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Chapter 3

CHEVRON U.S.A.:

AN EXAMINATION OF OIL-WASTEWATER SEPARATION

Garret Mayer

)

Introduction

A major source of hydrocarbon compounds in San Francisco Bay is attributed to the discharge of

industrial wastewater. Industries using oils in processing or as raw materials are faced with handl

ing oily wastewaters. Treatment of this wastewater to remove the oil is important because oil

pollution is detrimental to marine life.

How is oil removed from wastewater? The petroleum industry has been working on this problem

for many years, with some degree of success. Chevron U.S.A. is one such industry. Chevron operates

a large petroleum refinery near San Pablo Bay in Richmond that discharges a sizable volume of

treated wastewater into San Francisco Bay on a daily basis.

The objective of this paper is to present the water treatment technologies applied by Chevron

in the purification of oily wastewater. These treatment processes will be examined for potential

applicability to other Bay Area industries, both large and small, that handle oily wastewater.

Petroleum. Industry, and the Bay

A recent report by Citizens for a Better Environment (CBE, 1983) has revealed that more than

12 million pounds of oil and grease were released into San Francisco Bay in 1982 from industrial

sources (including treatment facilities). In addition, it is estimated that stormwater contributes

approximately 18 million pounds of oil and grease to the Bay each year. The effects of stormwater

pollution are aggravated because the discharge of pollutants occurs during brief time periods

(Stenstrom and Silverman, 1982). The quantity of oil and grease entering the Bay from marine

vessels is unknown at this time.

In an environmental context, the term "oil" means crude petroleum or any refined petroleum

products. Crude petroleum is a complex liquid, gaseous, or solid mixture containing hundreds of

different compounds, most of which are hydrocarbons. Small amounts of other elements are also

present, including nitrogen (0 to 0.5 percent), sulfur (0 to 6 percent), oxygen (0 to 3.5 percent),

and some metals (trace amounts). These additional elements are most often incorporated into the

hydrocarbon molecules. In its liquid and gaseous forms, petroleum is the most important of the

primary fossil fuels that supply the bulk of the world's energy requirements.

"
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Petroleum, in any form, is detrimental to marine life. The soluble fractions of petroleum are

probably the most harmful to marine organisms. Discharges into estuaries may be especially damaging
since they pollute shallow water areas that serve as nursery areas for many coastal marine biota

(Stenstrom and Silverman, 1982). Toxicity may vary widely among different types of oil because the
composition and concentration of individual hydrocarbons in the oil varies.

The toxic effects of oil pollution may be acute or sublethal. Although sublethal effects do

not kill an organism outright, they may reduce the ability of marine organisms to survive and re

produce in their normal environment, effectively eliminating some species over a longer period of
time.

Control of oil and grease in stormwater Is beyond the scope of this report, though It, too.

requires attention. Rather, the focus of this report is on industrial emissions from both small

and large industry. Sufficient control of oil and grease from these sources can reduce the amount

reaching the Bay by as much as 25 percent.

An obvious source of industrial oil pollution 1s from petroleum refineries, which handle large

quantities of the substance on a daily basis. Refineries depend on various systems to remove oil

from effluent waters before reaching the Bay. The following Is an example of an oil-water separa

tion system employed by the largest refinery in the Bay Area, the Chevron U.S.A. plant in Richmond.

Oil Separation at Chevron U.S.A.

Chevron U.S.A. operates a petroleum refinery in Richmond, California, with a crude-run capacity

of 365,000 barrels (1 barrel * 42 U.S. gallons) per day. The plant manufactures fuels, lubricants,

asphalt, and petrochemicals (Cal. RWQCB, 1980). A large amount of water is used each day for cooling

and processing purposes. Approximately 90 million gallons of salt water are drawn from the Bay each

day to serve as once-through cooling water. The water flows through plant heat exchangers, into

a salt water sewer system and from the salt water sewer system Into three containment basins.

These basins are monitored visually. They are checked two times per shift (six times per day).

If no oil is detected, the salt water is allowed to flow back into the Bay. If oil is detected,

operators in the appropriate plant are alerted to locate and Isolate the faulty exchanger. The

salt water is diverted into a separator system for treatment, until the leak is stopped (Chevron

Equivalent Protection Study, 1983).

The company buys an average of 20 million gallons of water a day from the East Bay Municipal

Utility Oistrict for use as "process water." This freshwater Is involved directly with refinery

processes, and all of it must ultimately be treated before reaching the Bay (Cal. RWQCB, 1980).

Treatment standards and effluent limitations are set forth In the National Pollutant Oischarge

Elimination System (NPDES) permit issued to the Chevron refinery by the California Regional Water

Quality Control Board.
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The refinery uses a number of steps for the removal of oil, grease, and other chemicals from

the wastewater. The most important step in oil-water separation involves an API separator, equip

ment conmonly used by refineries. An API separator, developed by the American Petroleum Institute,

is a chamber that allows oil to rise to the surface of the oil-water effluent, from which it is

skinned off (Drennan, 1984, pers. comm.). The water exits through the bottom (Figure 1).
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Figure 1. API Separator.

Source: Stenstrom and Silverman, 1982.

API systems separate free and floating oily materials from wastewater by gravity clarification

In which the oily materials, which have a specific gravity less than water, float to the surface

of the separator to be skimmed off. Successful separation by gravity requires that the oil globules
be of sufficient size that they will readily separate in an adequate detention time. The design is
based on the removal of free oil globules larger than 0.15 cm in diameter (Drennan, 1984, pers. comm.).

Improvements such as the addition of inclined corrugated parallel plates to serve as collecting
surfaces for oil globules and modifications to the inlet structure have Improved separation per
formance. As wastewater flows between the plates, the lighter oil droplets float upward toward

the corrugation, combine into larger drops while rising to the top portion of the plates, and finally
rise to the top of the separator chamber. Once at the surface, the oil is skimmed off. This has

greatly reduced the quantity of emulsified oil escaping in the effluent (Figure 2).
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Figure 2. API Separator with Corrugated Plates.

Source: Stenstrom and Silverman, 1982.

If the oily materials are highly dispersed, some form of coalescence may be introduced ahead

of the gravity separator, or coagulant aids may be added to coagulate several oily particles to

form larger particles that will separate more rapidly. As an alternative, it is possible to coagulate

the oily materials with heavier compounds so that the oil and the coagulants settle to the bottom

of a gravity sedimentation tank to be removed.

The removal of oily materials by the use of chemical coagulants is generally termed "floccula-

tion," and the resultant coagulant Is "floe." A popular chemical for use in flocculation is alum.

The alum catalyzes coagulation of oily materials. Increasing separation rates. The oil-floc mixture

settles to the bottom by gravity sedimentation, where it is removed at regular Intervals.

The flotation process is a method of clarification or thickening that is similar to gravity

sedimentation except that the oily materials are removed by floating to the surface where they are

skimned off rather than settling to the bottom. This process is accomplished by introducing

dissolved qases in excess of saturation into the wastewater and releasing these gases at atmospheric
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pressure. This mechanism reduces the specific gravity of the oily materials by attaching fine

gas bubbles to the particulate matter, thereby enhancing separation. An important parameter in this

process is the "air-to-solIds ratio." There is a quantity of air that can be effectively absorbed

or trapped onto oily particles. If less than the optimum amount of air is employed, the performance

of the system 1s impaired; if the optimum amount of air 1s exceeded, the performance is improved;

however, operating expenses will be wasted (Eckenfelder, 1966).

An API separator, maintained in excellent condition, can remove 70 to 90 percent of the oil

in the wastewater, depending on various factors such as flow rates, oil concentration, and water

temperature. The oil and grease removed 1s 1n the form of an oily sludge. This sludge is recycled,

yielding a large proportion of reprocessable oil and some waste material containing heavy oil fractions,

a small amount of chromium, and other chemicals 1n trace amounts. This waste material 1s usually
transported to a hazardous waste site for disposal.

The API system is the most effective method 1n use, though it does allow passage of some

emulsified oil (i.e., oil-ln-water mixture). Further treatment is necessary for greater reduction
of oil contamination.

From the separator, the wastewater drains into biological oxidation tanks. More than 100

species of bacteria, yeast, actinomycetes, and fungi representing 31 genera are known to attack one

or more types of petroleum hydrocarbon (Lofy, 1980). Several types of these microorganisms, referred

to in the industry as "bugs," are used 1n the biological oxidation process. Amajority of these
bugs are facultative organisms that can function aerobically in the presence of oxygen or anaerobically
in the absence of oxygen. Carbon is used as an energy source for cell synthesis.

Aerobic degradation is the dominant process In the oxidation tanks. Wastewater enters the tank

where it is mixed with air that enters via abubbling system. The bugs attack the emulsified oil,
and the general reaction occurring is:

bugs +oily matter +02 —^ C02 +H.O +dead bugs

In this manner, much of the emulsified oil is removed. Asludge, consisting mainly of dead bugs,
settles to the bottom of the tanks. This material is removed continuously with aseries of scrapers
and is then disposed of in landfill.

After biological oxidation, the water (containing bugs and oil, and small amounts of other

chemicals) is routed into settling ponds which cover 200 acres at the refinery. Settling allows
for further biodegradation of the oil over alength of time. In addition, the heavier elements

settle to the bottom. Aerobic digestion continues in the surface layer, and anaerobic digestion
takes place in the bottom layer as a result of the facultative nature of the bugs.

Approximately 20 million gallons of wastewater flow through the ponds daily. Average retention
time for wastewater in the ponds is 15 to 20 days for settling and biodegradation. Outflow from



- 90 -

the ponds enters a250' stepped channel. The purpose of the steps is to further aerate the treated
water before final discharge.

System Effectiveness

The total oil-wastewater separation system Is quite effective, but some oil still manages to
escape. In 1982 about 200 tons of oil passed untreated through the system to the final outflow

(CBE, 1983). Considering adally output of some 20 million gallons of water, 200 tons of oil per
year represents .000055 pounds per gallon (or about 6 ppm by weight). 6 ppm may seem rather insig

nificant, but even this small amount poses a considerable problem.

The treated waste stream from the refinery is discharged into Castro Creek, adead-end slough

adjacent to the plant site. In 1975 the Regional Water Board banned waste discharges into dead-end

sloughs because the poor circulation in these enclosed water bodies does not allow for adequate

dilution or flushing of pollution discharges. Exceptions to this ban are granted 1f the discharger

can prove that no environmental damage results from their discharge into an enclosed water body.

Chevron's attempt to gain such an exemption was dropped in 1982 after a three-year study failed

to prove that their discharge did not impact the Castro Creek slough. Instead of complying with the

Regional Board's ban on discharges Into areas such as Castro Creek and finding a more environmentally

acceptable site for disposal of their wastewater, Chevron began a study in 1982 to explore other

methods to mitigate the impacts of their discharge. Their current plan, presently under considera

tion by the Regional Water Board, calls for the creation of a freshwater marsh near the plant site

and improvements to the plant's cooling water system to reduce the amount of oil leaking into the

plant's non-contact cooling water. Some environmental groups maintain that Chevron's new plan will

not adequately reduce the toxicity of the waste discharge to justify continued disposal of waste

water in Castro Creek (Greenpeace, 1984).

Environmental damage of the Castro Creek area is readily visible. According to one environmental

group that recently entered the Creek in inflatable rafts, "wildlife 1s relatively nonexistent in

the area," and, "...as we paddled our rafts toward the refinery outflow site, a sticky black 'goo'

accumulated on the oars..." (Ryan, 1984, pers. comm.). This same group claims that Chevron can

economically switch to better alternatives of disposal.

Economics and Industry

In a free-enterprise economy, manufacturers who choose a sounder but more expensive waste

management strategy are at a competitive disadvantage. As a result, cost often dictates waste

management choices (League of Women Voters, 1980).

The yearly operation costs of the oil-water separation system used by Chevron is estimated to

be several million dollars: the precise figure is not available. Costs include sludge disposal to
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hazardous dump sites, constant maintenance, monitoring systems, and periodic machinery cleaning,

in addition to the high cost of energy to keep the system operating. Chevron could theoretically

put more money Into the wastewater treatment process to achieve even greater performance. More

treatment steps could be added to the system, or present machinery could be overhauled and updated.

The technology is available. This will not happen under present circumstances, though, due to

the simple fact that Chevron has no incentive for Improvement. Chevron 1s already achieving govern

ment standards for waste concentrations in effluent waters. To maintain a competitive advantage

the company can put money elsewhere rather than Into environmental control.

Most other large industries in the Bay Area also comply with established government standards.

And under present regulations, industries that produce less than 1,000 kilograms of hazardous waste

per month are not required to report their waste output to any regulatory agency. The combination

of the smaller industries that are not regulated and those large industries that are regulated, results

in a significant amount of oil entering San Francisco Bay.

Chevron wastewater treatment techniques are applicable to other large industries that must

control oil release. Large industries are more likely to be able to afford such a system, or some

particular portion of the system. Not only 1s cost a factor, but if an industry chooses to use

oxidation and settling ponds, a large portion of land must be available.

For smaller industries, the Chevron wastewater treatment system Is useless. The cost is

prohibitive, and the area required is generally not available. In addition, the separator process

is too specific for most industrial needs. That is, a separator removes oil efficiently, but

accomplishes insignificant removal of other industrial chemicals.

Conclusions and Recommendations

Oil pollution is an ongoing problem in San Francisco Bay. As industry continues to expand

around the Bay, the problems associated with oil pollution are destined to continue.

The means for controlling oil pollution from industrial sources are available. The intro

duction of API separators has significantly reduced the amount of oil escaping in oily wastewaters

from petroleum refineries. Additional treatment processes in combination with separators can

theoretically obtain an efficiency approaching 100%.

Unfortunately, these systems are expensive, too expensive for most industries. Chevron waste

water treatment processes are essentially pointless for most industries in the Bay Area. Some large

industries may be able to install water treatment systems similar to Chevron's, but smaller in

dustries in the Bay Area could never afford it.

The Chevron refinery, among the largest industrial plants in the Bay Area, spends a consider

able sum of money on water treatment each year; yet, each year a significant amount of oil escapes

to the Bay from this plant. This points to the fact that Chevron is not doing all it can to reduce
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pollution caused by oil. However, the oil-water separation procedures used by Chevron are suffi

cient to comply with government standards for water quality.

Government water quality standards should be much more strict to provide greater Incentive for

Industries to clean up. Water quality standards should also be established for those small industries

that generate less than 1000 kilograms of waste each month. In addition, research should be focused

on the production of efficient, inexpensive oil-water separation methods for small industries;
possibly some type of adaptation of the present systems.
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