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. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT

[.A. Summary of the Secor Notebook Project

Environmertal pdlicies tasedupon comprehensive aralysis of air, water ard
land pdlution are aninevitale ard logical supplenen to tradtiona single-
media appoactes b ervironmertal protecion. Environmental regulatory
agerties ae keginning to enbracecomprehensive, multi-statute sdutions
faclity pemitting, erforcenmert ard campliance asswance, educaion/
outreach reseach, ard regulatory developmert issues.The ceitral conceps
driving the new pdicy direcion are that pdlutant releases d each
ernvironmental medium (air, water ard land) affect every other, and that
ervironmenal strategies nugs actively idertify ard addess hese inter-
relationships by designing pdlicies for the "whole" facility. One way to
achieve awhole facility focus is to design environmental policies for smilar
indugdrial facilities. By doing so, environmental concerns that are common to
the manufacturing of similar produds can be addressed in a comprehensive
manner. Recognition of the need to develop the indudrial “secbr-based”
appoachwithin the BPA Office d Compliance kd to the creaion of this
docurrent.

The Scior Notebook Projectwas nitiated by the Ofice d Compliance wihin
the Ofiice d Enforcenert ard Compliance Assuiance (OECA) to provide s
staff and managers with sunmary information for eighteenspeciic industial
secbrs. As other EPA offices, states, the regulated conmunity,
ernvironmental groups,ard the public becane interested n this project, the
scope of the origind project was expanded. The ability to design
comprehensive,common serse ervironmertal protecionmeasuresfor spedic
indudriesis dgpendent on knowledgeof several inter-related topics. For the
purmposes @ this project, the keyelemerts chosenfor inclusion are: gererd
indudry information (economic and geographic); a description of indudrial
proceses; padlution outputs; pdlution prevertion opportunities, Federa
statutory ard regulatory framewark; compliance hstory; ard a desdption of
partnerships hathave beenformed etweernregulatory ageries,the regulated
community ard the pulic.

For ary given industy, eachtopic listed alove caild abne ke the suljectof
alengthy volume However, in order to produce amanageable document, this
project focuses a providing sunmary information for eachtopic. This
format provides he reademwith a synopsi of eachssueard referenceswhere
more in-dept information is available. Text within each profile was
reseached fom a \ariety of saurces,ard wasusualy condersedfrom more
detailed saurces petaining to spediic topics. Thisappoachalowsfor awide
coverage of acivities that canbe further explored kased upa the ciations
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ard references isted atthe em of this profile. Asa cleck an the information
included eachnotebook wert throughanexernal review piocess.The Office
of Compliance appecites the eforts d al those that paticipatd n this
process ad eralded us b dewelop more complete, accuste ard upto-datke
summaries. Mary of those who reviewed his notebook are listed as caitacts
in Secion IX ard may be saurces ¢ addtional information. The individuab
ard groupsonthelist donot necessaly concur with al staterrertswithin this
notebook.

|.B. Additional Information

Providing Comments

OECA'’s Office d Compliance phrs to peiiodicaly review arl updae the
notebooks and will make these updaes awailable oth in hard cqoy ard
electronicaly. If you have ary comments an the exsting notebook, or if you
would like to provide additional information, please sesha tard cqoy ard
computer disk to the BPA Office d Compliance, Secior Notebook Project,
401 M St, SW (2223-A), Washington, DC 20460. Comments can &so be
uploadedto the Enviro$ere Bulletin Board or the Enviro$erse World Wide
Web for gereral accessd al uses d the sytem Follow instructions in
Apperdix A for accessig these da systens. Ornce you have logged n,
procedues br uploading text are aailable fromtheon-lineEnviro$erseHelp
System.

Adapting Notebooks to Particular Needs

The scpe d the exsting notebooks reflect anappioximation of the relative
national occurrence of facility types that occur within eachsecor. In many
instarces,industies within spediic ge@raphic regions or states nay have
unique claracteristics hat are rot fully capured in these pofiles. For this
reasm, the Ofice d Compliance erourages site ard local ervironmertal
agerties ard other groups to suppkenent or re-package he information
included n this notebook to indude nore specfic indudrial ard regulatory
information that may be available. Additionally, interested sates nay wart
tosuppkemnert the "Summary of Applicalle Federal Statutesand Regulations”
secton with state ard localrequirements. Compliance a techicalassstarce
providers may aso want to develop the "Pollution Prevention” sectionin more
detil. Pleasecontactthe appopriate spealist listed on the gpering page ©
this notebook if your office is interested in assisting us in the further
development of the information or pdlicies addressed within this volume.
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If you are interested in assisting in the development of new notebooks for
sectors ot covered in the aiginal eighteen please cotact the Ofice of
Compliance at202564-2395.

[I. INTRODUCTION TO THE PETROLEUM REFINING INDUSTRY

This section provides lackgound information on the ske, gearaphic
distribution, enployment, producion, sales, ard ecaromic condition of the
petroleum refining indudry. The type of facilities described within the
document are abo descibed in terms o ther Stardad Industial
Classficaion (SIC) codes. Additionally, this secton contains a st of the
largest companies in terms of sales.

[1.A. Introducion, Background, and Sope of the Notebook

Petroleumrefining is one of the leading manufacturing indudriesin the United
States h terms o its skare d the total value of shipments d the US.
economy. In relation to its economic importance, however, the indudry is
comprised of relatively few companiesand facilit ies. The number of refineries
operating in the US. canvary significartly depewling on the information
source. For exanple, in 1992,the Census Bureau cainted 232 fdilit ies and
the Depatment of Energy reported 199 facilities. In addition, EPA’s Toxic
Relea® Inventory for 1993 denified 159 efineries The diferenceslie in
eachorganization's defnition of a refinery. The Cersus Bueaus defnition
is based on the typeof produd that afacilit y produces and includes a number
of very small operations produchng a spedic petoleum product suchas
lubricating ails, from other refined peroleum produds. These small facilit ies
often enploy fewer than 10 pe@le ard accart for only one o two of the
petroleum refining indudry's total value of shipments.* In compaitison to the
typically muchmore complex, larger and mare numerouscrudeoil processing
refineries, these facilit ieswith their smaller and relatively simple operationsdo
not warrant the same level of attention from an economic and environmental
compliance sardpant. Refineries ecaynized ly the Depatment of Energy
tend to be only the larger facilities which process crude ail into refined
petoleumproducts.®

Whenever possible, the facilit y level data used in this notebook are based on
those refineries dertified by the Depatment of Energy’ s Energy Information
Administration. Sincethe Energy ard Information Administration does rot
callect ecaromic, enployment ard ervironmerta release nformation on

#Variations in facility counts occur aaoss data surces dueto mary factors including, reporting ard definitional
differences. This notebook d@s not attempt to reconcile these differences, but rather reparts the data ashey are
maintained by each source.
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refineries, other facilit y level data sourceswere used. Thus employment and
saks datare kased m information callected throughthe Bureau ¢ Cersus’
Censusof Manufacturersfor 1992 anl ervironmertal relea informationwas
obtained fom EPA's Toxic Rekase mhventory.

[1.B. Charaderization of the Petroleum Refining Industry

[1.B.1. Product Characterization

Petroleumrefining is the ptysical themmal ard ctemical sepaation of crude
oil into its major distillation fractions which are then further processed
througha seres d sepaation and canversion steps into finished petoleum
products. The pimary products of the industry fall into three najor
categories. fuels (motor gasoline, diesel and didtillate fuel oil, liqueied
petoleumgas jet fuel, residualfuelail, kerosene, ard cake); finishednonfuel
produds (solvents, lubricating oils, greases, petroleumwax, petroleum jdly,
aphalt, ard cdke); ard chemical indudry feedsocks (napttha, ethane,
propare, butane, ethylene, propylene, butylenes, butadiere, benzere, toluere,
ard xylene). These pableumproductscomprise alout 40percert of the total
erergy consumed i the US.? (based on BTUs cansumed) ard are used as
primary inputto avast number of produds, including: fertiliz ers, pesticides,
pants, waxes, thinners, sdverts, cleanng fluids,detergerts, refrigerarts, arti-
freeze,resins, seadurts, insuktions, latex, rubber compounds, hard plasics,
plasic steetng, plasic foamard synthetic fibers.®> About 90 percent of the
petroleumproducts usedm the U S. arefuelswith motor gasdine accairting
for about 43 percent of the totd* (Exhibit 1).

The Sardard Industial Classiication (SIC) code esablished by the Bureau
of Cersus © track he flow of goodsard senviceswithin the ecanomy is 29
for the Petroleum Refining and Related Indudries. The peroleum refining
indudry isclassified asSIC 2911 ,which includeghe production of peroleum
produds through digtillation and fractionation of crudeoil, redistillation of
unfinished petroleumdeiivatives, cracking, or other processes.The related
indudries under SIC 29 ae: 2951,Asphalt Pavng Mixtures and Blocks,
2952, Asphalt Felts ard Coatings 2992, Lulxicating Ois ard Greases; ard
2999, Petoleum ard Coal Products, Not Elsewhere Qasified. Certain
products that are poduced by the petoleum refining industy are ako
produced ly other indudries, including: 2865,Cyclic Organic Crudes ard
Intermedites, ard Omgaric Dyes ard Pgmerts,; 2869, Indudrial Orgaric
Chemicak; 2819,Indugrial Inorgaric Chenicals, Not Elsewhere dassified;
2821,Pladic Materials, Synthetic Resins, Nonvulcanzale Elagomers, 2873,
Nitrogerous Fertilizers;, 4613, Refined Petoleum Pipeines ard 5171,
Petroleum Bulk Stations and Terminals.”
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MOTOR GASOLINE (43%)

LIQUEFIED PETROLEUM  DISTILLATE FUEL OIL (20.2%) RESIDUAL FUEL OIL (6.0%)

GASES (4.0%) e DIESEL FUEL ¢ BUNKER FUEL
¢ PROPANE ¢ HOME HEATING OIL ¢ BOILER FUEL
¢ ETHANE ¢ INDUSTRIAL FUEL
¢ BUTANE

JET FUELS (10%)
o KEROSENE TYPE
o NAPTHA TYPE

FUEL COKE (4.0%)

KEROSENE (0.3%)

¢ [LLUMINATION REFINERY FUEL (4.0%)
* SPACE HEATING * REFINERY GAS

* COOKING .
« TRACTORFUEL  FUEL PRODUCTS 87.5% REFINERY FUEL OIL

L

[[[ — A

NONFUEL PETROCHEMICAL
PRODUCTS FEEDSTOCKS

5.2% 3.3%
ASPHALT AND ROAD OlL NAPHTHA  PROPYLENE
LUBRICANTS ETHANE  BUTYLENE
NAPHTHA SOLVENTS PROPANE  BENZENE
WAXES BUTANE  TOLUENE
NONFUEL COKE ETHYLENE  XYLENE
MISCELLANEOUS PRODUCTS ETC.

(Source: Based an Enemy Information Administration, TheU.S. Petroleum Indugry: Pag asPrologue197041992
Sepember 1993)

Exhibit 1: U.S. Rdinery Products and Yields
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[1.B.2. Industry Size and Geographic Distribution

Gererdly, the petoleumrefining industy canbe characterizedby arelatively
small number of large facilities. The Department of Energy reported 176
operating petoleum refineries in 1994 wth a total crude al digtillation
capecity of gpproximately 15 million barrels pe day. Most U.S. crudeoil
distillation capacity is owned by large, integrated companies with multiple
high capeacity refining facilit ies. Small r efineries with capacities below 50,000
barrels perday, howewer, do playasignificart rolein theindudry, making up
about half of dl facilities, but only 14 percent of the total crudeditillation

capadiy.®

A relatively small number of pele are enployed ly the petoleumrefining
industy in relation to its ecaomic importance. The Bureau @ the Cersus
edimatesthat 75000 peple were direcly enployedby theindugry in 19927
Howewer, the industy alsoindirecty enploysa sgnificart number of outside
contraciors for many refinery operations, both routine ard non-routine. The
value of produd shipments sold by refining establishments was estimated to
be $136billion in 1992. This accaurts for alout 4 pecert of the value d
shpmentsfor the ertire U.S. manufacturing secor.? Based o the rumber of
people direcly enployed ly refineries, the industy has a hgh value of
shipments pe employee of $18 milion. In comparison, the value of
shipments perenployee br the steelmanufacturing indugry was$245000 or
the sane year®

The Bureau ¢ Census enployment data for 1992 (he most recert facility-
based emloyment dat available) indicated that 60 pecert of peroleum
refinerieshad over 100 enployees® (Exhibit 2).
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Exhibit 2: Large Facilities Dominate
Petr oleum Refining Industry
Employeesper Number of Facilities | Percentage of Facilities
Facility

1-4 17 7%
5-9 7 3%
10-19 11 5%
20-49 35 15%
50-99 22 10%
100-249 45 19%
250499 49 21%
500999 26 11%
10002499 20 9%
Total 232 100%
Source: Census of Manufacturers, 1992.

For reasms d efficiercy in trarspating crude ol feed sbcks ard finished
products, petroleum refineries typicaly were sted near crude al sources
(onshore petroleumterminals, oil ard gas ekacion areas)or consumers
(heavily indudrialized areas). Consequantly, the distribution of facilit ies is
more concertrated dong the Gulf Coastard rearthe reavly industiaized
areas @ both eastard westcoass (Exhibits 3 ard 4). Based o Depatment
of Energy daiafor 1994,78 pecert of the US. crude al digtillation capacity
(whichisindicative of theanount of crude al processedjslocated njustten
states* (Exhibit 3).
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Exhibit 3: Crude Oil Digtillatio n Capacity Located Primarily
Along Coads
Number of CrudeDigtillation Pecent of U.S.
Opemrde Capadiy (thousard | Total Distillation
State Refineries barrels pe day) Capady
Texas 30 3,764 25%
Louisam 19 2,360 16%
Cdlifornia 25 1,882 12%
lllinois 7 956 6%
Penng/lvania 8 655 4%
Washington 6 524 3%
Ohio 4 430 3%
New Frsey 4 462 3%
Indiara 2 421 3%
Oklahoma 7 404 3%
Subotal 112 113858 78%
Other States(as 64 3,355 22%
indudes Virgin Idandsand
Puerto Rico)
U.S. Total 176 15213 100%
Saurce: US. Depatment of Energy/Energy Information Administration, 1994.
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Exhibit 4
U.S. Petroleum Refinery Distrib ution

Alaska: 4 Refineries
Hawaii: 2 Refineries
Puerto Rico: 4 Refineries
U.S. Virgin Islands: 1 Refinery

N
0 100 200 300 400

(Source: U.S. EPA Toxic Relea® Inventory Database, 1993)

Ward' s Busines Directory of U.S.PrivateandPublic Companiesproduced
by Gale Research Inc., compiles financial data on U.S. companies including
those operating within the petroleum refining industry. Ward's ranks U.S.
comparies,whethertheyare a paert compary, sulsidiary or division, by saks
volume within the 4digit SIC cades hat they have keenassgned as heir
primary acivity. Readers should note that 1) comparies ae assined a 4-
digit SIC that most closely resembles their principal indugry; ard 2) sales
figuresinclude total company sales, including sales derived from subsidiaries
ard operations not related to petroleum refining. Additional sources of
compary spediic finarcial information include Stardard & Poor’'s Stock
Report Sewices Dun & Bradsteets Million Dollar Directory, Moody's
Manuals, ard amual reports.
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Exhibit 5:
Top U.S Companies with Petr oleum Refining Oper ations
1993 Sads
Rank> | Company® (millio ns of ddllars)
1 Exxon Corporation - Irving TX 102847
2 Mobil Corporation - Farfax, VA 56910
3 El du Font deNemaurs and Co. (Conaco Inc., 38031
Subsdiary) - Wilmington, DE
4 Texaco Inc. - White Plains, NY 37271
5 Chevron Corpaoration - San Frandsco, CA 35523
6 Amoco Qil Corporation - Chicago, IL 22320
7 Shél Oil Company - Houston, TX 22201
8 Atlantic Richfield Company - Los Angdes, CA 18922
9 BP America Incorporated - Cleveland, OH 16,200
10 Caltex Pdroleum Corporation - Dallas, TX 15,100
Note:  2When Ward’s Busness Directory listed bah apaent and subsdiary in thetop ten,
only theparent company is presented above to avoid dauble counting sles volumes.
Not al sales can beattributed tothecompanies’ paroleum rdining qerations.
® Companies shown listed SC 2911 & primary activity.
Source: Ward's Business Directory of U.S. Private and Rublic Companies - 1993.

[1.B.3. Economic Trends

The Urited Sates & a ret importer of crude al ard petoleumproducts. In
1994,imports accaunted for more than50 pecert of the cude al used nthe
U.S. ard atout 10 pecert of finished petoleumproducts.*? The imported
share d crude al is expeced D increase as & denand for petroleum
products increases ah the damestic producton of crude al declnes.
Imported fnished petoleum products serve spedic market niches aising
from logistical consderations regional stortages, ard long-temm trade
relations between suppliers and rdiners. Exports of refined peroleum
produds, which primarily consist of petroleum ke, residud fuel oil, and
ditillate fuel oil, accaunt for atout four percert of the US. refinery output.
Exports o crude al produced m the US. accaint for about one pecert of
the total U.S. crude dl produced ad imported.*®
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The petroleumrefining industy in the US. has felt considerade ecaromic
pressues in the pastdeca@ arising from a rumber of faciors including:
increased csts d labor; compliance wih new sagty ard ervironmental
regulations; and the dimination of government subsidies throughthe Crude
OIl Entitlemerts Program which had ercouraged sraller refineries b add
capadiy throughout the 1970s* A rationalizaton peiiod beganatter crude
oil pricing ard ertitlenerts were decatrolled in eaty 1981. The market
determined that there was suplus capady ard the margins diopped ©
ercourage he cbsure o the least efficiert capady. Relecing these
pressures, numerous facilit ies have closed in recen yeas.® Between1982
ard 1994 the number of U.S. refineriesasdeermined ty the Depatment of
Energy dropped fom 301 b 176. Most of thes closureshave involvedsmall
facilit ies refining less than 50000 karrels of crude ol perday. Same larger
facilit ies, however, have aso closed in response to economic pressures.*
Industy represenmeatives cited camplying with the increasng ervironmertal
regulations, paticulary, the requirements of the CleanAir Act Amerdmerts
of 1990, asthe nost important factor affecing petoleumrefining in the
1990s'’ Despte the cbsing of refineries n recen yeass, tota refinery output
of finished produds hasremained relatively steady with dight increases in the
pasttwo yeass. Increasesn refinery outputs ae atributade to higher
utilization rates of refinery capecity, and to ncrementa additions to the
refining capecity a existing fecilities as oppaosed to construction of new
refineries.'®

Demand for refined petoleum products is expeded © increase siwly
through 1998 with the giowth of the US.ecaomy. The rate of increa® wil
average abut 1.5 percert peryear, which is slower thanthe expeced gowth
of the economy. This dower rate of increase of demand will be dueto
increasng prices ¢& petroleum products as a resuk of conservation, the
development of substitutes for peroleum products, and rising costs of
compliance wih environmertal ard saéty requirements

Recen ard future environmertal and sakty regulatory charges ae expeced
to force the peroleum refining indugry to meke substantial investments in
upgrading cetain refinery proceses to reduce erssions ard ater product
compositions. For exanple,industy esimates o the capial costs to comply
with the 1990CleanAir Act Amerdmerts, which mandatesspecfic product
compositions are alwut $35 b $40 hllio n.?° There is concem that in same
casestimay be more ecaromical for same refineries b close davn patialy
or ertirely rather thanupgrade adlit ies to meet the new sandards In fact,
the US. Depatments d Energy ard Cammerce exectrefinery shutdownsto
continue troughthe 1990showewer, total crude al distillation capecity is
expeced D remain relatively stade as a esuk of increased capagi ard
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utilization rates a existing fecilities. Increases in damand for finished
petroleum produds will be filled by increased imports.
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[ll. INDUSTRIAL P ROCESS DESCRIPTION

This section describes the mgor indudrial processes within the petroleum
refining indugry, including the neterials and equpment used, ard the
processes eployed. The secton is desgned r those interested in ganing
ageneral understanding of the indugry, and for those interested in the inter-
relationship between the industial process ad the topics desdbed in
subsequet sections of this profile -- pollutant outputs, padlution prevertion
oppartunities, ard Federa regulations. This section does not attempt to
replicate pulished engineering information that is available for this indugry.
Refer to Section IX for a ist of reference da@wunents that are a\ailable.

This secton spediicaly contains adesciption of commonly usedproducton
processesassaiated raw materials, the byproductsproducedor releasedard
the neterials etherrecycledor trarsferred off-site. This discussin, coupled
with sclematic drawings d the iderified piocesses,provide a cocise
desciption of where wastes nay be produced n the piocess. This secton
also describes the patentia fate (via ar, water, and soil pahways) of these
wade products.

[ll. A. Industrial Processes in the Petr oleum Refining Industry

Crudeoil is a mixture of many different hydrocarbons and small amounts of
impurities. The composition of crudeoil can vary sgnific antly depending on
its saurce. Petroleumrefineries ae acomplex systemof multiple operations
ard the goerations used at given refinery depen upa the piopetties d the
crude al to be refined ard the desred products. For thee rea®ns, no two
refineries ae alke. Portions of the autputs from same processes & refed
back nto the sane process,fed to new processesfed back © a pevious
proces, or blerdedwith other outputsto form finished poducts (Exhibit 6).
The ngjor unit operations typicaly involved at petroleum refineries ae
described kriefly below. Inaddtionto those listed below, there ae akomany
specil purpose proceses that camot be deribed here ard which may play
an important role in afacilit y's effortsto comply with palutant discharge and
product specfication requirements.
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(Source: Based on Gary & Handwerk, Petroleum Refining Tehnobgy and Eonomics, 3rd Edition, Marcel &

Dekker, Inc., New York, NY, 1994)

Exhibit 6: Simplified Proces Flow Diagram of Typical Refinery
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Refining crude al into useful petroleumproducts canbe separated into two
phasesand a umber of suppating operations. Thefirst phraisdeslting of
crude oil and the subsequet digtillation into its various components or
"fractions’ (Section 111.A.1). The second phese is made up of three different
types ¢ "downstreami processes:combining, breakng, and reshaping
(Section 111.A.2). Downstream processes convert some of the didtillation
fractons into peroleumproducts (residualfuel ail, galine, kerosene, etc.)
through ary combination of different cracking, coking, reforming, ard
akkylation proceses. Suppeting operations may include wagewater
treamment, sufur recovery, addtive production, heat excharger cleanng,
blowdown systens, blerding of products, ard dorage d products (Section
[11. A.3). Refinery pdlutant outputs are discussed in more detail in Section
"n.B.

lll. A.1. Crude Qil Distillation and Desdting

Desalting

One of the mast important operations in arefinery is the initial distillation of
the crudeail into its various boiling paint fractions. Digtillation involves the
heaing, vaporization, fracionation, condersaion, ard cooling of feedsbcks.
This section discusses the amospheric and vacuum distillation processes
which when used m sequene resut in lower costs ard higher efficiercies.
This secton also discusses ltie important first step of desating the crudeoil
prior to distillation.

Before separation into fractions, crude oil usudly must first be treated to
remove corrosive sats. The desating process ao removes same of the
metals and suspeded sdids whch cause catlyst deacivation. Desatling
involves te mixing of heakd cude ol with water (about three 010 pecert
of the crudeoil volume) so that the salts are dissolved in the water.?* The
water mug then be separated from the cude al in a gparating vessel by
addng denulsifier chenicak to assst in breaking the enulsion ard/or, more
commonly, by appying a hgh potential electric field acossthesetling vessel
to coalesce lhe pdar sat water droplets. The desdlng process ceaes aroily
deslter dudge ad a hgh temperature st water wage gream which is
typicaly added ¢ other process waswaters for treament in the refinery
wastewater treatment facilities. The water used in crude desalting is often
untreated a patialy treaed watr from other refining process wadr
sources??

Atmogpheic Distillation
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The desdkd cude al isthenheated n a reatexchargerand furnace o atbout
750 degees(F) and fed to a \ertical distillation column a amospheric
pressue where nost of the feed & vaporized and sepagted into its various
fractons by condersing on 30 © 50 fractonation trays, eachcorrespanding
to a diferent condersaion temperature. Thelighter fracions conderse an
are cdlected towards he top of the cdurm. Heaver fracions, which may
not vaporize in the column, are further separated later by vacuumdistillation.

Within eachatmospleric distillation tower, anumber of Sdestreams (at least
four) of low-boiling point components are removed from the tower from
different trays. These low-boiling point mixtures are in equilibrium with
heaver componerts which mustbe removed. The ste steans ae eaclsert

to a diferent small sripping tower containing four to 10 trays with seam
injected urderthe ottom tray. The seamstrips he light-end canponerts
from the reaver componerts ard both the seamard light-ends ae fed back
to the amospheric distillation tower aove the corresponding sde stream
draw tray.?® Fractions obtained from atmospheric digtillation includenaphtha,

gasoline, kerosene, light fuel oil, diesel ails, gas oll, lube distillate, and heavy
bottoms. Most of these carbe sdd as ished pioduct, or blerded wth

products from downstream proceses. Another product produced m
atmospheric distillation, as well as many other refinery processes, is thelight,

noncondendble refinery fud gas (mainly methane and ehane). Typically this
gas ao contains hydrogensufide arl ammonia gases.The nixture of these
gass is known as*“sour gas or “acd gas’ The sour gasis sent to the
refinery saur gas treament systemwhich sepratesthe fuelgas sothat it can
be used asuel in the refinery heaing furnaces. Air emissbns duing

atmospheric digtillation arise from the combudion of fuels in the furnaces o

heat the cruude al, process ents aml fugitive emissons. Oily sour water

(condersed steamcontaining hydrogensufate ard ammonia) ard al is also
generated in the fractionators®* (Exhibit 7).
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Lightest fractions have the lowest
boiling points and continue to rise
through trays to top of column
where they are drawn off.
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(Source: Based an Enemgy Information Administration, TheU.S. PetroleumIndugry: Pag as
Prologue197041992 Sepember 1993)

Petroleum Refining

Vacuum Digillation

Exhibit 7: Crude Oil Distillation

Heavier fractionsfromthe amaospheric distillation unit that cannot bedistilled
without cracking urderits pressue ard temperature conditions are vacuum
distiled. Vacuumditillation is Smply the distillation of petroleum fractions
at a wery low pressue (0.2 to 0.7 psa) to increase wvlatilization ard
sepaation. In mast systems, the vacuuminsidethe fractionator is mantained
with steamejectors amd vacuumpunps, barometric condersers or suiface
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condersess. The njection of supeheaed seamat the kase d the vacuum
fractonator codumn further reduces lhe patial pressue of the hydrocarbons
in the tower, facilit ating vaporization and separation. The heavier fractions
from the vacuum digtillation column are processed downstream into more
valualle products througheither cracking or coking operations (See fction
I.A.2).%°

A poatential source of emissions from distillation of crude oil are the
combustion of fuek in the furnace ad same light gaseseavng the top of the
condensers on the vacuum distillation column. A certan amount of
noncondensable light hydrocarbons and hydrogen sulfide pass through the
conderser to a ot wel, ard then are dscharged b the refinery sour fuel
system or are vented D a pocess kaer, flare a arother control device ©
destoy hydrogensufide. Thequartity of these enssons depeds anthe ske
of the urit, the type d feedsbck, ard the cooling waer temperature ® If
barometric condensers are used in vacuumdistillation, sgnific ant amounts of
oily wasewater canbe gererated. Vacuum punps aml suface codersers
have largely replaced beometric condersers in many refineries b diminate
this oily wastewater sream. Oily sour water is adso generated in the
fractonators.?’

[ll. A.2. Downstream Processng

Certainfractionsfromthedistillation of crudeoil arefurther refined intherma
cracking (visbreaking), coking, catlytic cracking, catlytic hydrocracking,
hydrotreating, akylation, isomerization, paymerization, catalytic reforming,
sdvert exracton, merox, dewaxng, propane deasphiting ard other
operations. These davnstreamprocesseshargethe nolecubr structure o
hydrocarbon maleculeseither by breaking theminto smaller molecules, joining
them to form larger malecules, or reshaping them into higher qudity
molecules. For many of the operations discussed below, anumkber of different
techiques ae usedn the industy. While the mgjor techiquesusedfor each
proces are desribed, it was not possible to discuss all of the diferent
processes cuently in use.

Themal Gracking/\isbreaking

Themal cracking, or vislreakng, uses bat ard pressue to break brge
hydrocahon molecuks into siraller, lighter molecuks. The piocess bs een
largely replaced ly cailytic cracking ard same refineries ro longer enploy
themmal cracking. Both processesaduce he pioduction of less \elualde
products suchas leaw fuel oil ard cuter stock ard increase te feedstock
to the castlytic crackerard gasdine yields. In themmal cracking, heaw gas
oils and residue from the vacuum distillation process are typically the feed

Sepenber 1995

19 SIC 2911



Secbr Notebook Project Petroleum Refining

A

FUEL GAS
AND
LIGHT ENDS
TO AMINE UNITS

N M —5 GASOLINE

A s
o
|
Lo « '<Z'z
0 5 fnupnTiA
9 FLASH =
; »|CHAVBER 9
o
"\ C —>aasol
-}
ResibuALs | \ \]/_
_>.
COOLER
RESIDUE
RECYCLE STREAMS \

(Source: Based on Gary & Handwerk, Petroleum Refining Techndogy and Econamics, 3d Edition, Marcel
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Exhibit 8: Smplified Thermal Cracker Flow Diagram

stocks. The feed sbck is heatd n afurnace @ other thermal unt to up ©
1,000 degees(F) ard then fed to a reacton chamber which is kept a a
pressure of alout 140 pgy. Following the reacbr sep,the proces sreamis
mixed wih a caler recycle steam which stopsthe cracking reactons. The
productisthenfed to a flaster chanber, where pressueisreduced ad lighter
products vaporize amnl are diawn off. The lighter products are fed to a
fractonating towerwherethe various factonsare sepaated. The "bottoms’
consist of heaw residue,pat of which isrecycledto cool the processstream
leavung thereacton chanber; the remaining bottoms are usudly blerded nto
residualfuel (Exhibit 8).2

Air emssons from themal cracking include enssons from the canbustion
of fuek in the piocess kaer, vents, ard fugitive enissbns® A sour water
streamis gererated in the fractionator.®
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Coking

Coking is acracking proces used pimarily to reduce efinery production of

low-value residualfueloilsto trarspatation fuels, suchas gastine ard diesel

As patt of the upgading proces, coking also producespetroleum coke,
which is essentially solid carbon with varying amounts of impurities, and is
used as auklfor power plartsif the sufur contert islow erough Coke ako
has ronfuel applcaions as a aw material for many carbon ard graphte
products including anodes for the pioduction of aluminum, ard furnace
electrodes for the piroducion of elenertal phosphorus titanium dioxide,

calcium carbide and slicon carbide A number of different processes ar
used o produce cde; "delayed coking" is the nost widely used oday, but
“fluid cdking” is expeced © be animportant process in the future. Huid

coking produces a igher grade d coke whchisincreasngly in dermand. In

delyed cding operations, the sane basic process adermal cracking isused
exceptfeed steans ae allowed b reactlonger without being cooled. The
delyed cdking feedstreamof residual oils from various upgreamproce ses
isfirst introduced o a fracionating towerwhereresiduallighter materials ae
drawn off ard the heaw erds ae candersed. The reaw erds ae removed

ard heaedin afurnaceto alout 900 -1,000 degees(F) ard thenfed to an
insukted vesselcaled acokedrumwhere the cdke isformed. Whenthe ccke
drumis filled with product, the feed is switched to an empty paralel drum

Hot vapors from the cde duums, containing cracked lighter hydrocarbon

products, hydrogen sufide, ard ammonia, are fed back b the fractionator

where they canbe treatd n the saur gas treament systemor drawn off as
intermediate produds. Steam is then injected into the full coke drum to

remove hydrocarbon vapors, water isinjected D cool the cce, ard the coke
isremoved. Typicaly, high pressue water jetsare usecto cutthe cdke from

the dium (Exhibit 9).3

Air emissions from coking operations include he process katkr flue gas
emissons, fugitive emssons arl emssbns that may arnse from the removal
of the ccke from the cdke dum The injecied seamis condersed ad the
remaining vapors are typicaly flared. Wastewatris gererated from the cdke
removal and cooling operationsard fromthe seaminjecion. Inaddtion, the
removal of coke from the dium canrelease pdrculate emissons ard ary
remaining hydrocarbons to the amosphere.
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Exhibit 9: Simplified Coker Flow Diagram

Catalytic Cracking

Catalytic crackng uses bhat pressue amd a cahlyst to break brger
hydrocarbon moleculesinto smaller, lighter maecules. Catalytic cracking has
largely replaced bemmal cracking becausetiis alde to produce nore gasdine
with a hgher octane ard lessheaw fueloils ard light gases.Feed sbcks ae
light and heavy oils from the crudeoll distillation unt which are processed
primarily into gasoline as well as somefud oil and light gases. Most catalysts
used in catalytic cracking consist of mixtures of crystalline synthetic slica-
alumina, termed ‘zedites; ard armorphous g/nthetic slica-alumina. The
catalytic cracking processesas wedlasmostother refinery catalytic processes,
produce cd&e whch cdlects on the catalyst suface ad dminishes its
catalytic propeties. The cablyst, therefore, needs to be regererated
continuously or petiodicaly essetialy by burning the cdke df the catalyst at
high temperatures. The method ard frequemy in which caflysts are
regenerated are a ngor factor in the degjn of caflytic cracking unts. A
number of different catalytic cracking desgns ae curently inuseinthe US,,
including fixed-bed reacbrs, moving-bed eacors,fluidizedbed eacbrs,ard
oncethroughunts. The fluidized-and moving-bed reacbrs ae by far the
most prevalert.*?
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Fluidizedbedcatalytic cracking urits (FCCUs)are by far the nost common
cafalytic cracking urits. In the fluidizedbed piocess,oil ard all vapor pre-
heated © 500 b 800 degeeqF) iscontacted wih hot catalyst atalout 1,300
(F) either in the reacor itsef or in the feed ine (risel) to the reacbr. The
calyst isin a ine, granular form which, when mixed wih the vapor, has
many of the propetties d a fuid. The fluidized caalyst ard the reaced
hydrocamhon vapor sepasate mechancaly in the reacor ard ary oil remaining
onthe catlyst isremoved by steamstripping. The clacked d vaporsare then
fed to a fractonation tower where the variousdesred fractions are sepaated
ard cdlected. The caalyst flows into a sepaate vesse(s) for either single-
or two-stage regeneration by burning off the coke deposits with air (Exhibit
10).34

In the noving-bed poces, oil is heated © up © 1,300 degees(F) ard is
passedinder pressue throughthe reacor where it comes into contactwith
a catlyst flow in the form of beads o pelets. The aacked products then
flow to a fracionating tower where the variouscompoundsare sepaated ard
callecied. The catlyst isregererated in a caitinuous piocess wiredepasits
of coke on the catalyst are burned df. Some units ako use stamto strip
remaining hydrocarbons and oxygenfrom the caalyst before being fed back
to the al steam In recen yeass noving-bed eacbrs have largely been
replaced ly fluidizedbed eacbrs?®
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Manual 1980)

Exhibit 10: Smplified Catalytic Cracking Flow Diagram

Cataytic cracking is one d the nost significart saurces @ air pollutarts at
refineries. Air emissions from catlytic cracking operations include: the
procesteakerfluegasenissons, fugitive enissons, ard emssbns generated
during regereration of the catlyst. Rektively highconcertrations of caton
monoxide canbe produced duing regereration of the caglyst which is
typicaly converted b catbon dioxide either in the regererator or further
downstream in a cabon monoxide wase heat boiler.®*® In addtion, a
significart anourt of fine catalyst dustisproducedn FCCUs as aasul of the
constant movement of the catlyst grains aganst eachother. Much of this
dug, consisting primarily of dumina and relatively small amounts of nickel,
is caried wth the cabon monoxide steamto the catbon monoxide urner.
The catlyst dustis thensepaated from the resuking cabon dioxide stream
via cyclones aul/or electrostatic precpitators ard is sert off-site for disposal
or treament.’” Gererated wasewaer is typicaly saur water from the
fractonator containing same oil ard pherols. Wastewater containing metal
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impurities from the feedoil canalso be gererated from the seamused ©
purge aml regererate catlysts.®®

Catalytic Hydrocracking

Catlytic hydrocrackng mormally utilizes a iked-bed caglytic cracking
reacbr with cracking occuring under substantial pressure (1,200 b 2,000
psig) in the presere d hydrogen Feedsbcks to hydrocracking urits ae
often those fractonsthatare the nostdifficult to crack aml camot be cracked
effectively in catalytic cracking unts. Theseinclude middle ditillates, cycle
oils, residual fuel oils ard reduced cudes The hydrogen suppresses the
formation of heaw residual material ard increases the yield of gasdine by
reactng with the cracked poducts. Howewer, this process alo breaks he
heaw, sufur ard nitrogenbeaing hydrocatons ard releasestese impurities
to where they could paentialy foul the catlyst. For this reasm, the
feedgock is oftenfir st hydrotreated to remove impurities before being sent to
the catlytic hydrocracker Sometimes hydrotreaing isaccamplished by using
the first reacbr of the hydrocracking process ¢ remove impurities. Water
also has a detimental effect on same hydrocracking catlysts ard must be
removed before being fed to the reacbr. The watr isremoved by passing the
feed steamthrougha slica gelor molecubr sieve diyer. Depermling on the
productsdesred ard thesize d the unt, catalytic hydrocracking isconducied
in either single stage @ multi-stage eacbr processesMost catalystsconsist
of a crystaline mixture of dlica-alumina with small amourts of rare earth
metals (Exhibit 11).%

Hydrocracking feedsbcks ae usudly first hydrotreatd © remove the
hydrogen sulfide and ammonia that will poison the catalyst. Sour gas and
saur water streans ae pioduced atthe fracionator, however, if the
hydrocracking feedsocks are first hydrotreatd b remove impurities, both
streams will contain relatively low levels of hydrogen sulfide and ammonia
Hydrocracking catlysts are typicaly regererated off-site after two to four
yeass d operation. Therefore, little or no emssbns ae germrated from the
regereration processes.Air emissbns arse from the process batr, vents,
ard fugitive enissions.***
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Exhibit 11: Smplified Two-Stage Hydrocracker Flow Diagram

Hydrotreating/Hydoprocesing

Hydrotreating and hydroprocessing are smilar processes used to remove
impurities suchassufur, nitrogen oxygen halides ad trace netal impurities
thatmay deacivate procescatlysts. Hydrotreaingalso upgradeghe quaity
of fractions by converting defins ar diolefins o pasffins for the pupose d
reducing gumformation in fuels. Hydroprocesing, which typicaly uses
residuds fromthe crudedistillation units, also cracks these heavier molecules
to lighter more salealde products. Both hydrotreaing ard hydroprocesing
units ae usudly placed upseamof those processesn which sufur ard
nitrogencould have adwerse efectsonthe catlyst, suchas caalytic reforming
ard hydrocracking urits. The processes llize caalysts in the pesere d
sulstantial amounts o hydrogenunderhighpressueard temperature to react
the feedstcks am impurities with hydrogen The eacbrs ae reaty al
fixed-bed with catalyst replacenent or regereration done after months or
years of operation often a an off- site facility.*> In addition to the treated
products, the processproducesa streamof light fuelgaseshydrogensufide,
ard ammonia. The treaked pioduct ard hydrogenrich gas ae caled ater
theylea\we the reacbr before being sepasted. Thehydrogenisrecycled b the
reacor.
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Exhibit 12: Smplified Hydr otr eater Flow Diagram

Alkylation

The df-gas steammay be very rich in hydrogensufide am light fuel gas.
The fuelgas ad hydrogensufide are typicaly sert to the saur gas teament
unit and sulfur recovery unt. Catalysts are typically cobalt or maybdenum
oxides @ alumina, but canalso contain nickel andtungsten. Air emnissons
fromhydrotreaing may arise rom process kater flue gasyents, ard fugitive
emissons (Exhibit 12).43

Alkylationis used © produce a lgh octane galine blerding stock from the
isobutare formed prmarily duiing caglytic cracking ard cdking operations,
but dso from catalytic reforming, crudedigtillation and natural gas processing.
Alkylation joins anolefin ard anisoparaffin compound using ether a sufuric
acd or hydrofluoric acd catlyst. The pioducts are akylates including
propare ard hutane liquids. Whenthe cancertration of acd becomes less
than 88 pecert , same of the acid must be removed ard replaced wih
stronger acd. In the hydrofluoric acd process,the slp steamof acd is
redistiled. Dissolved poymerization produds are removed from the acid as
a thick dak oil. The cacertrated tydrofluoric acd is recycled aml the ret
consumption is alout 0.3 pounds per barrel of akylates produced.
Hydrofluoricacid akylation unitsrequire specal ergineeiing desgn, operator
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Isomeization

training ard saéty equpmert precautons o protectoperators romaccdertal
contactwith hydrofluoric acid whichisanextremely hazadous sulstance. In
the aulfuric acd proces, the sulfuric acd removed nmust be regererated in a
sulfuric acid plant which is generally not a part of the akylation unit and may
be located off-site. Spent sulfuric acid generation is substantial; typically in
the range d 13 o 30 pounds perbarrel of akylate.** Air emissons from the
alkylation process ray arise from process ents ard fugitive enmssons.

Isomerization is used ¢ alter the arangenent of a nolecuk without addng

or removing anything from the original malecule. Typically, paraffins (butane
or pentane from the crude distillation unit) are converted to isoparaffins

having a nmuch higher octane. Isomerizaion reactons take phce at
temperaturesin the range d 200 b 400 degees(F) in the pesrce d a
catlyst that usually consists of platinum on a kase naterial. Two types @

catlystsare curently in use. Ore requires the catinuous addiion of small

anmountsof orgaric chlorideswhichare cawerted © hydrogenchoride nthe

reacbr. Insucha reacbr, the feedmustbe freeof oxygensaurces ncluding

water to awid deadtvation ard carosion problems. The aher type d

cafalyst uses a molecubr sieve kase and does rot require a diy ard oxygen
free £ed. Both types d isomerizaton catlysts require an aimosphere of

hydrogento minimize cke depaits, howewer, the consumption of hydrogen
isnegligible. Catalyststypicaly needto be replaced abut every two to three

yeasor longer.* Platinumisthenrecovered from the used catlyst off-site.

Light erdsare stipped fom the pioduct sreamleavng the reacbr ard are

then sent to the sour gas treatment unt. Some isomerization unts utilize

causic treaing of the light fuel gas steamto neutralize aly ertrained

hydrochloric acid. This will r esult in acalcium chloride (or other salts) waste

stream Air enissons nay alise from the piocess katr, vents ard fugitive

enissbns*® Wastewaer streans include caust washard saur water.*’

Polymeization

Polymerization is occasonally used 6 convert propene ard butene to high
octane gasoline blending components. The processis similar to akylation in
its feed ad products, but is often used as aets eyersive aternative to
akkylation. The reactons typicaly take pkce under high pressue in the
presere d aphosphoricacd catalyst. The feed nustbe free d sufur, which
poisons the catlyst; basic materials, which neutralize he caalyst; and oxygen
which affects the reactons. The popere aml butene feed s wasted irst with
caustic to remove nercapens (molecuks cataining sufur), then with an
amine solution to remove hydrogen aulfide, then with water to remove
caugics and amines, and finally dried by passing through a slica gd or
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molecubr siewve diyer.*® Air emissions of sulfur dioxide may arise during the
causic washng operation. Spert catlyst, which typicaly isnot regererated,
isoccasonally disposed as a dad wase*® Wastewater streams will contain
causic washard saur water with anines anl mercaptns.®

Catalytic Reforming

Catalytic reforming uses catlytic reactons to process pmarily low octane

heavy graight run (from the crude distillation unt) gasolines and naphthas

into high octane aromatics (ncluding benzere). There are four major types
of reactons which occurduring reforming processesi) delydrogeration of

naphtheres b aromatics; 2) detydrocyclization of parffins to aromatics; 3)

isomerization; ard 4) hydrocracking. The detydrogerationreactonsarevery

erdothemic, requiring that the hydrocambon streambe heatd ketweeneach
catalyst bed. All but the hydrocracking reacton release fidrogenwhich can
be used n the hydrotreaing or hydrocracking processes. Fixed-bed or

moving bed processes a uilized n a seres d three b S reacbrs.

Feedsbcks to catalytic reforming processes @& usudly hydrotreaedfirst to

remove sulfur, nitrogen and metallic contaminants. In continuous reforming

processescatlysts canbe regererated one reacbr ata time, once a twice

per day, without disrupting the gperation of the unt. In semi regererative

units, regereration of al reacbrscanbecaried ait simultareously after three

to 24 monthsof operation byfirst shutting davn the process.®® Becausehe

recen reformulated gasbtine rles have limited the adlowable amount of

benzere in gasdine (Section VI.B), caialytic reforming is being useddss as
anoctane erhancer thanin pastyeas.

Air emissons from catalytic reforming aiise from the piocess kaer gas ad

fugitive emssbns. The catlysts used n ca@lytic reforming processes &
usualy very expersive ard extraprecautons aretakento ersure that caalyst

is not lost. When the catlyst has lost its actvity ard canno longer be
regererated, the caflyst is usualy sen off-site for recovery of the metals.>
Subsequent air enissbns from catlyst regereration is, therefore, relatively

low. Relatively small volumes of wastewater containing sulfides, anmaonia,

and nmercaptans may be generated from the sripping tower used to remove
light erds fom the reacbr effluert.>

Sohent Extraction

Solvert extraction uses slveris to dissdve ard remove aromatics from lube
oil feed stocks, improving viscosity, oxidation resistance, color and gum
formation. A number of different sdverts are used wh the wo most
common being furfural ard prerol. Typicaly, feedlube stocks are contacted
with the sdvert in a packedtower or rotating disc cattacior. Eachsdvert
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hasadifferent sdvert-to-oil ratio ard recycle ratio withinthe tower. Solverts
are recovered from the oil stream through distillation and steam stripping in
afractionator. The stream extracted from the solvent will lik ely contain high
concertrations of hydrogen sufide, aromatics, naphtheres an other
hydrocabons, ard is often fed to the hydrocracking urit. The water stream
leaving the fractionator will lik ely contain some oil and solvents.>

Chemical Treating

In petroleumrefining, chemcal treaing is usedto remove or charge the
undesrable propetties assoiated wih sufur, nitrogen or oxygencompound
contamnates n petroleum products. Chenical treaing is accamplished by
eitherextraction or oxidaton (also knownassweeerng), depening upathe
product Extracton is used © remove sulfur from the very light petroleum
fractions, such as poparefpropylere (PP) ard hutane/butylere BB).
Sweetening, though, is more effective on gasoline and middle distillate
products.

A typicalextraction procesdss "Merox" extracion. Merox extracionisused
to remove mercapins (orgaric sufur compounds)from PP ard BB steans.
PP streans nay undergo amine treaing before the Melox extraction to
remove excess HS which tendsto fractionate with PP and interfereswith the
Merox process. A causic prewashof the FP ard BB removes ary remaining
trace HS prior to Merox extraction.

The AP ard BB steans ae passed uphtough the trays o anexracton
tower. Caudic solution flowing down the extraction tower absorbs
mercaptn from the AP ard BB steans. The rich causic isthenregererated
by oxidizing the mercaptns to disufide n the preserce d agueas Meiox
callyst ard the lean caustic recrculated b the exracton tower. The
disulfide is insoluble in the caugic and can be separated.

Oxidation or "sweetening” is used on gasoline and digtillate fractions. A
common oxidaion processs also a Merox process hat uses a dal catlyst
bed. Air and a minimum amount of akaline caugic ("mini-alky" operation)
isinjected nto the hydrocatbon stream As the hydrocarbon passeshrough
the Meiox catalyst bed, sufur mercaptins are axidized to disufide. In the
sweeernng Merox processthe caudt is not regererated. The dsufide can
remain with the gasdéine product, since t does rot possesstie dojectionable
odor propetties d mercaptns, hence, the product has keen"sweeenred:'>®

In the extracion process,a wase aly disufide steamleavesthe sepaator.
Air emisspns aise from fugitive hydrocarons ard the piocess ents an the
separator which may contain disulfides.*
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Dewaxing

Dewaxing of lubricating oil base stocksis necessary to ensure that the oil will
have the pioper viscasity at lower anbient temperatures. Two types &
dewanng processesgre used:sekctve hydrocracking ard sdvert dewaxng.
In sekctive hydrocracking, one or two zedite catlystsare useda sekcively
crack he waxparaffins. Solvert dewaxng is more prevalert. In sdvernt
dewaxing, the oil feed is diluted with solvent to lower the viscosity, chilled
until the waxis crystallized,ard thenfiltered b remove the wax Solverts
used or the process mclude popare am mixtures o methyl ethyl ketone
(MEK) with methyl isobutyl ketone (MIBK) or MEK with toluene. Solvent
is recovered from the oil ard wax through heaing, two-stage fashng,
followed by steamstripping. The solvert recovery stage esuks in sdvert
contamnated waéer which typicaly is sert to the wasewatr treatment plart.
The waxis either used asded b the caglytic crackeror is deadled ard sdd
as indudrial wax. Air emissions may arise from fugitive emissions of the
sdverts.’

Propane Degshalting

Propane deasphlting produces Ubricaing ol base sbcks by exracing
asphaltenes and resins from the residuds of the vacuum distillation unit.
Propane is usualy used © remove agphaltenes due b its unique ®lvernt
propetties At lower temperatures(100 © 140 degeesF), paiffins are very
soluble in propane and a higher temperatures (about 200 degrees F) dl
hydrocabons are amost insduble in propane. The propare deaspéhiting
process is smilar to solvent extraction in that a packed or baffled extraction
tower or rotating disc contactor is used to mx the oil feed socks with the
solvent. Inthe tower method, four to @ght volumes of propane are fed to the
bottom of the tower for every volume of feed fowing down from the top of
the tower. The al, which is more sduble in the propare dssdves anl flows
to thetop. The asphaltene and resins flow to the bottom of the tower where
they are removed in a piopare nmx. Propane is recovered from the two
streansthroughtwo-stageflashsystensfollowed by steamstripping inwhich
propare is condersed ad removed by cooling at high pressue in the first
stage ad atlow pressue in the secod stage. The asphlt recovered canbe
blerded wth other asplalts or heavy fuek, or canbe used asded b the
coker. The piopare recovery stage esuls in propare cataminated water
which typicaly issert to the wasewaer treatment plart. Air emssons nmay
arise from fugitive propare enissons aml process ents.>®
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lll. A.3. Supporting Operations

Many important refinery operationsare rot directy involvedintheproduction
of hydrocarbon fuels but serve in a sippating role. Same of the ngjor
suppating proceses are discussed below.

Waskewater Treatment

Relatively largevolumes of water are used by the petroleum refining indudry.
Four types ¢ wasewatr are pioduced:suiface wagr runoff, cooling water,
processwater, and santary wasewaer. Surface wagr runoff isintermittent
and will contain constituents from pills to the surface leaksnequpmen ard
ary materials that may have collected n drains. Ruroff suface wagr also
includeswater coming from crude anl product sorage ank roof drains.

A large pation of water used n petoleumrefining is used fr cooling.
Cooling water typicaly does rot come into direct contact with process d
streans and therefore cantains less cataminarts than process wasiwaer.
Most cooling waer is recycled over ard over with a bleed @ blowdown
streamto the wasewaer treaiment unt to control the cancertration of
contaminants and the solids content in the water. Cooling towers within the
recycle loop cool the waer ushg anbiert ar. (See Storage Tanksand
Cooling Towers) Some cooling water, termed “once through” is passed
througha piocess uit once awl isthendischarged drecty without treatment
inthewasewatertreament plart. The wakr used ér cooling often contains
chemcaladdtives suchas chhomates, phosphates,ard artifouling biocides b
prevert scalng of pipesand biologicalgrowth. (It should be noted, howe\er,
that many refineriesno longerusechromates in cooling watr as ati-fouling
agerts.) Although cooling water usually does rot come into direct contact
with oil process streams, it also may contain some oil contamination dueto
leaks i the process equimert.>

Water usedm processig operations alsoaccaints for a sgnificart portion of
the total wasewaer. Process watewater anises fom desdling crude al,
steamdtripping operations, punp glarnd cooling, product fracionator reflux
drum drains ard boiler blowdown. Becausgrocesswater often comes into
direct contact with oil, it is usudly highly contaminated.®°

Petroleum refineries ypicaly utilize primary ard secmdary wasewaer
treament. Primary wasewager treatment consists of the sepaation of ail,
water ard sdids n two stages. During the first stage,an API separator, a
corrugakd plate intercepor, or other sepaator desgnis used. Wastewater
moves very dowly through the separator dlowing free oil to floa to the
suiface ad be skimmed off, and solidsto settle to the bottom and be scraped
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off to a dudge cdlecting hopper. The cad sage utlizes plsical or
chemcalmethods © sepaate enulsified als from the wasewaer. Physical
methodsmay includethe use of aseries of settling pondswith along retention
time, or the use 6 dissdved ar flotation (DAF). In DAF, ar is bubbled
throughthe wastewater, and both oil and supended solids are skimmed off
the top. Chemicals, suchas &rric hydroxide or aluminum hydroxide, canbe
used D coaguhte impuritiesinto a froth or dudge wich canbe more eadly
skimmed off the top. Some wastes associated with the primary treatment of
wasewaer atpetroleumrefineries nay be consideredhazadous anl include:
APl separtor dudge, primary treamment dudge, dudges from other
gravitational separation techiques float from DAF units, ard wagesfrom
settling pands (Exhibit 13).5

After primary treatment, the wasewater canbe disctarged b a pubicly
owned treament works a undemgo secandary treament before beng
discharged directy to sufface wagrs under a Natonal Pollution Disclerge
Elimination System (NPDES) permit. In secondary treatment, dissolved oil
and othe organic pdlutants may be consumed biologically by
microorganisms. Biological treatment may require the addition of oxygen
through a rumber of different techiques,including actvated stidge units,
trickling filters, ard rotating biological contactors. Secandary treament
gererates bo-mass wast whch is typicaly treaed ameobicaly, ard then
dewatred .®?

Some refineries employ anaddtional stage of wasewater treament caled
polishing to meet dischargelimits. The polishing step can involve the use of
acivated cabon, arthracte coal, or sam to filter out ary remaining
impurities, suchasbiomass silt, trace netals ard other inorgaric cremicals,
as wel as ay remaining orgaric ctemicalk %%

Cettain refinery wasewater streans ae treated sepaately, prior to the
waskewager treatment plart, to remove contaninarts that would not easly be
treaked afer mixing with other wasewaer. Ore suchwase steamis the
sour water drained from didtillation reflux drums.  Sour water contains
dissdvedhydrogensufide aml other orgaric sufur compounds ar anmonia
which are gripped hatowerwith gasor seambefore being discharged b the
wasewaer treament plart.®®

Wastewatr treament plartsare a synificart saurce d refinery air emissbns
ard sdid wases. Air releases ase from fugitive emssons from the
numeroustanks, pondsand sever systemdrains. Solid wastes ae generated
in the form of dudgesfrom a rumber of the treaiment units.
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