sector 
have decreased from 1975 to 2004 due to the implementation of controls and 
regulations. (Note that future trends, 2005-2020, are discussed later in this section). 
NOx and PM10 emission reductions are from the substitution of cleaner natural gas 
for heavy oils as fuel in boilers, and the installation of more effective air pollution 
control equipment. Reductions in ROG emissions have been due partly to the use of 
vapor recovery systems at tank farms and better emission controls on valves and 
flanges. 
 
ROG reductions occurred at refineries in California during the past decade due in 
part to major improvements in refinery emission controls required by air district Best 
Available Control Technology (BACT) determinations. Examples of these BACT 
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vented to closed vapor recovery systems, and improved fitting and sealed flanges. 
Also, reformulating California motor fuels has affected processes, production levels, 
and emissions at refineries. Lastly, some facilities have closed and company 
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Figure 5-6:Petroleum Sector Particulate Matter less than 10 
Microns Emissions (tons/day) 

 
Global Climate Change Gas Trends 
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from combustion and fugitive sources. Although since 1996 California refining 
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Figure 5-7:California Refinery Fuel Combustion Carbon Dioxide 
Emissions (Million Metric Tons/Year) 

 
2002 Air Emission Footprint of the Four Petroleum Sectors 
Staff worked with the Air Resources Board and air districts to collect and refine 
emissions data for 2002, the most current inventory year. The 2002 data set only 
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emissions exceed emissions from the other petroleum infrastructure sectors.  ROG 
is an exception, as emissions are primarily from bulk storage facilities. The San 
Joaquin Valley has much less refinery capacity than South Coast and Bay Area, and 
emissions (see Figure 5-10) are much lower and are dominated by ROG from bulk 
storage. 
 
Figure 5-8:South Coast Petroleum Infrastructure Sector Emissions 

of Four Major Air Pollutants (tons/day)  

 
Refineries  
During routine operations and upset conditions, refineries produce both combustion-
related and fugitive emissions. Combustion-related emissions occur from sources 
such as process boilers and flares. Fugitive emissions occur throughout refineries 
from the thousands of valves, pumps, tanks, pressure relief valves, and flanges. 
While individual leaks are typically small, the sum of all fugitive leaks at a refinery 
can be one of its largest emission sources. Upsets can lead to sudden and large 
releases of pollutants. Refinery flare systems are used to manage emergency or 
upset conditions by combusting excess gases produced during startups and 
shutdowns of process units and equipment. 
 
Oxides of sulfur emissions from refineries represent the largest tonnage of pollutants 
of the four sectors. Generally, SO2 and other sulfur compound emissions are 
functions of the sulfur content of the crude oil feedstock, the on-site combustion of 
fuels and waste byproducts, the levels of sulfur control, and flaring. As limits on the 
sulfur content in refined products have been tightened, more sulfur has been 
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removed and treated. Refinery NOx emissions are the result of combustion 
processes, but can vary depending on the levels of controls.  
 
Flare emissions from refineries are shown in Table 5-1. While the flare emissions 
are relatively small, flare events can occur suddenly and are more difficult to control, 
as suggested by the higher emissions of ROG and SO2 compared to NOx and 
PM10. 
 
Figure 5-9:Bay Area Petroleum Infrastructure Sector Emissions 

of Four Major Air Pollutants (tons/day) 

 

11.99

51.23

24.98

2.712.23

5.37

7.78

0.78

7.96

0.00 0.02 0.000.14 0.00 0.00 0.00

0

5

10

15

20

25

30

35

40

45

50

55

ROG SO2 NOx PM10

T
o

n
s
 p

e
r 

D
a
y

Refineries

Marine Terminals

Bulk Storage

Pipelines

Source: Air Resources Board California Emissions Inventory 

Development and Reporting System (CEIDARS) database, 2002 

inventory year



 53 

Figure 5-10:San Joaquin Valley Petroleum Infrastructure Sector 
Emissions of Four Major Air Pollutants (tons/day) 

 
Table 5-1:2002 Petroleum Infrastructure Emissions and Flare 
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Source: Air Resources Board California Emissions Inventory Development and Reporting System 
(CEIDARS) database, 2002 inventory year 
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federal emissions regulations, typically use fuels that are very high in sulfur content, 
as much as 100 times higher than that allowed by California law for diesel trucks and 
other equipment. Ocean going ships also emit high levels of NOx and PM10 due to 
the lack of adequate emission control technologies. Loading and off-loading of crude 
oil and petroleum products creates fugitive ROG emissions.  NOx, SOx and PM10 
emissions are also produced from diesel engines used during loading and unloading 
activities.   
 
Staff worked with the Air Resources Board and air districts to calculate petroleum-
shipping activities in California waters from the Mexican border to the Oregon border 
and to 200 miles off the coast. International, interstate, and intrastate petroleum 
shipping and offshore lighterage activities were evaluated. Other recent port 
emissions studies6 have been much more limited in scope and suggest that 
petroleum shipping emissions in-port, in proximity to people, are a small percentage 
of the port’s total emissions.   For example, cruise ships and container ships 
dominate the Port of Los Angeles emissions.7  However, the data in this chapter 
show that petroleum-shipping activity inside and outside of ports are a large source 
of petroleum infrastructure emissions. 
 
Table 5-2 illustrates differences in how districts calculate emissions from marine 
terminals and refineries. The data in the table are limited to the Bay Area and South 
Coast air districts since most marine activity and refinery operations are located 
there. While differences in air quality and attainment strategies could explain many 
of the differences in the refinery emissions factors, only significant differences in 
methodologies between the two air districts could explain the disparity in marine 
emissions factors. Discussions with the air districts and the Air Resources Board 
confirm that the differences are due to methodology. 
 
Bulk Storage 
Bulk storage, or tank farms, can be located at refineries or marine terminals, or be 
stand-alone facilities. Reactive organic gases dominate air pollutant emissions from 
bulk storage facilities due to leaks and evaporation. The NOx and some of the SOx 
emissions are attributable to pump engines. 
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Table 5-2: 2002 Marine Terminal and Refinery Crude Oil Throughput 

and Emission Factors (Million Barrels per Year and Pounds of 
Pollutant per Million Barrels) 

 Marine Terminal 
Throughput  

Refinery Throughput 

 Bay Area South Coast  Bay Area South Coast  
Million Barrels 
Delivered/Refined/Year 133.5 209.9 247.3 363.9 

 
 

Emission Factors lbs/Million Barrels Delivered or 
Refined 

ROG 33.5 27.3 97.0 34.8 
SO2 80.4 212.2 414.4 86.9 
NOx 116.6 311.1 202.1 72.5 
PM10 11.6 25.5 21.9 16.2 

Source: California Energy Commission Petroleum Industry Information Reporting Act (PIIRA) 
Database, http://www.energy.ca.gov/oil/statistics/crude_oil_receipts.html and Air Resources Board 
California Emissions Inventory Development and Reporting System (CEIDARS) database, 2002 
inventory year 
 
Pipelines  
The State has 50 pipeline operators that operate over 6250 miles8 of pipelines. 
However, crude oil and petroleum product pipelines do not normally emit significant 
amounts of criteria pollutants. 
 
Global Climate Change Gas Emissions 
In 2002, global climate change gas emissions in California totaled about 510 million 
metric tons of carbon dioxide-equivalents. Eighty five percent of the emissions were 
produced from fossil fuel combustion. The refinery sector’s share of that was about 
30 million metric tons. Other large sources of emissions included petroleum and 
natural gas combustion, cement production, methane emissions from landfills, and 
the use of alternatives to ozone-depleting gases (for example, 
hydrochlorofluorocarbons in place of chlorofluorocarbons). 
 
Future Trends 
As shown in Figures 5-3 through 5-6, emission levels from the petroleum industry 
are expected be flat over the next 15 years with the exception of emissions 
increases in the Bay Area. Emission levels are based on district attainment plans 
and may not reflect the level of petroleum expansion that may be needed and 
constructed in the future. Capacity expansions or increased imports of crude or 
refined products beyond the increases planned for by the air districts in their 
attainment plans could result in emissions increases unless mitigated. 
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Criteria Air Pollutant Emissions 
As shown in Table 5-3, petroleum infrastructure facilities collectively produce the 
majority of the state SO2 emissions. However, the state has been in attainment of 
the SO2 and sulfate ambient air quality standards for some time. Nevertheless, 
continued control of SO2 emissions from refineries and marine terminals will be 
critical to the maintenance of the SO2 and sulfate standards. Continued 
reformulations of diesel to low and ultra-low sulfur levels will reduce ambient levels 
of SO2 from the transportation sector, but will require lower sulfur crude oil 
feedstocks or enhanced sulfur removal equipment at the refineries.  Increasing sulfur 
removal from the refined products at the refineries could increase SO2 emissions 
unless SO2 emissions controls at the refineries are also improved. 
 
Table 5-3:Contribution of Petroleum Infrastructure to California 

Emission Inventories (Percent) 

 Refineries Marine 
Terminals 

Bulk 
Storage 

Pipelines Total 

ROG 0.7% 0.3% 1.1% 0.0% 2.1% 
SO2 30.5% 27.3% 0.0% 0.0% 57.8% 
NOx 1.1% 3.0% 0.0% 0.0% 4.2% 
PM10 0.3% 0.5% 0.0% 0.0% 0.8% 
Source: Air Resources Board California Emissions Inventory Development and Reporting System 
(CEIDARS) database, 2002 inventory year. 
 
While direct emissions of particulate matter from the four petroleum infrastructure 
sectors are very low, air districts may seek future reductions from the four petroleum 
infrastructure sectors of particulate matter precursors (for example, NOx and SOx) in 
their efforts to reach or maintain attainment of PM10 ambient air quality standards.  
 
Table 5-4 shows the relative contribution of petroleum infrastructure emissions to 
district emission inventories in the three primary air districts. Petroleum infrastructure 
emissions represent a major part of the SOx emission inventory in the South Coast 
air district and particularly the Bay Area air district.  
 

Table 5-4:Percent Contribution of Petroleum Infrastructure to 
District Emission Inventories 

 Bay Area San Joaquin South Coast State Total 
ROG 4.8% 0.7% 2.0% 2.1% 
SO2 81.8% 2.3% 60.0% 60.0% 
NOx 5.5% 0.1% 4.1% 4.2 
PM10 1.9% 0.0% 1.7% 0.8% 
Source: Air Resources Board California Emissions Inventory Development and Reporting System 
(CEIDARS) database, 2002 inventory year. 
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In the San Joaquin Valley, the dissimilarity to statewide and other district 
percentages is due to the limited refining infrastructure in the district (see Figure 5-1) 
and the fact that other sources, such as mobile, oil production and agriculture, 
contribute most of the emissions to the inventories. 
 
Marine Terminals 
Tankers carrying crude oil and refined products dock at marine terminals located 
throughout California. If imports of petroleum crude or refined products via ships 
increase beyond what was anticipated in air district attainment planning documents, 
NOx, SOx, and PM10 emissions would increase unless mitigated. Shipping and ports 
are becoming major emissions sources in their air districts. For example, an 
expected tripling in trade at the Ports of Los Angeles and Long Beach by 2020 9 
could result in more than 50 and 60 percent increases in NOx and diesel PM10 
emissions, respectively, as shown Table 5-5.  However, agencies are refining port 
emissions estimates to better understand the port sources and potential control 
measures, as shown by recent efforts by the Port of Los Angeles. 10 
 

Table 5-5:Changes in Oxides of Nitrogen and Particulate Matter 
Emissions from Commercial Shipping (Tons/Day) 

 ROG SO2 NOX PM10 
2000 8.4 73.5 128.1 10.6 
2010 9.9 92.6 157.1 12.6 
2020 12.3 126.0 205.8 16.2 

Source: Commercial Marine Vessels and Ports, 2004 SIP Summit, Ships, Harbor Craft and 
Land-side Operations, January 13 and 14, 2004. 

 
Bulk Storage and Pipelines 
ROG emissions are the dominant criteria air pollutant from bulk storage of petroleum 
and petroleum products. Increased use of refined products will probably require 
increased bulk storage, regardless of whether the products are refined in California 
or imported via marine terminals. Therefore, ROG emissions from bulk storage may 
increase, unless rules and regulations are strengthened to better control fugitive 
emissions. As mentioned previously, pipeline emissions are negligible. 
 
Global Climate Change Gas Emissions 
It is still uncertain how and when reductions to, or stabilization of, global climate 
change gas emissions from petroleum infrastructure may occur. Reductions of 
global climate change gas emissions could occur with efficiency improvements or 
fuel switching (using natural gas instead of liquid fuels) in refinery processes.  
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Environmental Concerns 
Communities located near refineries have concerns about upsets and associated 
flaring, global warming, fugitive emissions and emissions from diesel-burning trucks 
and ships. Although both power plants and refineries are large sources of emissions, 
refineries have relatively more upsets than power plants due to the complexity of 
refinery processes. In calendar year 2003 and 2004, the South Coast Air Quality 
Management District received 996 public complaints of odors, smoke, and oil fallout, 
alleging refinery sources. For that same period, they received 14 complaints 
concerning power plants.11 Similar data was not available for other air districts. 
 
Refineries – Flaring and Air Quality Monitoring  
Air districts use their permitting processes for monitoring and reducing stationary 
source emissions. For example, as refineries continue to upgrade for the production 
of new clean fuels, air districts will permit hundreds of significant modifications to 
existing processes and equipment at refineries, storage facilities and terminal 
facilities. Further, air district inspectors investigate upset/breakdown occurrences 
and citizen complaints, conduct routine inspections, and, when appropriate, issue 
notices of violations.  
 
Flaring: The South Coast and Bay Area Air Quality Management Districts have 
recently adopted similar rules (South Coast Rule 1118 - February, 1998 and Bay 
Area Regulation 12, Rule 11 - June, 2003) to better manage emissions from flaring 
activities. These rules require refineries to monitor flare emissions in order to 
improve the flare emission inventory and to assess the need for, or the level of, any 
future controls. The occurrences of flaring in both air districts have been reduced 
since monitoring was implemented. Since 2002, flare emissions in the Bay Area 
have been reduced from about eight to two tons per day of ROG, along with a 
proportional reduction in organic toxic emissions, sulfur dioxide, and NOx.12 In the 
South Coast Air Quality Management District, flare emissions have also been 
reduced substantially since the implementation of monitoring, as evidenced by a 72 
percent reduction in SOx emissions from 2000 to 2003. 
 
Both the Bay Area (Regulation 12, Rule 12: Flares at Petroleum Refineries) and 
South Coast (amended Rule1118) Air Quality Management Districts are proposing 
rule changes requiring elimination of routine flaring and minimizing of emergency 
flaring through implementation of facility-specific flare management plans. The flare 
management plans are included in the proposed rules and have not yet been 
adopted by the Bay Area and South Coast Governing Boards. 
 
The flare management plans must include, for each flare, details regarding the flare, 
associated process units and equipment, operating practices and procedures, and 
steps the refinery has taken and can take in the future to minimize the frequency and 
duration of flaring events at that flare.  
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Monitoring: Approximately 280 ambient air quality monitoring stations are located 
throughout the state, some near significant oil refining activity.13 Air monitoring 
parameters include gaseous pollutants, particular matter, toxic air contaminants, 
non-methane organic compounds, pesticides, meteorological parameters, and 
visibility. Not all pollution and parameters are measured at each location. 
 
Continuous emissions monitors are used at refineries to monitor certain emissions 
from specific sources and processes such as NOx emissions from exhaust stacks. 
They may be used along with ambient monitoring as part of a community monitoring 
strategy to detect routine, non-routine, and accidental releases that might be missed 
by an ambient monitoring station. 
 
Obtaining real-time ambient air monitoring data is important when investigating 
routine, non-routine, and upset conditions that may occur at a refinery. Real-time 
data can indicate whether unusual levels of pollutants detected may have a public 
health impact. 
 
Enforcement Programs: As part of a periodic review of enforcement programs and to 
respond to public comments that districts may not be assessing meaningful 
penalties for violations of rules, the Air Resources Board evaluated enforcement 
activities at petroleum refineries. The analysis included evaluation of data on 
penalties for violations and the effectiveness of enforcement practices, as well as 
other indicators that show trends in refinery operating activities. The Air Resources 
Board evaluated practices in the South Coast and Bay Area Air Quality Management 
Districts and the San Joaquin Valley Air Pollution Control District. Upsets and 
breakdowns and citizen complaints related to four refineries in the South Coast and 
Bay Area Air Quality Management Districts were also evaluated for the period 1990-
2000, a period which coincided with significant facility modernization and 
modifications. 
 
The Air Resources Board staff concluded that the minimum penalties in all districts 
generally should have been higher, in part to encourage the installation of new 
technologies such as leakless valves, which would result in better compliance with 
district rules and greater emission benefits.  The Air Resources Board further 
concluded that current enforcement programs provided an effective level of 
compliance inspections to discover air quality violations. The Air Resources Board’s 
analysis of upset and breakdown data indicated that the number of reported 
breakdowns of major process units had generally remained stable or decreased over 
the ten year period studied.  This trend was considered notable by the Air Resources 
Board in light of the significant modifications to produce clean fuels that were 
underway over the period. 
 
Expanding Marine Terminal Activity 
California ports are among the largest sources of air pollution in the state. Air 
pollution from maritime port activities is a significant and a growing concern, given 
an expected growth in port activities driven by increased global trade.14 Diesel-
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powered vehicles and engines operated at the ports emit soot, or diesel particulate 
matter, and other air pollutants that can increase health risks to nearby residents. 
Port operations are also significant sources of NOx, which can contribute to the 
formation of smog, or ozone, and fine particulate matter. 
 
Some Air Resources Board and air district strategies designed to reduce emissions 
from port operations include: 15 

• replacing older diesel engines with cleaner equipment 
• requiring the use of lower sulfur diesel fuels 
• applying retrofit control equipment on older diesel engines 
• enclosing petroleum coke piles 
• conducting smoking ship surveillance programs 
• conducting air quality monitoring programs 
• establishing emissions reduction credit programs 
• investigating the use of shoreside electrical hookups for ships at 

dockside, and 
• developing new technologies to reduce air pollution, such as a zero-

emission fuel cell power plants that can provide electricity to ships in port. 
 
Staff Findings and Policy Options 
Elements of the petroleum infrastructure have significantly reduced emissions of 
criteria air pollutants between 1975 and today. However, the Bay Area air district 
expects emissions will slowly increase over the next 15 years as increases in 
transportation fuel demand results in increased refining capacity and increased 
import of crude and refined products. The South Coast and San Joaquin Valley air 
districts assume that petroleum infrastructure emissions will remain flat over the next 
15 years.  While the South Coast air district anticipates that refineries may expand to 
meet demand, their permit programs will maintain petroleum infrastructure emissions 
at or close to 2004 levels.  
 
However, as marine port activities and imports of crude oil and refined products 
increase, federal, state, and local government agencies must continue implementing 
innovative strategies for defining, and then managing, air pollutant emissions at the 
ports, such as those listed above.  
 
The public continues to be concerned about upset events and flaring at refineries. 
Air districts and petroleum infrastructure owners can work with local communities to 
address these concerns, in the following ways: 

• Accurate recording of flare occurrences and flare emission constituents 
and provision of information to the public to ensure compliance with 
existing and proposed flare-related emission rules. 



 61 

• Refinery upgrades of leak-detection and repairs, and implementation of 
programs to minimize the number and severity of flaring events. 

• Continuation of environmental justice programs in place at the Air 
Resources Board, Bay Area Air Quality Management District and South 
Coast Air Quality Management District to ensure that modifications and 
operations consider local community concerns. 

• Use of emerging air quality monitoring technologies to collect real-time 
data from remote locations to help assess and manage pollution events. 

 
Reporting of routine emissions differs greatly among air districts because of 
methodological differences. Thus, regional comparisons of data were not 
meaningful, and certain data may not accurately characterize petroleum 
infrastructure contributions to local or regional inventories. If air district and Air 
Resources Board staff use uniform methods of estimating emissions, the information 
can be used to make regional comparisons. In addition, non-routine emissions from 
upsets have the potential to overwhelm routine emissions and should be quantified 
to the extent practical and reported separately. Posting upset data and descriptions 
of accidents on air district web sites will allow maximum public access to such data. 
 
Energy Commission staff should work with these entities to address differences in 
methodologies for estimating air emissions from ports and refineries. Staff should 
also work with the air districts, the Air Resources Board, and local agencies to 
develop a common understanding of petroleum infrastructure development needed 
in the future. 
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End notes 
 
                                            
1 California law defines environmental justice as the fair treatment of people of all races, cultures, and 
incomes with respect to the development, adoption, implementation and enforcement of 
environmental laws, regulations, and policies. Senate Bill 115, Solis, 1999; California Government 
Code §65040.12(c). 
2 Point Source: A facility that can be identified by name and location and which emits a sizable 
quantity of any one criteria pollutant. 
3 Area Sources: Those sources for which a methodology is used to estimate emissions. This can 
include area-wide, mobile and natural sources, and groups of stationary sources (such as dry 
cleaners and gas stations). The California Clean Air Act requires air districts to include area sources 
in the development and implementation of the AQMP. In the California emission inventory, all sources 
which are not reported as individual point sources are included as area sources. Area-Wide Sources: 
Sources of pollution where the emissions are spread over a wide area, such as consumer products, 
fireplaces, road dust and farming operations. Area-wide sources do not include mobile sources or 
stationary sources. 
4 Criteria Air Pollutant: An air pollutant for which acceptable levels of exposure can be determined and 
for which an ambient air quality standard has been set. Examples include ozone, carbon monoxide, 
nitrogen dioxide, oxides of sulfur, and PM10 and PM2.5. The term "criteria air pollutants" derives from 
the requirement that the U.S. EPA must describe the characteristics and potential health and welfare 
effects of these pollutants. The U.S. EPA and CARB periodically review new scientific data and may 
propose revisions to the standards as a result. 
5 1999 methane emissions from the refinery sector were calculated to be 0.06 million metric tons 
CO2-equivalent. 1999 N2O emissions from the entire industrial sector were calculated at 0.31 million 
metric tons CO2-equivalent. Since refinery fuel use was about 7 percent of industrial fuel 
consumption, 1999 N2O emissions from the refinery sector were about 0.021 million metric tons CO2 
equivalent. Therefore, 1999 non-CO2 global climate change gases from the refinery sector are about 
0.082 million metric tons CO2-equivalent, or about 0.3 percent of the average annual (1990 to 1999) 
total CO2 for the refinery sector. PIER Inventory of California Greenhouse Gas Emissions and Sinks: 
1990-1999, November 2002 Publication #600-02-001F. 
6 Port- Wide Baseline Air Emissions Inventory, Prepared for the Port of Los Angeles by Starcrest 
Consulting Group, LLC, June 2004. 
7 No Net Increase of Air Emissions at the Port of Los Angeles, Prepared by the Port of Los Angeles 
and Starcrest Consulting Group, LLC, July 2004. 
8 Gorham, Bob, Supervising Pipeline Safety Engineer, 2005, State Fire Marshall Pipeline Safety 
Division, faxes and emails, March 21, 2005. 
9 Commercial Marine Vessels and Ports, 2004 SIP Summit, Ships, Harbor Craft and Land-side 
Operations, January 13 14, 2004. 
10 No Net Increase of Air Emissions at the Port of Los Angeles, Prepared by the Port of Los Angeles 
and Starcrest Consulting Group, LLC, July 2004. 
11 California Energy Commission (CEC) An Assessment of California’s   Petroleum Infrastructure 
Needs, Staff ReportApril 2005. 
12 Bay Area Air Management District Flare Fact sheet – http://www.baaqmd.gov/pln/ruledev/12-
12/1212 fact 0215.pdf, accessed April 2005. 
13 Air Resources Board (Air Board) 2002, Review of Current Ambient Air Monitoring Activities Related 
to California Bay Area and South Coast Refineries, Date of Release March, 2002. 
14 Port of Los Angeles, No Net Increase of Air Emissions at the Port of Los Angeles, July 2004. 
15 http://www.aqmd.gov/news1/2002/portpr.htm 
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CHAPTER 6: PUBLIC HEALTH IMPACTS OF TOXIC 
POLLUTANTS 
 
Introduction 
This section discusses the public health aspects of toxic air pollutant emissions (also 
referred to as hazardous air pollutants or air toxics) from petroleum infrastructure 
facilities. Air toxics may cause a variety of adverse health effects, including cancer or 
other serious health effects such as reproductive effects or birth defects. (For 
information regarding toxic emissions to other media, please see the Water 
Resources and Waste Management sections of this report.) This section also 
examines the degree to which air toxics emissions from petroleum infrastructure 
facilities contribute to cancer and noncancer public health impacts on a regional and 
local level.  
 
Regulatory Framework 
 
Federal 
Under Title I, Section 112 of the Clean Air Act, the U.S. EPA establishes and 
enforces National Emission Standards for Hazardous Air Pollutants. The U.S. EPA 
also establishes maximum achievable control technology standards for industrial 
sources referred to as "source categories."  
 
For petroleum refineries, National Emission Standards for Hazardous Air Pollutants 
under Title 40 of the Code of Federal Regulations were promulgated in 1995 that 
applied to refinery process units, marine tank vessel loading operations, and 
gasoline loading rack operations. The standards were designed to reduce emissions 
of hazardous air pollutants by 59 percent by 1998. 
 
On April 11, 2002, the U.S. EPA published standards to limit hazardous emissions of 
particulate metals and organic compounds from various refinery operations. The 
U.S. EPA estimated that toxic emissions from the affected sources would be 
reduced by 87 percent as a result of the requirements. On February 1, 2005, the 
emission standards were amended to revise the parts of the process units subject to 
the rule and to add new compliance options. 
 
State 
California has two primary statutes affecting the control of toxic air emissions: the 
Toxic Air Contaminant Identification and Control Act (Assembly Bill 1807, Tanner 
1983) and the Air Toxics "Hot Spots" Information and Assessment Act (Assembly Bill 
2588, Connelly 1987). 
 
Under the Toxic Air Contaminant Identification and Control Act, the Air Resources 
Board identifies and controls air toxics by determining if a substance should be 
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formally identified as a toxic air contaminant and if an Air Toxic Control Measure is 
necessary to reduce the associated risk. As part of this process, the federal National 
Emission Standards for Hazardous Air Pollutants standards discussed above 
automatically become State Air Toxic Control Measures unless the Air Resources 
Board finds that they are not sufficiently stringent. However, California has not 
sought equivalency on any of the petroleum-related National Emission Standards for 
Hazardous Air Pollutants because most of the sources are already more stringently 
controlled by local regulations reducing hydrocarbon and particulate emissions. 
 
The Air Toxics "Hot Spots" Information and Assessment Act supplements the Air 
Resources Board’s Toxics Control program by requiring a statewide air toxics 
inventory, notification of people exposed to a significant health risk, and facility risk 
management plans. 
 
Local 
Under state law, air districts must implement and enforce all National Emission 
Standards for Hazardous Air Pollutants and airborne toxics control measures with 
rules or regulations that are at least as stringent as the federal standards. To do this, 
air districts adopt specific stationary source toxic control measures, as part of their 
rules and regulations.  
 
Air districts prioritize facilities in terms of preparing health risk assessments based 
on routine toxic emissions from a facility and whether public notification is required. 
The air districts typically rank facilities in the “high” priority category and require 
public notification if the cancer risk exceeds 10 in one million. Similarly, most districts 
rank facilities in the “high” priority category if the acute or chronic hazard index 
(please see Appendix B for a description of hazard index) exceeds 1, although the 
Bay Area air district has chosen a higher threshold of 10. If cancer risk is less than 
10 in one million and hazard indices are less than 1.0, the facility is typically 
considered to have an acceptable health impact. 
 
Environmental Assessment 
 
Petroleum Industry Infrastructure Toxic Air Emissions  
Air toxics are emitted from petroleum infrastructure facilities as a result of 
combustion processes (such as refinery flares and diesel particulate matter from 
ship engines), process emissions, and fugitive emissions. Although dozens of 
different air toxics may be emitted from petroleum infrastructure facilities, this section 
presents emissions data for the seven air toxics emitted from these facilities in the 
greatest quantities: benzene, diesel particulate matter, ethyl benzene, hydrogen 
sulfide, methanol, toluene, and xylene. Appendix C presents a brief summary of the 
health effects associated with these air toxics.  
 
Health risks from the routine operation of petroleum infrastructure facilities are 
discussed below, and are based on a consideration of all air toxics emitted from 



 65 

them, not just the seven listed above. Risks are based on data collected under the 
Air Toxics “Hot Spots” Act, as discussed in the Regulatory Framework section. 
Unlike criteria air pollutants such as NOx (see the Air Quality section), most air 
toxics do not have associated federal or state ambient air quality standards 
specifying levels that are safe to breathe.1  
 
This analysis is based on 2002 emissions data from the Air Resources Board, the 
most current inventory year for which facility-specific information is available from 
the regional air quality control districts. Data are presented for the bulk storage 
facility, marine terminal, pipeline, and refinery sectors of California’s petroleum 
infrastructure. Methodological differences in the way various air districts derive 
emissions inventories result in data that are not directly comparable from district to 
district. District-specific data are presented here, however, to provide to the extent 
feasible, regional and disaggregated data.  
 
Appendix D, Tables D-1 to D-6, presents emissions data for the seven air toxics 
emitted in the greatest quantities in 2002 for six air districts with refineries and 
associated petroleum infrastructure facilities. The tables also show the emissions 
compared to the total amount of each air toxic emitted by all sources in each district.  
 
In the two districts where most of the state’s refineries are located, Bay Area and 
South Coast, this sector contributes a significant percentage of total xylene, toluene, 
ethyl benzene, hydrogen sulfide, and methanol emissions. Fugitive emissions of 
methanol and toluene from bulk storage facilities also contribute a significant portion 
to the totals. However, these pollutants are not among the most significant air toxics 
in the state in terms of health risk. The health risks of all pollutants emitted from 
individual petroleum infrastructure facilities are discussed below. 
 
In all air districts, petroleum infrastructure facilities account for less than three 
percent of emissions of benzene, which is the third highest-risk air toxic in California 
(see below).  
 
In Ventura and Santa Barbara Counties diesel particulate matter emissions from 
ocean going ships transporting crude oil and petroleum products (listed under 
marine terminals) account for almost 30 and 60 percent of total diesel particulate 
matter emissions, respectively. Even in the more populous Bay Area and South 
Coast air districts, diesel emissions from shipping contribute 5 and 11 percent of the 
total, respectively. As discussed in more detail below, diesel particulate matter is a 
significant statewide health problem. 
 
Health Risk 
Three categories of health impacts are of concern when assessing the health risks 
of exposure to toxic air contaminants: acute effects (short-term), chronic noncancer 
effects (long-term), and cancer risk (also long-term). Please see Appendix B for a 
discussion of these health risks.  
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In order to help understand the contribution of toxic emissions from the petroleum 
industry sector to overall air quality and health risk, the following sections provide 
data and comparisons to other sources of toxic emissions as well as relative risk 
information for petroleum infrastructure facilities. 
 
Background Cancer Risk 
Exposure to environmental pollution accounts for an estimated two percent of cancer 
cases. Smoking, diet, inactivity, and obesity are major cancer risk factors, and may 
account for about two-thirds of all cancer deaths. Given the multiple factors that 
contribute to the risk of cancer, the long latency times between exposure and the 
onset of cancer, and the low levels at which chemicals usually occur in the ambient 
environment, associating cancer with specific environmental exposures is difficult. 
 
Cancer risks from exposure to air toxics (expressed as chances per million) are 
discussed below for petroleum infrastructure facilities, as well as the average cancer 
risk from breathing ambient air. To provide some perspective regarding the 
magnitude of such risks, we note that the National Cancer Institute registries on 
cancer incidence and mortality show that, on average, a person has approximately a 
21 percent chance of developing cancer of any type by age 70.2  This means that 
when expressed as a probability as discussed above, the average risk of developing 
cancer over a lifetime is about 210,000 in one million. Thus, when a facility risk of 10 
in one million is included, the total risk to the average person would be 210,010 in 
one million, an increase of five thousandths of one percent (0.005 percent). 
 
Sources of Toxic Air Contaminants  
The ten air toxics that pose the most substantial inhalation health risks in California 
and the sectors from which they originate are shown in Table 6-1. Diesel particulate 
matter accounts for over 70 percent (about 540 in one million) of the average 
inhalation cancer risk. Of the ten air toxics listed in Table 6-1, only benzene and 
diesel particulate matter are among the seven air toxics emitted in the greatest 
quantity from petroleum infrastructure facilities. Statewide, the mobile sector 
(including diesel particulate matter emissions from petroleum related shipping) is the 
dominant source of diesel particulate matter and benzene, which along with 1,3- 
butadiene (also predominantly from the mobile sector), account for 88.5 percent of 
total inhalation risk.  In contrast, the stationary source sector (which would include 
petroleum infrastructure facilities) contribute significantly less to cancer risk. 
 
Table 6-2 illustrates the contribution of diesel particulate matter to regional inhalation 
cancer risk for three air basins with petroleum infrastructure facilities. It also shows 
the decreasing trend in risks over the past decade. Improving air quality in urban 
areas is due in large part to advances in clean transportation fuels and technologies. 
Additional significant risk reduction associated with diesel particulate matter is 
anticipated in the future as a result of the Air Board’s Risk Reduction Plan to Reduce 
Particulate Matter Emissions from Diesel-Fueled Engines and Vehicles.3  
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Table 6-1:Sources of Highest Cancer Risk Toxic Air Contaminants 
by Sector 

Toxic Air 
Contaminant 

Cancer Risk / 
Percent 

Contribution to 
Total Risk* 

Stationary 
Sources** 
(percent 

contribution) 

Area 
Sources** 
(percent 

contribution) 

Mobile 
Sources** 
(percent 

contribution) 
Diesel particulate 
matter  540 / 71.2 5 0 95 

1,3-Butadiene*** 74 / 9.8 1 13 83 
Benzene 57 / 7.5 15 1 84 
Carbon 
Tetrachloride 30 / 4.0 100 0 0 

Formaldehyde 19 / 2.5 14 1 76 
Chromium 
(hexavalent) 17 / 2.2 48 52 0 

para-
Dichlorobenzene 9 / 1.2 1 99 0 

Acetaldehyde 5 / 0.7 3 23 74 
Perchloroethylene 5 / 0.7 68 32 0 
Methylene Chloride 2 / 0.3 52 48 0 
Total Risk 758 / 100    
* from California Air Resources Board, Risk Reduction Plan to Reduce Particulate Matter 

Emissions from Diesel-Fueled Engines and Vehicles, October 2000, Table 7. 
** from California Air Resources Board. The California Almanac of Emissions and Air Quality, 

Chapter 5. Area sources are: sources of pollution where the emissions are spread over a wide 
area, such as consumer products, fireplaces, road dust and farming operations. Area-wide 
sources do not include mobile sources or stationary sources. 

***  totals 97 percent due to 3 percent contribution from natural sources which is not shown. 
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Table 6-2:Air Toxic Cancer Risk* for all Sources by Air Basin 

Year Bay 
Area 

San 
Joaquin 
Valley 

South 
Coast 

1990 
   w/o diesel particulate matter 403 450 616 
   incl. diesel particulate matter 1153 1230 1696 
1995 
   w/o diesel particulate matter 314 305 505 
   incl. diesel particulate matter 884 815 1315 
2000 
   w/o diesel particulate matter 179 196 285 
   incl. diesel particulate matter 659 586 1005 
2003** 
   w/o diesel particulate matter 150 158 225 

* Risk represents the number of excess cancer cases per million people based on a 
lifetime (70-year) exposure to the annual average concentration. 

** diesel particulate matter risk not available for 2003 
Source: California Air Resources Board. The California Almanac of Emissions and Air Quality, 

2005, Chapter 5 Appendix C  
 

Individual Facility Risk 
As discussed above, the Air Toxics “Hot Spots” Act requires facilities meeting certain 
criteria to perform health risk assessments for acute, chronic, and cancer health 
impacts. This section presents health impact information based on the risk 
assessments submitted by individual petroleum infrastructure facilities.  
 
A total of 37 facilities in Standard Industrial Classification code 2911 for petroleum 
refining are listed in the Air Board Health Risk Assessment database for the South 
Coast, Ventura, Santa Barbara, San Luis Obispo, Bay Area and San Joaquin Valley 
air districts. Public Health Attachment D presents facility-specific risk and hazard 
data for those facilities required to perform risk assessments. Only one facility (in 
Santa Barbara) has a cancer risk exceeding the air district threshold of 10 in a 
million that signifies a high-risk facility (20.49 in one million), and this facility also has 
the highest acute hazard index (18.22), which is the only one that exceeds the high-
risk threshold of 1.0 for hazard indices. Benzene (cancer risk) and hydrogen sulfide 
(non-cancer acute risk) are the primary contributors to this facility’s significant risk 
status. Because of these high risks, the Santa Barbara County Air Pollution Control 
District required the facility operator to conduct an airborne toxic risk reduction audit 
and develop a plan to implement airborne toxic risk reduction measures. 
Implementation of these measures must reduce the risk from facility emissions 
below the significance risk level(s) within five years (by August 2006) of the date the 
plan was submitted to the air district.  
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No facility has a chronic hazard index above 1.0. The range is from 0.1 to 0.45. 
Similarly, no facility, other than the one noted above, has an acute hazard index 
above 1.0. The range for the other facilities is from 0.01 to 0.98.  
 
The Air Resources Board has evaluated community health near two refinery 
locations, Crocker in Northern California and Wilmington in Southern California. 
Routine air monitoring and air monitoring studies did not identify significant health 
risks associated with refineries. 
 
Marine terminals located at major port complexes are not included in the above 
health risk discussion, since risk assessments are required only for individual 
stationary facilities. However, port complexes are among the largest contributors to 
emissions on a regional scale.4  Diesel fuels burned by ships can have 40 times (or 
more) the sulfur content allowed in California for trucks and other equipment, 
resulting in high diesel particulate matter emissions. The South Coast Air Quality 
Management District estimated the entire Los Angeles/Long Beach port complex to 
have a cancer risk of more than 1,000 in one million.5  
 
At the Port of Los Angeles, emissions from ocean-going vessels represent 
approximately 55 percent of total port particulate matter emissions, with harbor craft, 
cargo handling equipment, heavy duty vehicles, and locomotives responsible for the 
remaining 45 percent. Marine tankers are responsible for about five percent of total 
port particulate matter emissions. The percentage of particulate matter emissions 
from ocean-going vessels while in port is a small fraction (less than ten percent) of 
their emissions on a regional basis. However, from a public health perspective, in-
port emissions result in higher exposures to people who live and work near the port 
and correspondingly higher health effects than do regional emissions, which occur 
further away from populated areas. 
 
Future Trends 
 
Refineries 
Flare systems are used at refineries to gather vented gases and combust them to 
prevent uncontrolled releases into the atmosphere, including air toxics. The use of 
flares in refinery facilities and measures taken to regulate them are discussed in the 
Air Quality section. As noted in that section, emissions from flaring have declined, 
and will likely decline further as air district rules are implemented. 
 
Ports and Marine Terminals 
In the absence of further control, the contribution of marine vessel contributions to 
statewide diesel particulate matter emissions are estimated to increase from 10 
percent in 2000 to 15 percent in 2010 and 26 percent in 2020.6 Although the 
International Maritime Organization and the U.S. EPA have established emission 
standards for oceangoing vessels and U.S.-flagged harbor craft, more stringent 
emission limits are technically feasible and needed. In conjunction with a variety of 
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stakeholders and the U.S. EPA, the Air Resources Board is continuing to work on a 
comprehensive plan to reduce port emissions. One of the key mitigation measures 
includes the use of shore power so that the vessel’s onboard diesel generators do 
not operate in port. This measure can reduce emissions of diesel particulate matter 
(even considering the power plant emissions) by more than 95 percent. Additional 
measures include: 
 
• Adoption of a rule requiring harborcraft to use diesel fuel meeting Air Resources 

Board standards statewide by January 1, 2007. 
• Developing a rule that would require oceangoing ships to use lower sulfur 

marine diesel fuel to power auxiliary engines while in California coastal waters 
and at dock. 

• Developing a rule that would require reductions from port and intermodal railyard 
facilities through accelerated turnover of older engines and installation of retrofit 
controls.  

• Developing a rule that would reduce emissions from in-use harborcraft through 
accelerated engine turnover and retrofit controls. 

• Working with U.S. EPA to explore the feasibility of pursuing a West Coast Sulfur 
Emission Control Area, where ships would be required to burn cleaner fuel. 

• Working with shipping companies, U.S. EPA, local air districts and others to test 
emission control technologies that will reduce emissions from oceangoing ships. 

 
Environmental Concerns 
Emissions from upsets at petroleum facilities have the potential to be significant 
compared to routine emissions. Air district data may include some upset emissions, 
but they are not reported separately. Indeed, they are very difficult to quantify 
because there are no standard procedures for estimating them and engineering 
assumptions must be used. As noted in the Air Quality section, air districts continue 
to monitor this issue in order to develop more effective strategies to minimize upset 
emissions. 
 
Diesel particulate matter is the most significant statewide air toxic from a public 
health risk perspective and ship diesel particulate matter emissions contribute 
significantly to local and regional risk. Emissions from shipping activities associated 
with marine terminals account for over 99 percent of such diesel particulate 
emissions from the petroleum infrastructure sector. Vessels are usually owned and 
operated by foreign entities and are difficult to regulate at the state or national level. 
 
Staff Findings and Policy Options 
With the exception of diesel particulate matter emissions from marine shipping and 
port facilities, air toxics from the normal operation of petroleum infrastructure 
facilities are not major contributors to public health risk on a regional basis. 
Individual facility risk assessments required by the Air Toxics “Hot Spots” Act also 
show that with the exception of one facility, there are no significant cancer or 
noncancer risks associated with the normal operation of any individual facility. 
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However, continuing reductions in air toxic emissions from this sector will contribute 
to the air agencies’ goal of reducing the public health risk from exposure to air toxics. 
Such reductions will be based on measures determined to be technologically and 
economically feasible as part of requirements promulgated by air districts and the 
U.S. EPA. 
 
The two major air districts with most of the state’s refineries have recognized that 
flaring is a significant source of air toxic emissions. As a result, both districts have 
instituted rulemakings designed to improve emissions characterization from flares 
and reduce future flaring activities. Reductions from flaring emissions have already 
begun to be realized and should be reduced further when the new rules are 
approved. Following a public workshop in June 2005, The South Coast air district 
rule is anticipated to be approved by its Board in September 2005. 
Energy Commission staff support the Air Resources Board’s continuing investigation 
of measures to reduce diesel particulate matter emissions from shipping activities 
associated with marine terminals. 
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End notes 
                                            
1 Hydrogen sulfide is a toxic compound that is also classified as a criteria pollutant. It is also a 
candidate to be listed on California’s list of toxic air contaminants. 
2 SEER 12 Registry Data. National Cancer Institute Surveillance, Epidemiology, and End Results. 
SEER 12 Registries Incidence and Mortality (2003 Submission). 
3 California Air Resources Board. Risk Reduction Plan to Reduce Particulate Matter Emissions from 
Diesel-Fueled Engines and Vehicles. October 2000. 
4 South Coast Air Quality Management District. “AQMD Makes Progress in Cleaning Up Air Pollution 
at Ports”. Press Release. August 20, 2002. 
5 South Coast Air Quality Management District. “AQMD Makes Progress in Cleaning Up Air Pollution 
at Ports”. Press Release. August 20, 2002. 
6 California Air Resources Board. Ships, Harbor Craft, and Land-side Operations. Staff presentation 
at 2004 State Implementation Plan Summit. January 13-14, 2004. p. 9. 
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CHAPTER 7: SAFETY AND HAZARDOUS 
MATERIALS MANAGEMENT 
 
Introduction 
The petroleum industry, by its nature, involves the handling, storage and use of 
numerous hazardous materials and management of their hazards. A material can be 
hazardous as a result of its flammability, explosivity, reactivity, corrosive potential, or 
toxicity. This section addresses the potential for accidental release of hazardous 
materials from petroleum infrastructure facilities, and evaluates the potential threat to 
the public from these releases.  
 
Regulatory Framework 
The regulatory framework for hazardous materials management in California is the 
result of delegated authority from the federal government to the State of California. 
The federal regulations that are implemented through California’s regulations are 
largely a response to the 1984 toxic gas release in Bhopal, India that caused more 
than 2500 fatalities and 200,000 injuries, as well as several other major industrial 
accidents that occurred worldwide during the 1970s and 1980s. These accidents 
resulted in significant loss of both life and property. The Bhopal incident significantly 
increased the public’s awareness of the potential hazards associated with industrial 
uses of hazardous materials. Although the initial reports regarding the Bhopal 
accident indicated that the release was the result of human error, it was ultimately 
determined that the release was the result of an intentional act perpetrated by a 
disgruntled employee,1 not poor management practices. Nevertheless, the 
regulatory approach that was developed focused only on accidental release (human 
error) and did not consider intentional releases. This situation begs the question of 
whether existing regulations should be revised to address the vulnerability and 
security concerns associated with hazardous materials handling with regard to 
potential for sabotage by employees. 
 
The primary focus of the federal regulations that served as the model for California’s 
regulations was to inform the public of risks and provide emergency responders, 
such as fire fighters, with information to aid them in responding to accidental 
releases of hazardous materials at regulated facilities. The risk of public exposure 
from such accidental releases is estimated by conducting Off-Site Consequence 
analyses (OCAs) of potential releases. These regulations also require 
owner/operators of regulated facilities to assess the hazards associated with their 
hazardous materials use and manage those risks effectively through development of 
Risk Management Programs (RMPs) and in some cases, Safety Management 
Plans.  
 
California’s hazardous materials regulations are not prescriptive command-and-
control type regulations like air quality regulations, which seek to ensure compliance 
with ambient air quality standards by limiting routine daily emissions from industrial 
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facilities and automobiles. The risks and potential impacts of accidental hazardous 
material releases are very site and facility specific. Hazardous materials regulations 
are designed to minimize the likelihood of accidental releases during the life of a 
project. In California, most hazmat regulations are administered by local agencies 
such as county health departments with state oversight. One important exception is 
the administration of the Process Safety Management (PSM) program which is 
administered by the California Occupational Safety and Health Administration 
(CalOSHA).  
 
Under the state’s regulatory framework, almost all significant decisions specifying 
risk reduction measures occur during discretionary permitting done mostly at the 
local level. Most of the petroleum infrastructure in California was permitted long 
before California’s hazardous materials management regulations existed. However, 
once adopted, these regulations did require existing facilities to evaluate the risks 
associated with covered processes in refineries and required the preparation of Risk 
Management Programs and Safety Management Plans pursuant to PSM 
requirements. Additionally, major modifications often require new discretionary 
permitting. 
 
Environmental Assessment 
In general, there are three methods of controlling the risks associated with use of 
hazardous materials: 1) reduction of stored inventories and use of non-hazardous or 
less hazardous materials; 2) use of engineered controls to reduce the potential for 
upsets and loss of containment; and 3) use of administrative controls to reduce 
human errors. Examples of using less hazardous materials in place of more 
hazardous ones include the use of aqueous solutions of ammonia and hydrazine in 
place of their anhydrous forms, or the use of sodium hypochlorite or solid tablets in 
place of anhydrous chlorine. Examples of an engineered control would include the 
use of pressure relief valves and blowdown systems to prevent total loss of 
containment during overpressure events or system upsets, or the use of excess flow 
and check valves in loading lines to reduce potential release in the event of a 
connecting line failure. Examples of administrative controls include safety training of 
employees and development of procedures that reduce the chance of accidents. All 
of these methods are used extensively by California’s petroleum industry.   
 
The regulatory framework and methods of risk reduction used to protect workers are 
vastly different from those used to protect members of the public. Therefore, in 
evaluating the effectiveness of hazardous materials regulations, or the safety 
management practices in any industry, it is important to make clear the distinction 
between impacts on workers and impacts on the public. For example, reducing the 
quantities of stored materials such as ammonia or chlorine at a facility can virtually 
eliminate the possibility of off-site impacts, but a significant risk may still be posed to 
those working in close proximity to such materials. Another major difference 
between workplace risk reduction strategies and those applicable to the public is the 
ability to train workers and provide them with protective equipment to protect them 
from injury when they are exposed to hazardous environments. This type of 
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mitigation is not an acceptable strategy for reducing public risk. Additionally, 
acceptable risk levels in the workplace are significantly greater than those deemed 
acceptable for exposure of the public. It should also be recognized that many types 
of accidents, such as fires and explosions, result in much greater damage potential 
in close proximity to the incident. While it is feasible to nearly eliminate most of the 
risk to the public through choice of alternative materials, reducing storage, and 
increasing the distance between the public and hazardous materials use, it is much 
more difficult to eliminate workplace risk. As one would expect, the vast majority of 
injuries and fatalities associated with hazardous materials occur in the workplace 
and do not involve the public.  
 
Given that the regulatory approaches used to promote worker and public safety are 
different, in conducting this analysis staff separated public and workplace injuries 
and fatalities, and then used the separated statistics to evaluate the two different 
regulatory programs independently. Nevertheless, while there are many important 
distinctions between programs designed to protect workers and/or the public, there 
is also some overlap. One important example is the effect of safety management on 
reducing the risk to both workers and the public. The root cause of nearly all 
hazardous materials incidents is failure to effectively manage safety. Currently, the 
regulatory scheme for requiring effective safety management is administered in 
California by CalOSHA under their PSM program, primarily to protect workers. 
However, PSM is perhaps the most important tool for reducing public risk associated 
with hazardous materials use in California. It involves the identification, 
understanding and control of process hazards to prevent process-related injuries. 
There is little coordination of the PSM program with California’s other hazardous 
materials regulatory programs from the standpoint of public protection.  
 
The determination of when a business or facility is subject to hazardous materials 
regulations is typically triggered by the type and quantities of materials stored at a 
facility. If a facility stores more than the “Reportable Quantity” of a hazardous 
material, then it will be subject to regulation. Facilities that store larger quantities or 
handle “Extremely Hazardous” materials (i.e. materials having relatively high toxicity) 
will be subject to more onerous regulation. One potential problem with this storage-
focused approach is the trend in the process industries, including the petroleum 
industry, away from interim storage to larger and more complex integrated 
processes and plants with higher throughputs. Many of the largest hazardous 
materials accidents in recent history resulted from loss of containment within 
processes or conveyance piping, not from storage facilities.2 The risks associated 
with large throughputs of hazardous materials in piping and process streams are not 
systematically evaluated pursuant to California’s hazmat regulations, as they are not 
typically considered “storage” or a regulated “process”.3 
 
Analysis of Historic Data 
To evaluate the environmental performance of the California Petroleum industry with 
regard to hazardous materials management, staff utilized the National Release 
Center’s Incident Reporting Information System (IRIS) database.4 The database 
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contains the initial reports of over four-hundred thousand accidental releases of 
hazardous materials. This database is the initial contact for all industries when 
reporting on an accidental release. It has been in operation since 1988, and, while 
evolving during its early years, has been stable in its collection format since 1990. 
The IRIS is the largest and longest running of the spill information collection 
databases, and is operated by the US Coast Guard (National Response Center).  
 
IRIS includes all types of hazardous spills, and includes those from petroleum 
pipelines, storage facilities, shipping terminals, refineries, etc. This assessment 
focuses on the period of 1990 through 2003, the last year for which the data is 
complete. Staff focused on incidents occurring in California involving released 
materials such as oil, fuels, and petroleum products including fuel oils, jet fuel, 
gasoline, benzene, naphtha, and toluene.  
 
Staff eliminated releases from offshore platforms, airplanes, well drilling and 
production operations, and trucking to keep the study limited to the defined scope of 
this report. Incidents involving refineries, tank farms, terminals, ships, and pipelines 
were included in the study. Finally, the incidents had to have had initial reports 
indicating potential for public impacts, based upon an indication they had caused 
evacuations, property damage, injuries, hospitalizations, or fatalities. Emergency 
drills and spills from facilities that were not part of the state’s petroleum infrastructure 
were removed.  
 
Staff found that there were 18 incidents which passed the initial screens described 
above, and which appeared to have had the potential to impact the public. After 
further evaluation of these initial reports by contacting the companies involved, staff 
concluded that none of the eighteen incidents were found to have injured any 
member of the off-site public. The injuries that occurred were to on-site workers. 
 

Table 7-1:IRIS Reported Impacts by Affected Group over Years 
1990 – 2003 in California  

Impact Type # Workers # Public 
Injuries 23 0 
Hospitalizations 7 0 
Fatalities 1 0 
Evacuations 80 0 
Property Damage -NA- 0 

 
Based on these initial release report statistics taken from the IRIS database, staff 
conclude that the industry is doing a good job of protecting the public from impacts 
resulting from accidental releases of hazardous materials. 
 
Through research beyond the information contained within IRIS for the study period 
under consideration, staff found two incidents from earlier years, 1980 and 1989, 
which did cause injury, fatalities, and property damage impacts to the public. Both of 
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these involved high-pressure pipelines transporting refined petroleum products.5 In 
each case, there was a delay in shutting down the pipeline after the initiation of the 
leak because the pipeline operators had inadequate operational information to 
confirm the existence of the leak. These incidents involved material in transport via 
pipeline along right-of-ways that were shared with public transportation (railroad and 
roadway) and were in close proximity to private residences or businesses. In one of 
these accidents there were 5 injuries.  In the other there were 3 fatalities, and 31 
injuries.  In both cases, there was damage to several homes and/or businesses.  
However, due to the small number of such incidents, no trend can be identified. Staff 
conclude that with no significant incidents reported in the database nor discovered 
through research for the following fourteen years, the risk posed to the public does 
not appear to be significant.  It should be noted that pipeline safety and operations 
regulations have been updated since these events occurred.  
 
Staff’s research identified a third non-IRIS-reported release incident, which occurred 
in 1994 at the Unocal Refinery in Rodeo, and points to a weakness in the framework 
of hazardous material regulations. It involved a management decision to allow an 
ongoing unreported airborne release (on ongoing leak from a process vessel) of the 
corrosive chemical Catacarb to continue. The release was from a process stream, 
and because Catacarb was not a regulated material stored in a reportable quantity 
under the California Accidental Release Prevention Program (CalARP) guidelines, 
the release was not reported, nor was the public notified, until complaints were 
received from offsite businesses, at which point the process was shut down and the 
release stopped. The 200 tons of airborne corrosive solution released during the 16 
days of the incident caused subsequent respiratory problems for many members of 
the public downwind of the site. Subsequently, 1200 people were treated over the 
next year at a clinic set up by the company.6 
 
In Contra Costa County from 1993 through 2003, 14 incidents of shelter-in-place 
(shelter-in-place is an instruction to remain indoors, select a small, interior room, 
with no or few windows, and take refuge there) were called to protect the public, 
without significant offsite effects occurring. Since none of these incidents produced 
offsite impacts, it is likely that the local fire department’s hazardous materials 
response team was forced to make some overly conservative decisions because 
they lacked sufficient details about the in-progress releases. If more detailed 
information had been available regarding the materials being released and their 
amounts, the number of such incidents could have been reduced, thereby reducing 
the public’s perception of having been put at risk. 
 
Staff has experience with a similar occurrence involving a power plant, where during 
the accidental release of a hazardous gas, the local hazardous materials response 
team was forced to implement the plant’s worst-case general response plan 
because they could neither determine the actual release rate, nor measure 
downwind airborne concentrations of the hazardous material. Implementing the 
general response plan required temporary closure of the Interstate-10 freeway near 
the California-Arizona border.  It was later determined that there was never any 



 78 

actual risk to the public from the release.  Subsequently, ongoing cooperative efforts 
between the plant’s management and local hazmat responders are putting into place 
measures to make real-time measurements data available if there should be 
subsequent incident. 
 
 Future Trends 
There is a trend in petroleum production toward larger and more complex refineries 
with increasing throughputs.7 This trend will lead to shifting of relative risk of major 
releases to process streams from those typically associated with storage. This trend 
will lead toward an increasing importance of PSM implementation. Staff believes 
however, that there will be an overall trend toward continued reduction in risk of 
impacts to the public as a result of petroleum processing, due to the effect of recent 
tightening of federal regulations on pipeline integrity management, improvements in 
the technology used in construction, operations, and maintenance, and increased 
operational experience. 
 
Staff Findings and Policy Options  
Based on this analysis staff believes that California’s petroleum industry has a good 
record of managing the potential risks of public exposure associated with their use of 
hazardous materials. Staff also believes that the industry’s safety record will likely 
continue to improve in the future. Although there are some defects, as noted, in 
California’s current hazardous materials management regulatory framework, the 
industry nevertheless appears to manage the risks of public exposure well.  
 
California’s existing hazardous materials regulations may not adequately address 
future challenges.  Among the issues that should be considered are re-examining 
how the state’s regulations address: 

 The risks associated with intentional releases of hazardous materials due to 
employee sabotage or terrorism. 

 Ensure systematic evaluation and minimizing of the risk associated with large 
throughput hazardous materials process streams. 

 Expansion and better integration of California’s PSM program with other 
hazmat regulations. 

 
In addition, a better public private partnership  could help reduce the uncertainty 
regarding potential public exposure when a release occurs. Industry should put 
emphasis on providing the most accurate assessment of potential impacts. The 
regulatory community should work with the industry to develop trust in their ability 
to provide information that can be used to make critical emergency response 
decisions. 
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CHAPTER 8: HAZARDOUS WASTE GENERATION 
AND MANAGEMENT 
 
Introduction 
This analysis will focus primarily on refineries, because refining inherently generates 
the largest and most hazardous wastes from the petroleum industry. Hazardous 
wastes contain certain chemicals or have properties that make them deleterious to 
human health or the environment. If improperly managed, they can be severely 
hazardous to the public and the environment and cost millions to clean up. 
Generation of large quantities of hazardous wastes also signals an inefficient use of 
resources. California’s refineries are collectively considered to be one of the largest 
generators of hazardous waste in the state. Over a ten-year period between 1993 
and 2002, the US oil and gas industry reportedly spent about $7 billion to collect, 
treat, recycle, dispose and reduce waste at the source. It also spent about $8 billion 
to clean up soil and groundwater pollution.1 
 
The lack of systematic data about hazardous waste generation and management in 
the petroleum industry makes a complete and consistent analysis difficult. The best 
data currently available, and even these are limited, are only for a limited number of 
years in the past decade and have limitations on their character and utility. Despite 
these constraints, the data have been used to describe an overall picture of what 
wastes the industry generates, and how they are managed.  
 
Regulatory Framework 
The generation and management of hazardous wastes from the petroleum industry 
in California is regulated by a sometimes-overlapping set of environmental statutes. 
Prior to the promulgation of the various statutes, the industry managed its wastes 
largely at the discretion of the private owners, using industry practices that were 
considered prudent at that time. This all changed in the 1970s when interest in 
hazardous waste started developing throughout the United States. California began 
regulation of hazardous wastes in 1972.2  
 
At the federal level, the industry’s wastes are regulated under various statutes, of 
which the primary statutes include the Clean Water Act, Oil Pollution Act, Pollution 
Prevention Act, Comprehensive Environmental Response Compensation and 
Liability Act (CERCLA), Resource Conservation and Recovery Act, Superfund 
Amendments and Reauthorization Act Title III, Oil Pollution Liability and 
Compensation Act, Toxic Substances Control Act and Safe Drinking Water Act.   
The principal federal agency regulating the generation and management of 
hazardous wastes and petroleum releases is the U.S. Environmental Protection 
Agency.  
 
California’s environmental statutes are more stringent than the federal statutes. They 
include the Hazardous Waste Control Law, Above Ground Petroleum Storage Act, 
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Safe Drinking Water and Toxics Enforcement Act, Porter Cologne Water Quality 
Control Act, Carpenter-Presley-Tanner Hazardous Substance Account Act, 
Hazardous Substances Act and the Lempert-Keene-Seastrand Oil Spill Prevention 
and Response Act. The Department of Toxic Substances Control (DTSC) is 
California’s lead agency for administering laws and regulations that address 
hazardous waste management and cleanup of hazardous substance releases that 
threaten human health. The State Water Resources Control Board, in conjunction 
with the nine regional water quality control boards, is authorized to supervise the 
cleanup of sites impacted by wastes where water quality may be affected. It works 
cooperatively with the DTSC in this role. Some community groups have 
acknowledged that California agencies appear to be stricter and more effective in 
enforcement of the various statutes than those in other major oil states such as 
Texas and Louisiana.3 
 
In many locations, local agencies administer hazardous waste regulatory programs 
that are mandated by state law and supported by state agencies. The state agencies 
usually provide oversight, but local agencies develop their own procedures and 
policies. Local requirements may be established by local ordinances. Administration 
of local programs is usually carried out by local Environmental Health or Fire 
Departments. Collectively these agencies are known as the Certified Uniform 
Program Agencies. 
 
Environmental Assessment: Recurring Wastes  
 
Waste Generation and Management at Refineries 
Many refining processes routinely generate hazardous wastes. The preferred 
hierarchy for managing these wastes includes: 

• waste prevention, waste minimization and detoxification 
• reuse and recycling 
• waste treatment, including disposal 

 
In its pollution prevention evaluation, DTSC categorizes hazardous wastes 
generated from refinery processes as those that are treated onsite in a waste water 
treatment unit and then released into a sewer or a water body under a permit, or 
those that are packaged and shipped offsite for disposal through landfilling, 
recycling, incineration or other means. The emphasis in this analysis is on the latter 
category, which will be referred to as hazardous wastes. The former category is only 
touched upon in general terms in this section because it is addressed in more detail 
in the Water Quality and Supply section. 
 
Typical hazardous waste streams generated by California’s refining industry include 
sludges, aqueous solutions containing organics, spent catalysts, aqueous solutions 
containing alkali, still bottom residues, mixed oils and aqueous solutions with metals. 
These waste streams can be produced by a number of refinery processes,  including 
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distillation, hydrotreating, catalytic reforming, hydrocarbon cracking, sour water/gas 
processing, caustic and acid treatment, cogeneration, water treatment and 
wastewater management.4 
 
Current information on the patterns of hazardous waste generation and its 
composition and management in California’s petroleum refining industry is limited. 
The Hazardous Waste Source Reduction and Management Review Act of 1989 
required California’s larger hazardous waste generators to identify ways to reduce 
the amount of hazardous waste generated. The generators are required to 
document their efforts for major waste streams every four years.  
 
As one of the largest industries in California, the refining industry was selected by 
DTSC for evaluation in the state’s pollution prevention efforts. As shown in Table 8-
1, based upon the 1990 reporting year, 15 of California’s largest refineries generated 
a total of more than 192,000 tons (384 million pounds) of hazardous wastes.5 In 
1994 twenty-four refinery related sites generated a total of approximately 169,000 
tons (338 million pounds) of hazardous wastes. In 1998, 17 of California’s largest 
refineries generated 133,000 tons (266 million pounds) of hazardous wastes.6 
Approximately 16 million tons and 14 million tons of on-site treated waste water were 
generated in 1994 and 1998, respectively. Similar data for 1990 are unavailable. The 
reported amounts reflect contributions by some but not all of California’s refineries 
and capture only major waste streams.  
 

Table 8-1: Hazardous Waste Generation by Refineries 
Year Tons 
1990 192,000 (15 refineries) 
1994 169,000 (24 refineries) 
1998 133,000 (17 refineries) 

Note: figures are rounded 
Source: Department of Toxic Substances Control 

  
According to DTSC, source reduction measures, were successful in reducing the 
generation of hazardous waste by these refineries from 1990 to 1998.7 Common 
source reduction measures used by the industry included operational improvements, 
production process changes and implementation of administrative procedures.  
 
Additional information about hazardous waste generation and how the wastes are 
subsequently managed in California is available from the hazardous waste manifest 
tracking system. This tracking system is used by the DTSC to obtain snapshots for 
certain reporting years as part of the evaluation of pollution prevention progress in 
the state. Data in the hazardous waste manifest tracking system capture information 
contained in shipping documents called manifests that are used in offsite hazardous 
waste management. A manifest must be completed by generators when shipping 
hazardous waste offsite for management or disposal. Table 8-2 shows that the 
refining industry was responsible for 5 percent of the total waste manifested in 
California in 1998 and 2000, and for 7 percent in 2002. The quantities of manifested 
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wastes generated by refineries have also steadily increased from 63,200 tons in 
1998 to 68,413 tons in 2000 and to 86,674 tons in 2002. In 1998, 16 percent of the 
manifested waste going to landfills originated from the refining industry. In 2000 and 
2002, the industry’s contributions were 7 percent and 14 percent, respectively. The 
quantities of manifested waste shipped by refineries into landfills show an increasing 
trend. Table 8-3 summarizes this information.  
 
A comparison of Tables 8-2 and 8-3 indicates that the refineries placed in landfills 
more than half of their total manifested wastes for each of those three years. The 
industry generated 11 percent in 1998, and 25 percent in 2000 and 2002 of the 
wastes sent for incineration as shown in Table 8-4. The quantities of manifested 
waste sent for incineration by refineries have increased over the years. A 
comparison between Tables 8-2 and 8-4 suggests that only 2 percent of the total 
manifested waste was incinerated in 1998 and this rose to 5 percent for 2000 and 
2002.8 9 10 There are no specific data on how the remaining manifested wastes were 
managed. They were likely managed in other ways such as recycling or treatment. 
The generated data were based on the Standard Industrial Classification codes that 
provide information about businesses’ primary industrial codes. It is important to 
note that the codes are self-assigned by companies and that these codes were not 
routinely reported or collected and were not entered into the manifest tracking 
system until recently. 
 

Table 8-2: Refineries Share of Manifested Wastes  
Year  California (tons) Refineries (tons) Contribution of 

refineries to 
manifest total 

1998 1,191,100 63,200 5% 
2000 1,297,849 68,413 5% 
2002 1,307,514 86,674 7% 

Source: Department of Toxic Substances Control 
 

Table 8-3: Refineries Share of Manifested Wastes to Landfill  
Year California (tons) Refineries (tons) Contribution of 

refineries to 
landfill total 

1998 241, 114 37,680 16% 
2000 579,195 39,179 7% 
2002 337,475 47,823 14% 

Source: Department of Toxic Substances Control 
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Table 8-4: Refineries Share of Manifested Wastes to Incineration 

Year California (tons) Refineries (tons) Percent of 
refineries to 
incineration 
total 

1998 8,765 1,002 11% 
2000 14,593 3,597 25% 
2002 18,063 4,579 25% 

Source; Department of Toxic Substances Control 
 
DTSC also uses the federal Toxic Release Inventory to track pollution prevention 
progress in California. The inventory contains data from users of specific hazardous 
chemicals and includes release estimates of those chemicals. According to the 
Inventory and as summarized in Table 8-5, the refining industry contributed 30 
percent of the chemicals generated (i.e. sum total of chemicals recycled, treated and 
released) in California in 1998, 28 percent in 1999 and 25 percent in 2001. In 1998, 
it was responsible for 9.8 percent of the quantities treated offsite. In 1999, the 
industry’s contribution to that category dropped to 8 percent but rose to 18 percent in 
2001. The industry contributed to 2.3 percent of the quantities recycled off-site in 
1998, 9 percent in 1999 and 6 percent in 2001.11 12 13 The Inventory does not include 
many toxic chemicals and only tracks releases or transfers. The reported releases 
are estimates rather than actual measurements and are for pure chemicals, not 
mixtures. 
 

Table 8-5: Refineries Share of Toxic Releases 
Year Total 

Chemicals 
Generated 

Percent Treated 
offsite 

Percent Recycled 
offsite 

Percent 

1998 16.7/55*  30 1.2/12** 9.8 0.5/21*** 2.3 
1999 140/500* 28 3.9/47** 8 7.6/89*** 9 
2001  95/384* 25 4.8/27** 18 4/75*** 6 

Note: *: million pounds generated by refineries; 
million pounds generated in California; 

         **: million pounds from refineries treated offsite; 
              million pounds treated offsite in California 
        ***: million pounds from refineries recycled offsite; 
  million pounds recycled offsite in California 
Source: Department of Toxic Substances Control 
 
The American Petroleum Institute estimates that US refineries spent about $3 billion 
to collect, treat, recycle and dispose of wastes and reduce waste at the source 
between 1993 and 2002.14 Total environmental (i.e., air, water, waste, etc) 
expenditures by refineries for the same period amounted to $42 billion. Annual 
expenditures for waste management were as low as 5 percent or as high as 7 
percent of total environmental expenditures. As shown in Figure 8-1, spending by 
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the US refinery sector on waste management for 1993-2002 is on a downward trend. 
The expenditure estimates by the American Petroleum Institute are based on a 
survey of a stratified sample of the industry. The Institute indicates that the estimates 
may vary from those that would have been obtained if the entire industry, or a 
different sample, had participated in the survey. Specific data on expenditures by 
California refineries are not available. 
 

Figure 8-1: Expenditures by Refineries-Waste Management 
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Source: American Petroleum Institute 
 
Waste Generation and Management at Marine Terminals, Pipelines and 
Distribution Facilities 
Contaminated products, solvent degreasers, contaminated water, used oil, lubricants 
and sludges from tank bottoms and oil-water separation are some of the hazardous 
waste streams that can be generated at marine terminals, pipelines and distribution 
facilities. Most of these wastes are generated through activities such as cleaning of 
storage tanks and maintenance of equipment. Quantitative data regarding 
hazardous waste generation and management at the terminals, distribution facilities 
and pipelines are unavailable.  
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Environmental Assessment:Nonrecurring Wastes 
 
Cleanups at Refineries 
A combination of aging equipment, defunct construction practices, historical waste 
handling practices, and the enormous volumes of materials handled are some major 
factors that have resulted in cumulatively significant pollutant releases at most 
refineries. The majority of the refineries in California were originally built in the late 
1800s or the early part of the 1900s. 15 16 The last refinery built in California was in 
1969.17 Though pollutant releases can impact various environmental media such as 
air, surface water, soil and coastlines, pollution effects on the soil and groundwater 
are typically less visible with more potential for lasting impacts. Cleanup of releases 
of pollutants is needed to mitigate threats to human health and the environment. The 
following discussion of nonrecurring wastes will therefore focus on those wastes 
associated with the cleanups of soil and groundwater pollution. 
 
Cumulative significant releases into the environment at most refineries have typically 
consisted of: 

• crude oil 
• various refined petroleum hydrocarbon fractions 
• octane enhancers such as methyl tertiary butyl ether (MTBE) 

 
The refined petroleum hydrocarbons include the lighter fractions normally associated 
with gasoline and light fuels, middle fractions associated with diesel, kerosene and 
jet fuel or the heavier fractions associated with heavy fuel oils. The lighter fractions 
are very mobile in the environment, and the middle fractions also exhibit significant 
mobility. A number of the above pollutants are highly hazardous in themselves or 
have compounds that are hazardous (e.g., benzene is found in gasoline, and diesel 
is a carcinogen).  
 
Pipelines, piping manifolds, storage tanks, loading and unloading areas, tank 
overfills, drains, and industry practices that are no longer permitted by current 
regulations are some key sources of the past releases of the above pollutants.  
 
Before any cleanup can occur, the subsurface pollution problems need to first be 
assessed and characterized. This means information about the pollutant, the 
subsurface media (e.g., soil, rocks or groundwater) that has been impacted, the 
different forms in which the pollutant exists in the subsurface (e.g., petroleum 
hydrocarbons can exists as vapors, emulsions, dissolved mixtures and as separate 
phase products) and the extent and distribution of the pollutant in the affected media 
need to be determined. Then the risks to human health and the environment need to 
be identified and evaluated based on the subsurface characterization. Some 
common pathways through which the above pollutants can pose a serious hazard 
include: 
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• inhalation of vapors from soil or groundwater used as a water supply 
• consumption of plants that take up these pollutants from soil and 

groundwater 
• skin contact with soil or groundwater used as a water supply 
• ingestion of groundwater used as a drinking water source 

 
Cleanup strategies can include the use of technologies that can be broadly classified 
into two categories, in-situ and ex-situ. The former involves treatment of the pollutant 
in place in the impacted medium while the latter category involves treatment of the 
pollutant by moving it from its original place. Pumping a strong oxidizer to destroy 
dissolved benzene in groundwater without moving the groundwater to the surface is 
an example of in-situ treatment. An example of ex-situ treatment would be to 
excavate soil contaminated with fuel oil due to a spill and transport the soil to a 
bioreactor. Other commonly used remedies include use of engineered barriers to 
contain polluted groundwater or monitored natural attenuation (allowing natural 
processes to reduce pollution over time) of groundwater.  
 
Groundwater is a substantial resource in California. About 43 percent of the nearly 
35 million Californians obtain their drinking water from groundwater. The food and 
agriculture industries rank among the largest groundwater users in the state.18  
 
At least half of the refineries (12) in California are known to have extensive soil and 
groundwater pollution. Table 8-6 provides a listing of these refineries.19 Crude and 
refined petroleum hydrocarbons are the most dominant subsurface pollutants found 
and they exist in different forms within the subsurface. The enormous daily volumes 
handled at the refineries have contributed to pollutant releases greater in magnitude 
compared to other industries.  
 
Efforts at addressing the subsurface pollution problems at the refineries are in 
various stages. Many of the refineries have subsurface pools of pollutants in their 
separate phase form as gasoline or jet fuel. The separate phase forms of the 
pollutants are being contained and continuously recovered. In other cases, various 
plumes of petroleum dissolved in groundwater are being studied and characterized. 
Other plumes have been characterized and contained to prevent their migration 
beyond the boundaries of the refineries. These plumes are constantly monitored to 
ensure that they do not pose a threat to public health. Removal of the source of the 
pollution has proven difficult without disruption to the complex integrated machinery 
at some of the refineries.  
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Table 8-6: California Refineries with Subsurface Pollution 
Company Name  Location 
Chevron Texaco El Segundo * 
Exxon Mobil Torrance* 
Shell Oil Wilmington* 
Conoco Phillips Carson* 
Conoco Phillips Wilmington* 
Equilon Enterprises Carson* 
Chevron Texaco Richmond** 
Equilon Enterprises Martinez** 
Conoco Phillips Rodeo** 
Tesoro Avon** 
Flying J Bakersfield*** 
Kern Oil Bakersfield*** 

Source: US Environmental Protection Agency 
*Southern California  **Northern California  ***Central California  

 
According to American Petroleum Institute data, about $1.7 billion was spent on 
cleaning up soil and groundwater pollution by the US refining industry for 1993-
2002.20 Total environmental expenditures by refineries for the same period was 
about $47 billion. The annual cleanup costs are between 2-8 percent of the total 
annual expenditures. Spending by US refineries on soil and groundwater cleanups 
for 1993-2002 shows no significant change (Figure 8-2). It is not known if, or how 
many, California refineries contributed information used to develop the data 
presented in Figure 8-2. California Energy Commission estimates put annual 
average cleanup costs at California refineries at around $600 million.21 
 
Threats to groundwater from future releases at refineries have been minimized by 
new practices such as use of double walled piping, double bottomed tanks, 
corrosion protection, overflow controls and alarms, dikes to contain spills, and 
prompt clean-up of spills.  
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Figure 8-2: Spending by Refineries on Site Cleanups 
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Cleanups at Marine Terminals, Pipelines and Distribution Facilities 
Petroleum releases (for example, crude, petroleum products, chemicals or additives) 
can occur at the other segments in California’s petroleum infrastructure. There are 
46 operating marine terminals in California, which are under the jurisdictional 
oversight of the Marine Facilities Division of the California State Lands Commission. 
A majority of the terminals are over 50 years old. Releases at these terminals can 
occur during navigation into port, cargo offload, transfer to tanker trucks, and 
transfer to feeder pipelines. The main impacts of marine terminal releases are on 
marine waters and related ecosystems, and coastlines. According to 1991-2002 data 
from the State Lands Commission, petroleum releases at California’s marine 
facilities have declined significantly over the years. The majority of releases reported 
in recent years were less than 50 gallons. At least half of the releases were transfer 
related and petroleum tankers were responsible for 78 percent of the releases. The 
causes of such releases included equipment malfunction, human error, 
organizational problems, weather, and communications.22 Releases have dropped 
significantly at marine facilities, in part because of increased inspections and 
monitoring, frequent audits, improved safety procedures and personnel training.  The 
Energy Commission estimates annual current average cleanup costs at about 
$16,000 for marine terminals in California.23 
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The State Fire Marshal’s office within the Department of Forestry and Fire Protection 
is responsible for regulating pipelines that carry petroleum and other products within 
the state. For portions of interstate pipelines within California, the Fire Marshal acts 
as the agent for the federal Office of Pipeline Safety in enforcing federal safety 
standards. Much of the pipeline infrastructure is considered modern and well 
maintained, but there are some 50 and even 70-year-old pipeline segments that are 
still in use. Pipeline ruptures are typically caused by corrosion, equipment failures, 
human errors and construction accidents. As discussed in the Air Quality section, 
data from the Fire Marshal’s office indicate a sharp decline in the number of releases 
and amounts of petroleum released from pipelines between 1985 and 2004. Regular 
leak testing and inspections contributed significantly to the decline in pipeline 
releases. It is estimated that annual average cleanup costs for pipelines in California 
are about $9 million.24 There is no tabulated information about petroleum releases at 
distribution facilities.  
 
Future Trends:Recurring Wastes 
The refining industry, over the past decade, has continued to produce large amounts 
of hazardous wastes. However, through pollution prevention a number of refineries 
have significantly reduced their hazardous waste generation. Waste generation 
declined from 192,000 tons in 1990, to 169,000 tons in 1994, and to 133,000 tons in 
1998. The quantities of manifested wastes have increased from 63,200 tons in 1998, 
to 68,413 tons in 2000, and to 86,674 tons in 2002. Landfilling is the most prevalent 
way by which the refining industry manages wastes that it ships offsite.  
 
Refineries can be expected to evolve in the decades to come, in response to drivers 
such as feedstock (e.g., crude) availability and quality, refining technology 
developments, market product requirements and trends, and changing regulatory 
requirements. This evolution can also change the characteristics and volumes of the 
hazardous wastes the industry generates. Using new technologies, the industry may 
become more efficient and thus less wasteful in producing those petroleum products 
and chemicals that market forces demand. The amounts of crude and other 
materials needed to make certain products and chemicals could be reduced. 
Potentially harmful materials used in daily operations could be phased out in favor of 
more benign materials, leading to the generation of wastes with a significantly lower 
hazard potential. Materials that are presently considered wastes could also have 
their lifecycles increased through continuous reuse and recycling, thereby 
generating smaller volumes of hazardous waste.25 Despite more efficiency and less 
wastefulness, some hazardous wastes will continue to be unsuitable for reuse or 
recycling and will need to be managed as wastes. In addition, the production of 
some new products and chemicals may generate new wastes with a high hazard 
potential.  
 

Future Trends:Nonrecurring Wastes 
Cleanups of subsurface pollution problems at California refineries are ongoing. 
Efforts at addressing the pollution problems are at various stages and progress has 
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been mixed. This can be attributed to a profound gap between what needs to be 
done (regulatory policy) and what can be practically attained. Factors contributing to 
this gap include a lack of sound understanding of pollutant behavior following a 
release, complex subsurface geology and hydrogeology, large plumes, technology 
limitations and further exacerbation of the problem through dispersion or migration of 
the pollutant during characterization or treatment. These factors have led to flawed 
expectations and inefficient use of resources.  
 
Long-term cleanup efforts at refineries will certainly continue in the future. At a 
minimum, attainable pragmatic expectations, improved future technologies, better 
understanding of pollutant behavior and the health risks posed by these pollutants, 
and improved methods for measuring and managing risks posed by these pollutants, 
could improve and change the character of future cleanups. On the other hand, 
should newer and more harmful chemicals and products be either introduced or 
produced in refineries, then future cleanups due to releases of these chemicals and 
products could pose different challenges. 
 
Staff Findings and Policy Options 
Much more data is needed to adequately characterize the generation and 
management of hazardous wastes by the petroleum industry. Although refineries 
have achieved substantial reductions in the hazardous wastes they generate, they 
continue to account for a major share of the wastes generated in the state (5 to 7 
percent of total manifested wastes and 7 to 16 percent landfilled wastes).  
 
Refineries should continue to develop new approaches for reducing the hazardous 
wastes they generate and the ways they are managed. The industry needs to focus 
on ways to generate smaller volumes of hazardous wastes while also making them 
less potentially harmful. This calls for more effective materials management in 
addition to proper waste management. Opportunities exist for government and 
industry to jointly work on evaluating and incorporating new approaches to materials 
and waste management. In particular, the Energy Commission should collaborate 
with DTSC’s current program with the petroleum industry for reducing waste. Energy 
Commission staff believe that opportunities exist to expand energy efficiency and 
alternative energy use in areas related to waste products. The overall goal should be 
moving towards a “zero waste” and maximized energy efficiency system.  
 
For cleanups, the gap between policy goals and what can be practically achieved 
needs to be recognized and the definition of success in cleanups needs to focus on 
what is attainable and protective.  
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CHAPTER 9: WATER QUALITY AND SUPPLY 
 
Introduction  
The petroleum industry is a large user of water and has the potential to produce 
large amounts of wastewater that can potentially impact California’s ocean, surface 
and ground water. This section provides an overview of the general trends in water 
use by petroleum infrastructure facilities and water-related environmental impacts. 
The impacts of crude oil spills and the fate of oil released into the aquatic 
environment is also discussed, along with issues associated with dredging of aquatic 
sediments during the construction of port facilities and inlets or during the 
maintenance of waterways. 
 
Regulatory Framework 
The petroleum industry is subject to several federal and state laws that affect how 
the industry operates and to some extent determine how facilities are built and 
modified. Both state and federal regulations address protection of water quality, soil, 
and groundwater resources at refineries. Several overarching state regulations also 
prioritize water use in the state.  
 
Hazardous waste generation, control and disposal regulations are administered by 
the U.S. Environmental Protection Agency (USEPA) in concert with the California 
Department of Toxic Substances Control and the California Office of Emergency 
Services. The water quality of any wastewater discharge from refineries is also 
regulated by the USEPA, along with the California State Water Resources Control 
Board and its nine Regional Water Quality Control Boards. Local governments and 
citizens benefit from two regulations that provide more data and information about 
hazardous waste releases: the Emergency Planning and Community Right-To-Know 
Act of 1986, commonly known as SARA Title III, and the Toxic Substances Control 
Act. 
 
Regulations to protect human health from contaminants in drinking water are 
administered by the USEPA and the California Department of Health Services. Since 
much of our drinking water comes from groundwater, underground injection wells 
used for the disposal of wastewater are controlled by the USEPA, State Water 
Resources Control Board/Regional Water Quality Control Boards, and the 
Department of Conservation. 
 
The U.S. Coast Guard, the USEPA, and the California Department of Fish and 
Game (Office of Oil Spill Prevention and Control) are all involved in oil spill 
prevention, control, and countermeasures. The U.S. Coast Guard has 
responsibilities for vessel safety and protection of the marine environment in ports, 
harbors, waterfront areas and navigable waters. The USEPA, under the 
Comprehensive Environmental Response, Compensation and Liability Act (or 
Superfund), responds to releases of hazardous substances. The Lempert-Keene-
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Seastrand Oil Spill Prevention and Response Act of 1990, which is administered by 
the California Department of Fish and Game’s Office of Oil Spill Prevention and 
Response, provides protection to California’s natural resources by preventing, 
preparing for, and responding to spills of oil and other deleterious materials, and 
through restoring and enhancing affected resources.  
 
The 1976 Coastal Act established the California Coastal Commission as the state’s 
coastal management and regulatory agency. The California Coastal Commission 
administers the federal Coastal Zone Management Act of 1972 (amended as 
Coastal Zone Act Reauthorization Amendments of 1990) for all of California except 
for the San Francisco Bay segment. The San Francisco Bay Conservation and 
Development Commission administers this segment of the coastal zone. The 
National Oceanic and Atmospheric Administration balances the needs of preserving, 
protecting and where possible restoring or enhancing coastal zone resources while 
meeting economic development needs, and encouraging coastal states to develop 
and implement coastal zone management programs. 
 
The Porter-Cologne Water Quality Control Act established the State Water 
Resources Control Board (State Board) as the ultimate authority over state water 
rights and water quality policy. The State Board assigns the nine Regional Water 
Quality Control Boards (Regional Boards) to oversee water quality at the regional 
level. The work of the State Board is overseen at the federal level by the USEPA 
under the Clean Water Act.  
 
Environmental Assessment 
 
Water Supply 
Refineries use water primarily for cooling tower makeup, boiler feed, firewater 
pumps and construction, and in process units, in the approximate proportions shown 
in Figure 9-1.1 The actual amount of water used can vary significantly depending on 
the configuration of the refinery, how water is used in various processes and the 
degree to which it is recycled and discharged as wastewater. No industry-wide or 
California-specific water use data are available from either the refineries or the 
industry itself. Thus, staff developed estimates for this report using recently 
published reports as noted below. The estimated 1992 water use at refineries was 
between 65 and 90 gallons of water per barrel (gallons/barrel) of crude oil 
processed,2 and the estimated 2000 water use was 20 to 60 gallons/barrel.3 Based 
on this use, Table 9-1 shows estimated annual water consumption for California 
refineries. 
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Figure 9-1:Refinery Water Use (DOE 2003) 
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Table 9-1:Estimated Water Use by California Petroleum Refineries 

Year 
 

Estimated Range 
(gallons per barrel) 

Estimated Annual Water Use 
at all Refineries 

(million gallons) 

1992 65 - 90 130 - 180 

2000** 20 - 60 40 - 120 

 Source: * DOE 1998, ** Pacific Institute 2003 
 
Cooling towers, which use water to reject heat from various processes, are the 
single largest consumptive use of water in a refinery. Most of the water consumed in 
the cooling tower is lost through evaporation. A portion of the circulating cooling 
water must be periodically removed from the system to reduce the concentration of 
dissolved substances that accumulate in the circulating water. This release of water 
is known as blow-down. Other forms of rejecting heat from the refinery process, 
such as once-through-cooling, are not used in California refineries. 
 
Generally, the water used in refineries will either be recycled and evaporated as 
cooling tower makeup water, or will be discharged as wastewater via a wastewater 
treatment plant. Storage facilities (tanks), marine terminals or pipeline facilities do 
not typically use significant amounts of water. 
 
Fresh water conservation could be achieved through the increased use of reclaimed 
water for both cooling, process and boiler feed water. Pacific Institute for Studies in 
Development, Environment, and Security3 estimated that reclaimed water may 
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eventually replace approximately 85 percent of the fresh water used for cooling and 
boiler feed water purposes. Water use and wastewater discharges have generally 
been declining over time, due to both the cost and availability of water, greater use 
of reclaimed water, more efficient water use within the refinery, and more stringent 
regulation of wastewater discharges. 
 
Wastewater  
The petroleum industry generates large volumes of wastewater that generally fall 
into four categories: 1) cooling water (e.g., blow down), 2) process water, 3) 
stormwater, and 4) sanitary wastewater.  
 
Cooling water generally does not come into direct contact with petroleum/products 
but may be contaminated with petroleum/products as a result of leaks.4 However, to 
prevent fouling and scaling of the cooling system conduits that would decrease heat 
transfer efficiency, various chemicals, including phosphates and biocides, are added 
to the circulating water. These chemicals are discharged along with the cooling 
water into the wastewater stream. There may also be heat in the cooling water, 
which could be considered a pollutant when discharged into receiving waters.  
 
Water used in petroleum processing operations (process water) eventually becomes 
part of the wastewater stream after being used for desalting crude oil, steam 
stripping, pump cooling, and boiler blowdown. Water used in processing is usually 
highly contaminated as shown in Table 9-2. 
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Table 9-2:Wastewater Generation From Selected Petroleum 
Refining Processes 

Process 
Wastewater 

(Gallons/ 
barrel) 

Contaminants 

Crude Oil Desalting 2.1 Suspended solids, dissolved solids, biological 
oxygen demand, high temperature 

Atmospheric and 
Vacuum 
Distillation 

26.0 Oil, hydrogen sulfide, ammonia, suspended solids, 
chlorides, mercaptans, phenol, high pH 

Thermal Cracking/ 
Visbreaking* 2.0 

Oil, hydrogen sulfide, ammonia, phenol, 
suspended solids, high pH, biological oxygen 
demand, chemical oxygen demand 

Coking 2.0 High pH, hydrogen sulfide, ammonia, suspended 
solids, chemical oxygen demand 

Catalytic Cracking 15.0 

Oil, suspended solids, phenols, cyanides, 
hydrogen sulfide, ammonia, high pH, 
biological oxygen demand, chemical oxygen 
demand 

Catalytic 
Hydrocracking 2.0 High chemical oxygen demand, suspended solids, 

hydrogen sulfide, biological oxygen demand 

Hydrotreating 
Hydroprocessing 1.0 

Hydrogen sulfide, ammonia, high pH, phenols, 
suspended solids, biological oxygen demand, 
chemical oxygen demand 

Catalytic Reforming 6.0 Oil, suspended solids, chemical oxygen demand, 
hydrogen sulfide 

Heat Exchanger 
Cleaning N/A Oil 

Storage Tanks N/A Contaminated drain water 
Source: USEPA 1995   N/A = Not Applicable  
*A non-catalytic thermal process used to convert feedstock to lighter products such as gasoline 
 
Storm water/surface water runoff can contain constituents from spills to the surface, 
leaks in equipment and any materials that may have collected in drains. Surface 
runoff water also includes water coming from crude and product storage tank roof 
drains. In additions to organics, runoff can contain metals with cadmium, chromium, 
copper, lead, nickel, and zinc being most common.  Stormwater flows are generally 
separated from oily water sewers to reduce the wastewater flows to the wastewater 
treatment plant. This prevents contamination of stormwater with hydrocarbons and 
subsequent sludge formation. Contaminated stormwater is also commonly 
impounded at refineries and bulk storage facilities to determine the need for 
additional treatment prior to discharge.5 
 



 98 

Sanitary wastewater from refineries is typically sent to a municipal wastewater 
treatment facility by sewer or goes into a septic leach field. 
 
Wastewater Treatment Plants 
Refineries typically have wastewater treatment facilities to allow for the treatment, 
recycling, or discharge of wastewater streams produced in the refinery. After 
treatment at the refinery facility, the wastewater is either discharged to surface 
waters, to a municipal wastewater treatment facility, or in some cases is disposed of 
using underground injection wells. The pollutants of concern include petroleum, 
phenols, sulfides, dissolved solids, and toxic materials.  
 
The primary phase of the treatment at the refinery separates the waste stream into 
oil, water and solid components. The first stage of treatment allows free oil to be 
skimmed off the top and solids to settle to the bottom, which are eventually removed 
as sludge. Physical methods are employed in the second stage to remove emulsified 
oils from the waste stream. These methods include settling ponds and chemical 
methods that coagulate impurities, which are then collected. Some of these wastes 
may be considered hazardous and must be disposed of in an appropriate manner 
consistent with their characteristics.   
 
After primary treatment, the wastewater may be sent to a publicly owned (municipal) 
treatment facility where it undergoes secondary (or even tertiary) treatment prior to 
discharge under a National Pollutant Discharge Elimination System (NPDES) permit. 
However, some waste streams require separate treatment for additional contaminate 
removal. An example would be the sour water from distillation reflux operations that 
contains dissolved hydrogen sulfide along with other sulfur compounds and 
ammonia, which is pretreated by stripping with gas or steam before being routed to 
the wastewater treatment plant.   
 
Prior to discharge, dissolved oil and other organic pollutants are reduced by 
biological treatment methods such as activated sludge, trickling filters and biological 
contactors. The solids resulting from these processes may be treated anaerobically 
and then dewatered (USEPA 1995). The wastewater treatment plant is a source of 
both air emissions, and solid wastes in the form of various sludges. EPA estimated 
that the amount of wastewater discharged from refineries under NPDES permits 
ranges from 20 to 40 gallons of wastewater per barrel of crude oil refined. 
 
Marine Oil Terminals 
The average marine oil terminal in the state is about 50 years old, with many being 
built during the years of 1901 to 1925 and the newest one being built in 1987.6 In 
response to the Lempert-Keene-Seastrand Oil Spill Prevention and Response Act of 
1990, the California State Lands Commission established a Marine Facilities 
Division to provide oversight for the more than 60 marine terminals in the State. The 
Marine Facilities Division is developing engineering standards to protect public 
health and the environment. The State Lands Commission has been inspecting 
marine oil terminals since 1991. Environmental impacts associated with marine oil 
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terminals are principally related to dredging for construction and maintenance, and 
spills caused by accidents or equipment failures, which are discussed further below. 
Ballast water issues are discussed in Biological Resources. 
 
Dredging 
Dredging is associated with construction or maintenance of marine oil terminals, 
refinery port facilities, shipping channels, marine pipelines, and wastewater 
discharge and/or cooling water intake structures. The principal water resource 
concern associated with dredging is the creation of suspended and resuspended 
solids and any contaminates they contain, and their impacts on aquatic life and the 
aquatic environment. 
 
Sediment resuspension results from sediment particles that do not rapidly settle 
back to the bottom during dredging and remain suspended in the water column. 
Some resuspension occurs with all dredging operations and methods, with most 
particles settling close to the dredge relatively quickly. Resuspension rates are site 
specific and are affected by variables such as water current velocity and depth, and 
project specific variables, such as the dredging methods. Various methods can 
reduce resuspension of sediment during dredging, but no method can completely 
eliminate the impact. 
 
Sediments may contain many different contaminates: metals, such as copper, lead, 
zinc, and mercury; organic compounds, such as polychlorinated biphenyls (PCBs), 
polynuclear aromatic hydrocarbons (PNAs or PAHs), polychlorinated dibenzo-p-
dioxins and polychlorinated dibenzo-p-furans (PCDDs and PCDFs); and petroleum 
hydrocarbons such as diesel.7 
 
The adverse impacts associated with sediments are attributable to both physical and 
chemical factors, and impacts may occur with both clean and contaminated 
sediments. Water quality must be tested during dredging operations, and testing 
may include the following parameters: turbidity, total suspended solids, total 
chemical concentrates, dissolved chemical concentrations, acute and chronic 
toxicity, and bioaccumulation. 
 
Acute or chronic adverse effects on aquatic life may result from physical effects, 
such as burial of benthic organisms and clogging of gill membranes with particles.  
Other adverse physiological effects include direct toxicity to aquatic organisms or 
bioaccumulation of contaminants in tissues. Human health is more likely to be 
affected through bioaccumulation and concentration of contaminants in the tissues 
of aquatic species consumed in the human diet. 
 
Bulk Storage Facilities and Pipelines 
Storage vessels and petroleum product pipelines do not typically use significant 
amounts of water. Wastewater discharges are primarily related to stormwater that is 
regulated by the State Water Resources Control Board and Regional Water Quality 
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Control Boards under a general permit that requires that a Stormwater Pollution 
Prevention Plan be developed and implemented.  
 
Refined Product and Crude Oil Spills 
Accidents or equipment failure at refineries, storage facilities, marine oil terminals, 
and pipeline facilities can result in unintentional releases of refined product that can 
contaminate ground and surface waters. While such spills may result from natural 
forces such as earthquakes or subsurface petroleum seeps, more often they result 
from human error or equipment failures. Over the period of 1973 to 1993, of the 
approximately 170,000 oil spills in the U.S., over 90 percent were less than 100 
gallons, with less than 1 percent greater than 100,000 gallons. The number of spills 
per year during this 20-year period was fairly consistent at 5,000 to 7,000 per year.8 
Typically, spills in inland fresh waters involve refined petroleum products, although 
crude oil spills occasionally occur. Spills in marine waters more often involve crude 
oil and heavy fuel oils resulting from accidents or equipment failures.9 
 
Once crude oil enters the aquatic environment it is subject to various fate and 
transport processes. Variables such as the character of the crude oil itself, and water 
and weather conditions affect fate and transport. Crude oil is transformed in the 
environment by weathering, evaporation, oxidation, biodegradation, and 
emulsification that can differ in the freshwater and saltwater environments. In 
general, crude oil spills in freshwater aquatic systems may be potentially more 
severe than in saltwater systems due to less water movement.  
 
The cost of cleaning up oil spills can range from $10,000/barrel to $250,000/barrel 
based on recent cleanup experiences in the United States. In addition to surface 
water quality impacts, such spills are also capable of contaminating ground water, 
and causing fires.6 
 
Technology-based solutions to prevent refined product and crude oil spills are under 
development. For example, the U.S. Coast Guard and the Marine Exchange of Los 
Angeles/Long Beach, California developed the Vessel Traffic Information Service 
(VTIS) to provide information on vessel traffic and ship locations so that collisions 
and groundings can be avoided in the approaches to Los Angeles Harbor. The San 
Francisco Bay area has been using the Physical Oceanographic Real-Time System 
(PORTS) to help manage vessel traffic since 1996. PORTS provides vessels with 
real-time nautical data necessary to plan their arrivals and departures and efficiently 
use the channels in the Bay; it also minimizes the need for dredging.8 
 
Future Trends 
The probability and frequency of water-related environmental impacts from 
petroleum refining and transport is to some extent related to the size and activity of 
the industry in California. The industry has grown by an average of about 2 percent a 
year over the past 50 years, but began leveling off in the mid-1970s to about 1.4 
percent growth since 1985. In addition, the industry has shifted since the 1970s from 
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a larger number of smaller refineries to fewer but larger and more efficient refineries 
overall. This suggests that water supply and water quality related environmental 
impacts associated with the refining industry may become more concentrated and 
less distributed over the state (LBNL 2004). However, in general, due to new 
process controls and regulations, water-related impacts have declined over time. 
 
Crude oil production has decreased in the state in past decades resulting in more 
crude oil being imported into the state (LBNL 2004). Environmental impacts would 
be expected to shift from intrastate oil production and transportation to impacts from 
imported crude. An increase in vessel traffic in waterways and at marine terminals 
could increase the potential for environmental impacts. Imports of crude oil are 
expected to increase to meet demand and the character of the crude will also 
change. The increased importation of heavier and, perhaps, lower quality or different 
types of crude may generate different or additional waste products; an example is an 
increase in the sulfur content of processed crude over the past 10 years that is 
removed during refining. 
 
For the 20-year period of 1973 to 1993, the number of oil spills per year showed a 
downward trend. In 1973 there were about 2000 spills of greater than 100 gallons 
compared to only about 500 spills in 1993 in the U.S. This downward trend has 
generally been attributed to the increased attention to prevention and preparedness 
resulting from legislation following the Exxon Valdez spill in Alaska in 1989 (NOAA 
1998). Double-hulled transport vessels, improved ballast water procedures, and 
increased and improved vessel traffic controls are examples of the progress that 
have been made and that will continue to help reduce releases of crude oil. 
 
Water recovery and efficiency in the refining industry has increased and will likely 
continue to do so. Water use and wastewater treatment and discharge at refineries 
were once considered to be relatively low-cost operating components. However, with 
the costs going up for water, wastewater treatment, and energy, the industry has 
become more aware of water efficiency (LBNL 2004). In response to these costs, 
water conservation efforts have been made by the industry, and have generally 
consisted of the following:  

 Optimization of water use in refinery processes 
 Recovery and reuse of water 
 Increased use of secondary effluent  
 Greater use of reclaimed water in cooling towers 

 
Environmental Concerns 
As discussed in the Regulatory Framework section, the petroleum industry is subject 
to numerous federal, state, and local laws that govern operations. This is particularly 
true for wastewater discharges subject to the federal Clean Water Act and the 
California Porter-Cologne Water Quality Control Act. Other agencies, such as the 
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California Office of Oil Spill Prevention and Response and State Lands Commission 
have authority over oil spills and marine oil terminals, respectively.   
 
However, water use by the petroleum industry does not appear to be subject to any 
formal oversight at this time. The petroleum industry and the environment would 
benefit from a water-use efficiency review. Any resulting refinery modifications can 
be both environmentally beneficial and cost-effective to the operator. Such a review 
would ensure water use is consistent with state law and policy and that cost-effective 
and feasible modifications are promoted.  
 
Staff Findings and Policy Options 
While the water quality/wastewater, aquatic sediment, oil spill, and other 
infrastructure aspects of the petroleum industry are regulated by many agencies 
under various laws and regulations, water consumption at refineries has not 
received the same attention. California law requires that all water use in the state be 
in the amount that is reasonable to serve the beneficial use. Considering the 
diminished availability of water supply the state is facing, research into efficient 
water use in the petroleum refining industry could help identify ways to minimize the 
consumption of fresh water. In addition, since water-intensive evaporative cooling is 
likely to continue, the prospects for increased use of recycled water and alterative 
methods of cooling should be researched and evaluated.   
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CHAPTER 10 BIOLOGICAL RESOURCES 
 
Introduction 
Because much of the existing petroleum infrastructure was developed prior to the 
implementation of environmental regulations, historical baseline data on biological 
resources were not developed prior to construction of petroleum infrastructure. 
Therefore, evaluation of how much biological habitat was affected by petroleum 
infrastructure construction and operation is not possible. Consequently, this section 
will only evaluate areas where continued petroleum infrastructure construction and 
operation present a hazard to biological habitat and endangered species. The most 
significant effects result from: 

• oil spills from aging pipelines, storage terminals, and marine vessels 
• ballast water releases from marine vessels 
• dredging activities for construction and maintenance of petroleum 

infrastructure 
• construction of new or replacement pipelines and storage terminals 

Regulatory Framework 
The two primary environmental laws the industry must comply with are the National 
Environmental Policy Act and the California Environmental Quality Act. Both require 
public disclosure of projects and a description of the environmental effects of their 
actions. To reduce the significance of the environmental effects, mitigation measures 
are often incorporated into projects. Any expansion and major modification of the 
existing infrastructure are required to be in compliance with these laws. 
 
The federal Endangered Species Act protects threatened and endangered species 
and their habitat. The Act requires consultation with the U.S. Fish and Wildlife 
Service if a project may impact a listed species, and a permit for the take of the 
species and its habitat. Two other federal laws protect waterways and aquatic 
habitat: The Clean Water Act of 1977, which prohibits the discharge of dredged or fill 
material into the ‘Waters of the U.S.’ without a permit from the U.S. Environmental 
Protection Agency; and Section 10 of the Rivers and Harbor Act, which prohibits 
construction of any obstruction in a ‘Waters of the U.S.’ or navigable waterway 
without specific prior approvals from the U.S. Army Corps of Engineers. 
 
Additional federal laws provide protection to specific categories of species. The 
Magnuson-Stevens Fishery Conservation and Management Act protects essential 
fish habitat for federally managed fish species. All migratory birds and their eggs are 
protected by the Migratory Bird Treaty Act. The Bald and Golden Eagle Protection 
Act also protects bald eagles and golden eagles and their nests and eggs. 
 
California also has regulations that protect biological resources in the state. The 
California Endangered Species Act protects plants and animals that are listed as 
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rare, threatened or endangered species. Additional Fish and Game codes make it 
unlawful to take, possess or needlessly destroy the nest or eggs of any bird and 
protect species classified either as “fully protected” or all migratory birds. 
 
In order to protect state waterways, state regulations require an evaluation of project 
impacts to vegetation and wildlife from sediment, diversions and other disturbances 
under the Streambed Alteration Agreement program administered by California 
Department of Fish and Game. A Regional Water Quality Control Board certification 
is required for discharges of dredge or fill material into ‘Waters of the U.S.’ 
 
Ballast water is regulated at the state and international level. At the international 
level, the United Nation’s International Maritime Organization adopted “International 
Guidelines for Preventing the Introduction of Unwanted Aquatic Organisms and 
Pathogens from Ship’s Ballast Water and Sediment Discharges” in 1993. The U.S. 
also adopted guidelines in 1990 after the discovery of the zebra mussel in the Great 
Lakes. In 1996 Congress expanded and passed the National Invasive Species Act, 
which sets voluntary ballast water management guidelines and mandatory ballast 
water reporting requirements. In the absence of a mandatory national program, the 
California State Legislature passed legislation in 1999 and renewed and renamed it 
in 2003 to California’s Marine Invasive Species Act. All vessels over 300 gross 
register tons coming in from outside the U.S. Exclusive Economic Zone are required 
to complete a mid-ocean exchange or retain all ballast water. 
 
The state also passed the Lempert-Keene-Seastrand Oil Spill Prevention and 
Response Act in response to a catastrophic oil spill off the coast of Orange County 
in 1990 (see also Water Quality and Supply). The act establishes oil spill response 
planning requirements, and liability for natural resource damages. The latter requires 
that responsible parties pay for damages to the environment and the public for the 
injury, destruction and loss of natural resources and services resulting from oil spills 
into navigable and/or marine waters.  
 
Local state agencies may also regulate or review biological resource issues. For 
example, the San Francisco Bay Conservation and Development Commission 
protects the natural resources of the local area as well as performs environmental 
reviews and requires permits. Depending on the project, the local agency can act as 
the lead California Environmental Quality Act agency, if the project is not within the 
jurisdiction of another state agency. The local agency then coordinates the 
permitting effort with other state and federal agencies. 
 
Environmental Assessment  
The majority of Northern and Southern California refineries were sited along the 
coast because the industry is dependant upon ocean transport of their product. 
Refineries located in Kern County were established to refine product specifically 
from local production. 
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Infrastructure Assessment 
Northern California petroleum refining infrastructure consists of refineries along the 
Benicia/Martinez/Richmond coast, terminals, and associated tank farms. The 
refineries are located in the interface between urban areas and coastal marshes and 
grasslands. The marine terminals are located close to shore, in water deep enough 
to accommodate large vessels. In some locations these terminals are adjacent to 
mud flats and coastal wetlands. Inland terminals are serviced by trucks and are 
located in areas with tank farms and may have adjacent pipelines. 
 
Southern California petroleum infrastructure, excluding the Bakersfield area, 
consists of refineries and terminals located between Long Beach and the San Luis 
Obispo/Santa Maria area. Most of the refineries in Southern California are in 
industrialized or urban areas. Although these areas are heavily developed, there are 
coastal areas nearby that provide habitat for endangered species. The Santa Maria 
area is less urbanized, and there are agricultural areas, dune habitats and 
grasslands adjacent to the refineries. 
 
Refineries in the Bakersfield area are surrounded by agricultural areas and 
grasslands. Much of the grasslands are disturbed by oilfield development. The 
footprint of the refineries in the Bakersfield area is smaller than either the Northern 
California or Southern California footprints.1 
 
There are 6252 miles of petroleum pipelines in the state.2 Typical habitat 
disturbance to biological resources occurs during pipeline construction, and any time 
maintenance is required that disturbs habitat, including herbicide applications, 
maintenance of access roads, and measures implemented to reduce erosion. In 
areas where right-of-way maintenance is completed regularly, habitat can become 
fragmented, and chronic disturbance can contribute to the spread of weedy and 
introduced plant species. This results in ongoing long-term impacts to the 
surrounding habitat. Once construction is complete, petroleum product leaks can 
also have significant impacts to habitat at the site of the leak. 
 
Staff reviewed California Natural Diversity Database records for the locations of 
endangered species and sensitive habitat in the vicinity of the refineries and grouped 
them by region; for a summary see Table 10-1. A list of the sensitive species and 
habitats is provided in Appendix F.  
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Table 10-1: Number of Sensitive Species and Habitats in the 

Vicinity of Petroleum Refineries by Region 
Region Species Group                 Number Habitat Types 

Plants                                41 
Fish                                     5 
Invertebrates                       6 
Amphibians and Reptiles    5 
Birds                                  20 

 
Northern 
California 
Refineries 

Mammals                             8 

Serpentine Bunchgrass 
Coastal Brackish Marsh 
Coastal Terrace Prairie 
Northern Coastal Salt Marsh 
Northern Maritime Chaparral 
Valley Needlegrass Grassland 

Plants                                 64 
Fish                                      6 
Invertebrates                      16 
Amphibians and Reptiles   10 
Birds                                   16 

 
Southern 
California 
Refineries 

Mammals                             8 

Central Dune Scrub 
Central Foredunes 
Central Maritime Chaparral 
Coastal and Valley Freshwater  
   Marsh 
Riversidian Alluvial Fan Sage Scrub 
Southern Coast Live Oak Riparian 
   Forest 
Southern Coastal Bluff Scrub 
Southern Coastal Salt Marsh 
Southern Cottonwood Willow  
   Riparian Forest 
Southern Dune Scrub 
Southern Riparian Scrub 
Southern Sycamore Alder Riparian 
    Woodland 
Southern Vernal Pool 
Valley Needlegrass Grassland 

Plants                              13 
Fish                                    - 
Invertebrates                     3 
Amphibians and Reptiles  4 
Birds                                  5 

 
Kern 
County 
Refineries 

Mammals                           4 

Great Valley Cottonwood Riparian  
    Forest 
Stabilized Interior Dunes 
Great Valley Mesquite Scrub 
Valley Saltbush Scrub 

Source: California Natural Diversity Database 2004 
 
In Northern California, the general habitat types are coastal marsh and grassland, 
and the refineries often have coastal marsh directly adjacent to the fence lines and 
the tank farms. The remaining coastal marsh habitat is valuable habitat to 
endangered species; it now represents less than 10 percent of the nearly three 
hundred square miles of tidal marshland present in the Bay area circa 1850.3  
 
The habitats adjacent to refineries in Southern California are much more diverse, 
with more refineries located in several different areas. Habitats along the coast 
include dune scrub, central foredunes, and maritime chaparral, as well as some 
riparian habitats and coastal freshwater and saltwater marsh.  
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Plant communities of coastal Southern California consist primarily of different kinds 
of chaparral, which is abundant in drought-adapted scrub vegetation. Scrub 
communities have been divided into subgroups as the vegetation make-up of the 
community differs with slope exposure and climatic considerations.4  
 
Also adjacent to refineries, dune communities are specialized habitats that are 
ecological islands characterized by endemic native plants and animals. Rare 
butterfly species are found in many dune areas and occur in association with beach 
buckwheats. Because of habitat destruction, several subspecies occur today in only 
a few locations. The most restricted is the El Segundo Blue butterfly (Euphilotes 
battoides allyni). 
 
South of Pismo Beach and west of the refineries near Santa Maria, an 18 square 
mile system of sand dunes and lakes was designated a National Natural Landmark 
in 1980. This area contains many restricted species, including at least 18 plant 
species listed by the California Native Plant Society as rare, endangered, or of very 
limited distribution.4 
 
Marine Transport 
Marine transport of petroleum products can have ongoing impacts to the marine 
environment, although technology improvements are reducing certain impacts of 
marine transport. In order for the shipping channels to stay deep enough for large 
vessels, the ocean bottom is dredged periodically. Other large-scale impacts to the 
marine and coastal environment can occur from oil spills, leaks from vessels, and 
ballast water discharge. 
 
Environmental Concerns 
The petroleum infrastructure footprint on biological resources habitat has not 
changed significantly since it was originally constructed. The footprint, including the 
major tank farms and onshore terminals, has not decreased or increased 
significantly, especially in industrialized or urbanized areas. Any recent increases in 
infrastructure, including tank farms and pipelines, have required an environmental 
review under the California Environmental Quality Act, and mitigation measures to 
protect sensitive habitats and species are incorporated into the project.  
 
Marine terminals have been enlarged, and are in the process of being retrofitted to 
accommodate larger transport vessels. As vessel size increases, dredging is 
required in shallow habitats and the transport of nonindigenous aquatic species 
(NAS) in the ballast water can be increased. Ballast water concerns are common to 
all ships, not just those importing petroleum products. Oil spills, both onshore and 
offshore, have the largest impact on water birds statewide. Oil spills require a multi-
agency response team that works to contain and clean up the spilled area and clean 
affected wildlife. These issues are discussed in detail below. 
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Ballast Water and Nonindigenous Aquatic Species 
Ballast water is normally taken on at the departure port and discharged into the 
arrival port. When ships unload cargo they take on water to counteract the weight 
imbalance for the ship to travel safely. Ballast water is normally carried in several 
different compartments. Vessels may have designated ballast water tanks, or may 
use their cargo hold. Ballast water that is not contained in designated compartments 
may acquire contaminants (such as oil, bacteria, biological species) that would end 
up in discharge water. 
 
The easiest way to control NAS is to prevent new introductions from happening. 
Regulations require vessels coming into California harbors to conduct a mid-ocean 
ballast water exchange. This avoids taking water on in near-shore environments. A 
mid-ocean water exchange limits the introduction of species from the departure port 
into the arrival port, a benefit to the local habitat. Mid-ocean ballast exchange cannot 
be accomplished on shorter trips due to the amount of time it takes to legally 
complete a ballast water exchange while under way, or during trips up and down the 
coast where the coastline could be inoculated with NAS.5 
 
Nonindigenous aquatic species can out-compete native species, causing ecological 
and financial impacts. A recent example of a NAS is the Asian clam (Potamocorbula 
amurensis). Within a year of its appearance in 1985 it was the most abundant clam 
in the northern part of San Francisco Bay. Researchers estimated that virtually the 
entire water column was filtered by these clams between once and twice a day. 
Abundances of many phytoplankton and zooplankton species have been reduced by 
at least half since 1986 in the regions where the clam occurs.6 The clams also 
concentrate selenium in their tissue so fish and birds that eat them may be 
accumulating selenium in levels known to cause reproductive defects.7 Introductions 
of nonindigenous species disrupt the ecology of an area and can result in extinction 
of native species and reduce the amount of diversity. 
 
New technologies to help remove or inactivate NAS are being developed. Treatment 
technologies can be mounted on the vessels, although complications arise due to 
the suite of potential species and the differences in vessel types and size, so one 
type of treatment system probably would not work for all vessels. The other option is 
to discharge ballast water to land-based treatment facilities, or to barges which can 
take the ballast water to shore. Although treatment facilities to reduce introductions 
are not in place, treatment facilities to remove oil and contaminants from ballast 
water are being used. 
 
An example of a ballast water treatment facility is located at the Alyeska Terminal in 
Prince William Sound, Alaska. Ballast water is pumped from incoming tankers into 
the Ballast Water Treatment Facility for removal of hydrocarbons. Oil recovered in 
the treatment process is mixed with crude oil and then loaded back into the tankers 
as cargo. Approximately 20,000 barrels of oil are recovered each month, although 
that number is expected to drop with the increase of tankers with segregated 
ballasts.8 
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Dredging 
Dredging activities in channels and the areas around marine terminals result in 
several impacts to the marine environment. Direct disturbance from the dredging 
activity disrupts the sediment and the species of plants and animals living there. 
Dredging can keep an ecological community from establishing, and be destructive to 
the species occupying the habitat being dredged. Another impact results from 
releasing contaminants from disturbed sediments into the water column where they 
can be available for bioaccumulation. Contaminants, such as mercury, not only 
affect fish species but also become available for consumption by humans. 
Depending on the levels of contaminants in the sediments, storage and disposal of 
the dredged material can be an issue. 
 
Oil Spills 
Oil spills can occur onshore and offshore. Offshore areas include marine and inland 
waters, while onshore areas include terrestrial habitats. Spills can range from 
pipelines breaking, an oil tanker leaking or running aground, other cargo vessels 
spilling fuel oil, wells leaking, or oil platforms leaking. The majority of spills currently 
in California are from crude product in pipelines. As discussed later in this section, 
the amount of oil spilled in recent years has been reduced; however a catastrophic 
event could change the trend and averages significantly.9 
 
The California Department of Fish and Game Office of Spill Prevention and 
Response (OSPR) responds to both types of spills, although their jurisdiction is 
predominately offshore unless an onshore oil spill is not covered by a local agency.  
 
OSPR employs oil spill prevention specialists and wildlife care people that respond 
to spills and rescue wildlife. Oil samples are taken and sent to a state laboratory for 
analysis so the oil can be matched to a product within a refinery or pipeline. This 
allows for follow-up at the spill source and compensation from the responsible party. 
After the spill is cleaned up the Office of Spill Prevention and Response requires 
long-term monitoring, such as water quality monitoring. 
 
All vessels coming into California are required to have a spill prevention plan and 
insurance. The amount of insurance is calculated based on a formula that takes into 
account the type of product and the amount and is based on a worst case scenario 
of 25 percent of tanker fuel spilling, or the cargo volume of the single largest fuel 
tank. Vessels also need to have on retainer a responder for cargo salvage, wreck 
removal and fire fighting. OSPR is also funded by a tax on oil and gasoline products. 
Both the insurance and the tax help provide the money to respond to an oil spill. 
 
In order to try and prevent catastrophic oil spills along the coast of California, the 
Jones Act requires ship standards (double hulls etc.) for entry into the U.S. for U.S. 
registered vessels. For example a ship is not allowed to sail from a U.S. port to 
another U.S. port without being registered in the U.S. and abiding by the Jones Act. 
As older vessels are retired, and new vessels are constructed that meet the new 
standards double hulled vessels are more common. 
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Many new oil spill prevention measures have been mandated through state and 
federal legislation since the American Trader oil spill in California in 1990. 
Awareness of the significant costs of oil spill clean-up and the threat of criminal and 
civil financial liability may have also influenced industry’s performance standards. 
Although about 650 million barrels of petroleum products are shipped through 
California waters annually, only one significant seabird mortality event has been 
attributed to a tanker spill since 1990.10 But a catastrophic event can still have a 
significant impact on bird populations. Marine terminals are also checked for safety, 
but there are no reports of large oil spills at marine terminals presently.11 
 
The impacts of oil spills depends on the product spilled including whether it is a 
persistent or non-persistent oil, the emulsification factor and evaporation rate. Some 
kinds of product (gasoline) evaporate; diesel is considered about ½ volume since it 
partially evaporates, and crude is doubled in volume because of the emulsification 
rate. Evaporation also determines how quickly the oil product can be removed from 
the environment and how likely it is to cause long-term impacts to biological 
resources.9 Crude oils and products differ widely in toxicity. The greatest toxic 
damage has been caused by spills of lighter oil, particularly when confined to a small 
area. Spill of heavy oils such as some crudes and Bunker C fuel oil may blanket 
areas and kill organisms by smothering rather than through acute toxic effects.12 
 
Offshore Oil Spills 
If spilled oil is contained offshore and cleaned from the waters’ surface without 
sinking to the ocean floor, it can have minimal impacts on wildlife. Offshore 
petroleum seeps, on the other hand, can have ongoing long-term impacts. Should 
the oil (from seeps or spills) reach shore, impacts can increase substantially, 
particularly to intertidal ecosystems which have a large diversity of species. 
 
Water birds are the species impacted the most from offshore oil spills (Hampton, 
pers. comm.). The Office of Spill Prevention and Response estimates that at least 95 
percent of birds impacted by oil are due to acute oil spills. Table 10-2 provides 
estimates of the number of birds killed from acute oil spills along the California coast. 
 
As an example of an offshore oil spill, in February 1990 the oil tanker American 
Trader ran over its anchor, puncturing its hull and spilling an estimated 416,598 
gallons of crude oil along Huntington Beach, Orange County. An estimated 3,400 
birds died. British Petroleum and Attransco paid over $16,000,000 to the Natural 
Resources Trustee Agencies to mitigate for the cost of the impacts. 
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Table 10-2: Recent Acute Oil Spill Impacts on California Birds 
Spill Event Name Date Bird Mortality (estimated) 
Apex Houston 1986 10,577  
American Trader 1990 3,400 
Luckenbach 1990-91 4,000 
Luckenbach 1992-93 3,000 
Cape Mohican 1996 593 
Platform Irene 1997 700 
Kure 1997 2,000 
Luckenbach 1997-98 18,000 
Command 1998 1,900 
Stuyvesant 1999 2,400 
Luckenbach 2001-02 12,000 
Luckenbach 2002 1,500 
Luckenbach 2002-03 3,000 
Ventura 2005 4,000 

Source: OSPR 2005; some numbers are based on preliminary estimates 
 
Onshore Oil Spills 
According to the Office of Spill Prevention and Response, pipeline breaks are the 
most common pipeline releases.11 Onshore oil spills from pipelines have generally 
been declining since the mid 1980’s (see Figures 10-1 and 10-2), particularly for 
petroleum products. The decline in total barrel releases of petroleum products is 
particularly noteworthy. 
 

 
 

Figure 10-1 Number of California Pipeline Releases 
Greater than Five barrels 1986 through 2001 
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Onshore oil spills can also occur from erosion around the pipeline that causes the 
pipeline to rupture. A recent pipeline break occurred at Pyramid Lake, north of Los 
Angeles, on March 23, 2005. A mudslide caused a pipeline break spilling crude oil 
into Pyramid Lake. Several oiled birds had been observed, and 17,500 gallons of 
crude oil were recovered from the site as of April 1, 2005. 
 
As the petroleum pipelines age, more repairs are required to help prevent leaks, and 
new pipelines are also built. A large pipeline was constructed in 2004 from 
Sacramento to Concord to provide back-up for the existing pipeline and increase the 
capacity. The pipeline was also constructed to help reduce tanker truck 
transportation from the Bay Area to Sacramento (Conditional Use Permit, City of 
West Sacramento 2004). The new pipeline was not constructed prior to the pipeline 
break in Suisun Marsh (see below). 
 
Onshore spills generally affect streams and fish more than birds. Onshore impacts 
also vary depending on the location, how much product spills and what type of 
product it is. Based on the type of product spilled the terrestrial impacts can be 
significantly different. Some types of fuel are easier to contain and clean up; other 
products such as crude oil can have long-term residual impacts to the terrestrial 
environment.  
 
On April 27, 2004 the Kinder Morgan Energy Partners, L.P. Concord to Sacramento 
pipeline suffered a break in the Suisun Marsh. The spill was contained within a 242-

Figure 10-2 California Pipeline Releases Greater 
Than Five Barrels 1986 through 2002 
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acre diked area and water levels were manipulated to help with the clean up. The 
estimated release was of up to 60,000 gallons of refined petroleum product (diesel). 
The pipeline was shut down and the release was isolated. Agencies dispatched to 
the scene included the U.S. Coast Guard, the Office of Spill Prevention and 
Response and the U.S. Environmental Protection Agency. Booms were deployed 
starting that evening and all tidal gates in the area were closed to mitigate the extent 
of the oil’s impact. The impacted habitat was primarily seasonal wetland that 
supports the endangered salt marsh harvest mouse. Very few birds were impacted 
by the pipeline spill.13 
 
Future Trends 
As imports of petroleum products increase, so will the risk of oil spills and ongoing 
need for maintenance of facilities and waterways to accommodate large ship traffic. 
Also, the addition or expansion of petroleum infrastructure facilities in or adjacent to 
sensitive habitats may result in significant habitat loss and impacts to endangered 
species. Due to cumulative impacts to sensitive habitats from urbanization and other 
development, additional habitat losses in certain sensitive areas such as coastal 
marsh can become increasingly significant. Such impacts will need to be avoided or 
mitigated through the permitting process. 
 
Ballast water introduction of NAS has become an increasing problem due to the 
amount of ship traffic, the size of the vessels, and the amount of ballast water they 
carry. Due to on-going regulatory and technology changes, NAS introductions from 
ballast water may begin to be limited as new regulations require that vessels 
complete an open water exchange. Industry compliance with existing ballast water 
regulations is close to 100 percent.14 Technology is also being put in place to filter 
the return water. These systems can be located on the ship, or on the terminal.  
 
Even with ballast water treatment, NAS may still be introduced via ship hulls, chains, 
propellers and other structures. Organisms can grow on the external areas of 
vessels. This is known as fouling. The organisms may be knocked off or scraped off 
deliberately when a hull is cleaned. The importance of hull fouling is being 
considered of equal importance to ballast water.5 The State Lands Commission is 
proposing to develop information on the potential magnitude of species transfer.15 
 
Since shipping is an important source of petroleum products, dredging will need to 
continue to keep channels and marine terminals deep enough for the vessels to use. 
Disposal of contaminated sediments in a biologically safe way will become more of 
an issue if sediments continue to be contaminated over time from pollution, and if 
adequate disposal sites become difficult to find. 
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Staff Findings and Policy Options 
Staff has identified the following findings and policy options: 
The regulatory framework in place applies to multiple areas of the petroleum 
infrastructure, and is adequate to protect biological resources 
 
Ballast water releases that introduce NAS have statewide financial and ecological 
impacts. Increases in shipping petroleum products into California can increase the 
detrimental effects. Even as the use of ballast water treatment facilities is 
implemented, introductions can occur when species attach to the hulls, anchors and 
other structures of vessels 
 
The Commission fully supports the effective ballast water management program 
implemented by the State Lands Commission, and their efforts to track new research 
to address hull fouling. 
 
Encouraging the increased use of ballast water treatment facilities would help limit 
the threat of NAS in California. Treatment facilities should be required on all new or 
upgraded marine terminals as feasible technology is developed; and 
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APPENDICES  

Appendix A 
 
Figures A-1 through A-4 provide more detail about demographic changes in 
communities within a six-mile radius of refineries in Los Angeles/Long Beach and 
the San Francisco Bay Area.  
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Figure A-1 thru A-2 Los Angeles/Long Beach Area Refineries-
Minority Population by Census Block Group-Six Mile Zone 1980-

2000 
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Figure A-3 thru A-4 San Francisco Bay Area Refineries-Minority 
Population by Census Block Group-Six Mile Zone 1980-2000 
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Appendix B 
 
Health Effects of Selected Toxic Air Contaminants 
 
Benzene 
Benzene is a natural part of crude oil and gasoline and ranks in the top 20 chemicals 
for production volume in the U.S. It is a colorless liquid that evaporates rapidly and 
dissolves slightly in water. Short-term exposure to high levels can cause dizziness, 
rapid heart rate, headaches or can result in death. Long-term exposure can cause 
harmful effects on bone marrow and lead to anemia. It can also cause excessive 
bleeding and can affect the immune system. Benzene is known to cause cancer. 

Xylene 
Xylene occurs naturally in petroleum and is one of the top 30 chemicals produced in 
the U.S. Exposure to high levels of xylene for short periods can also cause irritation 
of the skin, eyes, nose, and throat; difficulty in breathing; problems with the lungs; 
delayed reaction time; memory difficulties; stomach discomfort; and possibly 
changes in the liver and kidneys. It can cause unconsciousness and even death at 
very high levels. High levels from exposure for either short or long periods can cause 
headaches, lack of muscle coordination, dizziness, confusion, and changes in sense 
of balance. Studies of unborn animals indicate that high concentrations of xylene 
may cause increased numbers of deaths, and delayed growth and development. 
Xylene is not classified as a carcinogen by the state of California. 

Toluene 
Toluene occurs naturally in crude oil. It is also produced in the process of making 
gasoline and other fuels from crude oil and making coke from coal. Toluene may 
affect the nervous system. Low to moderate levels can cause tiredness, confusion, 
weakness, memory loss, nausea, loss of appetite, and hearing and color vision loss. 
These symptoms usually disappear when exposure is stopped. Inhaling high levels 
of toluene in a short time can make one feel light-headed, dizzy, or sleepy. It can 
also cause unconsciousness, and even death. High levels of toluene may affect the 
kidneys. Breathing very high levels of toluene during pregnancy can result in 
children with birth defects and retard mental abilities and growth. It is not known if 
toluene harms the unborn child if the mother is exposed to low levels of toluene 
during pregnancy. Toluene is on California’s list of Proposition 65 substances as 
capable of causing developmental effects. Toluene is not known to cause cancer. 

Hydrogen Sulfide 
Hydrogen sulfide occurs naturally in crude petroleum, natural gas, volcanic gases, 
and hot springs. It can also result from bacterial breakdown of organic matter, and is 
also produced by human and animal wastes. Hydrogen sulfide can also result from 
industrial activities, such as food processing, coke ovens, kraft paper mills, 
tanneries, and petroleum refineries.  
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Exposure to low concentrations of hydrogen sulfide may cause irritation to the eyes, 
nose, or throat. It may also cause difficulty in breathing for some asthmatics. Brief 
exposures to high concentrations of hydrogen sulfide can cause a loss of 
consciousness and possibly death. In most cases, the person appears to regain 
consciousness without any other effects. However, in many individuals, there may 
be permanent or long-term effects such as headaches, poor attention span, poor 
memory, and poor motor function. Hydrogen sulfide has not been shown to cause 
cancer in people. 

Ethylbenzene 
Ethylbenzene is found in natural products such as coal tar and petroleum and 
manufactured products such as inks, insecticides, and paints. Available information 
shows dizziness, throat and eye irritation, tightening of the chest, and a burning 
sensation in the eyes of people exposed to high levels of ethylbenzene in air. 
Ethylbenze is not listed as an acute toxicant by the state of California. It is, however, 
known to cause cancer and is thus listed on the Proposition 65 list of chemicals, and 
the state is currently developing an appropriate risk factor. 

Methanol 
Acute exposure to methanol may result in visual disturbances, such as blurred or 
dimness of vision, leading to blindness. Neurological damage, specifically 
permanent motor dysfunction, may also result. Chronic inhalation may result in 
headache, dizziness, giddiness, insomnia, nausea, gastric disturbances, 
conjunctivitis, visual disturbances (blurred vision), and blindness. Methanol is not 
listed by California as a carcinogen or reproductive toxicant. 

Diesel Particulate Matter 
Diesel exhaust can irritate the eyes, nose, throat and lungs, and it can cause 
coughs, headaches, lightheadedness and nausea. In studies with human volunteers, 
diesel exhaust particles made people with allergies more susceptible to the materials 
to which they are allergic, such as dust and pollen. Exposure to diesel exhaust also 
causes inflammation in the lungs, which may aggravate chronic respiratory 
symptoms and increase the frequency or intensity of asthma attacks. Diesel exhaust 
and many individual substances contained in it (including arsenic, benzene, 
formaldehyde and nickel) have the potential to contribute to mutations in cells that 
can lead to cancer. In fact, long-term exposure to diesel exhaust particles poses the 
highest cancer risk of any toxic air contaminant evaluated by the Office of 
Environmental Health Hazard Assessment. The Air Resources Board estimates that 
about 70 percent of the cancer risk that the average Californian faces from breathing 
toxic air pollutants stems from diesel exhaust particles. 
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Appendix C Air Toxics Emissions 
 
Table 6C-1 Bay Area 2002 Petroleum Sector Air Toxics Emissions 

(tons per year) 
Petroleum 
Sector 

Benzene Diesel 
Particulate 

Matter 

Ethyl 
Benzene 

Hydrogen 
Sulfide 

Methanol Toluene Xylenes 

 Bulk 
Storage 6.31 0 0.31 0 31.30 11.00 1.21 

 Marine 
Terminals 16.08 216.70 0 0 0.21 0 0 

 Pipelines 0.07 0 0.16 0 0 0.24 0.03 
 
Refineries 13.68 .015 4.62 23.88 81.17 30.98 66.02 

Total 36.14 216.85 4.95 23.88 112.68 42.22 67.26 
Total - All 
Sectors 2,431.94 4,414.25 15.29 61.32 191.75 175.86 217.46 

Petroleum 
Sector 
Percent of 
Total  

1.5 4.9 32.4 38.9 58.8 24.0 30.9 

Sources: see Appendix B; ARB California Emission Inventory Development and Reporting System 
 

Table 6C-2 Santa Barbara  2002 Petroleum Sector Air Toxics 
Emissions 

(tons per year) 
Petroleum 
Sector 

Benzene Diesel 
Particulate 

Matter 

Ethyl 
Benzene 

Hydrogen 
Sulfide 

Methanol Toluene Xylenes 

 Bulk 
Storage 0.32 0 0..01 0 0 0.07 0.04 

 Marine 
Terminals 10.26 811.7 0 0 0 0 0 

 Pipelines 0.22 0.01 0 0 0 0.14 0 
 
Refineries 0.11 0 0 0 0.04 0.15 0.04 

Total 10.91 811.71 0.01 0 0.04 0.36 0.09 
Total - All 
Sectors 385.33 1353.78 1.67 0.004 1.46 19.83 9.10 

Petroleum 
Sector 
Percent of 
Total  

2.8 60.0 0.6 0 2.7 1.8 1.0 

sources: see Appendix B; ARB California Emission Inventory Development and Reporting System 
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Table 6C-3 San Joaquin Valley 2002 Petroleum Sector Air Toxics 

Emissions 
(tons per year) 

Petroleum 
Sector 

Benzene Diesel 
Particulate 

Matter 

Ethyl 
Benzene 

Hydrogen 
Sulfide 

Methanol Toluene Xylenes 

 Bulk 
Storage 2.76 0.01 0 0.29 0 0.22 0.48 

 Marine 
Terminals 0.05 9.2 0 0 0 0 0 

 Pipelines 0.43 0.09 0.04 0.38 0 0.71 0.45 
 
Refineries 1.01 0 0.25 0.91 0 3.63 7.77 

Total 4.25 9.3 0.30 1.58 0 4.55 8.70 
Total - All 
Sectors 2092.87 4124.44 4.64 618.43 27.10 599.66 208.39 

Petroleum 
Sector 
Percent of 
Total  

0.2 0.2 6.5 0.3 0 0.8 4.2 

Sources: see Appendix B; ARB California Emission Inventory Development and Reporting System 
 

Table 6C-4 San Luis Obispo 2002 Petroleum Sector Air Toxics 
Emissions 

(tons per year) 
Petroleum 
Sector 

Benzene Diesel 
Particulate 

Matter 

Ethyl 
Benzene 

Hydrogen 
Sulfide 

Methanol Toluene Xylenes 

 Bulk 
Storage 0.23 0 0 0.01 0 0.06 0 

 Pipelines 0.01 0 0 0 0 0 0 
 
Refineries 0.05 0.31 0 0.70 0 0.01 0.04 

Total 0.29 0.31 0 0.71 0 0.07 0.04 
Total - All 
Sectors 134.44 246.306 0 0.71 0.02 8.44 0.04 

Petroleum 
Sector 
Percent of 
Total  

0.2 0.1 0 100 0 0.8 100 

Sources: see Appendix B; ARB California Emission Inventory Development and Reporting System 
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Table 6C-5 South Coast 2002 Petroleum Sector Air Toxics 
Emissions 

(tons per year) 
Petroleum 
Sector 

Benzene Diesel 
Particulate 

Matter 

Ethyl 
Benzene 

Hydrogen 
Sulfide 

Methanol Toluene Xylenes 

 Bulk 
Storage 13.69 0.09 1.99 2.57 1.22 11.09 8.90 

 Marine 
Terminals 22.97 914.20 0.01 0 0 0.08 0.07 

 Pipelines 0.21 0 0 0 0 0 0 
 
Refineries 4.23 5.07 4.47 18.89 66.64 12.33 9.74 

Total 41.10 919.36 6.47 21.46 67.86 23.49 18.70 
Total - All 
Sectors 4828.51 8119.51 23.20 27.93 90.03 84.97 90.63 

Petroleum 
Sector 
Percent of 
Total  

0.9 11.3 27.9 76.8 75.4 27.6 20.6 

Sources: see Appendix B; ARB California Emission Inventory Development and Reporting System 
 

Table 6C-6 Ventura 2002 Petroleum Sector Air Toxics Emissions 
(tons per year) 

Petroleum 
Sector 

Benzene Diesel 
Particulate 

Matter 

Ethyl 
Benzene 

Hydrogen 
Sulfide 

Methanol Toluene Xylenes 

 Bulk 
Storage 0.46 0 0 0 0 0 0 

 Marine 
Terminals 3.24 212.20 0 0 0 0 0 

 Pipelines 0.05 0 0 0 0 0.02 0.01 
Total 3.75 212.20 0 0 0 0.02 0.01 
Total - All 
Sectors 316.56 730.10 7.27 5.62 40.72 43.53 42.00 

Petroleum 
Sector 
Percent of 
Total  

1.2 29.1 0 0 0 0.1 0 

Sources: see Appendix B; ARB California Emission Inventory Development and Reporting System 
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Appendix D Health Risk Measures 
 
Acute and Chronic Hazard Index 
Acute health effects result from short-term (1-hour) exposure to relatively high 
concentrations of pollutants. Acute effects are temporary in nature, and include 
symptoms such as irritation of the eyes, skin, and respiratory tract. Chronic health 
effects are those which arise as a result of long-term exposure to lower 
concentrations of pollutants, ranging from eight years to a lifetime (OEHHA 2003, p. 
6-5). Chronic health effects include diseases such as reduced lung function and 
heart disease. Acute and noncancer chronic health impacts are referred to in terms 
of a hazard index, which is the ratio of the exposure concentration of the facility’s 
reported emissions to a concentration considered acceptable to public health 
professionals. Thus, a hazard index of less than 1.0 indicates that the exposure 
would be acceptable and not likely to result in a health impact. 

Cancer risk 
Cancer risk is expressed in terms of the probability that a person may contract 
cancer over his or her lifetime of 70 years as a result of breathing one or more toxic 
air pollutants. Cancer risks presented in this section are based on data from the Air 
Resources Board and the Office of Environmental Health Hazard Assessment, 
which develops cancer risk factors (called potency factors). Cancer potency factors 
are expressed as the upper bound probability of developing cancer, assuming 
continuous lifetime exposure to a substance at a dose of one milligram per kilogram 
of body weight, and are expressed in units of inverse dose as a potency slope [i.e., 
(mg/kg/day)-1]. A risk factor combined with an exposure factor results in a risk level. 
For example, a one in one million risk level represents one additional chance in one 
million of developing cancer over a person’s lifetime. Cancer risk assessments 
assume that risk is directly proportional to dose and that there is no lower-bound 
threshold for carcinogenesis.  
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Attachment E Facility Risk/Hazard Rankings 
 

Table 6E-1 Facility Risk/Hazard Ranking* 
Facility Cancer Risk** Chronic Hazard Acute Hazard 

1 20.49 0.04 18.22 
2 10.0 n/a n/a 
3 9.61 0.01 0.02 
4 9.1 0.2 n/a 
5 9 0.2 n/a 
6 8.90 0.05 0.06 
7 8.60 0.07 0.98 
8 8.4 0.13 n/a 
9 8.3 n/a n/a 

10 8 0.2 n/a 
11 7.80 0.45 0.33 
12 7.3 0.07 0.03 
13 7.28 0.08 0.30 
14 6.90 0.07 0.44 
15 6.5 n/a n/a 
16 6.5 n/a n/a 
17 6.08 0.07 0.80 
18 4.78 0.01 0.01 
19 3.10 0.26 0.67 
20 2.73 0.13 0.29 

21-37 n/a n/a n/a 
* n/a indicates values are less than significance levels for cancer risk and 1.0 for hazard or that 
facility was not required to prepare a risk assessment due to its low priority ranking 
**expressed as chances per million 
Source: California Air Resources Board 
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Appendix F 
Table 1: Federally and State Listed Sensitive Species in the vicinity of Kern County 
Refineries 
SCIENTIFIC NAME COMMON NAME COUNTY1 
Plants   
Atriplex cordulata heartscale KRN 
Atriplex tularensis Bakersfield smallscale KRN 
Caulanthus californicus California jewel-flower KRN 
Clarkia tembloriensis ssp. calientensis Vasek's clarkia KRN 
Delphinium recurvatum recurved larkspur KRN 
Layia leucopappa Comanche Point layia KRN 
Mimulus pictus calico monkeyflower KRN 
Monolopia congdonii San Joaquin woollythreads KRN 
Opuntia basilaris var. treleasei Bakersfield cactus KRN 
Pterygoneurum californicum California chalk-moss KRN 
Stylocline citroleum oil neststraw KRN 
Stylocline masonii Mason's neststraw KRN 
Tortula californica California screw-moss KRN 
Invertebrates   
Danaus plexippus monarch butterfly KRN 
Desmocerus californicus dimorphus valley elderberry longhorn beetle KRN 
Helminthoglypta callistoderma Kern shoulderband KRN 
Reptiles and Amphibians   
Anniella pulchra pulchra silvery legless lizard KRN 
Ardea alba great egret KRN 
Emys (=Clemmys) marmorata pallida southwestern pond turtle KRN 
Gambelia sila blunt-nosed leopard lizard KRN 
Spea (=Scaphiopus) hammondii western spadefoot KRN 
Birds   
Agelaius tricolor tricolored blackbird KRN 
Athene cunicularia burrowing owl KRN 
Buteo swainsoni Swainson's hawk KRN 
Egretta thula snowy egret KRN 
Mammals   
Antrozous pallidus pallid bat KRN 
Dipodomys nitratoides nitratoides Tipton kangaroo rat KRN 
Onychomys torridus tularensis Tulare grasshopper mouse KRN 
Vulpes macrotis mutica San Joaquin kit fox KRN 
Habitats   
Great Valley Cottonwood Riparian 
Forest Great Valley Cottonwood Riparian Forest KRN 
Great Valley Mesquite Scrub Great Valley Mesquite Scrub KRN 
Stabilized Interior Dunes Stabilized Interior Dunes KRN 
Valley Saltbush Scrub Valley Saltbush Scrub KRN 

Source: CNDDB 2004 
 
 
 



 128 

Table 2: Federally and State Listed Sensitive Species in the vicinity of Northern 
California Refineries 
SCIENTIFIC NAME COMMON NAME COUNTY1 
Plants   
Amsinckia lunaris bent-flowered fiddleneck CCA 
Arctostaphylos auriculata Mt. Diablo manzanita CCA 
Arctostaphylos pallida pallid manzanita CCA 
Aster lentus Suisun Marsh aster CCA 
Astragalus tener var. tener alkali milk-vetch NAP 
Atriplex joaquiniana San Joaquin saltbush NAP 
Balsamorhiza macrolepis var. macrolepis big-scale balsamroot NAP 
Blepharizonia plumosa big tarplant CCA 
Boschniakia hookeri small groundcone MRN 
Calochortus pulchellus Mt. Diablo fairy-lantern CCA 
Calochortus tiburonensis Tiburon mariposa lily MRN 
Calystegia purpurata ssp. saxicola coastal bluff morning-glory CCA 
Castilleja affinis ssp. neglecta Tiburon Indian paintbrush MRN 
Centromadia parryi ssp. congdonii Congdon's tarplant CCA 
Cordylanthus maritimus ssp. palustris Point Reyes bird's-beak ALA 
Cordylanthus mollis ssp. mollis soft bird's-beak SOL 
Dirca occidentalis western leatherwood ALA 
Eriogonum truncatum Mt. Diablo buckwheat CCA 
Erodium macrophyllum round-leaved filaree CCA 
Fissidens pauperculus minute pocket-moss MRN 
Fritillaria liliacea fragrant fritillary CCA 
Gilia capitata ssp. chamissonis dune gilia SFO 
Helianthella castanea Diablo helianthella CCA 
Hesperolinon congestum Marin western flax MRN 
Holocarpha macradenia Santa Cruz tarplant ALA 
Lasthenia conjugens Contra Costa goldfields CCA 
Lathyrus jepsonii var. jepsonii Delta tule pea CCA 
Lilaeopsis masonii Mason's lilaeopsis CCA 
Malacothamnus hallii Hall's bush mallow CCA 
Meconella oregano Oregon meconella CCA 
Microseris paludosa marsh microseris MRN 
Monardella villosa ssp. globosa robust monardella CCA 
Pentachaeta bellidiflora white-rayed pentachaeta MRN 
Plagiobothrys glaber hairless popcorn-flower MRN 
Polygonum marinense Marin knotweed SOL 
Senecio aphanactis rayless ragwort SOL 
Stebbinsoseris decipiens Santa Cruz microseris MRN 
Streptanthus niger Tiburon jewel-flower MRN 
Suaeda californica California seablite CCA 
Trifolium amoenum showy indian clover MRN 
Tropidocarpum capparideum caper-fruited tropidocarpum CCA 
Fish   
Archoplites interruptus Sacramento perch CCA 
Eucyclogobius newberryi tidewater goby MRN 
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Hypomesus transpacificus Delta smelt SOL 
Oncorhynchus mykiss irideus steelhead-central California coast esu NAP 
Pogonichthys macrolepidotus Sacramento splittail SOL 
Invertebrates   
Danaus plexippus monarch butterfly CCA 
Helminthoglypta nickliniana bridgesi Bridges' coast range shoulderband (snail) CCA 
Icaricia icarioides missionensis Mission blue butterfly MRN 
Linderiella occidentalis California linderiella CCA 
Microcina tiburona Tiburon micro-blind harvestman MRN 
Speyeria callippe callippe callippe silverspot butterfly SOL 
Reptiles and Amphibians   
Ambystoma californiense California tiger salamander CCA 
Emys (=Clemmys) marmorata western pond turtle CCA 
Emys (=Clemmys) marmorata 
marmorata northwestern pond turtle SOL 
Masticophis lateralis euryxanthus Alameda whipsnake CCA 
Rana aurora draytonii California red-legged frog MRN 
Birds   
Accipiter cooperii Cooper's hawk CCA 
Agelaius tricolor tricolored blackbird SOL 
Aquila chrysaetos golden eagle SOL 
Ardea alba great egret MRN 
Ardea herodias great blue heron MRN 
Asio flammeus short-eared owl SOL 
Athene cunicularia burrowing owl SOL 
Circus cyaneus northern harrier CCA 
Egretta thula snowy egret CCA 
Elanus leucurus white-tailed kite CCA 
Geothlypis trichas sinuosa saltmarsh common yellowthroat NAP 
Laterallus jamaicensis coturniculus California black rail NAP 
Melospiza melodia maxillaris Suisun song sparrow CCA 
Melospiza melodia samuelis San Pablo song sparrow SOL 
Nycticorax nycticorax black-crowned night heron MRN 
Pandion haliaetus osprey SOL 
Phalacrocorax auritus double-crested cormorant CCA 
Rallus longirostris obsoletus California clapper rail ALA 
Sterna antillarum browni California least tern CCA 
Sterna caspia Caspian tern CCA 
Mammals   
Dipodomys heermanni berkeleyenis Berkeley kangaroo rat ALA 
Enhydra lutris nereis southern sea otter MRN 
Microtus californicus sanpabloensis San Pablo vole CCA 
Perognathus inornatus inornatus San Joaquin pocket mouse CCA 
Reithrodontomys raviventris salt-marsh harvest mouse MRN 
Scapanus latimanus insularis Angel Island mole MRN 
Sorex ornatus sinuosus Suisun shrew SOL 
Sorex vagrans halicoetes salt-marsh wandering shrew CCA 
Habitat Types   
Coastal Brackish Marsh Coastal Brackish Marsh CCA 
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Coastal Terrace Prairie Coastal Terrace Prairie MRN 
Northern Coastal Salt Marsh Northern Coastal Salt Marsh SOL 
Northern Maritime Chaparral Northern Maritime Chaparral CCA 
Serpentine Bunchgrass Serpentine Bunchgrass NAP 
Valley Needlegrass Grassland Valley Needlegrass Grassland CCA 

Source: CNDDB 2004 
 
 
Table 3: Federally and State Listed Sensitive Species in the vicinity of Southern 
California Refineries 
 
SCIENTIFIC NAME COMMON NAME COUNTY1 
Plants   
Ambrosia pumila San Diego ambrosia RIV 
Aphanisma blitoides aphanisma LAX 
Arctostaphylos purissima La Purisima manzanita SBA 
Arctostaphylos rudis sand mesa manzanita SBA 
Arenaria paludicola marsh sandwort SBD 
Astragalus brauntonii Braunton's milk-vetch LAX 
Astragalus pycnostachyus var. 
lanosissimus Ventura Marsh milk-vetch LAX 
Astragalus tener var. titi coastal dunes milk-vetch LAX 
Atriplex pacifica South Coast saltscale ORA 
Atriplex parishii Parish's brittlescale LAX 
Atriplex serenana var. davidsonii Davidson's saltscale LAX 
Berberis nevinii Nevin's barberry SBD 
Calochortus plummerae Plummer's mariposa lily SBD 
Calystegia sepium ssp. binghamiae Santa Barbara morning-glory LAX 
Carex comosa bristly sedge SBD 
Centromadia parryi ssp. australis southern tarplant LAX 
Centromadia pungens ssp. laevis smooth tarplant RIV 
Chaenactis glabriuscula var. orcuttiana Orcutt's pincushion LAX 
Chorizanthe parryi var. fernandina San Fernando Valley spineflower POS 
Chorizanthe parryi var. parryi Parry's spineflower SBD 
Chorizanthe rectispina straight-awned spineflower SBA 
Cirsium rhothophilum Surf thistle SBA 
Clarkia speciosa ssp. immaculata Pismo clarkia SLO 
Cordylanthus maritimus ssp. maritimus salt marsh bird's-beak VEN 
Deinandra increscens ssp. foliosa leafy tarplant SBA 
Deinandra increscens ssp. villosa Gaviota tarplant SBA 
Delphinium parryi ssp. blochmaniae dune larkspur SLO 
Dithyrea maritima beach spectaclepod SLO 
Dodecahema leptoceras slender-horned spineflower SBD 
Dudleya blochmaniae ssp. blochmaniae Blochman's dudleya VEN 
Dudleya parva Conejo dudleya VEN 
Dudleya verityi Verity's dudleya VEN 
Dudleya virens ssp. insularis island green dudleya LAX 
Eriastrum densifolium ssp. sanctorum Santa Ana River woollystar SBD 
Erigeron blochmaniae Blochman's leafy daisy SBA 
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Eriodictyon capitatum Lompoc yerba santa SBA 
Eriogonum crocatum Conejo buckwheat VEN 
Fremontodendron mexicanum Mexican flannelbush LAX 
Galium californicum ssp. primum California bedstraw SBD 
Helianthus nuttallii ssp. parishii Los Angeles sunflower LAX 
Horkelia cuneata ssp. puberula mesa horkelia SBD 
Horkelia cuneata ssp. sericea Kellogg's horkelia SLO 
Lasthenia glabrata ssp. coulteri Coulter's goldfields ORA 
Lepidium virginicum var. robinsonii Robinson's pepper-grass RIV 
Lupinus nipomensis Nipomo Mesa lupine SLO 
Lycium brevipes var. hassei Santa Catalina Island desert-thorn LAX 
Lycium parishii Parish's desert-thorn RIV 
Monardella crispa crisp monardella SLO 
Monardella frutescens San Luis Obispo monardella SBA 
Monardella pringlei Pringle's monardella SBD 
Nama stenocarpum mud nama LAX 
Navarretia fossalis spreading navarretia LAX 
Navarretia prostrata prostrate navarretia LAX 
Nemacaulis denudata var. denudata coast woolly-heads LAX 
Orcuttia californica California Orcutt grass LAX 
Pentachaeta lyonii Lyon's pentachaeta LAX 
Phacelia stellaris Brand's phacelia LAX 
Potentilla multijuga Ballona cinquefoil LAX 
Ribes divaricatum var. parishii Parish's gooseberry SBD 
Rorippa gambelii Gambel's water cress SBD 
Scrophularia atrata black-flowered figwort SBA 
Senecio aphanactis rayless ragwort VEN 
Sidalcea neomexicana Salt Spring checkerbloom SBD 
Suaeda esteroa estuary seablite VEN 
Fish   
Catostomus santaanae Santa Ana sucker SBD 
Eucyclogobius newberryi tidewater goby SBA 
Gasterosteus aculeatus williamsoni unarmored threespine stickleback SBA 
Gila bicolor mohavensis Mohave tui chub LAX 
Gila orcutti arroyo chub VEN 
Rhinichthys osculus ssp. 3 Santa Ana speckled dace RIV 
Invertebrates   
Brennania belkini Belkin's dune tabanid fly LAX 
Cicindela gabbii tiger beetle LAX 
Cicindela hirticollis gravida sandy beach tiger beetle LAX 
Cicindela senilis frosti tiger beetle LAX 
Coelus globosus globose dune beetle VEN 
Danaus plexippus monarch butterfly VEN 
Eucosma hennei Henne's eucosman moth ORA 
Euphilotes battoides allyni El Segundo blue butterfly ORA 
Glaucopsyche lygdamus 
palosverdesensis Palos Verdes blue butterfly LAX 
Lichnanthe albipilosa white sand bear scarab beetle SLO 
Onychobaris langei Lange's El Segundo Dune weevil LAX 
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Panoquina errans wandering (=saltmarsh) skipper LAX 
Rhaphiomidas terminatus abdominalis Delhi Sands flower-loving fly SBD 
Thessalia leanira elegans Oso Flaco patch butterfly SLO 
Trigonoscuta dorothea dorothea Dorothy's El Segundo Dune weevil ORA 

Tryonia imitator 
mimic tryonia (=California brackishwater 
snail) VEN 

Reptiles and Amphibians   
Ambystoma californiense California tiger salamander SBA 
Anniella pulchra pulchra silvery legless lizard VEN 
Aspidoscelis hyperythra orange-throated whiptail RIV 
Crotalus ruber ruber northern red-diamond rattlesnake RIV 
Emys (=Clemmys) marmorata pallida southwestern pond turtle LAX 
Phrynosoma coronatum (blainvillei) Coast (San Diego) horned lizard VEN 
Phrynosoma coronatum (frontale) Coast (California) horned lizard SBA 
Rana aurora draytonii California red-legged frog SBA 
Spea (=Scaphiopus) hammondii western spadefoot LAX 
Thamnophis hammondii two-striped garter snake VEN 
Birds   
Accipiter striatus sharp-shinned hawk SLO 
Agelaius tricolor tricolored blackbird RIV 
Amphispiza belli belli Bell's sage sparrow SBD 
Athene cunicularia burrowing owl VEN 
Buteo regalis ferruginous hawk VEN 
Charadrius alexandrinus nivosus western snowy plover LAX 
Coccyzus americanus occidentalis western yellow-billed cuckoo VEN 
Eremophila alpestris actia California horned lark VEN 
Icteria virens yellow-breasted chat RIV 
Laterallus jamaicensis coturniculus California black rail LAX 
Passerculus sandwichensis beldingi Belding's savannah sparrow LAX 
Polioptila californica californica coastal California gnatcatcher LAX 
Rallus longirostris levipes light-footed clapper rail LAX 
Riparia riparia bank swallow VEN 
Sterna antillarum browni California least tern VEN 
Vireo bellii pusillus least Bell's vireo VEN 
Mammals   
Chaetodipus fallax fallax northwestern San Diego pocket mouse RIV 
Dipodomys merriami parvus San Bernardino kangaroo rat SBD 
Dipodomys stephensi Stephens' kangaroo rat RIV 
Lepus californicus bennettii San Diego black-tailed jackrabbit RIV 
Neotoma lepida intermedia San Diego desert woodrat SBD 
Perognathus longimembris brevinasus Los Angeles pocket mouse SBD 
Perognathus longimembris pacificus Pacific pocket mouse LAX 
Taxidea taxus American badger SBA 
Habitats   
Central Dune Scrub Central Dune Scrub SLO 
Central Foredunes Central Foredunes SBA 
Central Maritime Chaparral Central Maritime Chaparral SBA 
Coastal and Valley Freshwater Marsh Coastal and Valley Freshwater Marsh SLO 
Riversidian Alluvial Fan Sage Scrub Riversidian Alluvial Fan Sage Scrub SBD 
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Southern Coast Live Oak Riparian Forest Southern Coast Live Oak Riparian Forest VEN 
Southern Coastal Bluff Scrub Southern Coastal Bluff Scrub ORA 
Southern Coastal Salt Marsh Southern Coastal Salt Marsh POS 
Southern Cottonwood Willow Riparian 
Forest 

Southern Cottonwood Willow Riparian 
Forest SBD 

Southern Dune Scrub Southern Dune Scrub LAX 
Southern Riparian Scrub Southern Riparian Scrub VEN 
Southern Sycamore Alder Riparian 
Woodland 

Southern Sycamore Alder Riparian 
Woodland RIV 

Southern Vernal Pool Southern Vernal Pool SBA 
Valley Needlegrass Grassland Valley Needlegrass Grassland VEN 

Source: CNDDB 2004 
 
1County Key: 
ALA Alameda County 
CCA Contra Costa County 
KRN Kern County 
LAX Los Angeles County 
MRN Marin County 
NAP Napa County 
ORA Orange County 
POS Pacific Ocean 
RIV Riverside County 
SBA Santa Barbara County 
SBD San Bernardino County 
SLO San Luis Obispo County 
SOL Solano County 
VEN Ventura County 
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