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ABS'TRACT

Recent legislative actions place an emphasis on waste minimization as opposed to traditional end-of-pipe
waste management. This new philosophy, coupled with increasing waste disposal costs and associateA
liabilities, sets the stage for investigating waste minimization opportunities in all ind'_,s-frles."Nfafi3,'b_ ........... , .....
w_.tes generated by oil and gas exploration and production (E&P) and refining activities are regulated
as non-hazardous _mder the Resource Conservation and Recovery Act (RCRA). Potential
reclassification of these wastes as hazardous would make minimization of these waste streams even more
desirable.

OH and gas E&P activities generate a wide varlet), of wastes, although the bulk of the wastes (98%)

consists of a single waste stream: produced water. Opportunities to minimize E&P wastes through point
source reduction activities are limited by the extractive nature of the industry. Significant waste
minimizatio_ is possible, however, through recycling. Recycling activities include underground injection
of prtrduced water, use oi closed-loop drilling systems, reuse of produced water and drilling fluids L,
other oilfield activities, use of solid debris as construction fill, use of oily wastes as substitutes for road
mix and asphalt, landsprsading of produced sand for soil enhancement, and roadspreading of suitable
aqueous wastes for dust suppression or deicing.

Like the E&P wastes, wastes generated by oil and gas treatment and refining activities cmmot be
reAuced substantially at the point source but can be reduced through recycling. For the most part,
extensive recycling and reprocessing of many waste streams already occurs at most petroleum refineries
because of the obvious economic incentives. Hydrocarbons are captured from waste streams and cycled
back through the refinery to maximize product output. Catalysts, soh, ents, and other treating agents are
regenerated and reused extensively. Opportunities to recycle refinery wastes off-site exist, although they
have not been fully developed.

A variety of innovative waste treatment activities have been developed to minimize the toxicityor volumle
of oilywastes generated by both E&P and refining activities. These treatments include bioremediation,
oxidation, biooxidation, incineration, and separation. Application of these treatment processes is still
limited; some may prove to be too costly to be practical.

1 INTRODUCTION

Historically,inthiscountry,pollutionpreventionhas focusedon end-of-the-pipewastedisposalactivities.With

respect to solid wastes, environmental regulations developed at both the federal and state levels have fbcused almost
exclusively on _nsudng proper waste xmnagement through proper waste disposal. Increasingly, regulatory emphasis is
being placed on reducing the volume and/or toxicity of wastes before disposal. In addition to the potential for more
prescriptive regulations, increasing waste disposal costs and associated liabili_ties are causing industries to focus their
attention on the development of new ways to reduce waste volume and toxicity.
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Solid waste streams generated by the oil and gas exploration, production, and refining industries can be reduced
through the adoption of a variety of practices. This paper examines the potential for minimizing process-specific wastes
generated at oil and gas industry facilities. Waste minimization activities are discussed as they relate to 1) point sov,rce
volume reduction, 2) recycling of waste or waste components, and 3) toxicity reduction through either product substitution
or waste minimization treatment. Wastes that arc incidental to activities at these facilities are not discussed in this paper;
this includes used oil, paint wastes, batteries, pesticides, oily rags, sanitary wastes, office wastes, etc.

2 OIL AND GAS EXPLORATION AN_ PRODUCTION

The oil and gas E&P industry generates approximately 21.3 billion barrels of waste each year consisting of 20.9
billion barrels of produced water; 361 million barrels of drilling fluid, drill cuttings, and rigwash; and 11 million ban'els
of other "associated wastes" (Table i). 1'2 By virtue of a blanket exemption provided by the 1980 Bevill Amendment and
extended by lhc U.S. Environmental Protection Agency, 3 these wastes are regulated as non-hazardous under Subtitle D
of RCRA even though they may exhibit hazardous characteristics defined by RCRA or may be classified as hazardous
under other fe_ieral regulations, Potential reclassification of these wastes as hazardous would make their minimization
even more de:_sirable.

Produced water, drilling fluid, drill cuttings, and rigwash are referred to as high volume wastes. Produced water,
which consists of reservoir water produced in coniunction v,,ith oil and natural gas, constitutes 98% of the total industry
waste stream. Most produced water is a brine ( > 3.5 % dissolved solids) containing some anaount of hydrocarbons, heavy
metals (e.g.,bafi_m, cadmium, ct',romium, copper, lead, mercury, nickel, silver, and zinc), treating chemicals, solid debris,
and possibly radionu_.lides. 4

The composition of driIlir, g fluid depends on the specific conditions and requirements of a given drilling
operation, Usually it is water-based, although oil-based fluids are used in specific applications. A wide variety of
materials are add_ to me fluid to adjust its weight, viscosity, density, and pH. Other materials are added to control
corrosion, bo_cterial growth, aaadfluid loss. The main constituenl,s of concern in drilling fluid are arsenic, ben_ne, sodium,
cadmium, chromium VI, boron, and chioride. _ Drill cuttings consist of subsurface formation material removed from the
borehole during drilling; their composition depends on the local geology, but always includes some drilling fluid. Rigwash
consists of the fluids that are used to rinse the rig floor, including rainwater; it.,; constituents may include detergents,
hydrc, carbons, and drilling fluid.

The term "associated wastes" encompasses a variety of low-volume wastes that are derived intrinsically from oil
and gas exploration, production, and development activities. This includes wastes generated during workover and
completion operations; wastes that collect in the bottom or on the sides of tanks, pits, pipelines, and storage vessels; waste
by-products of gas dehydration and sweetening; oily debris; filter media; cooling tower blowdown; and waste hydrocarbons
not captured in the preduction stream. Combined, these wastes make tip less than 1% of the total industry waste stream.

2.2 W._..[li n_.'mj_.q_n Up po rt _

Significant E&P waste minimization cannot be achieved through point source reductions because, in most cases,
the volume of wastes generated by E&P activities depends as much on regional geology, resei'voir characteristics, and

the age of production as it does on industry processes. This is particularly true for the produced water waste stream
which composes approximately 98% of the total industry waste stream. Waste recycling and toxicity reduction activities
willprovide greater oplmrtunities for E&P waste zmnimizatton.

Several E&P waste streams can be recycled in other E&P operations; however, man)' of the wastes do not lend

them.selves to reuse within the industry. A number of recycling opportunities external to the E&P industry exist, although
they have not been extensively developed. Factors that determine the feasibility of these recycling options include the
presence ox absence of local markets, transportation costs, treatment costs, and restrictive state regulations.



A number of innovative treatment technologies have been developed to reduce waste hydrocarbon content. Most
of these technologies are applicable to wastes generated by E&P and refining processes and are discussed in Section 4.

2,2.!_ Produced..3.V_ate.zr.

The volume of produced water generated by a well depends largely on reservoir characteristics and the age of
hydrocarbon production, making this waste stream difficult to reduce at the point source. In general, water production
is highest from reservoirs whose primary drive mechanism is a water drive, from reservoirs stimulated by a water-flood
project, and from old producing fields. The movement of water through a reservoir is a very efficient mechanism for
sweeping oil towards a producing weil. However, whether the water movement is naturally-occurring, as in a primary
water.-drive, er induced, as in a water-flood project, the process results in water production. As oil is produced from a
reser_'oir, the underlying water aquifer encroaches on the producing wells and water production increases.

Because the economic burden of handling produced water can determine the profitability of a producing
reser,/oir, incentives to reduce produced water volumes are great. However, efforts that simultaneously jeopardize
hydrocarbon production are not appropriate. By followinoo proper reservoir development and production management
practices, operators can limit water production rates while increasing oil production rates, In order to keep initiaJ, water
production rates low and simultaneously preserve high reservoir pressures, producing wells shotdd be completed well
above the water-oil transition zone and structurally low wells should be shut-in once water production begins to increase.

Wells should be produced at a moderate rate to help prevent coning or fingering of the water aquifer. Horizontal drilling
technologies may help reduce water production rates by allowing maximum distances between the well bore perforations
and the w_ter-oil transition zone. Care should be taken during drilling,casing, and cementing procedures to prevent poor
cement jobs that allow water to enter the borehole. Cement and casing integrity should be evaluated periodically through
the use of either el_tric logs or pressure tests to identify sources of excess water so that repairs can be made in a timely
fashion.

Approximately two-thirds of ali produced water is reused as injection water in EOR wells. The bulk of this water'
is used in secondary water-floods. As the development of tertiary recovery projects (e.g.,steam flooding, carbon dioxide
flooding, polymer flooding, and alkaline flooding) becomes more wide-spread, increasing volumes of produced water may
be recycled. Usually, the produced water must be treated before injection to adjust the pH, remove hydrocarbons and
solid debris (e.g.,produced sand, corrosion, and scale), and precipitate dissolved solids. In some instances, prodl,ced
water may be reused as the base for drilling fluids or workover fluids. This practice is linfited, however, because
produced water typically requires extensive treatment or dilution to render it compatible with borehole conditions and
drilling fluid constituents. The potential for recycling produced water at other E&P operations depends on the proximity
of the other operations and the amount of treatment required.

Produced water also ma), be recycled by roadspreading, irrigation, or livestock watering, provided its salt and
hydrocarbon content are suitable. Roadspreading for dust suppression and deicing is heavily restricted in most states and
the use of produced water for irrigation and livestock watering is infrequent. The long range potential for these types
of recycling may depend on the development of cost-effective desalinization processes. Greenhouse experiments indicate
that water containing up to 1,100mg/1 total dissolved sohds (TDS) .'nay improve plant growth if it is applied at controlled
rates and intervals, but that water containing more than 1,280mg/1 TDS adversely affects plant growth, s

2.2,2 Drilling Fluids

Although the amount of drilling fluica used at a given location is related to somewhat fixed variables: borehole
depth and the duration of drilling activities, total volume reductions can be achieved through a recycling procesu called
closed-loop drilling. Ideally, this process reconditions drilling fluid to produce a cle._n effluent that is recycled back into
the mud system gs the base fluid. Suspended solids (e.g.,drill cuttings) are removed from the drilling fluid by a _.ries
of graduated mesh shakers, de.ganders, desilters, and centrifuges. After the solids are removed, the mud is treated further
to remove ir_orporated gases and to adjust fluid density, pH, viscosity,and weight. 6 When properly designed, a closed-
loop system can significantly re_tuce the volume of liquid initially added to the mud system _md subsequently disposed
of. The amount of fluid reduction attainable at a particular site through the use of a closed-loop system depends on the

amount of solids-control equipment used, the degree to which the drill cuttings break down into fine particles, and the
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mud properties (weight, viscosity,and density) desired throughout the drilling operation. Clos,ed-loop drilling can result
in lower drill'ing costs by ma_,ntaining mud quality, reducing the volume of base fluid used, reducing the potential for
borehole problems, incr_'asing the drilling rate, and reducing the degree of"equipment wear. 7 Additionally, reserve pit
construction and closure costs are rextuced because the volume of waste emplaced in the pit is significantly decreased.
Upon completion of the weil, water-based muds are disposed of' or, less frequently, recycled in some other process. Oil-
based muds almost always are retained for use at another location.

Reducing the number of exploratory and development wells drilled in a particular field can reduce the volume
of ali drilling wastes. Multiple bottom hole locations can limit the number of wells drilled. Similarly, in reservoirs suited
to horizontal drilling technology, one horizontal borehole can be drilled in piace of several vertical boreholes to achieve
the same or greater levels of oil production, lt is important to point out that volume reductions through drilling
horizontal wells is serendipitous; it is unlikely that a company would elect to drill more costly and difficult horizontal wells
just to reduce the volume of drilling wastes.

Drilling fluids can be recycled in several other applications in addition to closed-loop drilling,although the extent
to which this occurs is limited. Drilling fluid fr'ore one well can be reused at another well either /br ali or just a portion
of the drilling operations. Drilling fluid also can be reused as the packing fluid in workover or completion activities, or
in well abandonment procedures. The economic feasibility of these recycling options is determined by the distance
between drilling operations (tran_portation costs range fr_rn $6.50-$10.00/barrel), the frequency and continuity of the
drilling schedule, and the compatibility of mud compositions between drill sites, j

Drilling fluid toxicity reduction is possible through product substitution. Certain drilling fluid additives can be
replaced with less toxic substances. Candidates for this type of replacement include biocides, corrosion inhibitors,
coagulants, cleaners, dispersants, scale inhibitors, viscofiers, and weighting _,gents. For examp!e, mineral oil or synthetic
polymers can replace diesel additives. _ Polysaccharide polymers can replace chrome lignosulfonate/sodium chromate
for mud thilming, and organic phosphonates/sodium sulfite/ammonium bisulfite can replace chromate/dichromate for
corrosion control. _ Barite containing minimal amounts of cadmium and mercury can be substituted for barite containing
greater concentrations of these metals. Additional research is need to quantify the toxicity of each mud additive and,
where appropriate, to find substitutes. Research should consider the possibility that some environments, such as wetlands
or offshore, are more susceptible to the toxicity of certain additives.

2,2.3 Drill Cuttin.gfi

The volume of drill cuttings generated at a specific location largely depends on the depth of the drilled borehole.
However, by designing drilling fluid properties so that drill cutting degradation and borehole washout developments are
minimized, significant drill cutting volume reductions can be achieved.

Cleaned and sorted drill cuttings may be recycled as road fill, gravel, or cement mix provided the rock
composition and metal contents are suitable. Cuttings from one interval of a borehole may be better suited for these
uses than cuttings from other intervals due to lithologic differences. The cuttings must be cleaned to remove entrained
drilling tluid and fine clay parlticles, and sorted into sand and gravel fractions. Cleaning processes include draining,
detergent washing, thermal treatment, solvent extraction, and incineration. Cuttings generated during drilling with an
oil-ba.sed mud are suitable for reuse as asphalt or road mix with little or no treatment if the cuttings are non-ignitable
axedhave mixed density values and metal contents consistent with approved road oils and mixes.

2.2.4 Ri_wash__

The volume of rigwash generated at a specific location depends largely on the duration of drilling operations and
the frequency of cleaning activities. Realistically, significant rigwash volume reductions cannot be achieved; however,
some reduction may be possible if rig washing is performed only as often as is necessary to maintain safe drilling
operations.
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.2.2,5. A_ociated Wastes

A wide variety of waste minimization opportunities are available for associated wastes. Reserve pit waste
volumes can be reduced by using a closed-loop drilling system, recycling well-site wastewater _e.g., pump lubrication
water), constructing trenches to divert surface water drainage away from the pit, and constructing smaller pits to reduce
rainwater collection. In situ evaporation of reserve pit fluids using high-pressure spraying equipment also re.,duces the
volume of pit wastes that must be disposed of. 6 Reducing the reserve pit waste streams decreases the pit size needed.
This in turn decreases the size. of drilling pad needed, reducing site construction costs and impact to the environment.

Storage tank bottoms can be decreased in several ways. Reducing the amount of time the crude is stored in the
tank or placing a re.circulating pump inside the tank decreases ':he amount of material that settles to the bottom. The

buildup of resins and gums inside a storage tank, resulting from loc2-term contact between crude oil and atmospheric
oxygen, can be lessened by the use of floating-roof tanks or inert gas bi,."_keting which limit the exposure oi' the stored
crude oil to the atmosphere. 9 Oily wastes removed from tanks and other ve."_elscan be recycled as substitutes for road
oil, road mix, or asphalt.

Many liquid associated wastes and the effluents derived from their treatm_.nt are commingled with produced
water for disposal. These wastes may be suitable for recycling along with the pro_:,.lced water. They include packing
fluids, used treatment and stimulation fluids, tight emulsions with low hydrocarbo;, contents, water recovered from

emulsion-breaking, liquid reco,,ered from dewatered bottom sludges, inert gas dehyd, ation and sweetening agents, water
recovered from gas dehydration, and cooling tower water. Packing fluids also naa' be recycled from one operation to
another provided the continuity of the work schedule and the distance between o Jerations is conducive.

Cooling tower water can be recycled extensively within the cooling system, although treatment is necessary to
filter out solid debris mad add biocides and corrosion inhibitors. The chlorine biocides and chromate- or zinc-based

corrosion inhibitors typically used can be replaced with less toxic products. Substitute biocides include isothiazolin,
carbamates, amines, gluteraldehydes, and ultraviolet light; substitute corrosion inhibitors include organic phosphonates
and bisulfites. _0._

Produced sand recovered from tank bottoms, pit bottoms, production separators, and fluid treaters is suitable
for reuse as road fill or construction material if it is treated to remove entrained hydrocarbons. Produced sand also can

be used to enhance agricultural soils provided it meets state regulations controlling salt and hydrocarbon content of
landspread wastes. When added to clay.-rich soils, produced sand can improve drainage and erosion-control.

Almost ali hydrocarbons not captured in the production stream are recovered from other waste streams for sale.

This recovery renders the waste less tO:cdCand, in some instances, more suitable for recycling. Tight emulsions and
hydrocarbon-rich bottom wastes are treated by mechanical, physical, and chemical processes to recover the entrapped
hydrocarbons. Paraffin that accumulate,,; inside pipelines is removed by scraping or by the injection of hot oil and is
combined with the crude oil for sale to the refinery.

3 OIL AND GAS TREATMENTAND ]REFINING

Oil and gas treatment and refinery operations vary significantly from plant to plant, depending on the composition

of the inlet crude or gas, and the desired product requirements. Waste volume and composition varies widely depending
on refinery and trtmtment activities; however, data describing these variations are limited. Refiner), wastes that are listed
as hazardous wastes under RCRA Subtitle C have been extensively characterized; however, the), represent only a few of
th,. industry waste streams.

3.1 _Waste Stream (_onstituents

3_.d._lNatura! G_ Tre_a.___entWastes

Natural gas is treated before sale to remove impurities such as water vapor, free condensed water (conden_te),

acid gases (H:S and CO:), and solid debris. Treatment can occur at field treatment facilities or gas processing plants.



Natural gas may be processed further before sale to recover light hydrocarbon fractions (i.e.,ethane, propane, bu 'tane,
and pentane) that can be liquified and recovered from natural gas. The extraction of natural gas liquids occurs at both
gas processing plants and crude oil refineries.

Gas treatment wastes include dehydration and sweetening wastes, produced water', produced sand, pigging wastes,
and pipe scale or corrosion. Constituents of concern include hydrocarbons, heavy metals, and possibly radionuclides.
When these wastes are generated at field treatment facilities or centralized gas processing plants, they are exempt from
RCRA Subtitle C regulations as part of the oil and gas E&P waste stream. When generated at an oil refinery, these
wastes are not exempt from Subtitle C regulations if they exhibit hazardous characteristics.

Wastes generated by the extraction of natural gas liquids are limited because the product stream is completely
fractionated into natural gas liquids and processed gas ali of which are marketable products. The largest waste stream
associated with natural gas processing is plant processing and system cooling water. Data describing the volumes of
wastes streams generated at gas processing plants are not available.

3.1.2 Oil Refinery Wastes

An industry-wide survey of waste management practices at domestic oil refineries indicates that approximately
16 rrfillion (wet) tons of wastes are generated each year _' This volume, which does not include plant process or storm
sewer wastewater, equals less than 1% of the total crude throughput. Refinery wastes can be divided into five main
categories based on their composition: oily sludges and other organic wastes, aqueous wastes, chemical and inorganic
wastes, contaminated soils and solids, and spent catalysts (Table 2). _2 Five of the process-related waste streams are listed
as hazardous under RCRA Subtitle C; these are dissolved air flotation (DAF) float, API separator' sludge, slop oil
emulsion solids, leaded tank bottoms, and heat exchanger bundle cleaning sludge. Combined, these waste streams
constitate approximately 25% of the total industry wastes. Other wastes may be hazardou:; if they contain listed
substances or exhibit hazardous characteristics.

Oily sludges and other organic wastes comprise 36 % of the total industry waste stream. The bulk of these wastes
are oily sludges generated by wastewater treatment processes that remove crude oil and solid debris from the water. This
includes API separator sludge, slop oil emulsion solids, DAF float, and other separator sludges. Also included in this
categor3.' are oily sludges that accumulate in the bottom of storage tanks and wastewater treatment ponds, waste oils, spent
solvents, desalter sludge, and other organic wastes.

A variety of refinery activities generate aqueous wastes which make up 22 % of the total industry waste stream.
Most wastewater is treated at on-site wastewater treatment facilities to remove hydrocarbons and solid debris, and to
adjust pH. Biomass, which consists of dead bacteria derived from activated sludge treatment of wastewater, is included
in this category because it usually contains large amounts of water.

Chemical and inorganic wastes comprise approximately 21% of the total industry waste stream. These wastes
are generated through a variety of plant processes including crude fractionation, product treatment, and equipment
cleaning. This category includes spent caustic, spent acids, waste amines, and other inorganic wastes (e.g., lime sludge,

ion exchange resin, cooling tower sludge, acid or caustic cleaners, and others).

Approximately 8 % of the total industry waste stream is comprised of contaminated soils and solids. These wastes

include crude- or product-contaminated soils, filters, wax, etc.; waste coke, carbon, and charcoal not recycled to the coke
unit; waste sulfur recovered flora gas or crude sweetening treatments or the treatment of sulfurous wastes; and heat
exchanger bundle cleaning sludge.

Spent catalysts, used in several different crude treatment processes, constitute only 5 % of the total industry waste
stream. This category includes fluid cracking catalysts (FCC), hydrotreating catalysts, and other _,pent catalysts (e.g.,
reformer, shift converter, or metallic catalysts).



3.2 Waste Minimization Opportunities

Some point source waste reductions can be achieved at oil and gas refineries through the installation of newer,
more efficient processing equipment and the adoption of better site management practices. However, potentially greater
waste minimization gains can be achieved through waste recycling. Efforts to capture hydrocarbons from waste streams
and cycle them back through the refinery are integral to most processes. In addition, there are a number of other
recycling activities that can be implemented both on-site and off-site to handle other waste stream constituents. These
_,etivities, along with opportunities to use less toxic substitute products, need to be more aggrt_.ssively pursued.

3.2.1.0il_v Wastes

Hydrocarbons can be recovered from most of the oily waste streams and recycled through plant processes to
increase product output. The recovered hydrocarbons usually are fed into the coke or crude units for reprocessing,
although some amount of hydrocarbons also may be burned as fuel in on-site industrial furnaces.

Storage 'tank bottoms can be decreased by limiting crude residence time in a particular tank, installing
re,circulating pumps in the tank, and using floating roof tanks or inert gas blankets. Wastewater treatment sludge volumes
can be reduced by controlling the amount of oil and solid debris that enter aqueous waste streams and by segregating
aqueous waste streams that do not contain hydrocarbons from streams that do.

3.2.2 Aqu.._9_tL_Wa,.stes

Effluent derived from dewatered wastes and water released from the refinery's wastewater treatment facility can
be recycled on-site as feedwater for the refining processes, desalter unit, or cooling system. Treatment of the effluent
before recycling may be needed to remove solid debris and hydrocarbons, or to neutralize the pH.

Chlorine biocides added to cooling water can be replaced with less toxic substances such as isothiazolin,
carbamates, amines, gluteraldehydes, and ultraviolet light. Organic phosphonates and bisulfites may be suitable substitutes
for chrome- and zinc-based corrosion inhibitors.

3.2.3 Chemical/Inorganic Wastes

Some of the chemical refinery wastes have properties that make them suitable substitutes for waste treatment
agents. For example, acidic wastes may be neutralized by the addition of spent caustics or lime slurries produced by
water softening treatments. Some acidic cleanir_g solutions can be replaced with organic acids and blasting media.

3.2.4 Contaminate_._d Soils and Solids

Some contaminated soils and solids can be sold off-site for other industrial uses. Waste coke, carbon, and
charcoal are suitable for sale as industrial fuel and recovered waste sulfur can be converted into elemental sulfur and
ma_ketexl.

3.2.5 Spent Catalysts

Spent catalysts are reclaimed and regenerated for reuse at the refinery as much as possible. Regeneration, which
consists of the removal of coke and tar build-ups, may be an energy-intensive process; however, regeneration and reuse
usually is less costly than replacing the catalysts. The recovered coke and tar typically are recycled to the coke unit.

Some catalysts can be recycled off-site. Spent FCC catalysts from one refinery may have additional life at
another refinery if different crude compositions are being treated. Otherwise, it can be used as a raw material in cement
manufacturing. Hydrotreating catalysts may be useful in processes that reclaim metals from other wastes like coal fly
ash.
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4 WASTE TREATMENT

A variety of innovative treatment technologies have been developed in the last few years to mitigate the
hydrocarbon content of oil-contaminated wastes such as those generated by E&P and refining activities. Wastes that are
suitable for these treatments include tank bottoms, pit sludges, separator sludges, contaminated soils, and some
wastewater streams.

A number of oxidation processes potentially can eliminate ali or most of the hydrocarbons present in oily wastes.
Bioremediation can reduce hydrocarbon content in oily sludges by as much as 80%. t3at an average cost of $150/ton. :4
Biooxidation (artificial wetlands) can reduce parameter concentrations in refinery wastewater by 90- 100% for
considerably less expense than mo:e conventional wastewater treatment systems. _ Other oxidation treatments that reduce

hydrocarbon content include ozonation (exposure to pure ozone atmospheres), electrolysis, and electroosmosis, t6
Oxidation by incineration (e.g. ,pyrolysis, fluidized-bed incineration, molten salt incineration, and infrared incineration)
can remove all hydrocarbons present in a waste.

Other technologies recover hydrocarbon from the wastes for resale. New separation processes using hydroclones
and membrane filtration techniques have been developed to remove oil from liquid waste streams like produced water, t7
These alternative methods may prove to be preferable to traditional separation processes because they produce effluent
of consistent quality and are less sen_;itive to variable influent oil concentrations. In addition, new cleaning agents have
b_n developed to recover between 60 - 90% of the waste oil from drill cuttings and other contaminated solids. :8

Most of these new technologies have not been developed for widespread commercial applications; additional
research and development may be necessary to ensure these technologies are econotnic. Processes that can be performed
in situ or that recover the hydrocarbons in a marketable state may prove to be most economic; however, with increasing
disposal costs and liability concerns, the economic feasibility of ali of these technologies will improve.
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WASTE STREAM VOLUME PERCENT

(106 barrels) (% total wastes)

Produced Water 20,900 98.3

Drilling Wastes 361 1.7
Drilling fluid
Drill cuttings
Rigwash

Associated Wastes 11 ,

TOTAL: 21,272 100

* less than 0.10 percent

TABLE1: Wastes Generated by E&P Activities in 1985I_"

WASTE STREAM VOLUME PERCENT

(10_ wet tolls) (% total wastes) '

Oily Sludges/Other Organic Wastes 1,809 36

Aqueous Waste 1,077 22

Chemicals/Inorganic Wastes 1,032 21

Contaminated Soils/Solids 402 8

Spent Catalysts 266 5

Other Wastes 412 8 "

TOTAL: 4,998 I00

TABLE2: Wastes Generated at Crude Refineries in 1988 n

DISCLAIMER
..

This report was prepared as an account of work sponsored by an agency of the United _ .tq_s
Government. Neither the United States Government nor any agency thereof, nor any oi '. leir
employees, makes any warranty, express or implied, or assumes any legal liability or rer .msi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
proc:ess disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expre,ss_ herein do n_ ..... _tatz, or --¢_.... _".... r ,_,
United States Government or any agency thereof. , .
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