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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.

Sepenber 1995

9 SIC 2911



Secbr Notebook Project Petroleum Refining

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.

Sepenber 1995

14 SIC 2911



Petroleum Refining

Secbr Notebook Project

(@ardrndwis)

MOTd SSID0Ud AYINIATY TVIIdAL

NWN0)
1SI0
WANJVA

Tl

LI — s SN0 —— 43300
ﬂ STIVTITSTT ITO0TW OV VHIRAVN_ INTTOSVT a3Aviaa
_ Xodw h
1TVHASY
EENCEEES
I— 1 —— 1
I E— _ SIVTIISIT IO
C
INILVRIL
_ A O40AH S ONIXYMIA U3L1vHasvada
_ e S110 38N ANVJOHd
(Rvauigar uy pasn) e ONDIOVHO ’
LLOREIERRENEER NN SIVTILSIT F100IW ANV 'VHIHAVN “INTIOSY9 OHAAH
5 OILATVLVO
= — Jwmas  ——
STNA VIILSNANI W NOILYIANTY r—
D N NOILDVYLX3
SLIVHASY INN0S
PE—
BREND) SWOLL0G J01VNOILIVY
ST10°38N1 110 SY9 WNNJVA
10 INIIVIH 4 ININIVY)
STISIIT TNTOSTT 1 JILAVIYD 10 Sv9
SNI4310 8 INVLNG0SI ¥
TSI | NI <l J
PR ———
SINGATOS 040AH U INVINId 40/ONY VLG SAVTILSIO 3100
NOILYZIINOSI
ISV WA | T INIW4043 INILYRIL
f _ JILAVLY) 0Y0AH Aw VHLHAYN
— |
INITOSY9 VN9 . X0d3w
o INTTOSVY NNY THOIVALS |
(hiauer uy pasn) ﬁwbﬂmz p* ) * \f
SY9 1N ASINIHY QANY LIND INIWY (SY9 4N0S) EHN + SZH/M SY¥9 134 + 9d1
S1DNA0Y¥d A¥INIHTY
TWIdAL

RETRE(]

0D e300

NWN10)
N

Jand

SowLv

31vs3a

(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
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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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(Source: Based on U.S. EPA Office of General Enforcement, Petroleum Refinery Enforcenert
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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(Source: Based on U.S. EPA Office of General Enforcement, Petroleum Refiney Enforcement Manual,

1980)

Exhibit 13: Typical Refinery Wasewater Treatment System
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GasTreatment and Sulf Recovey

Sulfur is removed from a rumber of refinery process @f-gas streans (sour
gas) in order to meetthe SO, emissions limits of the CAA and to recover
sakalle elerrertal sufur. Process &f-ges steans, or saur gas, from the
coker, catlytic cracking urit, hydrotreaing units and hydroprocessng urits
cancontain high concertrations of hydrogensufide mxed wth light refinery
fuelgasesBefore elenertal sufur canberecovered, the fuelgasesgrimarily
methare ard ehane) needto be sepaated from the hydrogensufide. Thisis
typicaly accomplished by dissdving the hydrogen sufide n a clenical
sdvert. Solverts most commonly used a@ anines,suchas dethanolamine
(DEA). Dry adswoberts suchas nolecubr sieves, acivated cabon, iron
spange and zinc oxide ae ako used. In the anine sdvert processesPEA
sdution or arother aninesadvent ispunped b analsarption tower where the
gases & cantacted am hydrogensufide sdissdved inthe sdution. The fuel
gases & removed for use as del in process @irnaces m other refinery
operations. The amne-hydrogensufide sdution is then heaed amnl seam
stripped b remove the hydrogensulfide gas®

Current methods for removing sulfur from the hydrogen sulfide gas sreams
are typicaly a canbination of two processesthe ClausProcessfollowed by
the Beaven Process, Scot Process, or the Wellman-Land Process. The Claus
process cosists of pattial combuston of the hydrogensufiderichgas steam
(with one-third the sbichiometric quartity of ar) ard then reactng the
resulting sulfur dioxide and unburned hydrogen sulfide in the presence of a
bauxite caalyst to produce ednertal sufur (Exhibit 14).

STEAM FE%ER REHEATER
ACID GAS T l l CLAUS TAIL GAS TO DESULFERIZATION UNIT
MAY CONTAIN NH
¢ R WASTE 15t STAGE ond STAGE N
HEAT REACTOR REACTOR
BOILER
AIR
THERMAL >
REACTOR| | 1 | STEAN
:COND. :|
BOILER FEEDWATER -
Y

LIQUID SULFER

(Source: Based on U.S. EPA Office of General Enforcement, Petroleum Refinery Enforcement Manual, 1980)

Exhibit 14: Smplified Claus Sulfur Recovery Flow Diagram
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Since the Chus pocess p itsef removes anly alout 90 pecernt of the
hydrogen aulfide in the gas stream, the Beaven, SCOT, or Wellman-Lord
processes & dten used o further recover sufur. Inthe Beaenprocessthe
hydrogensufide nthe relatively low concertration gas steamfromthe Claus
process canbe amost completely removed by alsarption in a qunone
solution. The dissolved hydrogen aulfide is oxidized to form a mixture of
elemental sufur ard hydro-quinone. The sdution is injecied wth ar or
oxygento oxidize the hydro-quinone backto quinone. The sdution is then
filtered a certrifuged b remove the sufur ard the quinone is then reused.
The Beaen process $ also effective in removing snall anounts o sulfur
dioxide, cabonyl sufide, ard cabon disufide hat are rot affected ly the
Claus pocess. Thesecompoundsare first convertedto hydrogensufide at
elevated emperaturesin a cdoat molybdate catlyst prior to being fed to the
Beawen unit.6’%® Air emissions from sulfur recovery units will condst of
hydrogen sulfide, SO, ard NQ, in the piocess &l gas as welas tigitive
emssons ard releasesrbm vents.

The SCOT processs alsowidely used 6r removing sufur fromthe Chus &il
gas. The suphur compounds n the Claustail gasare cawerted © hydrogen
sufideby heaing ard passig it througha cdalt-molybderum catalyst with
the addiion of a reducing gas.The gass thencooled aml contacted wih a
sdution of di-isogproparolanine (DIPA) which removes al but traceanounts
of hydrogen sufide. The sufidetich DIPA is sern to a stipper where
hydrogensufide gass removed ard sen to the Chus part. The DIPA is
returned to the absorption column.

Additive Rroduction

A number of chemicak (mostly alcoholsand ethers) are addedd motor fuels
to either improve performance a meet federa ard site erironmertal
requirements. Since he 1970salcohols (methanol ard ethanol) ard ethers
have beenadded ¢ gasdine to increag octane levels ard reduce caloon
monoxide gemration in place @ the leadaddtives which were being prased
out asrequired by the 1970CleanAir Act. 1n1990,the nore sringert Clean
Air Act Amendments (see Section V.B) established minmum and maximum
anmounts of chemcally combined okygenin motor fuek aswel asanupper
limit on vapor pressure. Asaresult, dcohol additives have been increasingly
suppkenerted or replacedwith a number of different ethers which are ketter
able to meet both the new oxygen requirements and the vapor pressure limits.

The nost common ethers being used as adiives ae nethyl tertiary butyl
ether (MTBE), and tertiary amyl methyl ether (TAME). Many of the larger
refineries nanufacture their own supples @ MTBE ard TAME by reactng
isobutylene and/or isoamylene with methanol. Smaller refineries usudly buy
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their supples rom chemcal manufacturers o the larger refineries.
| sobutylere isobtainedfromanumber of refinery saurces ncluding: the light
naphtha fromthe FCCU ard cdking units, the by-productfrom steamcracking
of naphtha o light hydrocamons duiing the producion of ethylene ard
propylere, caialytic detydrogeration of isobutare, ard canversion of tertiary
butyl alcohol recovered as a f-product in the menufacture o propylene
oxides. Several different processeare currently inuseto produce MTBE ard
TAME from isobutylere aml metharol. Most processes use avb-stage
aciic ion excharge resin catalyst. Thereacton isexothermic ard cooling to
the properreactontemperature s criticalin obtaining the gotimal conversion
efficiercy. The process usubft producesanMTBE or TAME streamard a
relatively small stream of urreaced tydrocaibons ard metharol. The
metharol is extracted n a waer washard the resuting metharol-water
mixture is digtilled to recover the methanol for recycling.

Heat ExchangerCleaning

Heat exchargers are used hroughout petroleumrefineries b heator cool

petoleumprocess seans. The heatexchargers consist of bundles d pipes,
tubes, plate cals, or steamcails erclosing heaing or cooling water, steam or

oil to trarsfer heatindirecty to or from the al process seam The bundles
are ckared perodicaly to remove accunulations of scalkes dudge ad ary

oily residues. Because atomium has amost beendiminated as a cooling

water addtive, wases gesrated from the ckeanng of heatexchargerbundles
no longeraccaurt for a sgnificart portion of the hazadous wasgs gesprated

a refining fecilities. The dudge gearated may contain lead @ chromium,

althoughsamerefineries whch do not produce eaded gadime ard whichuse
non-chrome corrosion inhibitorstypicaly donot gereratesludge hatcontains
thesecongtituerts. Oily wasewater is also gererated duiing heatexcharger
clearing.®®

Blowdown Sy$em

Most refinery process uits and equipmert are manifolded nto a cdlection
unit, caled the Howdown system. Blowdown systens povide or the saé
handling ard dispasal of liquid and gaseshat are ether aubmaticaly vented
from the piocess uris through pressue relief valves, or that are manualy
drawnfrom urits. Recrculated piocess seans ard cooling waer streans
are dten manualy purgedto prevert the catinued luild up d contamnarts
in the steam Part or al of the conterts of equpmert canalso be purged b
the Howdown system prior to shutdown before normal or emnergercy
shutdowns. Blowdown systens uilizeaseiesof flashdrums arl condersess
to separate the Howdown into its vapor ard liquid componerts. The liquid
is typicaly composed d mixtures d water ard hydrocambons containing
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Blending

sufides,anmonia, ard ather contamnarts, which are semto thewasewater
treament plart. The gaseas componert typicaly contains hydrocarbons,
hydrogensufide,anmonia, mercaptns, sdverts, ard other constituerts, ard
iseither discharged drecty to the atnosptere or iscombusied ina fare. The
major air emssbns from blowdown systens ae hydrocatonsin the case b
directdischarge b the atmosphere ard sufur oxides wienflared.

Blending isthe final operation in petroleum refining. It consists of mixing the
productsinvariousproportionsto meetspediicaions suchas \apor pressue,
spediic gravty, sufur contert, viscasity, octane number, cetare index initial
boiling paint, and pour paoint. Blending can be carried out in-line or in batch
blending tanks. Air emissionsfrom blending ae fugitive VOCsfrom blending
tanks, valves punpsard mixing operations.”

Storage Tanks

Storage anks ae usedhroughout the refining process ¢ store ciude al ard
intermediate process éeds ér cooling ard further processng. Fnished
petroleum products are adso kept in sorage tanks before transport off ste.
Storage ank bottoms are mixtures of iron rustfrom corrosion, sard, water,
ard enrulsified al ard wax which accunulate atthe ottom of tanks. Liquid
tank bottoms (primarily water and oil emulsions) are periodically drawn off
to prevert their continuedbuild up. Tank bottom liquidsard dudge ae ako
removed during periodic cleaning of tanks for inspection. Tank bottomsmay
contain anourts d tetraetyl or tetramethyl lead(althoughthisisincreasngly
rare due b the plasaut of leaded popducts), other metals, ard plrerols.
Solids gewrated from leaded gadime sbrage ank bottoms are listed as a
RCRA hazadous wasg.*"2

Evenif equpped wih floating tops, storage ainks accaint for considerale
VOC emissons a pdroleum refineries. A study of peroleum refinery
emissions found that the mgjority of tank losses occurred throughtank seals
on gasdine sbrage anks.”®

Cooling Tovers

Cooling towers cool heaed waer by circulating the waer through a tower
with a pedeemined fow of anbiert ar pusted with large fans. A cetain
anmount of water exts the systemthrough evapaation, mist droplets ard as
bleedor blowdown to the wasewatr treament system Therefore, make-up
water in the range d about five percert of the circulation rate is required.”
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lll. B. Raw Material Inputs and Pollution Outputs in the Production Line

Air Emissions

Raw material input to petroleum refineries is primarily crude oil; however,
petoleumrefineries use ad gererate an erormous rumber of chemcalk,
many of which leave the facilit ies as discharges of air emissions, wastewater,
or sdid wase. Pollutants gemrated typicaly include VOCs, cabon
monoxide (CO), sulfur oxides (SO,), nitrogen oxides (NO,), paticulates
ammonia (NH,), hydrogen aulfide (H,S), metals, spert acds, ard numerous
toxic organic compounds. Exhibit 15 summarizes the main palutant outputs
for eachmajor refinery process.

When discussing material outputs of the petoleum refining indugry, it is
important to rote the relationship between the outputs of the indugry itself
ard the autputs resulting from the use of refinery products. Petoleum
refineries play an important role in the US. ecawomy, supplying
appoximately 40 pecert of the total erergy usedm theU.S. ard virtualy all
of the erergy consumed n the trarspatation secor. The pollutant outputs
from the refining facilities, however, are modest in comparison to the
pollutant outputsrealzed fomthe cansumption of petroleumproductsby the
transportation sector, dectric utilities, chemical manufacturers and other
indudrial and commercial users.

Air emissions from refineries include fugitive emissions of the volatile
constituertsin crude al ard its fracions, enissons from the kurning of fuels
in process baers, and enmissbns from the various Efinery processes
thenmseles. Fugitive emssons accurthroughout refineries adl arisefromthe
thousarsof potential fugitive emissbn saurces sehas \aves,punps tanks,
pressue relief valves,flarges,etc. While individualleaks age typicaly small,
the sumof al fugitive leaks ata refinery canbe one d its largest emisson
saurces. Fugitive emssbns canbe reduced hrougha rumber of techiques,
including improved leak esistart equpment, reducing the rumber of tanks
ard other poatential saurces ad, pehaps be nost effective nethod, an
ongoing Leak Deécion ard Repar (LDAR) program.

The rumerous pocess katers usedn refineries b heatprocess seans a to
gererate steam (boilers) for heaing or steamstripping, can be patential
saurces ¢ SO,, NO,, CO, patticulates anl hydrocarbons emissons. When
operating propetly ard whenburning clearer fuek suchas efinery fuel gas,
fuel ol or natural gas, these emissions are relatively low. If, however,
combustion is not complete, or heaters ae fired with refinery fuel pitch or
residuds, enissbns canbe significart.”
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Waskewater

Othea Wastes

The ngjority of gas steans exting eachrefinery process catain varying
anmounts of refinery fuel gas,hydrogensufide am anmonia. Thesestreans
are cdlected and sent to the gas teament ard sufur recovery unts
recover the refinery fuelgas ad sufur. Emissons from the sufur recovery
unit typically containssomeH,S, SQ, ard NO,. Other enmissbns saircesfrom
refinery processes @e from peirodic regereration of caimlysts. These
processes geanate streans that may contain relatively high levels of caibon
monoxide, paticulates ard VOCs. Before being discharged © the
atmosplere, suchoff-gas steans nay be treaed irst through a cabon
monoxide boiler to burn carbon monoxide and any VOCs, and then through
anelectrostatic precpitator or cyclone sepaator to remove paticulates’

Wastewatkers cansist of cooling water, process wadr, saritary sewage wat,
ard sorm water. Wastewaers ae treated n onsite wasewaer treatment
facilities and then discharged to POTWs or discharged to surfaces wadrs
under NPDES peamits. Inaddition, somefacilit ies use underground injection
of some wastewater streams. (See Wastewater Treatment in Section I11.A )

Many refineries unintentionally r elease, or have unintentionally r eleased inthe
past liquid hydrocartons to ground waer ard suface wagrs. At same
refineries contaminated ground water has migrate off-site and resulted in
continuous “seeps” © surfface watrs. While the actial volume of
hydrocabons releasedn sucha manner are relatively small, there is the
potential to contamnate large wlumes o ground water ard suface wagr
possibly pasing asubdantial risk to human health and the environment.

Other wases ae gemrated from many of the refining processespetoleum
handling operations, as well as wastewaer treaiment. Both hazadous amnl
non-hazadous wasesare gemrated, treaed aml dispacsed. Resdualrefinery
wadesare typicaly inthe form of dudges spert proces caalysts, filter clay,
ard incinerator ash Treaiment of these wasts ncludes incineration, land
treating off-site, land filling ansite, land filling off-site, chemical fixation,
neutralizaton, ard other treatment methods.

A dgnificart portion of the ron-petroleumproduct outputs of refineriesis
tramsported off-site ard ld asbyproducts. These outputs include silfur,
acetcacd, phosphoric acd, ard recovered metals. Metalsfrom catalystsard
from the ciude al that have depaited on the catlyst during the producton
often are recovered by third party recovery facilit ies.
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Exhibit 15: Typical Material Outputs from Selected Petr oleum

Refining Processes

and particulates)

Process Air Emissions Process Waste Water Residual Wastes
Generated

Crudeall Heater gack gas (CO, SO, Flow=2.1 Gal/Bbl Crudeoil/desalter dudge

desalting NO,, hydrocarbons and Qil, H,S, NH;, phenadl, (iron rust, day, sand,
paticulates), fugitive emissions | high levels of wate, emulsified ol and
(hydrocarbons) suspendad sdids, wax, meals)

dissdved sdids, high
BOD, high
temperatue.

Atmospheic Heater sack gas (CO, SO, Flow=26.0 Gal/Bhl Typically, little or no

digtillation NO,, hydrocarbons and Qil, H,S, NH,, residual waste generated.
paticulates), vents ard fugitive | suspended sdids,
emissions (hydrocarbons) chlorides, mecapars,

Vacuum Steam ejecbr emissions phenol, devated pH

Distillation (hydrocarbons), heater sack
gas (CO, SO,, NO,,
hydrocarbons ard particulates),
vents and fugitive emissions
(hydraocarbons)

Thermal Heater gack gas (CO, SO, Flow=2.0 Gal/Bbl Typically, little or no

Cracking/ NO,, hydrocarbons and Qil, H,S, NH;, phenadl, residual waste generated.

Vislreaking particulates), vents and fugitive | suspended sdids, high
emissons (hydrocarbons). pH, BOD., COD.

Caking Hesater stack gas (CO, SO,, Flow=1.0 Gal/Bbl Coke dug (carbon particles
NO,, hydrocarbons and High pH, H,S, NH;, and hydrocarbons)
particulates), vents and fugitive | suspended sdids, COD.
emissns (hydrocarbons) and
decking enissions
(hydrocarbons and
particulates).

Catalytic Hesater stack gas (CO, SO,, Flow=15.0 Gal/Bbl Spent catalysts (metals

Cracking NO,, hydrocarbons and High levels of all, from crudeail and
particulates), fugitive emissions | suspended sdids, hydrocarbors),
(hydrocarbons) ard catalyst pherols, cyanides H,S, | spent catalyst fines from
regeneration (CO, NO,, SO, NH,, high pH, BOD, electrostatic precipitatas

COD.

(aluminum slicateard
metals)

Catalytic Hydro-
cracking

Heater gack gas (CO, SO,
NO,, hydrocarbons and
paticulates), fugitive emissions

Flow=2.0 Gal/Bbl
High COD, suspended
sdids, H,S, relatively

Spent catalysts fines
(metals from crudeail, and
hydrocarbons)

(hydrocarbons) ard catalyst low levels of BOD.
regeneration (CO, NO,, SO,
and catalyst dug).
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NO,, hydrocarbons and
particulates), HCI (paentially
in light ends), vents ard
fugitive emissions
(hydrocarbons)

Process Air Emissions Process Waste Water Residual Wases
Genrerated

Hydrotreating/ Heater gack gas (CO, SO, Flow=1.0 Gal/Bbl Spent catalyst fines

Hydroprocessing | NO,, hydrocarbons and H,S, NH,, High pH, (aluminum glicateard
particulates), vents and fugitive | phenols sispended metals).
emissns (hydrocarbons) and sdids,BOD, COD.
catalyst regeneration (CO,

NO,, O,)

Alkylation Heate sad gas (CO, O, Low pH, sugpended Neutralized alkylation
NO,, hydrocarbons and sdids, dissdved sdids, | dudge(sulfuric acid ar
particulates), vents and fugitive | COD, H,S, spent caldum fluoride
emissions (hydrocarbons) sulfuric add. hydrocarbonrs).

Isomerization Heate gad gas (CO, O, Low pH, chloridesalts | Cacium chloride dudge

caudic wash, relatively
low H,S and NH..

from neutralized HCI gas.

Polymerization

H,S from caugic washing

H,S, NH,, caugic wash,
mercapans and
ammaia, high pH.

Spent catalyst containing
phosphoric add.

particulates), fugitive propare

Catalyic Heater gack gas (CO, SO, Flow=6.0 Gal/Bbl Spent catalyst fines from
Reforming NO,, hydrocarbons and High levels all, electrostatic precipitatas
paticulates), fugitive emissions | suspended sdids,COD. | (alumina slicatearnd
(hydrocarbons) ard catalyst Relatively low H,S. metals).
regeneration (CO, NO,, SO,)
Sdvent Fugitive solvents Oil and solvents Little or no residual wastes
Extradion generated.
Dewaxing Fugitive solvents, heate's Oil and solvents Little or no residual wastes
generated.
Propane Hesater stack gas (CO, SO,, Oil and propare Little or no residual wastes
Deaghalting NO,, hydrocarbons and generated.

Merox treating

Vents ard fugitive emissions
(hydrocarbons and disulfides).

Little or no wastewate
generated.

Spent Merox caudic
solution, waste ail-disulfide
mixture.

Wastewater
treatment

Fugitive emissions (H,S, NH,,
and hydrocarbons)

Not Applicable

API separator dudge
(phenols, mealsard ail),
chemical precipitation
dudge(chemical
coagularts, al), DAF
floats, biological dudges
(metals al, sugpended
s0lids), pent lime.
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(hydrocarbons)

generated

Process Air Emissions Process Waste Water Residual Wasges
Genrerated
Gas Treatment SQ, NO,, and H,S from vent H,S, NH,, amires, Spent catalyst.
and Sulfur and tail gas emissions. Stretford solution.
Recovery
Blending Fugitive emissions Little or no wastewate | Little or no residual waste

generated.

from flares, fugitive emissions

Heat exchanger Periodic fugitive emissions Qily wastewater Heat exchanger dudge(ail,
cleaning (hydrocarbons) generated metals ard sugpended
sdids)
Storage Tarks Fugitive emissions Wate drained from Tank bottom dudge(iron
(hydrocarbons) tarks ontaminated rug, day, sand, wate,
with tank produd emulsified al and wax,
metals)
Blowdown and Combudion produds (CO, Little or no wastewate | Little or no residual waste
flare SQ,, NO, and hydrocarbors) generated generated.

Sources Assessmat of Amogpheic Emissibnsfrom PetroleumRefiring, Radian Carp., 1980;Petroleum
Refining HhzardousWage Generation, U.S. EPA, Office of Solid Waste, 1994,

lll. C. Management of Chemicals in Wagestream

The Pdlution Prevertion Act of 1990 PPA) requires fadlities to report
information alout the managenent of TRI chemicak in waste amd eforts
madeto diminate or reduce those quantities. These data have been collected
amualy in Secton 8 of the TRI reporting Form R beginning with the 1991
reporting year. The datasummarizedbelow cover the years 19921995 anl
is meart to provide a lasic urderstanding of the quanities o wase handled
by theindusty, the methods typicaly used 6 manage hiswast, ard recent
trends n these mnathods. TRI wase managenent data canbe used b assess
trends in source redudion within individud indudries and facilit ies, and for
speciic TRI chemcak. This information could then be used as aobl in
identifying oppartunities for palution prevention compliance assistance
activities.

From the yealty dat presemed below it is appaent that the pation of TRI

wasesreported as ecycled m-site hes increased aththe pations treaedor
managedthrougherergy recovery on-site have decea®d letweenl1992 an
1995 projected). While the quantities reported or 1992 ad 1993 ae
edimates of quartities areadymanaged,the quartities reported or 1994 ad
1995are projectonsonly. The PPArequires these projecionsto erncourage

Sepenber 1995

43 SIC 2911



Secbr Notebook Project

Petroleum Refining

facilit ies to consider future waste generation and source redudion of those
guantities aswell as movement up the waste management hierarchy. Future-
year estimates are not commitments that facilit ies reporting under TRI are
required to meet

Exhibit 16 $ows that the petoleumrefining indugry managed alout 1.6
billio n pounds of produdion-related waste (total quantity of TRI chemicals
in the wase from routine pioducton operations) in 1993 ¢colurm B).
Column C reveak that of thisproducion-related wase, 30 pecert was eiher
trarsferred off-site or releasedo the ervironmert. Colunn C iscaktulated by
dividing the totd TRI transfers and releases by the totd quantity of
producion-related wage. In other words alout 70 pecert of theindudry’s
TRI wasks were managed orsite through recycling, erergy recovery, or
treament as shavn in columns E, F ard G, respecively. The ngjority of
waske thatis released ptrarsferred off-site canbe divided nto portions that
are recycled df-site, recoveredfor erergy off-site, or treaed df-siteas slown
in columns H, | and J, respectively. The remaining portion of the produdion
related wases @ pecert), stown in column D, is either released @ the
ernvironmernt through directdischargesto air, land, water, ard urderground
injection, or it is disposed of off- site.

Exhibit 16: Source Reduction and Recycling Activity f or Petroleum Industry (SIC 2911)

asReported within TRI

A B C D
On-Site Off-Site
Quartity of
Produdion- % Releasd
Related | % Releasd|  ard E F G H ! J
Waste and Disposed®
Year | (1¢°lbs)? [Trangferred| Off-site %  |% Energy % % Energy
Recycled| Recovery | % Treated | Recycled| Recovery | % Treated
1992 | 1476 24% 3% 10% 37% 22% 27% <1% <1%
1993 1,600 30% 4% 14% 36% 20% 26% <1% <1%
1994 | 1,867 4% 19% 37% 15% 25% <1% <1%
1995 | 1,717 4% 21% 32% 17% 27% <1% <1%

& Within this indudry sector, non-produdion related waste < 1 pecent of produdion related wastes for 1993.
® Total TR transfers and releases asreparted in Sections 5 ard 6 of Form R asa percentage of produdion related

wastes.

¢ Percentage of produdion related waste released to the environment ard transferred off-site for disposal.
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IV. CHEMICAL RELEAS E AND TRANSFER PROFILE

This section is designed to provide background information on the pollutant
releases tha are reported ty this industy. The lest saurce d comparative
pollutant releasenformation is the Toxic Rekase hventory System (TRI).
Pursuant to the Emergency Planning and Community Right-to-Know Act,
TRI includes sif- reported facilit y release and transfer data for over 600 bxic
chemicals. Facilities within SIC Codes 20 through 39 (manufacturing
industies) that have more than 10 enployees,ard that are alove weght-
based reporting thresholdsare required to report TRI on-site releases and off-
site trarsfers. The information presented within the seabr notebooks is
derived from the nost recertly awvailable (1993) TRI reporting year, and
focuses pmarily on the an-site releaseseaported ty eachsecor. Because
TRI requires consistent reporting regardless of sector, it is an excellent tool
for drawing comparisons across indudries.

Although this secbr notebook does not presem historical information
regarding TRI chenicalrelease®vertime, please ote that in gereral, toxic
chenical releagshave beendeclning. Infact, accading to the 1993 Dxic
Release Inventory Data Book, reported relea®s dropped ly 427 pecen
between1988 ad 1993. Althoughon-site releagshave decea®d, the total
anmount of reported bxic wase hes rot decinedbecausehe amount of toxic
chemicak trrarsferred off-site has increased. Trarsfers rave increasedriom
3.7 billio n poundsin 1991 © 4.7 billio n poundsin 1993. Better managenent
practices fave led to increases in off-site trarsfers d toxic chemcak for
recycling. More ddailed information can be obtained from EPA's annud
Toxics Retase mventory Public Data Rekase bok (which is awailable
through the BPCRA Hotline at800535-0202) or directy from the Toxic
Relea® Inventory Systemdaibase (for user suppat cal 202260-1531)

Wherever passble, the setor notebooks presem TRI dai@ as he pimary
indicator of chemical release whin eachindustial caegay. TRI data
provide he type, anount ard media recepor of eachchemical released o
trarsferred. Whenother saurces @ padlutant release dathave beenobtained,
these da have beenincluded b augnert the TRI information.

TRI Data Limitations

The reader should kegp in mind the following limit ationsregarding TRI daa.
Within some sectors, the mgority of facilit ies are not subject to TRI reporting
becauseheyare rot considered nmanufacturing industies, or becauselteyare
below TRI reporting thresholds Exanples are the nining, dry cleaning,
printing, ard trarspatation equpmert cleanng secors. For these sears,
releasenformation from other saurces las keenincluded.
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The readershould ako be awae that TRI "pounds eleased'data presemed
within the notebooks is not equivalent to a "risk" ranking for eachindusty.
Weighting eachpound of releaseequaly does rot facior in the relative
toxicity of eachchemical that is released. The Agerty is in the piocess 6
deweloping anappoachto assgn toxicological weightings © eachchenical
releasedso that one candifferentiate between pdlutants with significart
differencesin toxicity. Asapreliminary indicator of the environmental impact
of the industy's nost commonly released chrricak, the rotebook briefly
summarizes the toxicological propetties d the top chemicak (by weight)
reported ty eachindusty.

Definitions Assocated with Section IV Data Tables

General Definitions

SIC Code -- is the Sardad Industia Classiicaion (SIC) is a shtistical
classficaton stardard used ér al estblishmert-based Federa ecaomic
statistics. The SIC codes facilit ate comparisons between facilit y and indugry
data.

TRI Facilities-- are manufacturing facilit ies that have 10 or more full-time
enployees ad are above es#blished chemical throughput thresholds.
Manufacturing facilities are ddined as facilities in Standard Indugrial
Classification primary codes 20to 39. Facilit ies must submit estimates for al
chemcak that are an the BPA's deined list ard are @ove throughput
thresholds

Data Table Coumn Heading Defnitions

The following definitions are based upa sardard defnitions developed ly
EPA’sToxic Rekasehventory Program. The caegaiesbelow represemthe
possble pdlutant destnations that canbe reported.

RELEASES - are an on-site dsclerge of a toxic clemical to the
ervironmert. This includes enssons to the ar, discherges b bodies d
water, releases a the facility to land, as well as contained disposal into
underground injecion wels.

Releasesto Air (Point and Fugitive Air Emissions) -- Include dl ar
emissions from indudry activity. Point emission occur through confined air
streans as bund in stacks, duds, or pipes. Fugitive enissons includelosses
from equipment leaks, or evaporative losses from impoundments, spills, or
leaks.
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Releases 6 Water (SurfaceWater Discharges)-- ercompass an releases
going directly to streans, rivers, lakes,ocears, or other bodiesof water. Any
esimates for stormwater runoff ard non-point losses rastalsobe included.

Releasesto Land -- includes dspasal of toxic chenicakin wase o on-site
landfills, land treated or incorporation into soil, surface mpoundments, spils,
leaks, or waste piles. These activities must occur within the facility's
boundaries br inclusion in this caegay.

Underground Injection -- isacontained release da uid into a sulsurface
well for the pupose of wage dsposal.

TRANSFERS -- is atransfer of toxic chemicals in wastesto afacility that is
geographically or physically separate from the facilit y reporting under TRI.
The quanities reportedrepresen amovement of the chemicalawayfrom the
reporting fecility. Except for off- Site transfers for disposal, these quantities
do not necessaly represen ertry of the chemicalinto the ervironmert.

Transfers to POTW s-- are wasewaerstrarsferred throughpipes @ sewes

to a pulbicly owned treatments waks (POTW). Treaiment ard chemical

removal depen on the chemical’'s nature ard treatment methods used.
Chemicak ot treaed a destoyed by the FOTW are gerraly releasedd

suiface wagrs or land filled within the dudge.

Transfersto Recycing -- are sent off-gite for the purposes of regenerating
or recovering il vauable materials. Once these chemicals have been
recycled, they may be returned to the originating facilit y or sold commaercially.

Trandersto Energy Recovey -- are wases canbusted off-sitein industial
furnaces or erergy recovery. Treaiment of achenical by incineration is not
consdered b be erergy recovery.

Transfers to Treatment -- arewastes noved off-sitefor either neutralizaton,
incineration, biologicaldestuction, or physicalsepaation. Insame casesthe
chemicak ae ot destoyed hut prepaed or further wase menagenent.

Transfers to Disposal -- are wastes taken to another facility for disposal
gererally as a élease ¢ land or as annjection underground.
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IV.A. EPA Toxic Release Inventory for the Petr oleum Refining Industry

The anourt of TRI chemmicak gemrated by the petoleumrefining industry
provides a goss pofile of the types ad relative anmounts o toxic chemical
outputsfromrefining processes. Additional information, which can berelated
back © posshle canpliance requirements, is avalable from the dstribution
of chemicalreleases aoss spedic mediawithin the ervironmert. The TRI
data requires filers to list releases to ar, water, and land separately. The
distribution acioss nedia carmalsobe compared  theprofile of other industy
secors.

Thepetoleumrefining industy released’5 pecert of itstotal TRI poundage
to the ar, 24 pecern to the water (including 20 pecert to underground
injecton ard 4 pecert to suface wagrs), ard 1 pecert to the land. This
release profile differsfrom other TRI indugries which average approximately
59percent to air, 30 pecert to water, ard 10percert to land. Exaniningthe
petroleumrefining industy's TRI reported oxic chenical releasesighlights
the likely origins o the large ar releasesdr the industy (Exhibit 16).

Accading to TRI data, in 1993 he petoleum refining indudry releagd
(discharged b the ar, water, or land without treaiment) ard trarsferred
(shipped df-site) a otal of 482millio n poundsof padlutants, madeupof 103
different chemicak. This represeits alout 11 percert of the total pounds d
TRI chenicak released amh trarsferred by al manufacturers that year. In
comparison, the chemical indugry (SIC 28) produced 2.5 hillio n poundsthat
year, accainting for 33 pecert of al releases ahtrarsfers.

Overall, the petoleumrefining indudry'sreleagsdeclned ketween1988 ad
1993. Between 1991 an 1993 he decea® in releagswas 6.7 pecert

compared D the averagefor all industies of 18 percert. Inthe sane peiiod,
howewer, trarsfers wee reported D increasess percert which is higher than
the average ncreasen trarsfers o 25 pecert for al manufacturing industies.
A large pation of the increases werin the form of trarsfers  recycling.
Spen aulfuric acd gererated in the alkylation proces makesup alout half of
all transfers of TRI listed chemicals off-site. At the facilit y level, the indugry
reported aével of pdlutionprevertionacivities o 42 pecert of al refineries
which is slightly higher thanthe overall average ¢ alout 35 pecert of TRI

reporting facilit ies.

Comparisons of the reported pounds released or transferred per facility
denonstrate that the petoleumrefining industy is far alove average n its
pollutant releases and transfers pe facility when compared to other TRI
indudries. Of thetwenty manufacturing SIC codeslisted in the TRI database,
the mean amount of pdlutant release pea facility (including peroleum
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refining) was appoximately 120000 pounds The TRI releases of the
averageperoleum refining facilit y (SIC 2911)were 404000 painds, making
the indudry 3.4 times higher in pe facilit y releases than for other indudries.
For transfers, the mean of peroleum refining facilit ies was about 13 times as
much that of al T Rl manufacturing facilit ies (202000 paindstrarsferred off-
site pea facilit y compared to 2,626 000 perefinery). These highreleagsard
transfers pe facility reflect the large volumes of material processed a a
relatively small number of facilit ies.

Of the top ten most frequetly reported bxic chemcak on the TRI ligt, the
prevalene of volatile chemcalk explains the ar intensive toxic crenical
loading of the refining indudry. Nine of the ten most commonly reported
toxic cremicak ae highly volatile. Seven of the ten are aomatc
hydrocamons (berzere, toluere, ethylberzere, xylene, cyclohexane, 1,2 ,4-
trimethylbenzere ard ethylberze). Aromatic hydrocarbonsare highly volatile
compounds ard meke up a pdion of both crude al ard many finished
petroleum products. Ammonia, the rinth most commonly reported xic
chemical, is also released amh trarsferred from petroleumrefineries n large
quantities. Ammaonia may be found in high concentrations in process water
streams from steam distillation processes and in refinery sour ges. The
primary mearsof released the ervironmert isthroughundergroundinjecion
of wasewaer ard emssons © ar. Gasdine Herding addiives (.e.,
metharol, ethanol, ard MT BE) ard chenicalfeedsbcks (propylene, ethylene
ard nepthalene) are alsocommonly reportedto TRI. Additives amd chenical
feedsbcks ae, for the nost pat, released as memnssons dueto their high
volatility. A dgnificant portion of the remaning chemicals of the reported
TRI toxic chemicak ae netals compounds, which are typicaly trarsferred
off-site for recovery or as a caponert of hazadouswases. Althoughit is
not the nost frequenly reported bxic chemcal released b trarsferred,
sulfuric acid is, by far, generated in the largest quantities. Spent sulfuric acid
is primarily gererated duiing the akylation proces. The acd is typicaly
transferred off-site for regeneration.
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Exhibit 17: 1993 Retasesfor Petroleum Refining Facilitiesin TRI, by Number of FacilitiesReporting
(Releases reported in poundgyear)

# REPORTING FUGITIVE WATER UNDERGROUND LAND TOTAL AVG. RELEASES
CHEMICAL NAME CHEMICAL AlIR POINT AIR DISCHARGES INJECTION DISPOSAL RELEASES PER FACILITY
BENZENE 153 3,033472 1216081 7.888 66,782 19639 4343862 28391
TOLUENE 146 6447238 2525056 5,106 24233 48271 9,049904 61986
ETHYLBENZENE 139 945272 418624 2582 453 19175 1,386,106 9,972
XYLENE (MIXED ISOMERS) 136 3,631186 1454332 5917 7,163 79188 5,177,786 38072
CYCLOHEXANE 125 973249 478215 3447 297 3,587 1,458,795 11670
124-TRIMETHYLBENZENE 116 641879 238163 2,164 989 5821 889016 7,664
SULFURIC ACID 108 5,729 1,143906 0 0 7,586 1157221 10,715
PROPYLENE 106 3508496 1,139819 4,615 0 0 4,652930 43896
AMMONIA 103 1856861 4858416 2321031 12385400 90393 21512101 208855
ETHYLENE 91 1182544 453633 4504 0 0 1640681 18029
NAPHTHALENE 76 349850 49857 7401 0 9,611 416,719 5483
CHLORINE 68 43986 97543 8,227 0 1,180 150936 2,220
METHYL TERT-BUTYLETHER 66 475499 1837776 59032 634 152 2373093 35956
13-BUTADIENE 57 192147 102,85 4547 0 10 299489 5,254
METHANOL 56 329073 210415 33400 21319 275 594482 10616
HYDROGEN FLUORIDE 52 134710 337003 0 0 46 471759 9,072
CUMENE 48 478463 66,099 244 62 282 545150 11357
PHENOL 48 13312 131318 13,748 260000 916 419294 8,735
DIETHANOLAMINE 44 58,746 280 58617 284 301 118228 2,687
PHOSPHORIC ACID 44 1,001 10 0 0 100250 101351 2303
MOLYBDENUM TRIOXIDE 43 212 358 191 0 67 828 19
1,1,1-TRICHLOROETHANE 38 164200 513 271 0 250 165234 4,348
NICKEL COMPOUNDS 33 1361 10984 4593 0 17010 33948 1,029
HYDROCHLORIC ACID 29 6,430 140367 0 0 5479 152276 5251
ZINC COMPOUNDS 28 4,656 8,332 20298 0 17992 51278 1831
LEAD COMPOUNDS 25 1627 4,466 2,060 115 4862 13130 525
CRESOL (MIXED ISOMERS) 21 17333 5,160 410 110000 245 133148 6,340
COBALT COMPOUNDS 19 26 159 1,230 0 2,164 3,579 188
CHROMIUM COMPOUNDS 18 15331 14055 5,046 0 91538 125970 6,998
ETHYLENE GLYCOL 17 6,340 21451 192 12137 242 40362 2374
CARBON TETRACHLORIDE 16 20175 468 90 0 0 20,733 1296
O-XYLENE 16 224674 98181 423 5 1,023 324306 20269
P-XYLENE 16 244792 282361 392 5 563 528113 33007
TETRACHLOROETHYLENE 16 21122 303 0 0 0 21425 1339
METHYL ETHYL KETONE 15 4349330 250384 2,782 36,000 485 4,638981 309265
M-XYLENE 14 297605 55255 566 5 1,180 354611 25329
NICKEL 14 315 2,724 5,690 0 3477 12206 872
1,2-DICHLOROETHANE 13 11416 42 5 16 2 11481 883
MANGANESE COMPOUNDS 12 1 2,805 6,207 0 63,000 72013 6,001
CHROMIUM 11 2926 12971 2622 0 16847 35366 3,215
LEAD 11 122 273 200 0 9,901 10496 954
ANTHRACENE 10 5,590 235 147 0 1,530 7,502 750
COPPER COMPOUNDS 10 63 1,750 925 0 2,515 5,253 525
GLYCOL ETHERS 10 752 57 5 0 254 1,068 107
2-METHOXYETHANOL 10 3,073 499 0 0 0 3,572 357
BIPHENYL 8 14005 240 157 0 0 14402 1,800
ANTIMONY COMPOUNDS 7 145 5,264 8,667 0 4,020 18,096 2,585
1,2-DIBROMOETHANE 7 282 16 0 16 4 318 45
ACETONE 6 3,897 2946 1,400 0 4 8,247 1375
BARIUM 6 5 5 0 0 1,966 1976 329
COPPER 6 12 1,305 402 0 0 1,719 287
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Exhibit 17 (cont.): 1993 Releases for Petroleum Refining Facilities in TRI, by Number of Facilities Reporting

(Releases reported in pounds/year)
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# REPORTING FUGITIVE WATER UNDERGROUN TOTAL AVG. RELEASES
CHEMICAL NAME Al POINT AIR_DISCHARGES D INJECTION RELEASES PER FACILITY
DICHLORODIFLUOROMETHANE 6 195100 0 0 0 195100 32517
STYRENE 6 150906 3,780 270 0 154956 25826
COBALT 5 7 0 0 0 450 90
TERT-BUTYL ALCOHOL 5 20,176 68,344 10 557 89,087 17,817
ARSENIC 4 5 5 0 0 329 82
BARIUM COMPOUNDS 4 0 1,700 1,300 0 11,700 2925
CARBON DISULFIDE 4 5 0 0 0 8 2
AMMONIUM SULFATE 3 16 250 2 0 272 91
ASBESTOS (FRIABLE) 3 0 0 0 0 250 83
CADMIUM 3 4 27 0 0 33 64 21
CHLOROBENZENE 3 225 17 0 0 0 242 81
DICHLOROMETHANE 3 4,099 0 34 0 0 4,133 1378
HYDROGEN CYANIDE 3 0 74,812 260 0 0 75,072 25,024
MANGANESE 3 0 1,798 15000 0 0 16,798 5599
METHYL ISOBUTYL KETONE 3 16544 5 0 0 0 16549 5516
N-BUTYL ALCOHOL 3 10 0 0 0 0 10 3
ZINC (FRUMEORDUST) 3 0 94 0 0 0 94 31
2,4-DIMETHYLPHENOL 3 47 0 2 0 0 49 16
ALUMINUM OXIDE 2 0 0 0 0 0 0 0
ANTIMONY 2 0 0 0 0 37 37 19
ARSENIC COMPOUNDS 2 0 8 0 0 0 8 4
BERYLLIUM 2 2 0 0 0 87 89 45
BUTYL BENZYL PHTHALATE 2 0 0 0 0 0 0 0
MERCURY COMPOUNDS 2 5 279 0 0 0 284 142
SELENIUM 2 0 0 0 0 256 256 128
SILVER 2 1,800 0 0 0 750 2,550 1275
1,2-DICHLOROPROPANE 2 610 0 210 0 5 825 413
AMMONIUM NITRATE 1 0 0 0 0 0 0 0
BENZIDINE 1 16 0 0 0 0 16 16
BERYLLIUM COMPOUNDS 1 0 1 0 0 0 1 1
BROMOCHLORODIALUOROMETH 1 0 0 0 0 0 0 0
BROMOTRIFLUOROMETHANE 1 0 0 0 0 0 0 0
CADMIUM COMPOUNDS 1 0 0 0 0 0 0 0
CARBONYL SULFIDE 1 0 0 0 0 0 0 0
CHLORINE DIOXIDE 1 0 0 0 0 0 0 0
CHLOROFORM 1 0 0 0 0 0 0 0
DIBENZOFURAN 1 0 0 0 0 0 0 0
ETHYLENE OXIDE 1 150000 400 0 0 0 150400 150400
FORMALDEHYDE 1 0 12,080 0 0 0 12,080 12,080
HYDRAZINE 1 14 0 0 0 0 14 14
ISOPROPYL ALCOHOL 1 0 0 0 0 0 0 0
MERCURY 1 0 0 0 0 5 5 5
METHYL METHACRYLATE 1 0 0 0 0 0 0 0
NITRIC ACID 1 140 230 0 0 0 370 370
PHOSPHORUS 1 0 0 0 0 0 0 0
SELENIUM COMPOUNDS 1 0 41 0 0 0 41 41
SILVER COMPOUNDS 1 0 0 730 0 0 730 730
TOLUENE-2,4- 1 0 0 0 0 0 0 0
VANADIUM (FUMEORDUST) 1 0 0 0 0 14000 14000 14000
VINYL ACETATE 1 250 0 0 0 0 250 250
112 TRICHLOROETHANE 1 3 1 0 0 0 4 4
TOTAL 159 30260605 17847132 2625259 12926472 64317663 404514
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Exhibit 18: 1993 Tranders for Petroleum Refining Facilitiesin TRI, by Number of FacilitiesReporting
(Trandersreported in poundsyear)

# REPORTING POTW ENERGY TOTAL  AVG. TRANSFERS
CHEM ICAL NAME CHEMICAL DISCHARGES DISPOSAL RECYCLING TREATMENT RECOVERY  TRANSFERS PER FACILITY
BENZENE 153 250617 14112 5994 37509 5557 313789 1,638
TOLUENE 146 257200 40349 18287 32206 64853 412895 2828
ETHYLBENZENE 139 33348 21,755 2,558 7,905 15534 81100 583
XYLENE (MIXED ISOMERS) 136 208988 47665 7A78 38529 78314 380974 2801
CYCLOHEXANE 125 5611 2,758 1978 2,239 2,237 14823 119
124-TRIMETHYLBENZENE 116 4,398 12421 684 5911 25040 48454 418
SULFURIC ACID 108 0 15,295 405530,/10 188 10 405546203 3,755057
PROPYLENE 106 0 479 0 3 0 482 5
AMMONIA 103 1641533 42827 37 561 259 1685217 16361
ETHYLENE 91 0 28 0 2 0 30 0
NAPHTHALENE 76 2,637 18083 416 4,677 6,540 32353 426
CHLORINE 68 382 0 0 0 0 382 6
METHYL TERT-BUTYL 66 89,724 130 450 45 281 90630 1373
13-BUTADIENE 57 0 14 0 2 0 16 0
METHANOL 56 486343 442 84 673 422 487964 8,714
HYDROGEN FLUORIDE 52 0 1,260 0 2,576 0 3,836 74
CUMENE 48 219 2391 21 2,242 461 5334 111
PHENOL 48 928168 26548 30,740 606 23 986085 20543
DIETHANOLAMINE 44 248408 300 220092 4 0 468804 10655
PHOSPHORIC ACID 44 0 742510 48000 76034 0 866544 19694
MOLYBDENUM TRIOXIDE 43 0 267672 1906057 23541 0 2,197270 51,099
1,1,1-TRICHLOROETHANE 38 250 4 48,429 1,210 7,300 57,193 1,505
NICKEL COMPOUNDS 33 1,049 340304 750224 13636 136 1,105349 33495
HYDROCHLORIC ACID 29 0 0 0 0 0 0 0
ZINC COMPOUNDS 28 27635 62076 178276 16327 592 284906 10175
LEAD COMPOUNDS 25 1,105 27074 6,184 18123 481 52967 2,119
CRESOL (MIXEDISOMERS) 21 44831 18066 130054 1403 117 194471 9,261
COBALT COMPOUNDS 19 0 61,066 334690 7510 1 403267 21225
CHROMIUM COMPOUNDS 18 6,070 46559 13085 8421 124 74259 4126
ETHYLENE GLYCOL 17 58,000 0 120230 3,806 19 182055 10,709
CARBON TETRACHLORIDE 16 0 3 14 27 6 50 3
O-XYLENE 16 3,502 3,084 939 85 1,000 8,610 538
P-XYLENE 16 1,365 3,006 889 331 360 5951 372
TETRACHLOROETHYLENE 16 0 0 494 0 0 494 31
METHYL ETHYL KETONE 15 39 375 1,760 6,643 5,300 14117 941
M-XYLENE 14 3,013 4547 301 358 310 8,529 609
NICKEL 14 340 32,758 89963 3,904 45 127010 9,072
1,2-DICHLOROETHANE 13 1 253 0 0 0 254 20
MANGANESE COMPOUNDS 12 0 8,210 15234 31,000 74 54518 4543
CHROMIUM 11 7,302 4,729 53149 15234 46 80460 7315
LEAD 11 397 17265 2524 895 83 21164 1924
ANTHRACENE 10 0 2,883 242 405 193 3,723 372
COPPER COMPOUNDS 10 3,004 5531 117219 2,025 25 127804 12,780
GLYCOL ETHERS 10 0 0 4,104 0 0 4,104 410
2-METHOXYETHANOL 10 0 0 0 0 0 0 0
BIPHENYL 8 0 216 0 157 966 1339 167
ANTIMONY COMPOUNDS 7 780 15,129 4,805 10,807 0 31,521 4,503
1,2-DIBROMOETHANE 7 0 0 0 5 5 10 1
ACETONE 6 120229 0 0 0 0 120229 20038
BARIUM 6 2,136 26610 3,778 256 90 32870 5478
COPPER 6 21 70214 7123 1364 0 78,722 13120
DICHLORODIALUOROMETHANE 6 0 0 65 0 0 65 11
STYRENE 6 0 11 0 1 1 13 2
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Exhibit 18 (cont.): 1993 Tranders for Petroleum Refining Facilitiesin TRI, by Number of FacilitiesReporting

(Trandersreported in poundsyear)

# REPORTING POTW ENERGY TOTAL AVG. TRANSFERS
CHEMICAL NAME CHEMICAL DISCHARGES DISPOSAL RECYCLING TREATMENT RECOVERY TRANSFERS PER FACILITY
COBALT 5 0 624 4949 61 5,634 1127
TERT-BUTYL ALCOHOL 0 0 0 0 22 4
ARSENIC 1 383 0 252 639 160
BARIUM COMPOUNDS 0 1325 102 2547 3,974 994
CARBON DISULFIDE 0 0 0 0 0 0
AMMONIUM SULFATE (SOLUTION) 99,000 2 0 0 99002 33001
ASBESTOS (FRIABLE) 0 278521 0 0 278521 92840
CADMIUM 0 37 0 1 38 13
CHLOROBENZENE 0 0 0 0 0 0
DICHLOROMETHANE 0 0 0 0 0 0
HYDROGEN CYANIDE 0 0 0 0 0 0
MANGANESE 610 0 19000 0 19610 6,537
METHYL ISOBUTYL KETONE 0 299 750 0 1,049 350
N-BUTYL ALCOHOL 1,600 0 0 0 1,600 533
ZINC (FUME OR DUST) 0 13,794 0 1,756 15550 5,183
2A-DIMETHYLPHENOL 5,445 0 18411 23861 7954
ALUMINUM OXIDE(FIBROUSFORM) 340174 93503 433677 216839
ANTIMONY 4,087 4,098 2,049
ARSENIC COMPOUNDS 11 13 7
BERYLLIUM 9 9 5
BUTYL BENZYL PHTHALATE 0 0 0
MERCURY COMPOUNDS 39 46 23
SELENIUM 83 27 357 179
SILVER 752 806 403

1,2-DICHLOROFROPANE
AMMONIUM NITRATE(SOLUTION)
BENZIDINE

BERYLLIUM COMPOUNDS
BROMOCHLORODIALUOROMETHANE
BROMOTRIFLUOROMETHANE
CADMIUM COMPOUNDS
CARBONYL SULFIDE

CHLORINE DIOXIDE
CHLOROFORM

DIBENZOFURAN

ETHYLENE OXIDE
FORMALDEHYDE

HYDRAZINE

ISOPROPYL

MERCURY

METHYL METHACRYLATE
NITRIC ACID

PHOSPHORUS (YELLOWORWHITE)
SELENIUM COMPOUNDS

SILVER COMPOUNDS
TOLUENE-2,4-DIISOCYANATE
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VANADIUM (FUME OR DUST) 6,400 1, 7,480 7480
VINYL ACETATE 0 0 0
1,1,2-TRICHLOROETHANE 0 0 0
TOTAL 159 4482131 2653929 40979407 385426 216839 417532403 2625990
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The TRI daabase contains a detalled compilation of seif-reported, facilit y-
specific chemical releases. Thetop reporting facilit iesfor this sector are listed
below (Exhibit 19). Facilities that have reported only the SC cades coered
under this notebook gpear onthe first list. Exhibit 20 contains additional
facilit ies that have reported the SIC code covered within this report, and ore
or more SIC cades hat are rot withinthe scqe d thisnotebook. Therefore,
the second list includes facilit ies that condud mulitiple operations-- somethat
are urderthe sce d this notebook, and some that are not. Currently, the
facility-level data do not dlow pdlutant releases to be broken apat by
indudrial process.

Exhibit 19: Top 10 TRI Releasng Petroleum Refineries’
Total TRI Releases
Rank | Facility in Pounds
1 Amoco Qil Co. - Texas City, TX 13,196,/34
2 Mobil Oil - Beaumont, TX 4,312079
3 Chevron - Port Arthur, TX 2513247
4 BP Qil Co. Alliance Refinery - Belle Chasse, LA 1,992942
5 Coadal Refining - CarpusChristi TX 1827682
6 Phillips P. R. Care Inc. - Guayama R 1,806,163
7 Hess Qil St. Croix Refinery - Kingshill V| 1,720814
8 Sun Refining & Marketing Co. - Tulsa, CK 1555245
9 Koch Rdining Co. - Rosemount, MN 1395612
10 | Koch Refining Ca - CapusChristi TX 1,329,136
Source: U.S. EPA, Toxics Release Inventory Datalase, 1993.

® Being included in this list does not meanthat the release is asociated with non-compliance with environmental

laws.
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Exhibit 20: Top 10 TRI Releasng Fadilitie s Reporting Petr oleum Refining
SIC Codesto TRI®
SIC Codes Total TRI
Reportedin Releases
Rank TRI Fadlity in Pounds
1 2911 Amoco Oil Co. Texas City Refinery - Texas City, TX 13,196,/34
2 2911,2869, Shdl Oil Co, - Deer Park, TX 4542726
2865,2821
3 2911 Mobil Oil Beaumont Refinery - Beaumont, TX 4,312079
4 2911 Chevron USA Produds, Port Arthur Refinery - Port Arthur, TX 2513247
5 2911,2869,2992 | Lyonddl-Citgo Refining Ca Ltd. - Hougon, TX 2,340426
6 2911,2819,2869 | Citgo Petroleum Carp. - Lake Charles, LA 2116136
7 2911 BP Qil Co. Alliance Refinery - Belle Chasse, LA 1,992942
8 2911,2869,2873 | Chevron Produds Do. Pascagoula Refinery - Pascagaula, MS 1,922457
9 2911 Coadal Refining & Marketing Inc. - CapusChristi, TX 1,827682
10 2911 Phillips P.R. Care Inc. Phillipa Paraxylene Inc. - Guayama,PR 1,806,163
Source: U.S. EPA, Toxics Releas Inventory Datalase, 1993.

IV.B. Summary of Selected Chemicals Rekased

The following isasynopss of current scientific toxicity and fate information
for the top chemicals (by weight) that facilit ies within this sector self- reported
asreleagd D the ervironment based upon 1993 TRI dai. Becaus this
sectionisbased uponself-reportedreleag daia, it doesnot attempt to provide
information on managenent pracices emloyed ly the secbr to reduce he
release bthese clknicak. Information regarding pdlutant release eductions
over time may be available from EPA’s TRI ard 33/50 pograms, or direcly
from the industial trade assoiations that are listed in Section IX of this
docunment. Since these desaptions are cusory, please cosult the sairces
referenced l@low for a nore detiled desciption of both the chemicak
descibed in this secton, ard the chemicalk that appeaion the full list of TRI

chemicak appeang in Secion IV.A.

The brief descriptions provided below were taken from the 1993 Toxics
Releax Inventory Public Data Rleas (EPA, 1994) the Hazadous
Substances DaaBark (HSDB), ard the Integrated Rsk Information System

¢ Being included on this list does not mean that the release is associated with non-compliance with environmental

laws.
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(IRIS), both accesed via TOXNET®. The information contained below is
based upm exposure asumptions that have beenconducted usng fardad
scientific procedures. The effects listed below must be taken in context of
these exposure assumptions that are nore fully explained within the full
chemical profiles in HSDB.

Ammonia(CAS: 766441-7)

Sources. Ammonia isformed fom the ritrogenbeaing canponertsof crude
oil ard canbe found throughout petoleumrefineriesin both the gagous ard
aquepus forms. Gaseous ammaonia often leaves didtillation, cracking and
treaing processesnixedwiththe sour gasor acd gas adng with refinery fuel
gases amh hydrogensufide. Aqueais anmonia is presen in the sairwater
generated in the vacuumdistillation unit and seam strippea'sor fractionators.
Samerelea® urcesinclude,fugitive emssions, sour gasstripper, sulfur unit
ard wasewager discharges.

Toxicity. Anhydrousanmoniaisirritating to the ski, eyes,nose,throat, ard
upperrespiratory system

Ecologicaly, ammonia isasaurce d nitrogen(an essetial elenert for aquaic
plart growth), and may therefore cantribute to europhicaion of starding or
slow-moving suface wagr, paticulary in nitrogenlimited waters such asthe
Chesapeake Bajnaddtion, aqueais anmonia ismoderately toxicto aquaic
organisns.

Carcinogenicity. Thereiscurmrently no eviderce b suggesthatthischenical
is carcinogeric.

Environmental Fate. Ammonia combines with sulfate ions in the
atmosphere and iswashed out by rainfall, resulting inrapid return of ammonia
to the sal ard suface waérs. Ammonia s a cetral compound in the

4 TOXNET isa ommputer system run by the National Library of Medicine that includes a rumber of toxicological
datalass maraged by EPA, National Cancer Ingtitute, and the National Institute for Occupatianal Safety and
Health. For mare informatian on TOXNET, contad the TOXNET help line at 800-231-3766Datatass included
in TOXNET are: CCRS (Chemical Carcinogenesis Research Informatian System), DART (Developmental ard
Reprodudive Toxicity Datatas), DBIR (Directory of Biotechnology Information Resources), EMICBACK
(Environmental Mutagen Informatian Center Backfile), GENE-TOX (Genetic Toxicology), HSDB (Hazadous
Substances Data Bank), IRIS (Integrated Risk Informatian System), RTECS (Registry of Toxic Effects of Chemical
Substances), and TR (Toxic Chemical Release Inventory). HSDB contains chemical-specific information on
marufaduring ard use, chemical ard physical properties, safety and handling, toxicity and biomedical efects,
phamaamlogy, environmental fateard exposure pdential, exposure sandards ard regulations, manitoring ard
amalysis methods ard adlitional references.
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ervironmertal cycling of nitrogen Ammonia in lakes, rivers, ard streans is
converted D nitrate.

Physical Properties Ammoniaisa carosive ard sewerely irritating gas wih
a pumgert odor.

Toluene (CAS: 108-88-3)

Sources. Toluere s a canponert of crude al ard is therefore presen in
many refining operations. Toluereisalsoproduced duing caglytic reforming
ard is sdd as me d the large volume aromatics used asekedsbcks in
chemical manufacturing. Its volatile nature makes fugitive emissions its
largestrelease sorce. Point ar saurces nay arse duing the process 6
sepaating wluere from other aromatics am from sdvert dewaxng
operations where luere is often used ashe sdvert..

Toxicity. Inhalation or ingeston of toluere cancauseneadachks,confusion,
weakress,ard memory loss. Toluere may alsoaffectthe waythe kidneys ard
liver function.

Reacions of toluere (seeenvironmertal fate) in the atmosphere contribute to
the formation of ozone in the lower atmosplere. Ozame canaffect the
respiratory system, especialy in sensitiveindividuds such asasthmaor alergy
sufferers.

Some studies have shown that unban animals were harmed when high levels

of toluere weee inhaled by their mothers, athoughthe sane effects wee not

seenwhenthe nothers wee fed large quartities of toluere. Note that these
results may reflect amilar diffic ulties in humans.

Carcinogenicity. There iscurrently no eviderce o suggesthatthischemical
IS carcinogeric.

Environmental Fate. A portion of releases ttoluere o land ard waier will
evapaate. Toluere nay also be degaded ly microorgarisms. Orce
volatiliz ed, toluenein the lower atmosphere will r eactwith other atmospleric
componerts contributing to the formation of ground-level ozone ard ather air
pollutants.

Physical Properties Toluere is a wlatile organc crenical
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Xylenes (Mixed komers) (CAS: 133020-7)

Sources. Xylene isomers ae a canponert of crude ol ard are therefore
presem in many refining operations. Xylenes are ako produced duing
cafalytic reforming ard are sdd as me d the large olume aromatics used as
feedsocksin chemical manufacturing. Xylene' svolatile nature meke fugitive
emissons the largestrelease sorce. Point air saurces nay anise duing the
process of separating xylene from other aromatics.

Toxicity. Xylene are rapidly alsorbed nto the body after inhalation,
ingestion, or skin contact. Short-term exposure of humansto high levels of
xylene cancauserritation of the skn, eyes, nose, andthroat, difficulty in
breating, impared lung function, impared memory, ard passble crarges n
the liver ard kidneys. Both slort- and long-term exposure to high
concertrations cancause déctssuchas leadacks,dizziness,confusion, ard
lack of musck coordination. Reacions of xylene (see enironmertal fate) in
the amosplere contribute to the formation of ozone in the lower atmosplere.
Ozone canaffect the respratory system espeally in sersitive individuals
suchas agtma or alergy suferers.

Carcinogenicity. Thereiscurmrently no eMderce b suggesthatthischemcal
IS carcinogeric.

Environmental Fate. A portion of releases to land and water will quickly
evaporate, dthough some degradation by microorganisms will o ccur.

Xylene are noderately mobile in salsard may leachinto groundwater, where
they may pasist for severa years.

Xylene are wlatile orgaric cremicak. As such xylene in the lower
atmaospherewill r eactwith other atmospheric canponerts, contributing to the
formation of ground-level ozone ard ather arr pallutants.

Methyl Ethyl Ketone(CAS: 78-93-3)

Sources. Methyl ethyl ketone (MEK) is usedin some refineries as a doent
in lube oil dewaxng. Its exrenmely volatile characternstic mekes tigitive
emssons its pimary saurce d releasesd the ervironmert.

Toxicity. Breathing noderate amounts of methyl ethyl ketone (MEK) for
short peiiods d time cancausedwerse effectsonthe nervous sytemranging
from headachs, dizziness, nausea,ard numbness n the fingers ard toes to
unconsciousress. Its vapors are irritating to the skn, eyes,nose,ard throat
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ard candanage e eyes. Repeatd exposure to moderate to high anmounts
may causeiVver ard kidrey effects.

Carcinogenicity. No ageenert exsts over the cacinogericity of MEK.
One source believes MEK is apassible carcinogen in humans based on limited
anmal evderce. Other saurces lalieve that there isinsufficiert eviderce
make ary staterrerts about possble cacinogericity.

Environmental Fate. Most of the MEK released to the environment will end
upinthe atmosplere. MEK cancontribute to the formation of air pollutants
in the lower atmosphere. It can be degraded by microorganisms living in
water and soil.

Physical Properties Methyl ethyl ketone is a flammable liquid.

Propyleng(CAS: 11507-1)

Sources. Propylere (propere) isone d thelight erds ormed duing caglytic

ard themal cracking ard cdaing operations. It is usualy cdlecied anl used
as aéedsobck to the akylation unt. Propylere isvolatile ard sduble inwater

making releasesd both ar ard watr significart.

Toxicity. At low concentrations, inhalation of propylene causes mild
intoxication, atingling sensation, and an inability to concentrate. At higher
concertrations, unconsciousress,vomiting, seere vertigo, reduced lood
pressue, ard disardered reat rhythms may occur. Skinor eye catactwith
propylere causesréezng burns.

Reacion of propylere (see enironmertal fate) in the atmosphere contributes
to the formation of ozone in the lower atmosphere. Ozane canaffect the
respiratory system, especially in sensitiveindividuds such asasthmaor dlergy
sufferers.

Ecologically, smilar to ethylene, propylene has a gimulating effect on plant
growth a low concentrations bu inhibits plant growth at high levels.

Carcinogenicity. Thereiscurrently no eMderce b suggesthatthischemcal
IS carcinogeric.

Environmental Fate. Propylene is degraded principdly by hydroxyl ionsin
the aamosphere. Propylene released to soil and water is removed primarily
throughvolatiliz ation. Hydrolysis, bioconcentration, and soil adsorption are
not expeced D be significart fate processes fopropylere in soil or aquaic
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ecas)stens. Propylere isreadiy biodegided ty microorgarisns in sufface
water.

Physical Properties Propylere is a wlatile organc chemical

Benzne(CAS: 7143-2)

Sources. Berrere is a canponert of crude al andis therefore presen in
many refining operatons. Benzre s also produced duing catlytic
reforming ardissdd as e d the large volume aromatics used askedsbcks
in chemcal manufacturing. Bereere’'s wlatile nature makes figitive
emissons the largestrelease sorce. Point air saurces nay anise duing the
process ® sepaating benzere from other aromatics.

Toxicity. Short-term inhalation of benzere pimarily affects the certral
nervoussystemand respratory system Chronic exposure to benzere causes
bone marrow toxicity in anmals ard humans, causng suppression of the
immune system and development of leukemia. Ingestion of benzene is rare.

Reacions of benzere (seeervironmertal fate) in the atnosplere contributes
to the formation of ozone in the lower atmosptere (troposplere). Ozane can
affecttherespratory system espeally in sersitive individuak suchas adtma
or dlergy sufferers.

Carcinogenicity. Benzeneisaknown human carcinogen, based on both oral
ard inhalation exposures.

Environmental Fate. A portion of benzere releasesd sal and suface
waters evapaate rapidly. Berzere is highly mobilein the sal and may leach
to groundwater. Ornce n groundwater, it is likely biodegraded ly
microorgarisis anly in the presere d oxygen

Berzere is not expeced b significartly adsab to sedments, bioconcertrate
inaquaic organsns a break davninwater. Atmospleric benzereisbroken
down through reactng with chemical ions in the air; this process is greatly
acceerated n the presere d other air pollutants suchas ntrogenoxides @
sulfur dioxide. Benzene is fairly soluble in water and is removed from the
atmaosphere in rain.

As avolatile chemical, benzene in the lower aimaosphere will r eactwith other
atmospleric canponerts, contributing to the formation of ground-level ozone
and other air palutants, which can contribute to respiratory illnesses in both
thegerera ard highly suscepble pgulations, suchas astmaticsard allergy-
sufferers.

Sepenber 1995

61 SIC 2911



Secbr Notebook Project Petroleum Refining

IV.C. Other Data Sources

In addtion to chemcak covered urder TRI, many other chemicak ae
released.For exanple,the BPA Office d Air Qualty Plaming and Stardards
has compiled air pdlutant emission factors for deermining the total air
emissons o priority pdlutants (e.g., VOCs,SO,, NO,, CO,paticulates,etc.)
from many refinery sources.””

The EPA Office of Air's Aerometric Information Retrieval System (AIRS)
contains a wde range d information related to stationary saurces ¢ ar
pollution, including the emissions of a numler of air palutants which may be
of concemwithin apatticularindusty. With the excepion of volatile orgaric
compounds (VOCs), there islittle overlap with the TRI chemicals reported
alove. Exhibit 18 sunmarizes anual releases bcatbon monoxide CO),
nitrogendioxide(NO,), paticulate netter of 10 mcronsor less(PM10), total
paticulates (PT), sulfur dioxide SO,), and volatile organic compounds
(VOCs.
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Exhibit 21: Poallutant Releases (short tons/year) ||

Industry Sector co | No, | Pm, | PT | so [ voc |
Metal Mining 5391 28583 39,359 140,050 84,229 1,283
Nonmeal Mining 4525 28,804 59,305 167948 24,129 1,736
Lumbe and Wood Produdion 123,756 42,658 14,135 63761 9,419 41,423"
Fumiture and Fixtures 2069 2981] 2165 3178 1,606) 59,426
Pulp and Peper 624,291 394,448 35579 113,571 541,002 96,875"
Printing 8,463 4,915 399] 1,031 1,728] 101,537
Inorganic Chemicals 166,147 103,579 4,107 39,062] 182,18 52,001
Organic Chemicals 146,947 236,826 26,493 44,860 132,459 201,884
Petroleum Refining 419,311 380,641 18,787 36,877] 648,155 369,058
Rubbe and Misc. Rastics 2,090 11,914 2,407 5,355| 29,364 140,74]{
Stone, Clay and Conarete 58,043 338487 74,623 171,859 339,214 30,267
Iron and Sed 1518,64] 138,985 42,368 83,017 238,269 82,207
Nonferrous Metals 448,758 55,658 20,074 22,490| 373,007 27,375|
Fabricated Metals 3,851 16,424 1,185 3,136 4,019 102,184
Compute and Ofice Equipment 24 0 0 0 0 0
Electronics and Othe Electrical Equipment 367 1,129 207 293 453 4,854
and Compments
Motor Vehicles, Bodies, Parts and 35,303] 23,725 2,406 12,853| 25,462 101,275
Accesories
Dry Cleaning 101 179 3 28 152 7,310
Source: U.S EPA Office of Air and Radiation, AIRS Database, May 1995.
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IV.D. Comparison of Toxic Release Inventory Between Sdected Industries

The following information is presemned asa comparson of pdlutant release
ard trarsfer data actoss ndustial caegaies. It is provided b give a gemral

serse as o the relative scaé o releases amh tranders within eachsecor

profiled urderthis project Please otethatthe following figure arl table do
not contain releases ah trarsfers for industia caegaies tha are ot

included n this project ard thus camot be used © draw conclusons
regarding the tota release ad trarsfer anounts that are reported b TRI.

Similar information is available within the annud TRI Public Data Release
Book

Exhibit 22 sagraphicalrepresertation of a simmary of the 1993 RI datfor
the petoleum refining indugry ard the aher sectors profiled in separate
notebooks. The kar graphpreseits the total TRI releases ahtotal trarsfers
on the left axis and the triangle points show the average releases pe facility
on the right axs. Industy sedors are presened in the arder of increasing
total TRI releases.The graphis based @ the dat stown in Exhibit 23 ard
is meant to facilit ate comparisons between the relative amourts of releases,

transfers, and releases pea facilit y both within and between these sectors. The
reader should note, however, that differences in the proportion of facilities
capured by TRI exst betweenindusty secbrs. Thiscanbe a facior of poor
SIC maching and relative differences in the number of facilit ies reporting to
TRI fromthe varioussecirs. Inthe cag of petroleumrefining, the 1993 RI

data preeerted here covers 159 facilities. These fadlities listed SIC 2911
(petroleum refining) as aprimary SIC code.
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Exhibit 22: Summary of 1993 TRI Data:
Releases and Transfers by Industry
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36 32 25 34 331 286 281
24 27 2911 371 30 26 333, 334
- Total Releases |:|Total Transfers v Avg. Releases/Facility

Industry SIC Industry SIC Industry

SIC Sectar Range | Secta Range | Secta

Range

36 Eledronic Equipmentand | 2911 PetoleumRefining 286 Organic Chenical Mfg.
Components

24 Lumberand Wood 34 Fabicated Metals 26 Pulp and Paper
Produds

32 Stone, Clay, and Wnaete | 371 Motor Vehicles Bodies | 281 Inorganic Chemical Mfg.

Parts, ard Accessaies

27 Printing 331 Iron and Stel 333334 | Nonferrous Metals

25 Wood Furniture and 30 Rubberand Msc.
Fixtures Plastics
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Exhibit 23: Toxics Rekase Inventory Data for Selected Industries

1993 TRI Reeases 1993 TRI Transfers
Total Average Total Average | Total Releases || Average Releases
SIC # TR Releases | Releases per Transfers Transfers + Transfers || + Transfers per
Industry Sector Range Fadilitie s || (million Ibs.) Fadility (million Ibs.) | per Fadility (million Ibs.) || Facility (pounds)
(pounds) (pounds)

Stone Clay, and Conarete 32 634 26.6) 42,000 2.2 4,009 28.8 46,000
Lumbe and Wood Produds 24 49]| 8.4 17,000 3.5 7,00d 11.9 24,000
Fumiture and Fxtures 25 313 42.2) 135,004 4.2 13,000 46.4 148,004
Printing 27 319 36.5 115,00( 10.2 32,000 46.7 147,000
Electronic Equip. and 36 4049 6.7 17,000 47.1 116,000 53.7 133,000
Compments
Rubbe and Misc. Rastics 30 1,579 118.4 75,000 45 29,004 163.4 104,000
Motor Vehicles, Bodies, 371 609 79.3 130,00 145.5 239,00d 224.8" 369,004
Parts, ard Accessaies
Pulp and Paper 26112631 309 169.7 549,000 48.4 157,000 218.]" 706,000
Inorganic Chem. Mfg. 281 555 179.9 324,000 70 126,00( 249.7" 450,000
Petroleum Refining 2911 159 64.3 404,000 417.5 2,625,00( 481.9" 3,088,00(
Fabricated Metals 34 2,361 72 30,000 195.7 83,000 267.7" 123,000
Iron and Sed 331 387 85.8 225,000 609.5 1,600,00( 695.3" 1,825,00(
Nonferrous Metals 333, 334 205{ 182.5 877,000 98.2) 472,000 280.7" 1,349,00(
Organic Chemical Mfg. 286 41* 151.9 364,000 286.7 688,000 438.4" 1,052,00(
Metal Mining 10 Indugry sector na subject to TRI reporting.
Nonmeal Mining 14 Indugry sector na subject to TRI reporting.
Dry Cleaning 7216 Indugry sector na subject to TRI reporting.

Source: U.S. EPA, Toxics Release Inventory Database, 1993.

109014 %00CRION JAaJ3S

buluyay wnajo.lPd



Secbr Notebook Project Petroleum Refining

V. POLLUTIO N PREVENTION OPPORTUNITIES

The best way to reduce pdiution is to prevert it in the first place. Some
comparnies have creaively implemented pdlution prevertion tecmiquesthat
improve effi ciency and increase profits while a the same time minimizing
environmental impacts. This can be done in many ways such as reduadng
material inputs, re-engineering processes to reuse by-produds, improving
managenent pracices,ard enploying sulstitution of toxic chemcalk. Some
smaller facilities are able to actudly get below regulatory thresholds just by
reducing pdlutant releagsthroughaggessive pdlution prevertion padlicies.

In order to ercourage hese appoaches, this secton provides loth gereral
ard campary-speciic desciptionsof same pollution prevertion advances hat
have been implemented within the peroleum refining indugry. While the list
is not exhausive, it does povide coe information that canbe used ashe
starting point for facilities interested in beginning their own pdlution
prevertion projects. Whenposshle, this secton providesinformation from
realacivities that canbe, or are keing, implemented Ly thissecbr -- including
a dscusn of ass@iated caosts, time franes, ard expeced ates o return.
This section provides summay information from activitiesthat may be, or are
being implemented by this sector. When passible, information is provided that
givesthe cantext in which the techique carbe effecively used. Pleasenote
that the actvities desdbed in this secton do not necessaly appy to al
facilities that fall within this sector. Facilit y-specific conditions must be
carefully considered wkenpdllution prevertion options ae ealuated, ard the
full impacs of the charge nustexanmine how eachoption affects ar, land ard
water polutant releases.

Drivers and Barriersto Pollution Prevention in the &roleum Rfining Indugry

Pollution prevertion in the petoleumrefining industy isexpeced b becane
increasngly important as ederd, state ard nmunicipal regulations becane
more stringert ard as wase dspasal costs rise. Accarding to the American
Petroleum Institute, the industy curently spenls a gynificart anount of
money every yearon environmertal qualty ard protection’®. This providesthe
indugry with astrong incentive to find waystoreducethegenerationof waste
and to lessen the burden of environmental compliance investments. For the
petroleum refining indudry, poalution prevention will primarily be redized
through improved operating procedues, increased &cycling, ard process
modifications.

A cooperative effort of the Amoco Corporation ard EPA to study padlution
prewertion at anoperating oil refinery idertified a mimber of cost effecive
pollution prevertion tecmiques obr the refinery that could ako be adgted by
other refineries. In addition, the American Pdroleum Institute (API) has
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asserhled acomperdium of wase nminimizaton pracices or the petoleum
indudry based on asurvey of its members. Brief descriptions of some of the
more widespead pdlution prevertion tecmiques dund to be effectve at
petoleumrefineries ae povided lelow. For more detil on the pdlution
prevention options listed below and for descriptions of facilit y- and process-
speciic options refer to the above mentioned documents ard other pallution
prevention/waste minimization documents listed in Section 1X - Resource
Materials.

Althoughnumerouscases &ve beendocunented where petroleumrefineries
have smultanecudy reduced pdution outputs ard operating caosts through

pollution prewertion techniques, there are often barriers to their

implementation. The primary barrier to maost palution prevention projectsis

cost. Many pdlution prevention options smply do not pay for themselves.

Corporate investments typicaly must ean an adequate return on invested
captal for the sharelolders ard same pdlution prevertion options atsane

facilit ies may not meet the requirementsset by the companies. Inaddition, the

equpmert used m the petoleumrefining industy are very captal intensive

and have very long lifetimes. This reduces the incentive to meke process

modifications to (expensive) installed equipment that is ill useful. It should

be noted that pdlution prevention techniques are, neverthdess, often nore

cost-effective thanpallution reducion throughend-of-pipetreatment. A case
study based on the Amoco/EPA joint sudy claimed that the same padlution

redudion currently realized through end-of-pipe regulatory requirements a

the Amoco facility could be achieved at 15 percent the current costs using

pollution prevertion techiques

A number of regulatory disincertives to voluntary reductions of emissions

from petroleumrefineries aso exist. Mary ervironmerta statutes deihe a

baseline perod ard measire progress in padlution reducions from that

basdline. Any redudion in emissions before it is required could lower a

facility's baseline emissions. Consequently, future regulations requiring a

speciiedreduction from the baselne cauld be more costly to achieve because
the nost cost-effective reductions wauld afeadyhave beenmade. With no

credit givenfor voluntary redudions, those facilit iesthat dothe minimum may

be in fact be rewarded wlenemissons reductions ae required.

The 1990 @an Air Act Amerdmerts aimed to ercourage wluntary
redudions above the regulatory requirements by alowing facilit ies to obtain
emisson credts for voluntary reductions in emssons. These cedis wauld
serve as offsets aganst any potential future facilit y maodifications resulting in
anincreasen emssbns. Other regulations estblished by the anerdmerts,
however, will require the construction of mgor new unts within existing
refineries to produce reformulated fuels. These new operations will require
emission offsets in order to be permitted. This will consume many of the
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credits available for existing facilit y modifications. A shortage of credits for
facility modifications will make it difficult to receve credis for emnission
reductons through padlution prevertion project.

Under the Clean Water Act, discharge of water-borne pollutantsis limit ed by
NPDES pemits. Reineries hat eadly meettheir pemit requirements wil
often have their pamit limits changed to lower values. Because ccasonal
systemupses dooccur resuking in significart excursions atove the rormal
performance \alues, refineries el they must maintain a large @erating
margin below the pemit limits to ensure continuous compliance. Those
refineies tat can significartly reduce wagr-borne emissons through
pollution prevention techniques may find the risk of having their permit limits
lowered to be a subgantial disincentive.

Wastes failing a Toxicity Characteristic (TC) test are consdered hazadous
under RCRA. There isless ncertive for a refinery to atempt to reduce he
toxicity of suchwase below the TC levels becauseewventhoughsuchtoxicity
reductons may renderthe wase non-hazadous, it may still have to comply
with new Land Disposaltreament stardardsunder subtitle C of RCRAbefore
being land disposed. Similarly, there is little positive incentive to reduce the
toxicity of listed refinery hazadous wases tecausepnce isted, the wase is
subject to ahtitle C regulations without regard to fow much the toxicity
levels are reduced.

Exanples d Process o Equipment Modificaions Options

Place gcondaly seals on dorage fanks - One d the largestsaurces ¢
fugitive emssons from refineries s storage anks cattaining gasdine ard
other volatile produds. Theselossescan be signific antly reduced by installing
secandary seas on storage anks. The Amoco/EPA joint studyestmated that
VOC lossesfromstoragetanks could bereduced 75a@ 93 pecert. Equipping
anawerage ank with a secadaly sealsystemwas esimated to cost alout
$20000.

Establish leak detection and repair program - Fugitive emssons ae ane
of the largestsaurces d refinery hydrocaron emnissons. A leakdetecionard
repar (LDAR) program consists of usng a potabde VOC dekecing
instrument to detect leaksduring regulaly scheduled nspecions of valves
flanges, and punp seals. Leaks are then repared immeliately or are
scheduled r repar asquickly aspossible. A LDAR program could reduce
fugitive emssions 40 to 64 percert, depeding on the frequemy of
inspections.”

Regeneate or eliminate filtration clay - Clay from refinery filt ers must
periodicaly be replaced. Spert clay often contains significart anounts o
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ertrained hydrocaons ard, therefore, must be desgnated as hzadous
wase. Back wasing spen clay with water or steam can reduce he

hydrocamon content to levels so that it can be reused o handled as a
nonhazardous wase. Another method used o regererate clayis to washthe

claywith naphtha, dry it by steamheaing ard thenfeed 1 to aburning kilnfor

regereration. In same cases @y filtration can be replaced ertirely with

hydrotreaing.

Reduce the generation of tank bottoms - Tank bottoms from crude al
storage anks canstitute a brge pecertage d refinery sdid wase ard pcse
a paticulary difficult dispasal problem dueto the presere d heaw metals.
Tank bottoms are comprised ¢ heaw hydrocaons, sdids, water, rustard
scak. Minimizaton of tank bottoms is caried out most cost effecively
through careful separation of the oil and water remaining in the tank bottom.
Filters ard cenrifuges caralso be used o recover the al for recycling.

Minimize solids leaving the desalter - Solids entering the crudedistillation
unit are ikely to evertualy attractmore oil ard produce addional enulsions
ard dudges The anount of solids removed from the deslting urt should,
therefore, be maximized. A number of techiques caite used suclas:using
low shear mixing devices to mix desalter wash water and crude oil; usng
lower pressure water in the desdkr to awid turbulerce; ard replacing the
water jets usedin some refinerieswith mud rakeswhich add &ss turbulerce
whenremoving setled sdids.

Minimize coolng tower blowdown - The dssdved sdids caicertration in
the recrculating cooling wagr is controlled by purging or blowing dowvn a
portion of the cwling wakr streamto the wasewater treaiment system
Sdidsin the blowdown evertualy creat addiional dudge nthe wagewaer
treamen plart. Howewer, the anount of cooling tower blowdown canbe
lowered by minimizing the dissolved solids content of the cooling water. A
significant portion of the total dissolved solids in the cooling water can
originate in the cooling water mekeup stream in the form of naturally
occuring catium catbonates. Such sdids canbe controlled ether by
selecting a source of cooling tower makeup water with less dissolved solids
or by removing the dissolved solid s from the mekeup water stream. Common
treatment mehods include cold lime softening, reverse osmoss, or
electrodialysis.

Install vapor recovely for bargeloading - Althoughbargeloading isnot a
factor for all refineries, it is an important emissions source for many facilit ies.
Ore of the largest saurces & VOC emssons idertified duimng the
Amoco/EPA sudy was fugitive emissions from loading oftanker barges. It
was estimated that these emissions could be reduaed 98 percent by installing
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a marine vapor loss caitrol system Such systens cauld cansist of vapor
recovery or VOC destuction in a flare.

Minimize FCCU decart oil dudge- Decar oil dudge fomthe fluidizedbed
cafalytic cracking unt (FCCU) can contain significart concertrations of
catlyst fines. These ines dten prevert the use ddecan oil as a éedsbck
or require treatment which gererates anoily caialyst dudge. Catalystsin the
decanm oil canbe minimized by using a decanoil catlyst removal system
Onre systemincorporateshigh voltage etctic fields b poarize aml captire
catalyst paticles in the al. The anount of catlyst fines reaclhing the decan
oil can be minimized by installing high efficiency cyclones in the reactor to
shift cailyst fines lossesifom the decanoil to the regererator where theycan
be cdlected n the ekctrostatic precpitator.

Control of heat exchange ceaning solids- In many refineries, using high
pressue water to cleanheatexcharger bundles gererates ard releases wat
ard ertrained sdidsto the refinery wasewater treament system Excharger
sdids nay thenattract oil as bey move throughthe sewer systemard may
also produce fner sdids aml sthlized eralsions that are nore difficult to
remove. Solids canbe removed at the heat excharger cleanng pad ly
installing concrete overflow weirs around the surface dains or by covering
drains with a sceen Other ways to reduce stids gemration are by using
arti-foulants on theheatexchargerbundles o prevert scaing ard by cleanng
with reusalbe cleanng chemicak that also alow for the easyremoval of oil.

Control of surfactants in wastewater - Sufactants entering the refinery

wastewater sreams will increase the amount of emulsons and dudges
generated. Surfactarts can erter the system from a rumber of saurces

including: wading unt padswith detergerts, treaing ga®lineswith anerd

point over 400 degees(F) thereby producng ert causics; cleanng tank

truck tank interiors; ard ushg saps ad clearersfor miscelaneous sks. In

addtion, the overuse ard mixing of theorganc polymersusedto separeate oil,

water and solids in the wastewater treatment plant can actudly gabilize
emnulsions. The use © sufactants should be minimized ly educaing

operators, routing sufactarn saurces b a point downstreamof the DAF unit

ard by ushng dry cleanng, high pressue water or steamto cleanoil sufaces
of oil ard dirt.

Thermal treatment of applicable sludges- The toxicity ard volume of same
dedled ard dewaéred dudgescan be further reduced brough thermal
treaiment. Themmal dudge teament units use heatto vaporizethewater ard
volatile componerts in the feed ad leave behind a dy sdid residue. The
vapors are condersed br sepaation into the hydrocamon ard water
componerts. Non-condersible vaporsare either flared a sert to the refinery
amine unt for treatment and use asdfinery fuel gas.
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Eliminate use of open ponds- Openponds usedd cool, setle aut solids
ard sbore poocess walr canbe a sgnificart source of VOC emssbns.
Wastewatker from coke coling ard ccke VOC emoval isoccasonally cooled
in openponds wrere VOCs ea$y escapeo the atmosplere. In many cases,
openponds canbe replaced wih closed sbrage anks.

Remove unnecesary sorage aanks from service - Since sbrage anks ae
one o the largestsaurces ¢ VOC emssbns, a reduction in the rumber of
these éinks carhave a sgnificart impact The reed br cettain tanks caroften
be diminated through improved produdion planning and mare continuous
operations. By minimizing the number of storagetanks, tank bottom solids
ard decated wasewater may alkso be reduced.

Replace old boilers - Older refinery boilers can be a sgnificant source of
SQ, NO, ard paticulate emissons. It ispossbleto replace adrge rumber
of old balers with asnge new cogeneration plant with emissions controls.

M odify the FCCU to alow the use ofcatalyst fines- Some FCCUs carbe
modified © recycle same of the caalyst fines gererated.

Reduce the use of 55-galon drums - Replacing 55-galon drums with bulk
storage can minimize the chances of leaks and spills.

Install rupture discs and plugs - Rupture dics on pressure relieve valves
ard plugsin openerded \alvescanreduce tigitive enissions.

Install high pressuepower washer - Chlorinated solvert vapor degea®rs
canbe replaced wih high pressure power waslers which do not gererate
spen sdvert hazadous wases.

Refurbish or diminate underground piping - Underground piping canbe
a saurce of undetected Eleasesd the sal ard groundwater. Inspecing,
reparing or replacng urderground piping with surfacepiping canreduce @
eliminate these potential sources.

Exanples d Potential Waste Segregaton ard Separation Options

Segregake proces wade greams - A sgnificart portion of refinery wage
anses from oily dudges found in combined pioces/storm sewers.
Segregaton of the relatively cleanrainwater runoff from the process seans
canreduce the quarity of oily dudgesgererated. Furthermore, there is a
much higher potential for recovery of oil from smaller, more concertrated
process seans.
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Control solids entering sawers - Solids releasedd the wasewaker sewer
system canaccaurt for a brge pation of a refinery's oily dudges Solids
entering the sawer system (primarily soil particles) becomecoated with oil and
are depaited asoily dudgesnthe API oil/water separator. Becaus a typical
dudge las a lids contert of 5 to 30 percert by weight, preverting one
pound of solids from entering the sewer system can diminate 3 to 20 pounds
of oily dudge. The Amoco/EPA studyegimated thatatthe Yorktown fadlity
1,000 bns of vlidsperyearerter the refinery sewer syssem Methodsused
to control sdids nclude: usng a steet sweeperon pawed arweas,pavng
unpawed areas plarting ground cover on unpaved aeas re-lining swers,
cleanng sdids fom ditches ard cath basins, ard reducing heatexcharger
bundle cleaning solids by ugng antifoulants in cooling water.

Improve recovey of oilsfrom oily dudges- Becaus oily dudgesmake up
alarge portion of refinery solid wastes, any improvement in the recovery of
oil from the dudgescansgnificartly reduce he wlume of wage. There are
a rumber of technologies curently in useto mecharicaly sepaate oil, water
ard sdids, including: belt filter pressesyecessed @mber pressue filters,
rotary vacuumfilters, scioll certrifuges,disc cetrifuges,shakess, themal
driers ard certrifuge-drier combinations.

Id entify benzene souces aml install upstreamwater treatment - Berzere
in wasewater canoften be treatd nore eadly and efeciively at the point it
is gererated rather than at the wasewatr treatment plart after it is mixed
with other wasewagr.

Exanples d Recyling Opions

Recyck ard regereratespent caustics- Causicsused o atsorb ard remove
hydrogensufideard pherol contamnartsfromintermedisteard final product
streans canoften be recycled. Spert causics may be saleable to chemical
recovery comparies if concertrations of pherol or hydrogensufide ae high
emough Process chrges n the refinery may be needed o raise the
concertration of pherols in the causic to make recovery of the catamnarts
ecanomical. Causics caitaining pherols canalko be recycled m-site by
reducing the pH d the causic urtil the prerols kecane insduble thereby
allowing physicalsepastion. The caudt canthenbe treaed n the refinery
wasewager system

Use oly sludges as éedstock - Many oily dudgescanbe sent to a cding
unit or the cude dstillation unit where it becanes pat of the refinery
products. Sludge snt to the cdker canbe injectedinto the coke drum with
the quech water, injected drectly into the debyed coker, or injecied nto the
coker blowdown contactor used n sepatating the querching products. Use
of dudge asa feedstock hasincrea®d sgnificartly in recen years ard is
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currently caried out by most refineries The quanity of dudge hat canbe
sent to the coker is restricted by coke qudity specifications which may limit

theanmount of dudgesolidsin the cdke. Coking operations canbe upgraded,
howewer, to increa® the anount of dudge hat they canhandle.

Control and reuse FCCU and cokefines - Significart quarities o caialyst
fines are often presen around the FCCU catlyst hoppess ard reacor ard
regereration vesse$. Coke fines are often presem around the cdker unit ard
coke sbrage aeas. The fines can be collected am recycled kefore being
wasledto the sewesor migrating off-site via the wind. Calleciontechmiques
include dy sweepng the catlyst ard cdke fines ard semling the sdids © be
recycled a dispased d as mn-hazadous waste. Coke fines canalso be
recycled or fuel use. Another cdlecion tecmique nvolves the use 6
vacuumducsin dusy areas énd vacuumhosesfor manual calection) which
runto a snall baghouse br cdlecton.

Recyck lab sanples - Lab sanples canbe recycled © the al recovery
system

Exanples d Training ard Supewrison

Train personnel to reduce solids in sawers - A facility training program
which enphasies he importanceof keepng sdidsout of the sewersystens
will help reduce that portion of wastewater treatment plant dudge aising
from the eerydayacivities o refinery peisonnel.

Train personnd to prevent soil contamination - Contamnated sal canbe
reduced by educating personnel on how to avoid leaks and spills.

Examples of Potential Material Subgitution

Use non-hazardousdegreasers- Spert conventional degeasesdvertscan
be reduced or diminated through substitution with less toxic and/or
biodegidalde pioducts.

Eliminate diromatesasan anti-corrosve- Chromate containing wases can
be reduced or eiminated in cooling tower and heat exchanger dudgeshy
replacng chromates with less pxic aternatives suchas plosphates.

Use high quality catalysts - By using catalysts of a hgher qualty, process
efficiercies canbe increa®d while the required frequery of catlyst
replacenen canbe reduced.

Replace ceramic catalyst support with activated alumina supports -
Activated aumina suppats canbe recycled wih spert alumina caalyst.
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VI. SUMMARY OF APPLICABLE FEDERAL STATUTES AND REGULATI ONS

This secton discusseshe Federa regulations that may appy to this secor.
The purpose of this section is to highlight and briefly describe the applicable
Federa requirements, and to provide citationsfor more detailed information.
The three bllowing secions are included:

. Section VI.A contains a gerra overview o major statutes
. Section VI.B contains a ist of regulations spediic to this industy
. Section VI.C contains a ist of perding ard proposed regulations

The descriptions within Section VI are intended solely for genera
information. Depending upon the nature or scope of the activities a a
paticular facility, these summaies may or may not necessaly describe al
applcable environmertal requirements. Moreover, they do not constitute
formal interpretations o clarficatons of the satutes an regulatons. For
further information, reades stould consult the Cale d Federal Reguhtions
ard other state or local regulatory agermies. EPA Hotline catacts ae ako
provided br eachmgjor statute.

VI.A. General Description of Major Statutes

Resource nservation and Rcovey Act (RCRA)

The Resurce Conservation And Recwery Act (RCRA) of 1976, which
amerded he Slid Waste Dispcsal Act, addes®s sdid (Sultitle D) ard
hazadous Suhtitle C) wase nmanagement acivities. The Hazadous aml
Solid Waste Amerdmernts (HSWA) of 1984 srengtheredRCRA shazadous
waste management provisions and added Sultitle |, which governs
underground gorage ainks (USTS).

Regulations promulgaed pursuart to Sultitle C of RCRA (40 CRR Parts
260-299) edablish a “cradleto-grave” system governing hazadous waste
fromthepoint of gereration to dispcsal. RCRAhazadous wasgs nclude te
speciic meterials isted n the regulations (commercia chemical products,
desgnaed with the cale "P' or "U"; hazadous wases fom spediic
industies/saurces,desgnated wih the cale "K'; or hazadous wasges fom
non-specific saurces, desgnated wih the cale "F) ard neterials whch
exhibit a hazadous wasecharacteristic (ignitallit y, corrosivity, reactvity, or
toxicity ard desgnated wih the cale "D").

Regubted ertities hat generate hazadous wase ae sulect to wase
accunulation, manifesting, ard recad keeping siardards. Fadlit iesthat treat,
store, or dispcse of hazadous wase nust obtain a pemit, either from EPA
or froma Sate agenywhich EPA has auhorizedto implement the pemitting
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program. Sultitle C pamits contain general facility standards such as
contingercy plars, energercy procedues, recad keepng ard reporting
requirements, financial assuance necharisms, ard unt-specfic stardarnds.
RCRA also contains provisions (40 CRR Part 264, Subpart S ard §26410)
for conducting correcive actons which govern the ckeamup o releases b
hazadous wase a congtituerts from sdid wase managenent urits at
RCRArregulated fadlit ies.

Although RCRA is a Federa statute, many States mplement the RCRA
program. Currently, EPA has ddegaed its authority to implement various
provisions of RCRAo 46 of the 3 States.

Most RCRArequirements ae rot indugry specfic but apply to ary compary
thattrarspats, treas, stores,or dispcses d hazadous wase. Herearesome
important RCRA regulatory requirements:

. Identification of HazardousWagtes (40 CFR Pat 261)lays out the
procedure every generator should follow to determine whether the
material creatd 5 consdered a lazadous wase, sdid wagde, or is
exenpted fom regulation.

. Standardsfor Generators of Hazard ous Waste (40 CFR Pat 262)
establishesthe responsibilit iesof hazadous wase germratorsincluding
obtaining an ID number, prepaing a nanifest, ersuing proper
packagng ard labeling, meeing standards or wase accumlation
units, ard recad keeping ard reporting requirements. Gereratorscan
accunulate hazadouswage for upto 90days(or 180 dagdepewnling
onthe amount of waste generated) without oltaining a pemit.

. Land Disposal Restrictions (LDRs) are regulations prohibiting the
dispcsal of hazadouswase on land without prior treatment. Under
the LDRs (40 GFR Pat 268), materials must meet land disposal
restriction (LDR) treatment stardards pror to placenert ina RCRA
land disposal unt (landfill, land treatment unit, waste pile, or surface
impoundment). Wastes sufect to the LDRs nclude sdverts,
electroplating wases,heaw metals, ard acds. Gererators of wase
suhject to the LDRs rnust provide rotificaion of suchto the
designated TSD facilit y to ensure proper treatment prior to disposal.

. Used Oil Manageament Standards (40 CFR Pat 279) impose
managenent requirements afecting the sbrage, trarspatation,
burning, processing, and rerefining of the used oil. For parties that
merely generate used oil, regulationsestablish soragesandards. For
a paty consdered a used ibmarketer (one who gererates ard sels
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off-speciicaion used d direcly to a used o burner), addtiona
tracking ard papework requirements mus be satisfied.

. Tanks and Containers used ¢ store hazadous was¢ with a hgh
volatile orgaric cancertration must meet emsson stardards urder
RCRA Reguétions (40 CR Part 264265, Subpat CC) require
generators to test the waste to determine the concentration of the
waste, to satsfy tank ard container emissons sardards, and to
inspectard monitor regulated unts. These egulations appy to al
facilities who store such waste, including generators operating under
the 90dayaccunulation rule.

. Underground Storage Tanks (USTs) containing petoleum ard
CERCLA hazadous sulstance ae regulated urder Sultitle | of
RCRA Sultitle| regulations (40 CR Part 280) contain tank desgn
and release detection requirements, as well as financial responsibility
ard carectve acton stardards or USTs. The UST program also
edablishes increasngly dringert dardamds including upgede
requirements for exsting tanks, that mus be met by 1998.

. Boilers and Industrial Furnaces (BIFs) that use or burn fud
containing hazadous wase mnust comply with stict desgn ard
operating stardards BIF regulations (40 CFR Pat 266, Sulpart H)
addessunt desgn, provideperformance sardards require emssions
monitoring, ard restrict the type d waste that may be burned.

EPA's RCRA/Supefund/UST Hotline,at (800) 4249346, responds to
guesions and disributesguidance egarding all RCRA regulations. The
RCRA Hotline opeatesweekday$rom 830a.m.to 7:30p.m., ET, excluding
Federal holidays

Comprehensve Environmental Rspons, Compenation, And Liability Act (CERCLA)

CERCLA, a 1980 & commonly known asSupefund, authorizes EPA to
respand to releasesor threatered releasespf hazadoussulstances hat may
present an imminent and substantial endangerment to pulic health, welfare,
or the ervironmert. CERCLA alsoeralles BPA to force patiesrespasible
for environmenrtal contanination to cleanit up or to reimburse te Superfund
for respanse cets incurred ty EPA. The Supefund Amerdments ard
Reautorizaton Act (SARA) of 1986 evised various sections of CERCLA,
extendedthe taxing autority for the Supefund, ard creaedafreestanding
law, SARA Titlelll, aso known as the Emergency Planning and Community
Right-to-Know Act (EPCRA).
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The CERCLA hazard oussubstancereleasereporting regulations (40 GFR
Part 302) direct the peson in charge of a facility to report to the Nationd
Respamse Ceter (NRC)ary environmertal release ba hazadous sulstance
which exceeds aeportalde quartity. Repaotale quartities ae defned aul
listed in 40 OFR 83024. A relea®report may triggera response by EPA or
by one a more Federal or State energercy respase autorities.

EPA implements hazardous sibstance responsesaccading to procedues
outlined nthe Natonal Oil ard HazadousSubstancesPollution Contingercy
Plan(NCP) (40CFR Pat 300) The NCP includesprovisions for pemarert
cleanups, known as emedial acions, ard other clearups eferred to as
"renmovals” EPA gereraly takes emedial acions only at sies on the
National Priorities List (NPL), which currently includes approximately 1,300
sites. Both EPA ard states canad at other sites; howewer, EPA provides
responsible patiesthe gppartunity to conductremoval and remedial acions
ard ercouragescommunity involvernrert throughout the Superfund respanse
process.

EPA'sRCRA/Supefund/USTHotline, at (800)4249346,ansversquesions
andreferencegguidance pdrining to the Supéund program. The ERCLA
Hotline opeatesweekdaysfrom 830 am. to 7:30 pm, ET, excluding
Federal holidays

Emergency Panning Axd Community Rght-To-KnowAct (EPCRA)

The Supeiund Amerdmerts ard Reauhorization Act (SARA) of 1986
created EPQRA, dso known as SARA Titlelll, a satutedesigned to improve
community accesso information alout chemcalhazads aml to fadlit ate the
dewelopmert of chemcal energercy respanse pars by State aml local
governments. EPCRA required the estblishment of State energercy
response canmissons (SERCs), responsible for coordinating cetain
emergercy respase advities ard for apponting local emrergercy plaming
committees LEPCs).

EPCRA ard the BPCRA regulations (40 GFR Pats 350-372) egablish four
types of reporting obligations for facilit ies which sore or manage specified
chemicak:

. EPCRA 8302requiresfacilit ies to notify the SERC and LEPC of the
presere d ary "extremely hazadous sulstance” (the list of such
substancesisin 40 G-R Pat 355,AppertdicesA ard B) if it has such
sulstance nexcess bthe sulstancesthreshold plaming quanity, ard
directs the facilit y to gppaint an emergency response coordinator.
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. EPCRA 8304 requiresthe facilit y to notify the SERC and the LEPC
inthe e\ert of a ron-exenpt release exeedng the reportabe quartity
of a CERCLA hazadous sultance a an EPCRA exrenely
hazadous sulstance.

. EPCRA 8311 and 8312require a facility a which a hazadous
chemical, asdefined by the Occupabnal Safety ard Heath Act, is
presem in ananount exceedng aspeciiedthrestold of chemcaluse
to submit to the SERC, LEPC and local fire dgpartment material
sakty da@ sltees (MSDSs) or lists of MSDSs amd hazadous
chemical inventory forms (also known as Tier | ard Il forms). This
information helps the local government respand in the eert of a spill
or release bthe cremcal

. EPCRA 8313requires manufacturing facilit iesincluded in SIC codes
20 through 39, which have ten or more enployees ard whch
manufacture, processor use spetied clemcak in anounts greaer
thanthreshold quanities, to submit anamual toxic chenical release
report. Thisreport, commonly known asthe Form R, covers releases
and transfers of toxic chemicalsto variousfacilit ies and environmental
media, ard alows BHPA to compile the retional Toxic Rekase
Inventory (TRI) daabase.

All information submitted pursuant to EPCRA regulations is publicly
accestile, unless potected ly a rade seat claim.

EPA'sEPCRA Hotline,at (800)535:0202,ansnversquesionsand digributes
guidance egarding the emagencyplanning and communityght+to-know
regulations TheEPCRA Hotline operatesweekday$rom 830 am.to 7:30
p.m, ET, excuding Federal holidays.

Clean Wder Act (CWA)

The primary objective of the Federal Water Pollution Control Act, commonly
referred to asthe CWA, isto restore ard meintain the cremcal, physical ard
biologicalintegrity of the retion's suface wagrs. Pollutantsregulated urder
the QNVA include ‘priority” pdlutants, including various toxic pdlutants,
"conventiond" pollutants, such as biochemical oxygen demand BOD), total
suspeded sdtids (TSS), fecalcdiform, oil ard grease, and pH; ard "non-
conventiond" pdllutants, including aty pdlutant not identified as either
conventiond or priority.

The CWA regulates loth direct ard indirect discharges. The National
Pollutant Discharge Himination Sygem (NPDES) program (CWA 8402)
controls directdischarges nto navigalde wagrs. Directdischarges @ "point
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saurce” dsclarges ae from saurces suchas ppes ad sewes. NPDES
pemits, issted by either EPA or anauthorized Sate (EPA has pesetly
authorizedforty States b admnister the NFDES program), contain industy-
specific, technology-based and/or water qudity-based limits, and establish
pollutant monitoring reporting requirements. A facility that intends to
discharge into the nation's waters must obtain a pe'mit prior to initiating a
discharge. A pemit applcart must provide qualtitative aralytical dat
identifying the typesof pollutants present in the facilit y's effluent. The permit
will t hen set forth the conditions and efflu ent limit ations under which afacilit y
may méake a discharge

A NPDES permit may also include discharge limit s based on Federal or State
water qualty criteria or stardards, that were desgnedto protectdesgnated
usesof surface wagrs, suchassuppating aquaic life o recreaion. Thes
stardards, urlike the tecological sardards, gererally do not take into
accaurt techologicalfeashilit y or costs. Water qudity criteria and sandards
vary from State o State, ard site to site, deperling on the useclassfication
of the receving body of water. Most States follow EPA guiddines which
propose aquat life ard human heath criteria for many of the 126 piority
pollutants.

Storm Water Discharges

In 1987 he QWA wasanerded to require EPA to edablish a pogram to
addessstorm water discharges.Inresponse, EPA promulgatedtheNPDES
stormwater pemit applcationregulations. Stormwaterdischarge assoiated
with industia acivity mears the dscharge fom ary conveyance whch is
used br cdlectng ard conveying sormwater ard which isdirecty related to
manufacturing, processng or raw material storage aeas aanindustial plart
(40 OFR 12226(b)(14)). These regulations require that facilities with the
following sormwater discharges apply for an NPDES permit: (1) adischarge
asseiated wih industial acivity; (2) a dscharge fom a brge @ medium
municipd storm sewer systen or (3) a dscharge which EPA or the Sate
determines to antribute to aviolation of a water qudity sandard oris a
significart contributor of pdlutants to waters of the Urited Sates.

The term "storm water dischergeassaeiated wih industial acivity” mears a
storm water dischargefrom one of 11 categoriesof indudrial activity defined
at40 CFR 12226. Six of the caegaies are defned by SIC codeswhile the
other five are dertified trough narative desciptions of the regulated
indugdrial activity. If the primary SIC code of the facility is one of those
identified in the regulations, the facilit y is subject to the sorm water pamit
application requirements. If any activity at afacility is covered by one of the
five narrative caiegaies, storm water discharges fom those areaswhere the
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activities occur are sulpect to storm water discharge pemit applcaton
requirements.

Those facilit ies/activities that are subject to sorm water discharge permit
applcaton requirements ae derified kelow. To deermine whether a
paticular facilit y falls within one of these categories, the regulation should be
consulted.

Category i: Facilitiessubject to sorm water efflu ent guiddines, new source
performance sardards, or toxic pdlutant effluert stardards.

Category ii: Facilities classified as SIC 244umber and wood produds
(except wood kitchen cabinets); SIC 26pgoe and dlied produds (except
paperboard containers and produds); SIC 28-chemicals and dlied produds
(exceptdrugsard pants); SIC 291 petroleumrefining; ard SIC 3114{eater
tanning and finishing.

Category iii: Facilities classified as SIC 10-meta mining; SIC 12-cod
mining; SIC 13-0il and gas extraction; and SIC 14-onmetallic mineral
mining.

Category iv: Hazadous wase reatment, storage,or dispcsal fadlit ies.

Category v: Landfills, land application sites, and open dunpsthat receve or
have receved industial wases.

Category vi: Facilities classified as SIC 5015used notor vehicle pats; ard
SIC 5093auibmotive scrap ard wage neterial recycling faalit ies.

Category vii: Steam dectric power generating facilit ies.

Category viii: Facilitiesclassified as SIC 40+ailr oad transportation; SIC41-
locd pasenger transportation; SIC 424rucking ard warehousng (except
pulic warehousng ard gorage) SIC 43-U.S. Postal Sewice; SIC 44-water
tramsportation; SIC 45+rarsportation by air; ard SIC 5171petoleumbulk
storage sations ard terminals.

Category ix: Sewage teatment works.

Category x: Construction acivities exept operations that resuk in the
disturbance d less hanfive acles d total land area.

Category xi: Facilit ies classified as SIC 20food and kindred produds; SIC
21+obaccoproducts; SIC 22+extile mill produds,; SIC 23-apparel related
products,; SIC 2434wood kitchen cabnets manufacturing; SIC 25furniture
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ard fixtures SIC 265papeboard cantainers ard boxes; SIC 267-converted
pape and pgoeboard produds; SIC 27-printing, pulishing, and dlied
indudries; SIC 283-drugs SIC 285¢pants, varnishes, lacquey eranels, ard
dlied produds;, SIC 30+4ubber and plastics, SIC 314eather and leather
products (exceptleaher ard tanning ard finishing); SIC 323-glass products;
SIC 34{abricated netal products (exceptfabricated gructural metal); SIC
35-4ndudrial ard canmercia machnery ard computer equpment; SIC 36-
electronic ard other electrical equpment ard camponerts, SIC 37-
tramsportation equpmert (exceptship ard boat building ard reparing); SIC
38-measuring, analyzing, and controlling instruments; SIC 39-miscellaneous
manufacturing indudries, ard SIC 42214225puldic warehousng ard
storage.

Pretreatment Program

Another type d discharge hat is regulated ky the CWA is one that goes b
a pubicly-owned reament works (POTWS). The retional pretreatment
program (CWA 8307¢)) controls the indirect discharge d padllutants to
POTWs by "indudrial users." Facilit ies regulated under §307) must meet
celtain pretreament stardards. The gaal of the pretreament programisto
protectmunicipal wasewater treatment plarts from danmage hat may occur
when hazadous, toxic, or other wases ae dscharged nto a sewelisystem
ard to protectthetoxicity characteristicsof dudge gearated by these phrs.
Discharges b a FOTW are regulated primarily by the FOTW itsef, rather
thanthe Sate a EPA.

EPA has dewloped gesral pretreatment stardards ard techmology-based
standards for indudrial users of POTWSs in many indudrial categories.
Different stardards nay appy to exsting ard new saurces wihin each
catgay. "Categaical' pretreatment stardards appkabe to anindusty on
a nationwide tasis are dewloped ly EPA. In addtion, arother kind of
pretreatment sandard, "local limits," are developed by the POTW in order to
assist the POTW in achieving the efflu ent limitations in its NPDES pamit.

Regadless d whether a Sate is authorizedto implement either the NFDES
or the pretreatment program, if it developsits own program, it may enforce
requirements more stringent than Federal sandards.

EPA’s Office ofWater, at (202) 2605700,will dir ect calleswith quesions

about the @VA to the appopriate EPA office. EPA also maintainsa

bibliographic databas of Office of Water publicationswhich can be
accesed through the Gound Water and Diinking Water resource centerat

(202) 260-7786.

Sepenber 1995

84 SIC 2911



Secbr Notebook Project Petroleum Refining

Sak Drinking Water Act (SDWA)

The SDWA mandates hat EPA estblish regulations to protecthuman heath
from contamnarts in drinking waer. The law auhorizes BPA to develop
national drinking watr stardards aml to creae a pint Federal-State system
to ersure compliance wih these sardards. The WA alsodirects BPA to
protect undemground sources of drinking water through the caitrol of
underground injecion of liquid wages

EPA hasdewelopedprimary ard sscandaty drinking waker sardardsunderits
SDWA autority. EPA ard auhorized Sateserforcethe primary drinking
water gandards, which are, contaminant-specific concentration limits that
apply to cettain pulic drinking waer supples. Prmary drinking waier
standards consist of maximum contaminant level goals (MCLGs), which are
non-erforcealte heath-based gals, and meximum contamnart levels
(MCLs), which are erforcealbe limits set as close to MCLGs as possble,
considering cost and feasibilit y of attainment.

The SDWA Underground Injection Control (UIC) program (40 CFR Pats
144-148)isa pemit programwhich protectsunderground sourcesof drinking
water by regulating five classes of injection wells. UIC pemits include
desgn, operating, inspecion, ard monitoring requirements. Wells used b
inject hazadous wastes mug aso comply with RCRA correcive acton
stardards n order to be grarted a RCRApeamit, ard must meetapplicalle
RCRA land disposal restrictions stardards. The UIC permit program is
primarily State-erforced, since BPA has auhorized all but a few States 0
administer the program.

The SDWA dso provides for a Federally-implemented Sole Source Aquifer
program, which prohibits Federal fundsfrom being expended on projectsthat
may contaninate the sde or principal saurce d drinking watr for a gven
area,and for aStateimplementedWellhead FPotection program, desgned D
protect drinking water wels ard diinking water recharge aeas.

EPA’s Sat Drinking Water Hotline, at (800) 426-4791,ansvers quesions
and digributes guidance pdrining to SDWA sandads The Hotline
operatesfrom 900 am.through5:30p.m., ET, excluding federal holidays

Toxic SubtancesControl Act (TSCA)

TSCA grarted EPA autority to creak a egulatory framewark to collectdata

on chemicak in order to evaluate, assessnitigate, ard cantrol risks whch

may be posed ly their manufacture, processng, ard use. TSCA provides a
variety of control methods © prevent chemcak from posing urreasmale

risk.
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Clean Ar Ad (CAA)

TSCA stardards nay apply atany point during a clemcal slife cycle. Under
TSCA 85, EPA has edblished aninventory of chemcal sutstances. If a
chemicalis not areadyon the inventory, ard hes rot beenexcludedby TSCA,
a premanufacture rotice PMN) must be submitted to EPA prior to
manufacture a import. The AIMN must idertify the chenical ard provide
available information on heath ard ervironmertal effects. If available dat
are rot suficient to ewaluate the ctenmicak efects, EPA can impose
restrictions perding the dewlopmernt of information on its reath ard
environmenal effects. EPA canalsorestrict significart new usesof chenicals
based upa factors suchas he pojected volume ard use 6 the cremical

Under TSCA 86, EPA canban the manufacture ar distribution in commerce,
limit the use, require labeling, or place aher restrictions on chemicak that
pose umeasmale risks. Among the chemicak BPA regulates umler 86
authority are aslestos, chorofluorocamons (CFCs), ard pdychorinated
biphenyls (PCBS).

EPA’'s TSQA Assistance hformation Sevice, at (202) 554-1404, ansvers
guesionsand digributesguidance pedarining to Toxic SultancesControl
Act gandards The Serice opeatesfrom 830 am.through 430 pm,, ET,
excluding Federal holidays.

The CAA andits amerdmerts, including the CkeanAir Act Amendmerts
(CAAA) of 1990, are designed to “protect and enhance the nation's air
resourcesso as b promote the pullic heath and welfare ard the producive
capady of the pgulaton.” The CAA consists of six sectons, known as
Titles,which directEPA to estblish national stardards for anbiert air qualty
ard for EPA and the Sates b implement, maintain, ard erforce hese
standardsthroughavariety of mechanisms. Under the CAAA, manyfacilit ies
will be required to obtain pemits for the first time. State and local
governments oversee,manage, ard erforce many of the requirements of the
CAAA. CAA regulationsappear a 40 CFR Parts 50-99.

Pursuart to Title | of the CAA, EPA has established rational anbiert ar
qudity sandards (NAAQSS) to limit levels of "criteria pollutants,” including
caibon monoxide,lead nitrogendioxide,patticulate metter, ozone,ard sufur
dioxide. Gedayraphic areas that meet NAAQSs for a gven pdlutant are
classiied as datinment areashose that do not meetNAAQSs are chssiied
asnon-attainment areas Under 81100of the CAA, eachState nug deelop
a State Implenertation Plan (SIP) to idertify saurces @ air pdlution ard to
determine what reducions are required to meetFederal air qualty sardards.
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Titlel alsoauthorizes BPA to estblish New Surce Rerformance Stardards
(NSPS$, which are retionally uniform emission standardsfor new stationary
sourcesfalling within paticular indudrial categories. NSPSsre based onthe
pollution control tecology available to thatcaegay of industial saurce hut
allow the affected indudries the flexibilit y to devise a cost-effective means of
reducihg emssions.

UnderTitlel, EPA esablishes ard erforces Naional Emisson Stardardsfor
HazadousAir Pollutants NESHAPS), nationally uniform stardards aiented
towards controlling paticular hazadousair pollutants HAPs). Titlelll of
the CAAA further directed EPA to develop alist of sources that emit any of
189 HAPs ard to dewelop regulations for these caegaies of sources To
dae EPA has listed 174 catgaies ard deweloped a shedule for the
eseblishmert of emissbn stardards. The emisson stardards ae keing
developed for bath new and existing sources based on “maximum achievable
control techmology (MACT).” The MACT is deined as he caitrol
technology achieving the maximum degree of redudion in the emission of the
HAPs, taking into accaint cost ard other factors.

Title Il of the CAA pettains to mobile saurces,suchas cas, trucks, buses,
ard plares. Rebrmulated gasbtine,aubmobile pdlution control devices,ard
vapor recovery nozzleson gas purps ae a ew of the mechansms EPA uses
to regulate nobile ar enissbn saurces.

Title IV estblishes a sulur dioxideenissons program desgnedto reduce he
formation of acid rain. Redudion of sulfur dioxide releases will be obtained
by granting to certain sources limit ed emissions alowances, which, beginning
in 1995, will be set below previous levels of sulfur dioxide releases.

Title V of the CAAA of 1990 ceatd anoperating pemit program for al
"major saurces" @nd cetain other saurces)regulated urderthe CAA. One
purpose of the operating pemit is to include in a sngle document al air
emissions requirements that apply to agiven facility. States are developing
the pemit programsin accadarcewith guidarce aml regulations from EPA.
Once a State program is gpproved by EPA, pemits will be issued and
monitored by that State.

Title VI is intended © protect stratosplreric ozone by phasihg out the
manufacture o ozone-depkting chemicak aml restricting their use ad
distribution. Production of Class | substances including 15 kinds of
chlorofluorocarbons (CFCs), will be phased out entirely by the year 2000,
while certain hydrochlorofluorocarbons (HCFCs) will be phased out by 2030.

EPA's Control Technology énter, at (919) 5410800, providesgeneal
assistance and imdrmation on CAA sandards The Statophelic Oone
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InformationHotline,at (800)296-1996,providesgenerl informationabout
regulations promulgated uner Title M of the GAA, and BPA's EPCRA
Hotline, at (800) 5350202, ansvers quesions about accidental elease
prevention underCAA 8112¢). In addition, the Technology Bnsfer
Network Bulletin Board Sysem (modem acces(919) 5415742) includes
recent @A rules EPA guidancedocumentsand updatesf EPA activities

VI1.B. Industry Specific Requir ements

The petoleum refining industy is unique n that the erironmenal
requirements aimed at the indugry are o two basic types (1) requirements
mandating gecfic product qualties for the pupose of reducng the
environmertal impacs assoiated with the dovnstreamuse @ the produd;
ard (2) requirements drected atreducing the ervironmertal impacs o the
refineriesthenrselves. Preserly, same of the nost significart environmertal
statutes afectiing refineries ecoomicaly are geaed bward atering the
product formulation with the am of reducing pdlutant releagsfrom use of
the finished products (primarily fuek). Since 1970 various productqualty
regulations have beenpromulgated affeciing specfic formulations of ga®line
ard ather fuek. These brmulations often require significart processcharges
ard capial investments atpetroleumrefineries. Environmertal requirements
aimed atreducing the pdlution outputs from refinery operations thenseles
also require significart investments to charge he processes ahequpmert.
These requirements aimed at reformulating refinery products ard reducing
emissions fromrefinery operations make petroleum refining ore of the most
heavly regulated ndusties.

Clean Ar Act of 1970 CAA)

Of the variousernvironmerta satutesaffecting the indudry, the CAA of 1970
and the CAAA of 1990 hae had, ard will continue to have, the most
significart impacton the petoleumrefining industy.

The 1970CAA authorized BPA to egablish, in 1971,the Natonal Ambiert
Air Qudity Standards (NAAQS) which set gandards for sulfur dioxide,
nitrousoxides, carbon monoxide, 0zone, non-methane hydrocarbons, opeacity
ard total suspeded paticulates n the anbiert ar. The Act alsoestblished
a schedule for the redudion and eventud dimination of lead in gasoline. In
1978,a retional anbiert ar sandard for leadwasedablished. More complex
refining tecmiquessuchas ncorporating more downstreamconversion units,
cafalytic processesyctaneboosting addtives, ard lubricating addiives, were
deweloped b make up br the piopettieslost asaresult of reducng leadarti-
knock additives. Another provision of the Act limited the sulfur content in
residud and distillate fuel oils used by electric utilities and indudrial plants.
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To meet the demand for low-sulfur fuels, desulfurization processing units
were deeloped?®®

Clean Air Ad Amendments of 1990 CAAA)

Degite a ngjor reductionin aubmobile emissionsatter the 1970CAA, many
areas @ the US. were not in compliance wih the NAAQS. These agas,
termed 'honattainment areas" becane animportant subject of the 1990
amerdmerts to the 1970 @QA. The CAAA of 1990 provide much nore
stringert requirements thanthe ariginal CAA. The Act isorgarized nto nine
titles: Urban Air Qualty, Mobile Sources, Toxic Air Pollutarts, Acid Ran
Control, Permits, Stratospreric Ozae Depétion, Enforcemnert, Gererd
Provisions, ard Reseach. The ngor requirements atering product
formulations to reduce enssons from mobile saurcesare contained in four
programs: the Oxygerated Fuels Rogram, the HighwayDieselFuelProgram,
the Rebrmulated Fruek Frogram, ard the Leaded Gadme Renoval Program.
Additional programs aimed at reducng ar emissions from the refineries
thenmselves anl which have significart impact an refineries nclude: New
Saurce Review (NSR), New Saurce Paformance Standards (NSPS),and
National Emissbn Stardards for Hazadous Air Pollutants (NESHAP).5!

Oxygerated Ruek Rogram

The Ox/gerated Fuek Program required that by November1992 all ga®line
sold in the 39 carbon monoxide nonattainment areas must have aminimum of
2.7 pecert oxygen(by weight) for at leastfour winter months. The higher
oxygen content lowers the levels of carbon nmonoxide produced during
combugion. In California's carbon monoxidenonatainment areas, thewinter
fuel oxygencontert is setat 1.8 to 2.2 pecert becausetiis expeced hat
higher oxygenlevelsincrease rirogenoxide enssbns  unaccepéble levels
(for which the area is adso in nonattainment).

Inrespase b the piogram, the damestic capadiy to produce xygerates br
oxygeratedfuekhasincreagd59 pecert from 1991 b 1993. Thisrequired
signific ant investmentsin oxygenate produdion facilit iesat both refineriesand
at nonrefinery stand-alone facilit ies that produce ethanol from grain, methyl
tertiary butyl ether (MTBE) fromooil field butane streans, ard metharol from
naural gas.® The mandatory use & ethanol as anoxygerate, however, was
overturned ty a caurt in May of 1995.

Highway Diesl Fuel Program

Sepenber 1995

89 SIC 2911



Secbr Notebook Project Petroleum Refining

The Highway Diesel Fuel Program required that the sufur contert of al
highway die<el fuel be reduced fom 0.5 pecert to 0.05 pecert (by weight)
by October 1,1993. Snall refineries(below 18,250thousand barrelsof crude
oil throughput peryean were given the option of usng tradeake credis on
sulfur redudion as a means of compliance urtil Decenber 31,1999. The
program alsorequires that the cetareindex which measues te sel-ignition
qudity of diesel fuel, must be mantained a a minimum of 40.

Increasedonstruction of desulurizaion downstreamunits, suchascaalytic
hydrocracking and hydrotreaing unitsis undemvayto comply with these rew
requirements. Small refineries not wanting to invest innew downstream units
may have the option of produdng only distillate fuel oil for non-highway use.
Diesdl fuel and distillate fuel oils can be interchanged; however, as of October
1,1993 digtillate fuel oil and diesel fuel with high sulfur content were marked
with a dye o prevert sak for highway use. Industy estmatesa capial cost
of $323 hillio n to comply with the Highway Diesel Fud Program.®

Reformulated Ruek Rogram

The Rebrmulated Fuek Rogram, or Rebrmulated Gastine (RFG) Program,
requires the ug o reformulated gasline by January 1, 1995 n nine U.S.
metropolitan areas(more tan 250000 pe@le) with the warst ground level
ozone problems. Other nonattainment areas cariopt in" to the program as
a wayof reducng ozone lkevels. EPA candeby a reques to opt-in for up o
three yeass if the supply of reformulated gasline s not largeemugh Such
reformulated gasbne nmust have aminimum oxygencontert of two percert
by weight, a maximum benzere catert of one pecert by volume, ard o
lead @ mangarese. In addtion, the yearround averageof nitrogenoxide
emssions may not exceedthat of a 1990 ammertime baseline gasline; the
1990 laseline tailpipe enmnssions of volatile orgaric canpoundsard toxic ar
pollutants (TAPs) mustbereducedby 15percert; ard benzere mustbe below
1 pecert. By 1998,a rew "compleX' formula for reformulated gasline wil
replace be aiginal "simple" formula. By 2000, TAPs enissions are to be
reduced ly atleast20 pecert, VOC enissbns reduced ly atleast25 pecert,
ard NO, enissbns reduced ly at least5 pecert in the sunmertime.?*

Of the four highway fuels programs, complying with the reformulated
gasoline rules will require the largest process changes. Gasoline formulation
will need to be upgraded b reduce he aomatic and VOC enissions from
motor vehicles. The catalytic reforming processs expectd © be used éss,
thereby lowering the levels of benzere amd other aromatics produced.
Hydrotreating unts will be utilized mare in order to meet the lower sulfur
specifications. It is uncertain how many nonattainment areas will eventualy
opt-into the program, which could have a sgnificart effect on the capady
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needsfor the variousdownstreamproceses. As of June 1995,18 aeashave
opted-in.

Leaded Gadme Renova Program

The fourth program to limit emissions from mobile sources prohibits the sale
of leadedyasline for use in motor vehiclesafter 1995. The CAA 1970 las
already reduced lead content substantially and the eimination of leaded gas
is not expeced D creak spnificart charges n the industy.®

Reid Vapa Pressure Requlations of 1989 and 1992

The Reid Vapor Pressure (RVP) regulations were implemented by the EPA
to reduce enssons o VOCs aml other ozone precusors. The regulations
set sandards for the volatilit y of summetime maotor gasoline in some U.S.
urban areas. The program was mplemented n two phases wh the first
beginning in the ring of 1989 ad the cand in 1992. The Phae | summer
volatilit y standardslimit ed the averageReid Vapor Pressure (ameasure of the
volatility of mator gasoline) to a maximum of 105 pd and 9.0 ps in certain
areas of the country. The Phase Il summe volatility standards st a
nationwidemaximum RV P of 9.0 pg and, in someozone nonattainment cities
in the south, the gandard was st a 7.8 ps. Phase |l will stay in effect
through the simmer of 1994 n the rine RFG areas. In 1995, the VOC
stardards of the 1990 @QAA Reformulated Gasoline Program will t ake the
place é the RVPregulations.

The Phase Istardards wee met by reducing the anount of butane blerded
into gasoline. In addition to having ahigh RVP, butane is aso high octane.

To compensate for the resulting loss in octane and volume both crude oil

inputs ard the use b catlytic cracking ard akylation units have increased.
The Fhase | stardards wee met by increasng donvnstreamprocessng ard

the Herding with high-octare, lower RVP componerts. To meetthe RVP
regulations, large capital investments were madein facilit iesto produce these

blerding camponerts.®

New Surce Revew aml New Surce Rrformance Sardards

The 1990 @A New Saurce Review (NSR) requirements appy to new
facilities, expansions of existing fecilit ies, or process modifications. New
saurces @& the NAAQS "criteria" pollutants in excess ® “major” levels
defined by EPA are sibectto NSRrequirements (40CFR 85221 (b)(1)(i)(a)-
(b)). NSRsaretypicaly conducted by the saite ageny under stardards set
by EPA ard adgted by the state as parof its sate implementation plan
(SIP). Therearetwo typesof NSRs: Prevertion of Significart Deterioration
(PSD) reviews br those aeas that are neeing the NAAQS; ard
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nonattainment (NA) reviewsfor areaghatare violating the NAAQS. Permits
are required to construct or operate the rew saurce or PSD ard NA areas.
For NA areas,pemits require the rew saurce © meet lowest achevable
emsson rate (LAER) stardards anl the gperator of the rew saurce nust
procure redudions in emissbns d the sane pollutants from other sources n
the NA area nh equalor greaer anourts t the rew saurce. These'emissbn
offsets” may be banked aml traded brough state agenies. For PSD areas,
pemits require the kest available catrol technology (BACT), ard the
operator or owner of the rew saurce nust conduct continuous a1-site ar
gualty monitoring for one yearprior to the rew source addiion to deermine
the effects that the rew emissbns may have on airr qualty. EPA ses the
minimum gandardsfor LAER and BACT for peroleumrefinery NSRsin its
new source paformance sandards (NSPS),40 GFR Pat 60:

Subpatt J Standards d Performance or PetroleumReineries

Subpart K,K,K  Standards of Performance for Volatile Organic Liquid
Storage Vesssl

Subpartt GG Stardards d Performance or Stationary Gas Turbines

Subpat GGG  Stardarnds d Performance for Equipmert Leaks ¢ VOC
in Petroleum Refineries

Subpat NNN Standads of Peformance for VOC Emissbnsfrom
SOCM I Digtillation Operations (manufacturing of organic
chemicak eg., MTBE)

Subpat QQQ Stardards of Performance for VOC Emissionsfrom
PetroleumWastewaer Systens®’#

National Emisson Stardards for Hazadous Air Pollutants NESHAP)

Unde Title 1l of the 1990 QAAA, EPA is required to develop ndional
emssion sardards for 189 lazadous ar pdlutants (NESHAP) including
benzere ard appioximately 20 other chemicak typicaly enitted atpetroleum
refineries. The devlopment of the NESHAP regulations are taking place n
two phases. In the first phase, EPA is developing maimum echievable
control tecmology (MACT) stardards for al new ard existing sources(Janes
Durham U.S.EPA, Officeof Air, (919)5415672) EPA cangive a $x year
extenson of NESHAP requirements in excharge Pr an enforcealbe
commitment to an eaty reduction of enissons by 90 pecert. At the time
this document went to print EPA estimated thet the MACT sandards for
petroleumrefinerieswould be finalized ly the erd of July 1995.The secand
phase o the NESHAP regulationsis to be implemented in 2000 ad requires
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assessig whether or not remaining risk atter the MACT stardardshave been
implemented & accepsble?® For petroleum refineries, the following
NESHAPs appl, 40 GFR Pat 61:

Subpatt J National Emisson Stardards or Equipmert Leaks & Berzere

Subpat M National Emission Standards for Asbestos (Demolition and
Renovation)

Subpatt V National Emissbn Stardards or Equipment Leaks Fugttive
Emissbn Sources)

Subpatt Y Nationad Emisson Stardards or Berzere Emissonsfrom
Berzere Sorage Tanks

Subpatt BB National Emission Standards for Berzere Emissonsfrom
Berzere Trarsfer Opegations

Subpat FF  National Emissbn Stardards or Berzere Waste Opeations

Inaddition, Subpart E (National Emission Standardsfor Mercury) will apply
if the refinery has a wasewater treaiment plart dudge ncinerator.*

Resource nservation and Rcovey Act (RCRA)

RCRA gives BPA the auhority to estblish a ist of sdid ard hazadous
wagdes ard to edablish stardardsand regulations for handling ard disposing
of these wags. Althoughthe costs d complying with RCRA requirements
may not be asgreatasthat of the 1990 @Q\AA, there ae sgnificart captal
ard operational costs as wdlas adrmistrative ccsts related to permitting,
techical studies anl aralytical requirements.

The ngjority of sdid wases gesrated at refineries ae ron-hazadous
residuak. Most of these wass ae typicaly recycled wihin the refinery or
are landfilled or incinerated onsite as non-hazadouswases. Some of these
wastes are sem off-site for treatment, land dispasal or land treatment (land
farming). A number of wastes commonly generated at refineries, however,
are hazadous umer RCRA The lrgest number of different RCRA
hazadous wases ae gemrated duing wasewaer treamment prior to
discharge. Thew cauld include API separator dudge KO051) dop oil
emnulsion solids (K049), other primary oil-water separator dudge,barscreen
delris (FO37), characteristic wastes containing clromium (D007) or lead
(D0OO08); dissolved ar flotation floats (K048), ard all other dudge,floats ard
used flter bags (FO38). Other potential refinery wastes regulated urder
RCRA include those generated from cleanng of heat excharger bundles
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(K050), desalter mud (FO37), laboratory wages (FO03, FO05, D001, efc.),
spert akylation sulfuric acd (D002; except when used © produce vrgin
sulfuric acd, 40 GFR §2614(a)(7)) ard leadedank bottom corrosion solids
(K052), wade pant materials (D001) ard wades containing benzene
(D018).™* Spert process catlysts are occaspbnally RCRA characteristic
hazadouswagesfor reactvity due b benzere (D018)or for toxicity dueto
sulfur on the caalyst surface P003)%

Some of the handling and treaing requirements for RCRAhazadous wases
gereratorsare covered urder40CFR Pat 262ard involve: deermining what
constitutes a RCRAhazadous wase (Subpart A); manifesting (Subpart B);
packagng, labeling ard accunulation time limits (Subpat C); and record
keeping ard reporting (Subpatt D).*

Marny refineries sbre sane hazadous wases atthe fadlit y for more than 90

days and, therefore, are a sorage facility under RCRA ard must have a
RCRA treamment, storage and disposal fadlity (TSDF) pemit (40 CFR

826234). Same of the specfic requirementsthat may appl to refineriesthat

are TSD facilities are covered unde 40 CFR Part 264, ard include:
contingercy plars ard energercy procedues(40 GFR Pat 264 Supatt D);

manifesting, recad keepng ard reporting (Subpart E); use ard managenent

of containers (Subpatt I); tank systens (Subpart J); suface mpoundments

(Subpat K); land treatment (Subpat M); incinerators (Subpart O), dthough
few refineries ncinerate hazadous wastes aisite; corrective acton of

hazadous wast releaseqSubpart S); ar emissons sardards or process
vents of processeshat process o gererate hazadous wases Subpait AA);

emssons sardards or leaksin hazadouswase handling equpmert (Subpartt

BB); amd emssbns stardads for containers, tanks, armd suface
impoundments that contain hazardous wases Subpart CC).

The 1984 Hazadous and Solid Waste Amendments (HSWA) to RCRA
require that any area a afacilit y where solid wastes have been routinely and
systematically r eleased at atreatment, storage, or disposal facilit y are required
to carry out “corrective actons.” Corrective acton requirements ae deailed
by EPA or the sates on a facilit y-by-facility basis and can extend to
remediation beyond the facilit y boundary. Since most refineries havefiled for
RCRA pemits ard becausetiis common for refineries b have released
wastes to the environment, it is expected that most refineries will eventudly
undergo a RCRAcorrecive acton. The casts o remediating cantanination
that has accured over the life o a refinery could paentially be one o the
most costly items facing a facilit y.**

A number of RCRA wases tave beenprohibited fom land disposal urless
treaed b meetspeciic sardards inder theRCRALand Disposal Restiction
(LDR) program. The wases cwered by the RCRALDRSs ae listed in 40
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CFR Pat 268, Sulpat C ard include a mmber of wages commonly
generated at peroleum refineries. Restrictions on common refinery wastes
include bxicity characteristic wases,which includethose containing greaer
than0.5 ppmbenzere (D018) ard dudgedrom refinery proces wasewater
treament systens (FO37). Restrictions on D018 wastes are eypeced to
further reduce he anourt of refinery wasesthat are treaed ly landfarming
off-site which has ateadybeenreduced gnificartly in recen years for both
hazadous aml non-hazadous wases?® To meetthe LDRs,these wasts ae
typically treated through incineration. In addition to the land disposa
restrictions, stardards or the reatment ard sorage @ restricted wases ae
also descibed in Subparts D ard E, respecively.®®

Clean Wder Act (CWA)

Petroleumrefinery wasewaer releasedad suffacewatersis regulated urder
the CWA. Nationa Pollutant Discharge Elimination System (NPDES)
pemits nmustbe obtained D discharge wasewager into navigalde waers (40
Pat 122) Effluert limitation guiddines for wastewater discharged from
petoleum refineries were promulgated in 1985 ad are curently being
reviewed or updatng in 1995 Ronald Kirby, U.S. EPA Office d Water,
(202)-260-7168) The efluert guideinesfor the PetroleumRefining Pant
Saurce Gategory are listed urder 40 GFR Pat 419 anl are dvided nto
sulparts accading to the piocesses usedytthe refinery:

Subpat A Applies to facilities usng topping (distillation) and catalytic
reforming

Subpat B Applies to facilit ies usng topping and cracking

Subpat C Appliesto facilit iesusng topping, cracking and petrochemical
operations

Subpat D Applies to facilities usng topping, cracking and lube oil
manufacturing

Subpat E Applies to facilities that use topping, cracking, lubeoll
manufacturing ard petochemical operations.

In additionto the efflu ent guiddines, facilit ies that dischargeto aPOTW may
be required to meetNational Pretreament Stardardsfor same contamnarts.
Gererd pretreaiment gardardsappling to most indudries discharging to a
POTW are desribed in 40 GFR Pat 403. Pretreaiment sardardsappling
spediicaly to the PetroleumReining Caegory are listed in the sulparts of
40 OFR Pat 419 s shown alove).”’

Sepenber 1995

95 SIC 2911



Secbr Notebook Project Petroleum Refining

The term "storm water discherge assoiated wih industial acivity" mearsa
storm water dischargefrom one of 11 categories of indudrial activity defined
at 40 (FR 12226.f the pimary SIC code d the fadlity is one of those
identified in the regulations, the facility is subject to the sorm water pamit
application requirements. If any activity a afacility is covered by one of the
five narrative categaies, storm water discharges fom those aeas wiere the
activities accur are sulpect to storm water discharge pemit applcation
requirements.

Those facilit ies/activities that are subject to sorm water discharge permit
applicaion requirements ae dertified Elow. To deermine wrether a
paticular facilit y falls within one of these categories, the regulation should be
consulted.

Category i: Facilitiessubject to ssormwater efflu ent guiddines, new source
performance sardards, or toxic pdlutant effluert stardards.

Category ii: Facilities classfied as SIC 24dumber and wood produds
(except wood kitchen cabinets); SIC 26pgper and dlied produds (except
paperboard containers and produds); SIC 28-chemicals and dlied produds
(exceptdrugsand pants); SIC 291petroleumrefining; ard SIC 311{eater
tanning and finishing.

The recent storm water rules require cettain fadlities with sorm water
discharge from ary one d 11 caegaies d industia acivity deined at40
CFR 12226 ke subject to the gorm water pemit applcaion requirements
(seeSecionVI.A). Petroleumrefineries ae covered in Caegory ii by virtue
of SIC code. The Sorm Water Rule (40CFR 812226(b)(14) subparts(i, ii))
requires the capture and treatment of sormwater at al facilit ies falling under
SIC code 291 including petoleumrefineries Required treatment of sorm
water flows ae expecked D remove a brge faction of both canventional
pollutants, suchassuspededsdids aml hiological oxygendenand (BOD),
as wel as bxic pdlutants, suchas cetain metals ard orgaric canpounds

Sak Drinking Water Act (SDWA)

Those refineries hatdispcse d wasewaterin underground injecionwelsare
subect to the urderground injection control (UIC) program of the Sife
Drinking Water Act. The UIC programisaimed at protecting usade aqufers
from contaminants migrating from injection wells. The program requires a
pemit for the pacenert of fluids nto awell. Injection wels are akosuhect
to sulstantive sardards anl criteriathat may require a sudy of the pdential
of the wel to contamnate the gioundwater (40 GFR Pats 143-147). An
injection well is classified in one of five categories (Class I-V) which reflect
the relative risk of contaminating usable aquifers based on the proximity to
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drinking water suppiles and the hydrogedogical conditions in the aea.
Reguhtions vary for eachwel class. The UIC programis closely related to
the RCRA program. Injecion wels into which hazadouswase is injecied
constitute a land disposal facilit y under RCRA ard, therefore, also require a
RCRA peamit. Under the RCRAregulations, injecton wels with pemits
unde the UIC program ard which meet cetain adlitional RCRA
requirements, are consideredto have a RCRApemit (40 CRR §27060(b)).*°

Comprehensve Environmental Rspons, Compenation and Liability At (CERCLA)

Petroleumard crude al are specficaly exenpt from listing in CERCLA.
Wastesgererated during therefining proces ard refined petoleumproducts
containing CERCLA hazadous sulstances abve spedic levelsare covered
under CERCLA. Therefore, pastreleags of hazardous sulstances fom a
refinery are likely to require remedial clearup actons under Supefund.*®

Emergency Panning and ©@mmunity Ryhtto-KnowAct (EPCRA)

Refineries ae alsocovered by the reporting requirements o the Emergercy
Planning and Community Right-to-Know Act (EPCRA). The Community
Right-to-Know provisionsrequire that facilities with ten or more employees
that manufactured, processedpr otherwise used aidted toxic chemical in
excess 6 the "esatished threshold" must amualy file a Toxic Chenical
Release form with EPA ard the gate EPCRA 8313;40 GFR Pat 372)
Facilit ies must submit maerial safety data sheets or the equivalent and Tier
[/Tier Il amual inventory report forms o the agpropriate local energercy
plaming commission ard energercy response ard fire depatments (EPCRA
88 311312; 40 CR Part 370) Those handling "extremely hazadous
sulstances” are also required to submit a ae-time notice b the sate
enmergercy response commission (EPCRA 8302@A); 40 GFR Pat 355)
Unintentiona releases ba reportable quarity of a CERCLA hazadous
sulstance a anexrenely hazadous sulstance nustbe reported © the sate
emergency plaming cammisson ard the local energercy plaming
commission (40 CFR Pat 304)** Petroleumrefineries ae likely to useor
produce a omber of the clemicak lsted, including ammonia, chlorine,
hydrogen sulfide, methyl mercaptan, sulfur dioxide and sulfuric acid.

1990 Qil Pollution Act and Spill Revention ©ntrol and @Wuntemeasire Hans

The 19900il Pdlution Act egablishes grict, joint ard several liabilit y against
onshore and offshore facilit ies that discharge oil or pose a substantial threat
of discharging oil to navigable waterways. The act requires that facilit ies
posing asulstantial threatof harmto the ervironmert prepae ard implement
more rigorous Spill Prevention Control and Countermeasure Plan required
under the OWA (40 CFR 81127). Stardards have beenset for tank
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equipment, il prevention control plans, and vessels. An important
requirement affecting refining facilit iesis oil response plans for above ground
storage tank facilities. There are adso crimina and civil pendlties for
ddiberate or negligent spills of oil. Regulations covering response to oil
dischargesand cattingercy plars (40 GFR Pat 300) ard fadlity response
plars to oil discharges(40 CFR Pat 112)are keing revised ard finalized n
1995102

OSHAHealth Standatsand Roces Sakty Management &Res

State Statutes

The Occupdaional Safety and Health Administration (OSHA) limits benzene
exposure in the wakplace atpetroleumrefineries (29 CRR §19101028)
Berzere is a canmon enission of petroleumrefining operations. Control
strategies nay involve sulstantial process chrges ad equpmert
modificaions. OSHAhas also deelopedsafety managenent rules requiring
refineries © conduct a detiled review d al operational processes d
determine workplace rsk arl injury potential to workers ard to deine
courses of acton in the case d energerties (29 GFR §1910) Indudry
reports that this regulation may prove to be relatively costly due to the
numerous aml canplex process uits atperoleumrefineries®®

Some of the mostimportant state regulations affecting the petoleumrefining
industy are those o the Caifornia Air Resairce Bard (CARB). The CARB
Phase | regulations for reformulated gasbne sdd in Caifornia ae nore
stringent than the federal CAAA. The South Coast Air Qudity Management
District (SCAQMD) in southern Califo rnia has an Air Qudity Maintenance
Plan which aims to reduce ernssbns d sufur oxides, nitrogen oxides,
paticulates anl VOCs fom stationary saurces. For refineries, one of the
most important requirements will be an 8 percent redudion in emissions of
NO, by 19961 Refneries nust also cary out a camprehensive leak
identification, mantenance, and inspection program. VOC emissions from
sumps, wastewater systems and sewers are aso limited, and any emission
increases must be offset by emission decreases within the facility. Certain
refineries nust conduct aralyses br carcinogeric risks b neighboring
populations, and new units or facilit y modifications cannot exceed spetied
limit s for increased specified cancer risk to individuds in the surrounding
community. Indudry representatives reported that substantial emission
controls and changes in facility operations would be needed to meet the
SCAQMD requirements.®

Refineries ae aboaffected ty same state satutes hat desgnatewaseoilsas
hazadous wase. In same states,suchas Cafornia, ary oily wase or wase
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oil gererated in a refinery process mst be handled as a RCRAwazadous
wade.

VI.C. Pending and Proposd Regulatory Requir ements

Energy Policy Act of 1992

The Energy Pdicy Act of 1992 povided br a rumber of programs aimed at
reducing the US. depenlerce m foreign ail throughincreagd damestic oil
producion, the use of dternative fuds, and increases in energy efficiency.
Some programs established by the Energy Policy Act may have sgnific ant
effects an the petoleumrefining industy in the long term.

The Huergy Policy Act mandats te plasein of alternative fuek in
government ard private aubmobile ard truck flees. A nationalgoalfor 2010
has beensetfor 30 pecert of the ight-duty vehicle market to be powered by
natural gas,electicity, metharol, ethanol, or coalderived iquid fuek. The
Act alsorequires that efficiercy stardards ke setfor al new federal buildings,
buildings with federally backed matgages, and commercial and indudrial
equpmert. Research ard dewelopmert programs are keing gponsored for
high-efficiercy ergines ard supeconducing ekectic power systens. The
effects of these programswill ultimately reduce the growth rate of demand for
refined petoleumproducts in the US 1%

Clean Wder Act (CWA)

Effluent limitations guiddines for wastewater discharge from peroleum
refineries ae curently being reviewed ly the Ofice d Water for possble
updatngin 1995 Ronald Kirby, U.S.EPA Officeof Water, (202)260-7168)
Specificaly, the Ofice d Water is evaluaing the reed b reduce senium
releases wigh, in the pasthave exceededvater qualty stardards. Selenium
releases are uudly only found in facilit ies processing Califo rnia crude ail.
Effluent guidelines for selenium will, therefore, probably only affect these
facilit ies.**’
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Clean Ar Act Amendmentd990(CAAA)

Most of the programs of the CAAA are bang phased-in over aperiod of ten
years between1990 ad 2000. Some of the requirements of the CAAA have
not yet beensetard, as nentioned alove, there sagreatdealof uncertainty
as to the effects that these unspecified sandards will have on the indudry.
The Rebrmulated Gasbne Rogram ard the NESHAP stardards nay have
the most ggnificant future requirements on the indudry. Under the
Refrmulated Gasbne Program, a "camplex' formula for reformulated
gavline sscheduled b gointo effectin 1998. The sardardsfor thisformula
were not yet finalized asof June 1995. It is not known how many other
nonattainment areas will eventudly “ opt in,” thereby creating mare demand
for reformulated gasbne. Several nonattainment areas lave areadysaught
to "opt out" of the program.*®®

TheNESHAP stardardsare scheduled © be promulgaied by EPA by late duly
1995 (James Durham U.S. EPA, Office d Air, (919) 541-5672) The
stardards required will be in the form of MACT gardards The NESHAP
standards will lik ely be similar to those developed for the chemical indudry
and will cover air emissions from many refinery processes including, but not
limit ed to, mast catalytic processes, indudrial boilers, process heaters, sorage
tanks and equipment, process vents, and wastewater treatment facilit ies. The
standardsfor the control of benzene emissions will r equire Sgnific ant capital
investments.*®®

Under Title V of the CAAA 1990 @0 CFR Pats 70-72) al of the appicalde
requirements o the Amerdmerts are integrated nto one federal renewalle
operating pamit. Facilities defined as "major sources' under the Act must
appl for pemits within one yearfrom when EPA appoves he shte pemit
programs. Since nost state programs were not appoved uril after
November 1994, Title V pemits will, for the maost part, begin to be duein
late 1995. A fadlity is designated as a mgor source if it includes sources
subject to the NSPS aid rain provisions or NESHAPS, or if it releases a
certain amount of any one of the CAAA r egulated pdlutants (SO,, NO,, CO,
VOC, PM,,, hazadous ar pdlutants,extremely hazadous sulstances ,ozone
depleting substances, and pdlutants covered by NSPS$ depending on the
region's ar qualty category. Although revisions to the defnition of what
constitutes a najor saurce wee being negotiated at the time that this
docunment wert to press (Augug 1995) it is important to note that magjor
sourcedetermination will lik ely be based on afacilit y's potential ermssons ard
not its actial emssons. Theserevisions to the Title V rules wee expeced
to be pulished in late Augug 1995. Title V pemits may set limits on the
anmounts d pdlutant emssons; require emissbns nonitoring, ard recad
keepng ard reporting. Undera sparate rule, the ContinuousAir Monitoring
Rule (CAM) being deeloped, continuous monitoring of cettain emissions
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from certain facilit ies may be required (Peter Westlin, U.S. EPA, Office of
Air, (919 541-1058) Fadlities are required to pay a fee for filing for a
pemit ard are required to payanamual fee fased on the megnitude d the
facilit y's potential emissions.**°

Resource nservation and Rcovey Act (RCRA)

EPA is studying fourteenrefinery thearetical wase steans for potential
addtions o the RCRAhazadous wasg lists under a setlermert agreenert
with the Environmental Defense Fund (Maximo Diaz, Jr., Office d Solid
Waste ard Emergercy Response, (202)260-4786) A decsionisto bemade
on eachgreamby October 31,1996. Treatment sardards under the Land
Disposal Restrictions program will be developed for any wastes listed.
Alternatives b listing are ako being considered, including managenent
stardardsbasedon pollution prevertion, recycling, reclamation, or feedsbck
to other manufacturing proceses.'**

In 1994 ,a Refinery Workgroup comprised of represertativesfrom OSWER,

Office d Water, ard Office d Reguétory Courcil reviewed he issues
surounding a RCRACWA interface pettaining to contaninated gound

water seepdgo surface wagr from petroleumrefineries. The legalautorities

over seeps gill remans unclear. In areport completed in September 1994,
the Workgroup recanmended tat the legal authority peitaining to seepsad

suiface wagrs should be made o a caseby-case bsis. The report also

discussedte various auhorities ard circumstarcesin which they should be

utilized.
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VIlI. COMPLI ANCE AND ENFORCEMENT HI STORY

Background

To dae, EPA has focused much of its attention on measuring compliance
with spediic ervironmertal statutes. This appoachalows the Agercy to
track canpliance wih the CkanAir Act, the Resource Conservation ard
Recovery Act, the CeanWater Act, ard other environmertal statutes. Within
the last several years, the Agercy has begun to supplenen sngle-media
compliance indicators with facilit y-specific, mutimedia indicators of
compliance. Indoing o, EPA isin abetter position to track compliance with
all statutes a the facilit y level, and within specific indudrial sectors.

A mgor sep in building the capacity to compile mutimediadaafor indugrial
secbrs was he creaion of EPA's Integrated Data for Enforcemert Analysis
(IDEA) system IDEA has the capady to "read nto" the Agercy's single-
media dastbases, exract compliance recads, ard nmetch the recads ©
individud facilities. The IDEA system can mach Air, Water, Waste,
ToxicsPesicideseEPCRA, TRI, ard Enforcenert Docketrecads r a gven
facility, and generate alist of historical permit, inspection, and enforcement
activity. IDEA dso has the capatilit y to analyze daa by geographic area and
corporate holder. Asthe capady to gererate multimedia canpliance daa
improves, EPA will make available more in-depth compliance and
erforcemnent information. Additionally, secbr-specfic measues d success
for compliance asstarce eforts ae urder developmert.

Compliance ard Enforcement Profile Desciption

Using inspecton, violation ard erforcenen datfromthe IDEA system this
secton provides information regarding the hstorical compliance am
enforcement activity of this sector. In order to mirror the facility universe
reported n the Toxic Chemical Profile, the data reported wihin this secton
consists of recardsonly fromthe TRI reporting uriverse. With this decsion,
the sekcion criteria are cansistent acloss seatrs with certain excepions.
For the sectors that do not normally report to the TRI program, daa have
been provided from EPA's Facility Indexing System (FINDS) which tracks
facilities in dl media daabases. Please note, in this section, EPA does not
attempt to ddine the actud number of facilit ies that fall within eachsecor.
Instead, the section portrays the records of a subset of facilit ies within the
secbr that are wel defned within EPA daibases.

As a cleck o the elative size d the full secbr unverse most notebooks
contain an estimated number of facilit ies within the sector accading to the
Bureau of Census (See Section II). With sectors dominated by small
busnessessuchas netal finishers ard printers, the reporting universe wthin
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the EPA daabases may be small in comparison to Censusdata. However, the
group selected for inclugon in this data analysis section should be consistent
with this sector's gereral make-up.

Following this introduction is a Ist defning eachdata coumn preseied

within this secton. These w@ues epresem a retrospecive sunmary of

inspectons or erforcement actions, ard sdely reflect EPA, state amd local

compliance assuance acivity that have beenertered into EPA daibases.To

identify ary charges ntrends,the EPA ran two daia queres,one for the past
fivecakerdaryears (Augug 10,1990 b Augug 9, 1995)ard the other for the

most recert twelve-month peliod (Augug 10,1994 b Augug 9,1995) The

five-year aralysis gives an awrage ével of acivity for tha period for

compaiison to the nore recer acivity.

Because mwst inspections focus o single-media requirements, the daa
guetes pesered inthissecton aretakenfrom single media datbases. These
databases danot provide dah on whether inspecions are satelocalor EPA-
led. Howeer, the table reaking down the urniverse d violations does gve
the readera cudemeasuenert of the BPA's ard sttes'efforts within each
mediaprogram. The presented dataillu strate the variations acrossregionsfor
celtain secors?® This variation may be attributade to statelocal dai ertry
variations, specific geographic concentrations, proximity to population
ceners, sersitive ecasystens, highly toxic chemcak usedn producion, or
historical noncompliance. Herce, the exhibited dat do not rank regional
performance a necessaly reflect which regions nmay have the nost
compliance problems

Compliance ard Enforcement Data Definitions

General Definitions

Fadlity Indexing Sysem (FINDS) -- this system assigns a comman facilit y
number to EPA single-meda pemit recads. The ANDS identificaton
numbker dlows EPA to compile and review dl permit, compliance,
enforcement and padllutant release data for any given regulated fecilit y.

Integrated Data for Enforcement Analysis (IDEA) -- is adda integration
system that canretrieve information from the ngjor EPA program office
datbases. IDEA usesthe FINDS idertificaion number to “glue bgeter”’

¢ EPA Regions includethe following sates: | (CT, MA, ME, RI, NH, VT); Il (NJ, NY, PR, VI); lll (D C, DE, MD,
PA, VA, WV); IV (AL, FL, GA, KY, MS,NC, SC TN); V (IL, IN, MI, MN, OH, WI); VI (AR, LA, NM, OK,
TX); VII (IA, KS, MO, NE); VIII (CO, MT, ND, SD, UT, WY); IX (AZ, CA, HI, NV, Pacific Trug Territories); X

(AK, ID, OR, WA).
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sepasatedatarecads fom EPA’s datbases. Thisisdone to creata“master

list” of daa records for any given facility. Some of the daa systems
accesdile through IDEA are: AIRS (Air Facility Indexing and Retrieval

System Office d Air ard Radation), PCS (Pemit Compliance S/stem

Office d Water), RCRIS (Resairce Conservation ard Recwery Information
System Office d Solid Waste), NCDB (National Compliance Dat Base,
Office d Prewertion, Pesticides, and Toxic Substances) CERCLIS
(Comprehensive Environmenta and Liabilit y Information System, Supefund),

ard TRIS (Toxic Rekaseventory System). IDEA alsocontainsinformation
fromoutsidesaurcessuchas Durard Bradsteetard the Occupaitonal Safety
ardHeath Administraion (OSHA). Most dataqueresdisplayed innotebook

sections 1V ard VII were conducied usng IDEA.

Data Table Coumn Heading Defnitions

Facilities n Search -- are based m the unverse d TRI reporters within the
listed SIC oode range For indudries not covered under TRI reporting
requirements, the rotebook uses e HNDS universe br execuing dag
gueies. The SC cade ange setcied br eachseach is defned by each
notebook's sekcted 3C cade coverage desdbed in Section I1.

Facilities Inspected -- indicates the level of EPA and sate agency facility
inspections for the facilities in this data search. These values show what
percentage of the facility universe is inspected ina 12 or 60 maith period.
This columndoes not count non-inspectional compliance activitiessuchasthe
review of facilit y-reported discharge reports.

Number of Inspections -- measures the total number of inspections
conducied in this secbr. An inspecion ewent is counted eachtime it is
entered into a sngle media daabase.

Average Time Betweenln spections -- provides araverage éngth of time,
expressed in months, that a compliance inspection occurs at afacilit y within
the defned unverse.

Facilities wih One orMore Enforcement Actions-- expresseshe rumber
of facilities that were paty to a least one enforcement action within the
defined time period. This category is broken down further into federal and
stateactions. Data are obtained for administrative, civil/ judicial, and criminal
erforcenert acions. Administrative actions include Ndices ¢ Violation
(NOVs). A fadlity with mutiple enforcement actions is only counted once
in this column (facilit y with three enforcement actions counts as one). All
percentages that appear are referenced to the number of facilit ies inspected.
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Total Enforcement Actions -- descibes the total humber of erforcenen
actionsidenified or anindustial secbr acioss al ervironmental statutes. A
facilit y with muitiple enforcement actionsis counted multiple times (afacilit y
with three efforcemnert acions counts as tree)

State Lead Actions -- shows what percertage d the total enforcenert
actions are takenby state ard local ervironmertal ageries. Varying levels
of use by dates of EPA daa systems may limit the volume of actions
accoded date enforcement activity. Some dates extensively report
erforcenert actvitiesinto EPA datasystens, while other states nay use heir
own daa systens.

Federal Lead Actions -- shows what percertage d the total erforcenernt
acions are taken by the Unted Sates Hwironmertal Protecion Agercy.
Thisvalue ncludes eferralsfrom state agenies. Mary of theseactionsresuk
from coordinated or joint state/federal efforts.

Enforcement to Inspection Rate -- expresgshow often erforcenert acions
resukt from inspecitons. This value b a ratio of erforcenert acions to

inspectons and is presered for comparative puposes aly. Thismeasue is
a roughindicabor of the relationshp betweeninspectons ard erforcenert.

Thismeasue smply indicates hstoricaly how many erforcenert acionscan
be attributed © inspecion acivity. Repated nspecions ard erforcenert

actions underthe CeanWater Act (PCS), the CleanAir Act (AFS) ard the
ResaurceConservation ard Recwery Act (RCRA) are included in thisratio.

Inspectons ard actons from the TSCA/FIFRA/EPCRA datbase ae rot

factored nto this ratio because st of the actons taken urder these
programsare not the result of facilit y inspections. Thisratio doesnot accaunt

for erforcenert actions ansing from non-inspecton compliance nonitoring

actvities (e.g., sef-reported waer discharges)that canresulk in erforcenert

acion within the CAA, CWA ard RCRA

Facilities wih Oneor More Violations Idertified -- indicates he rumber
ard pecertage d inspecedfacilit ieshaving aviolation identified in one of the
following dat caegaies: In Violaton or Significart Violaton Status
(CAA); Reportable Noncompliance, Current Y ear Noncompliance, Significart
Noncompliance (CWA); Noncompliance and Significant Noncompliance
(FIFRA, TSCA, and EP(RA); Unresolved Violation and Unresolved High
Priority Violation (RCRA). Thevaluespreseed for this coumn reflectthe
extent of noncompliance within the neasued ime frame, but do not
distinguish between the severity of the nonconmpliance. Percentages within
this cdumn canexceed 100 peert becaus fadlities can be in violation
status wihout being inspeced. Violation status nay be a pecursor to an
erforcenert acion, but does ot necessaly indicat that an erforcenert
action will occur.
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Media Breakdown of Enforcement Actions ard Inspections -- four
columnsidertify the pioportion of total inspectons ard erforcenert acions
within EPA Air, Water, Waste, ard TSCA/FIFRA/EPCRA daabases. Each
colum is a pecertage d either the “Total Inspections,” or the “Total
Actions’ column,

VII.A. Petroleum Refining Compliance Hidory

Exhibit 24 piovides aroverview d the reported canplianceard erforcenent
datafor the refiningindugry overthe pasfive years (Augug 1990 b Augug
1995) Thes dah are ako brokenout by EPA Region thereby pemitting
geographical compaiisons. A few paints evdert from the dat are listed
bdow.

. Almost dl of the facilities identified in the database search were
inspected in the peast five years. These facilities were inspected on
awerage eery three nonths.

. The ratio of erforcenen actonsto inspectonsvaried widely between
Regons over the pastfive yeass with little a no directcorrelation to
the number of facilities in the Region or the proportion of state lead
versus ederal lead adons.

. Those facilities with one or more enforcement actions had, on
average,over the five yearpeiod, aimost eight erforcenert acions
brought against them.
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Exhibit 24: Five-Year Enforcement and Compliance Simmary for Petroleum Refining

A B C D E F G H | J

Average Fadlitie s with 1 Percert Percert

Months or More Total State Federal Enforcemernt
Region | inSearch | inspoced | mspestins | inpoctcns | Aions | tAcions | Actons | Actins | R
! 0 0 0 - 0 0 - - -
1 8 8 242 2 8 71|  55% 45% 029
Il 12 12 422 2 10 101  85% 15% 0.24
\ 14 13 242 3 4 32| 7% 23% 0.09
Y 17 17 353 3 10 46|  67% 33% 0.13
Vi 45 42 869 3 36 269|  69% 31% 031
il 5 5 172 2 5 26 8% 92% 0.15
il 16 15 535 2 13 118  73% 27% 022
IX 28 23 286 6 19 116  55% 45% 041
X 11 10 116 6 5 28| 64% 36% 0.24
TOTAL 156 145| 3257 3 110 797|  66% 34% 025
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VI1.B. Comparison of Enforcement Activity B etween Sdected Industries

Exhibits 25 and 26 dlow the compliance history of the peroleum refining
secbr to be compared © the aher industies covered by the industy secbr
notebooks. Comparisons between Exhibits25 ard 26 pemit the idertification
of trerds ncompliance aml erforcenert recads d theindusty by compailing
data covering the lastfiveyearsto thatof the pastyear Some points evidert
from the dab are listed below.

. Of those seatrs listed, the petoleumrefining industy has beenthe
most frequenly inspeced ndusty over the pasffive yeass.

. The indudry has a relatively large proportion of facilities with
violations ard erforcenment acions, in compatison to the aher
secuors.

. The rate of erforcenernt acions per inspecton for the industy is

relatively high, ard has charged Ittle over the pastyear.

Exhibits 27 ard 28 povide a nore in-deph comparison betweenpetoleum
refining industy ard other secbrs hy breakng out the campliance aml
erforcenert dat by environmertal statute. As in the pevious Exhibits
(Exhibits 25 arl 26), the dat cover the last five years (Exhibit 27) ard the
last one year (Exhibit 28) to facilit ate the identification of recen trerds. A
few paints evdert from the dat are listed below.

. The number of inspectons caried ait under eachervironmertal
statute as a peert of the total has chargedlittle betweenthe average
of the pastfive years arl that of the pastyear. Inspecions under
CAA gppear to be dightly more frequent while inspections under
RCRA appearto be siightly less fequent.

. The dstribution of erforcenernt acions betweenstatutes ha also
charged \ery little between the pastfive yeas aml one year
Enforcenment acions unde RCRA deceased slightly while
erforcenert acions under CWA have increased ghtly.
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Exhibit 25: Five-Year Enforcement and Compliance Simmary for SelectedIndustries

A B C D E F G H | J
Average Fadlitie s with Percent Enforcemernt
Months 1 o More Total Percent Federal to
Fadlities | Fadlities Number of Between Enforcemernt Enforcemernt State Lead Inspection
Industr Yy Sector in Inspected | Inspections | Inspections Actions Actions Lead Actions Rate
Search Actions
Pulp and Paper 306 265 3,766 5 115 502 78% 22% 0.13
Printing 4,106 1,035 4,723 52 176 514 85% 15% 0.11
Inorganic Chemicals 548 298 3,034 11 99 402 76% 24% 0.13
Organic Chemicals 412 316 3,864 6 152 726 66% 34% 0.19
Petroleum Refining 156 145 3,257 3 110 797 66% 34% 0.25
Iron and Sed 374 275 3,555 6 115 499 72% 28% 0.14
Dry Cleaning 933 245 633 88 29 103 99% 1% 0.16
Metal Mining 873 339 1,519 34 67 155 47% 53% 0.10
Non-Metallic Mineral 1,143 631 3,422 20 84 192 76% 24% 0.06
Mining
Lumbe and Wood 464 301 1,891 15 78 232 79% 21% 0.12
Fumiture 293 213 1,534 11 34 91 91% 9% 0.06
Rubbe and Rastic 1,665 739 3,386 30 146 391 78% 22% 0.12
Stone, Clay, and Qass 468 268 2,475 11 73 301 70% 30% 0.12
Fabricated Metal 2,346 1,340 5,509 26 280 840 80% 20% 0.15
Nonferrous Metal 844 474 3,097 16 145 470 76% 24% 0.15
Electronics 405 222 777 31 68 212 79% 21% 0.27
Automabiles 598 390 2,216 16 81 240 80% 20% 0.11

109014 Y00CRION JAaJ3S

buluyay wnajo.lPd



G66T Joquadas

11

1162 JIS

Exhibit 26: One-Year Inspection and Enforcement Summary for Selected Industries

A B C D E F G H
Facilitieswith 1 or Facilitieswith 1 or
More Violations more Enforcement
Actions

Facilities | Facilities | Number of Total Enforcement | Enforcement to
Industry Sector in Search | Inspected | Inspections | Number | Percert* | Number Percent* Actions Inspection Rate
Pulp and Raper 306 189 576 162 86% 28 15% 88 0.15
Printing 4,106 397 676 251 63% 25 6% 72 0.11
Inorganic Chemicals 548 158 427 167 106% 19 12% 49 0.12
Organic Chemicals 412 195 545 197 101% 39 20% 118 0.22
Petroleum Refining 156 109 437 109 100% 39 36% 114 0.26
Iron and Sed 374 167 488 165 99% 20 12% 46 0.09
Dry Cleaning 933 80 111 21 26% 5 6% 11 0.10
Metal Mining 873 114 194 82 72% 16 14% 24 0.13
Non-meadllic Minea 1,143 253 425 75 30% 28 11% 54 0.13
Mining
Lumbe and Wood 464 142 268 109 7% 18 13% 42 0.58
Fumiture 293 160 113 66 41% 3 2% 5 0.55
Rubbe and Rastic 1,665 271 435 289 107% 19 7% 59 0.14
Stone, Clay, and Qass 468 146 330 116 79% 20 14% 66 0.20
Nonferrous Metals 844 202 402 282 140% 22 11% 72 0.18
Fabricated Metal 2,346 477 746 525 110% 46 10% 114 0.15
Electronics 405 60 87 80 133% 8 13% 21 0.24
Automabiles 598 169 284 162 96% 14 8% 28 0.10

* Percertages in Columns Eard F are lased onthe rumker d facilities irspected(Column C). Percertages canexceed100%becaus violations ard actons canoccurwithout a fadlity inspection.
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Exhibit 27: Five-Year Inspection and Enforcement Summary by Satute for Selected | ndustries

Resaurce
Conservation and FIFRA/TSCA/
Clean Air Act Clean Water Act Recovery Act EPCRA/Other
Total % of % of % of % of
Facilities Total Enforcement|| % of Total | Total || % of Total | Total ||% of Total | Total || % of Total | Total

Industry Sector Inspected | Inspections Actions Inspections | Actions || Inspections | Actions || Inspections | Actions]| Inspections |Actions
Pubp and Paper 265 3,766 502 51% 48% 38% 30% 9% 18% 2% 3%
Printing 1,035 4,723 514 49% 31% 6% 3% 43% 62%" 2% 4%
Inorganic Chemicals 298 3,034 402 29% 26% 29% 17% 39% 53%" 3% 4%
Organic Chenicals 316 3,864 726 33% 30% 16% 21% 46% 44%" 5% 5%
Petroleum Refining 145 3237 797 44% 32% 19% | 12% 35% | 520 2% 5%
Iron and Stedl 275 3,555 499 32% 20% 30% 18% 37% 58%" 2% 5%
Dry Cleaning 245 633 103 15% 1% 3% 4% 83% 93%" 0% 1%
Meta Mining 339 1519 155 35% 17% 57% 60% 6% 14%" 1% 9%
Non-metalic Mineral 631 3422 192 65% 46%) 31% 24% 3% 27% 0% 4%
Mining

Lumber and Wood 301 1,891 232 31% 21% 8% 7% 59% 67%" 2% 5%
Furniture 293 1534 91 52% 27% 1% 1% 45% 64%" 1% 8%
Rulber and Plastic 739 3,386 391 39% 15% 13% 7% 44% 68%" 3% 10%
Store, Qay, ard 268 2475 301 45% 39% 15% 5% 39% 51% 2% 5%
Glass

Nonferrous Metals 474 3,097 470 36% 22% 22% 13% 38% 54%" 4% 10%
Fabricated Metal 1,340 5509 840| 25% 11% 15% 6% s6%|  76%) 4% 7%
Electronics 222 777 212ff 16% 2% 14%| 3% 66% | 909 3% 5%
Automobiles 390 2216 240" 35% 15% 9% 4% 54% 75%" 2% 6%
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Exhibit 28: One-Year Inspection and Enforcement Summary by Satute for Selected|ndustries

Resaurce
Conservation and FIFRA/TSCA/
Clean Air Act Clean Water Act Recovery Act EPCRA/Other
Total % of % of % of % of
Fadilitie s Total Enforcement || % of Total Total % of Total | Total % of Total | Total || % of Total | Total
|ndustry Setor Inspected | Inspections Actions Inspections | Actions || Inspections | Actions || Inspections | Actions || Inspections | Actions
Pulp and Paper 189 576 88 56% 69% 35% 21% 10% 7% 0% 3%
Printing 397 676 72 50% 27% 5% 3% 44% 66% 0% 4%
Inorganic Chemicals 158 427 49 26% 38% 29% 21% 45% 36% 0% 6%
Organic Chemicals 195 545 118 36% 34% 13% 16% 50% 49% 1% 1%
Petroleum Refining 109 437 114 50% 31% 19% 16% 30% 47% 1% 6%
Iron and Sed 167 488 46 29% 18% 35% 26% 36% 50% 0% 6%
Dry Cleaning 80 111 11 21% 4% 1% 22% 78% 67% 0% 7%
Metal Mining 114 194 24 47% 42% 43% 34% 10% 6% 0% 19%
Non-meallic Minera 253 425 54 69% 58% 26% 16% 5% 16% 0% 11%
Mining
Lumbe and Wood 142 268 42 29% 20% 8% 13% 63% 61% 0% 6%
Fumniture 293 160 5 58% 67% 1% 10% 41% 10% 0% 13%
Rubbe and Rastic 271 435 59 39% 14% 14% 4% 46% 71% 1% 11%
Stone Clay, and Gass 146 330 66 45% 52% 18% 8% 38% 37% 0% 3%
Nonferrous Metals 202 402 72 33% 24% 21% 3% 44% 69% 1% 4%
Fabricated Metal 477 746 114 25% 14% 14% 8% 61% 7% 0% 2%
Electronics 60 87 21 17% 2% 14% 7% 69% 87% 0% 4%
Automabiles 169 284 28 34% 16% 10% 9% 56% 69% 1% 6%
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VII1.C. Review ofMajor Legal Actions

Major Cases/Supplemental Environmental Projects

This section provides summay information about mgor cases that have
affected this secbor, ard a Ist of Suppénertary Environmental Projects
(SEPs). SEPs are compliance agreements that reduce a facilit y's stipulated
perdlty in return for anenvironmental project that exceeds he value d the
reducton. Often, these pojects fund pdlution prevertion activities that can
significantly reduce the future palutant loadings of afacilit y.

VII.C.1. Review ofMajor Cases

Historicaly, OECA’s Enforcemnert Capady ard OutreachOffice des rot
regularly compile information related to mgor cases and pending litigation
within anindugry sector. The staff are willin g to passdong such information
to Agercy staff as equess ae nede. (Office d Enforcenen Capady ard
Outreach202260-4140) In addtion, summariesof completed erforcenent
actons ae puliished eachfiscalyearin the Enforcenment Accomplishmerts
Repat. To dagk, these summaries ae rot orgarized by industry secbr.
(Contact Robert Banks, 202260-8296)

VI11.C.2. Supplementary Environmental Projects

Suppenenal ervironmental projects (SEPs) are anerforcenert option that
reguires the non-compliant facility to complete specific projects. Regional
summariesof SEPsurdertakeninthe 1993 ad 1994federl fiscalyeaswere
reviewed. Eleven projecs wee undettaken that involved petoleum
refineries, as shown in the following table.

In the petoleumrefinery secbr, no single statute ergerdered the ngjority of
SEPs. Due b differences n regional desciptions, the spedics d the aiginal
violations are rot known. Overall, CleanAir Act (CAA) violations were the
mostcommon anongstpetoleumrefineries;evenso, only three ait of the ten
projects were due b CAA violations.

The SHEPs in the petoleum refinery sector can be grouped nto four
catgaies:

. Process change Two SEPs involved the discontinuation of
patticular crude al unts that gererated regulated wase dreans.
Costs to comparies were $3200000 anl $2000000, respectively,
the most costly of al petroleum refinery SEPs.
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Leak prevertion. Facilitiesimproved leak deection and prevention
technologies n piping or tanks as he resuk of four projects. Original
violations for these &Ps were RCRA, CAA, ard the Oi Pollution
Act (OPA). Cost to compary ranged fom $265000 b $800000.

Control technobgy improvement/installation. The three CAA
related original violationsdl had control technology improvementsor
installations as pojects. Sulfuric air emssons H,S, SO,) were
reducedin two ca®s (a reducion of 274 bns/year of SO) and
opacity monitoring was initiated in the third case. Cost to company
ranged fom $85000 © $270000.

Non-process related projects. Some SEPs involved piojects that
were not directly related to the peroleum refining process. In ore
case,PCB-containing trarmsformers were removed as he resuk of a
TSCA violation. Other casesnvolvedequpmert donations to Local
Emergercy Planning Commissions due b CERCLA non-reporting
violations. Cost to compary ranged fom $9000 b $19000.
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Exhibit 29: FY-1993,1994 8pplemental Envir onmental Projects Overview: Petr oleum Refining
Genea SEP Information Violation Informaion Pollutant Redudion
State/ Initial Final SEP SEP Costto | Pollutant Pollutant Project
FY | Company Name Region | Type Pendty |Pendty | Credit Company Concern Reduction | Description
93 | Union Oil Company of | AK TSCA $11000 $9,350 $4675 >$10000] PCB N/A Early disposal of PCB trarsformers ard/or
California PCB-cortanminated tarsformers
93 |UNOCAL CA N/A $689000| $200000| $25000| $2,000000 | N/A N/A Shut down crude uiit that gererated the regulated
waste steam
93 |Hawaiian Indepeert | HA RCRA $621200| $500000| $200000 | N/A Berzere 100% Installed doulbe-lining in three cude of storage anks
Refinery Inc. 3008@) ard installed leak detcion sysens b protect
grourdwater from benzere leaclate
93 | Marathon Qil Co. IN CAA/NSPS | N/A N/A N/A $265000 | Oil leakage, |N/A Repiping of refinery fuel gas ines,increased
Sulpat J hydrogen monitoring requirements, installation of hydrogen
sulfide sufide enmssbn scribber
93 | FinaOll TX CERCLA $25000 $2,000 | N/A $19000 | N/A N/A Domation of energercy ard/or conputer equpmert to
103@) LEPC for responsé/planning for chemical
emergencies, agreed to paticipate in LEPC activities,
ard to provide echiical assstarce
93 | Amoco Al TX CERCLA $25000 $8,000 | N/A $9,000 | N/A N/A Doreted energercy ard/or conputer equpmert to
103@) LEPC for responséplanning for chemical
emergencies, paticipation in LEPC activities, and
technical assstarce
93 |Indiara Refining Ltd. Reg.V | CAA-SIP N/A N/A N/A $85067 | Opacty N/A Installed opaciy monitors ard beganconpliance
report stbmisson
93 |U.S.0il & Refining WA OPA N/A $470000 | N/A $800000 | Oil spill N/A Purchas arl installation of sate ofthe at
conputerized bak de¢cion sysem
93 | Texaco Refining ard WA OPA N/A $500000 | N/A $800000 | Oil spill N/A Purchas arl installation of state ofthe at
Marketing, Inc. conputerized kak de¢cion sysem
93 | Sinclair Oil Corp. wyY CAA, Sec. |N/A $105000] $70000 $270000 | SO, 274 orglyr | SO, removal efficiercy of the SRJ upgiaded fom
113 @) 885%t0 935%
94 |UNOCAL CA RCRA N/A N/A $25000 $3,200000] Benzene N/A Decommissioning of a cude pocesing urit
resporsible for generating mast of the facility 's
benzere cotamnated westewater

Violation Information Terms

Initial penalty: Initial propoed cakb perdty for violation
Final pendlty: Totd p i

ty after SEP

negotiaion

SEP credit: Cash credit given for SEP so thet, Final penalty - SEP credit = Final cash penalty

SEP cog to company: Actual cos to company of SEP implementation

NOTE: Due b differencesin terminology ard level of detil betweenregional SEP information, in some casthe figure listed & Final penalty may be the Final cash pendlty after dedudion for SEP

credit

N/A: Information not available a time of printing.
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VIIl. COMPLIANCE AS SURANCE ACTIVITIES AND INITIATIVES

This secton highlights the actvities urdeitakenby this industy secor ard
public agemies © volurtaily improve the secbr's ervironmertal
performance. These activities nclude tose indepemlertly initiated by
industia trade assdations. In this secton, the notebook also contains a
listing ard desciption of national ard regional trade asscations.

VIIl. A. Sector-Related Environmental Programs and Activities

Common Se<e Initiative

The EPA's Common Sen<e Initiative (CSI) was announced in November of
1993 b ercourage pdution prevention in a few pilot indudrial sectors
including: ironand steel electronics,metal plating ard finishing, auomobiles,
printing, ard petroleumrefining. The program shifts regulatory focusfrom
corcentrating onindividualpdlutantsard media, to indugry-wide appoaches
to environmental problems. An EPA teamhas keenassgned © eachindusty
and a grategic plan will be drawn up to identify opportunities to coordinate
rulemaking and to streamline record-keeping and permitting requirements.
The teans are working with industy to idertify innovative appioactes n
pollution prevention and environmental techndogy. Co-chars for the
Petroleum Refining Committee are Elliot Laws, Assistant Administrator for
the Office of Solid Waste ard Emergercy Respaose; ard Jae Saginaw,
Regional Administrator - Region VI. Startingin Novemberof 1994 ,meeings
of most sakeloldersincluding EPA ard other government officials, indugry
represematives, ard ervironmertal groups, have beenheld to explain the
Initiative ard its gaals as wdlas b excharge deas o how to best prevent
pollution in the peroleum refining indugry. (Contact: Petroleum Refining
TeamLeades, Meg Kelly, Office d Solid Waste ardl Emergercy Respaise,
703-308-8800;Geldd Fonterot, Region VI - Air Brarch, 214-665-7205;ard
OECA daff lead,Tom Ripp, 202564-7003)

EPA Regional Gompliance and Bforcement Ativities

A number of regions have focused o erforcenert ard canpliance acivities
that affectthe petroleumrefining secor. Regon 'V is cumrently carying out
a gearaphic erforcenert initiative which includes be petoleumrefining
indugry (Contact Reg Palesen, 312-886-0555) In addtion, the BPCRA
program of Regon V conducts aminimum of six outreachtraining sessins
annuwally, one in eachstate, which cover al industies. In Regon VIII the
NPDES Brarchbegananerforcernert initiative aimed at petroleumrefineries
in FY94. The itiative addesses stiace watr ard groundwaier
contamination by focusng on the prevention and dimination of future
discharges. The RCRAbrarch of Regon VI i s developing a program for
FY95 that includes forming a Multi-Media Refinery Workgroup that will

Sepenber 1995

117 SIC 2911



Secbr Notebook Project Petroleum Refining

integrate its activities with the Common Sense I nitiative Workgroup. One of
the issues to be exanined ty the wakgroup ae integrated pemits for
watersheds  Regon IX is working with the Natonal Enforcenert
Investigation Certer on a nulti-media petoleum refining erforcenernt
initiative.

VIII. B. EPA Voluntary Programs

33/50 Rogram

The "3350 Rogram" is EPA's wolurtary program to reducetoxic crenical
releases and transfers of seventeen chemicals from manufacturing facilit ies.

Participating camparies pkedge b reduce heir toxic chemical releases ah
trarsfers by 33 percent asof 1992 ad by 50 pecert asof 1995 fom the

1988 laseline year Certificates of Appreciation have been given out to

paticiparts meeing their 1992 gals. The list of chenmicak includes
seenteen high-use clemcak reported n the Toxics Rebase mventory.

Exhibit 30 ists those campanies participating in the 33/50 pogram that

reported he SIC code 29116 TRI. Many of the canpanes shown listed

multiple SIC codes ad, therefore, are likely to cary out operations in

addtionto petroleumrefining. The SC cadesreportedby eachcompary are

listed in no paticular order. Inaddition, the number of facilit ies within each
compary thatare paticipating inthe33/50programard thatreport SIC 2911
to TRI are shown. Finally, eachcompary’stotal 1993 eleagsard trarsfers
of 33/50 clemicak ard the percert reducion in these clenicak since 1988
are presened.

The petoleumrefining industy as a wble usedgererated or processed &l
seenteentarget TRI chemcak. Of the targetchemicalk, benzere, toluere,
xylene ard methyl ethyl ketone are released athtrarsferred nost frequenly
ard in similar quartities. These dur toxic chemcalk accart for about 5
percent of TRI releases and transfers from peroleum refining fecilit ies.
Twerty sx companeslisted underSIC 2911 ae curently paticipatng inthe
3350 pogram. They accaunt for 29 pecert of the 91 canparies carying
out petroleum refining operations, which is significartly higher than the
average br al industies o 14 percert patticipaion. Exhibit 30 ako shows
that within these 26 companies, 99 feilities reporting SIC 2911 ae
patticipaing in the 33/50program. This comprises alout 62 pecert of the
petroleum refining facilit iesreporting to TRI. (For more information, contact:
Mike Burns, 2022606394 o the 33/50 Pogram 202260-6907)
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Exhibit 30: 33/50 Program Participants Reporting SIC 2911 (Petroleum Refining)
Parent Company City, State SIC Codes Number of |1993 Releasgs %
Reported Participating and Reduction
Facilities Transfers 1988 to
(Ibs) 1993
Amerada Hess Corporation New York, NY 2911, 5171 4 1,286,121 50
American Petrofina Holding Co. | Dallas, TX 2911 2 747,799 40
Amoco Corporation Chicago, IL 2911, 2951, 299% 7 4,632,163 50
Ashland Oil Inc. Russell, KY 2911 3 723,564 50
Atlantic Richfield Company Los Angeles, CA 2911 3 2,435,244 2
BHP Holdings (USA) Inc. San Francisco, CA |2911 1 64,364 xkk
BP America Inc. Cleveland, OH 2911 5 1,597,404 24
Chevron Corporation San Francisco, CA |2911 11 2,794,501 50
Cibro Petroleum Bronx Inc. Bronx, NY 2911, 5171 1 4,025 il
Citgo Petroleum Corporation Tulsa, OK 2911 2 1,164,354 20
Clark USA Inc. Saint Louis, MO 2911 2 33,987 il
E. I. Du Pont De Nemours & Co| Wilmington, DE 2911 4 11,740,85 50
Exxon Corporation Irving, TX 2911, 5171 5 2,469,93( 50
Kerr-McGee Corporation Oklahoma City, OK 2911 3 374,094 35
Mobil Corporation Fairfax, VA 2911, 2869 6 4,263,284 50
New Street Capital Corporation | Atlanta, GA 2911 1 2,544 50
Pennzoil Company Houston, TX 2911 3 2,594,10] 30
Phillips Petroleum Company Bartlesville, OK 2911, 2819 4 2,367,871 50
Quaker State Corporation Qil City, PA 2911, 2992 1 292,587 6
Shell Petroleum Inc. Houston, TX 2911, 2869 6 3,240,714 55
Star Enterprise Houston, TX 2911 5 601,64 50
Sun Company Inc. Radnor, PA 2911 5 2,826,73] 50
Texaco Inc. White Plains, NY 2911 5 514,809 50
Unocal Corporation Los Angeles, CA 2911 4 238,52( 50
USX Corporation Pittsburgh, PA 2911 5 1,510,771 25
Witco Corporation New York, NY 2911 1 327,611 50
* = not quantifiable against 1988 data.
** = use reduction goal only.
*** = no numerical goal.
Source: U.S. EPA, Toxics Release Inventory, 1993.

Environmental Leadership Program

The Environmentd L eadership Progran (EL P) isanationd initiative piloted
by EPA and gate agenciesn which facilities have volunteerd to
demonstrate innovative am@achesto envionmental management and
compliance.EPA hassdlected 12 pilot projectsat indugrial facilities and
federal ingllations which will demongrate the principles of the ELP
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Project XL

program. These principles include environmentd management systems,

multimedia compliance agrance, third-paity verfication ofcompliance,
public measresof accountabilitycommunity involvemeni&nd mentang

programs In return for paticipating, pilot paticipants receive pubkc

recognition and ae given a peiod of time to correct any violations

discovered dung theg expeimental ppjects. At preent, no petoleum
refineries ag carying out B_P pilot projects (Contact: Tai-ming Chang,
ELP Director 202-564-5081 or Robert Fentress 202-564-7023)

Project XL wasinitiated in March 1995 asa pat of Presdent Ginton’s
Reinventing Bvironmental Rgulation initiative. The projects seek to
achieve caseffective envionmental bendk by allowing paticipantsto
replace omodify exiding regulatory requirementson the condition that they
produceyreaterenvironmental ben&k. EPA and pogram paticipantswill
negotiate andign a Final Poject Ageementdetailing pecific objectives
that the egulated entity Isall stisfy. In exchangeEPA will allow the
participant a ceain degee ofregulatory flexibility and may sek changes
in undetying regulationsor gatutes Paticipantsare encouaged to sek
stakeholdergppot from local govemmentsbusnesses, andenvironmental
groups. EPA hopesto implement ifity pilot projectsin four categries
including facilities sectos, communities and goernment agencies
regulated by PA. Applicationswill be acceped on a rolling bass and
projectswill move to implementation withinis monthsof their selection.
For aditiond informaion regarding XL Projects, including aplication
procedures and iteria, see the My 23, 1995 Feda Register Notice.
(Contact Jon Kessler at EPA’s Office of Policy Analysis 202-260-4034)

Green Lights Program

EPA’s Gren lights program was initiated in 1991 and hathe goal of
preventing pollution by encoaging US.ingtitutionsto use enegy-efficient
lighting technologies The piogram hasover 1500 paticipants which

include majorcomorations small and nedium szed busieses, feder,

state and local govements non{rofit groups schools univesities, and
health @re facilities Each paticipant isrequired to survey theirfacilities
and upgrade lighting whesver it is profitable. EPA providestechnical
assistancéo the paticipantsthrough a decisn suppot software package,
workshopsand manualsand a inancing egistry. EPA’ s Officeof Air and
Radiation igespongble for opegting the Geen LightsProgram. (Contact:
Maria Tikoff at 2022339178 orthe Geen Light/Energy StarHotline at

202-775-6650)
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WasteWi$e Program

The WageWi$e Pogram wasgarted in 1994 by PA’s Office of Solid
Waste and Bergency Regon®. The program is aimed at educing
municipal ®lid wades by promoting wate minimizaton, recycling
collection and the mana€tuing and pucha® ofrecycled poducts As of
1994, the psgram had about 300 compas as membes, including a
number ofmajor comporations Membess agee to identiy and implement
actionsto reducetheir solid wagesand musprovide BPA with theirwade
reduction goalslong with yedy progress reports. EPA in turn provides
technical asstance to membecompaniesand allowsthe ug of the
WasteWi$e logodr promotional puposes (Contact: Lynda Wynn 202260-
0700 or the WasteWi$e Hotline at 800-372-9473)

Climate Wise Recognition Program

NICE®

The Qimate Change Action Plan was initiated in respong to the US.
commitment to educe geenhoues gasemisionsin accodance with e
Climate hange ©nvention of the 1990 Brth Summit. As pat of the
Climate GhangeAction Planthe Gimate Wi Recognition Pogram isa
partnershipnitiative runjointly by EPA and the Depament ofEnemgy. The
program isdesgned to educe geenhous gasemisionsby enouraging
reductions a@ssall sectoss of theeconomygencouagingpaticipation in the
full range of Climate Change Action Plan initiatives, and fodering
innovation. Paticipantsin theprogram are required to identify and commit
to actionghat ieduce geenhous gasemisions The pogram,in tum, gives
organizations early recognition for thér redudion commitments provides
technical asstance though conalting srvices workshops and guidesand
providesaccesdo the program’s centalizedinformation ystem. At EPA,

the program isopeseted by the Airand Ehergy Policy Divison within the
Office of Policy Planning and &luation. (Contact: Pamela Heran 202-
260-4407)

The U.S. Department of Energy and EPA’s Office of PolluBoevention
are jointly adminitering a gant pogram called The National ihdugrial
Competitiveness tbugh Ehemgy, Environment,and Eonomics(NICE?).
By providing grantsof up to50percent ofthe total poject cos, the pogram
encourages indury to reduceindudrial wage at itssource and become mer
energy-eficient and cascompetitive though wage minimization eforts.
Grants ae¢ ued by indusy to deggn, ted, demongate, and asess the
feasbility of new poceses and/orequipment with the potential teduce
pollution and inceag enegy efficiency. The pogram is open to all
industries; howevelpriority is given to poposlsfrom paticipantsin the
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pulpandpaperchemicalsprimary metals and petoleum and cogdroducts
sectors.The pogram hasvorked with the petrleum indufry to evaluatéhe
feasibility of usng a clogdloop ®lvent extaction gstem to ecover
organicmaerial from solid wastes normdly disposed of off-gte. (Contect:

DOE’s Golden Field Office 303-275-4729)

VIII.C. Trade Association/Industry Sponsored Activity

VIII.C.1. Environmental Programs

Global Environmental Management Initiative

The Glob& Environmentd Management Initiative (GEMI) is made up of
group ofleadingcompaniesiedicated toddering envionmental excellence
by busness. GEMI promotesa woitdwide bughess ethic or envionmental
management andugainable developmentp improve the envionmental
performance obusnessthrough example and leadhip. In 1994, GEMI’s
membership comsted of about30 maor comorationsincluding Amoco
Corporation.

Amoco - U.S. EPA Pollution Prevention Project

The Amoco - U.S. EPA Pollution Prevention Project was a voluntary joint
project to tudy pollutionpreventionoppotunitiesat an indusial facility.

The Amoco Oil @mpany'srefinety at Yoiktown, Virginia wasused to
conduct a multmedia asessment of releagsto the envionment,then to
develop and evaluate optiotosreduce thes releages The poject identifed
pollutant eleae pointsandcog effective pollution pevention techniques

In addition, a numberof importtant obgrvationswere made €ating to:
differences in Rl edimated eleags and actual releags regulatory
obstacleso implementingpollution prevention pograms and incentivegor

pollution prevention A project simmay report wasissued in adnuary
1992112

API Residual Management Survey

The Ameican Petoleum hditute (API) hasconducted yedéyr surveys of
residual mateals genedtion ard residual management @ctices at
refineies The survey collectsdata on about 30 dédrent wase greams,
their management techniques and pollution pevention activities of API
members.A yearly report is issued titled, "Generation and Management of
Residual Mtenals" Thisreport is available fomthe AmericanPetroleum
Institute.
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API Groundwater Research Program

API conduds research to asist the peroleum indusry in dealing with its

groundwater contaminationgislems Theresearchisaimed at the mblems
faced bythepetioleum indugy, including petoleum efineries but ismade
available to thos outsde the indusy aswell. Research dudiesevaluate
techniques and develop new methddsdetect, monitor and cleanup
groundwaer contamination. Numewous manualsand eports have been
published and periodic congérences and wokshops on goundwater
monitoring and cleanup techniques are sponsored.

Compendium of Waste Minimization Practices

TheAmerican Petoleum hditute ponored a wake minimizatiorpractices
compendiumn the Summerof 1990 to smmarze wase minimization
techniques dr oil and gasexplomation and poduction, refining and
marketing indusies The compendium contaiditeraturesurveyand cas
studies.

Petroleum Environmental Research Forum

The Petoleum Evironmental Rseach Foum isan indugy group that
shares eésearch coss and fndingsthatrelate paticulady to the petoleum
industry. The Foum hasfunded esearch on pollution pevention in the
industry.

API STEP Program

The STEP (Straegiesfor Today's Environmentd Patnership) progran was
developed by APl membercompaniesto addes public envionmental
concerns by immving the induBy's envionmental, health,and sfety
performance; documenting fpermance impovementsand commurteting
them to he public. The foundation 6r STEP is the APIEnvironmental
Mission and the APGuiding Environmental Finciples The pogram al®
includes a series of environmental strategic plans; a review and revision of
existing indufy sandads documentation ofindugry envionmental,
health, and&ety pefformance;andmechanimsfor obtaining public input.
In 1992 ,API endosed, aspartt of STEP, adoptionof management pctices
as an APlrecommended pactice. The management @cticescontain the
following elements pollution pevention,opeating and poces safety,
community awagnes, crisis readines, product sewadship, proactive
govemnment interaction, and resource consrvation. The management
practices & an outline ofactions to help conpanies incomporate
environmental health andfsty concens into theirplanning and dedisn
making. Each company will makeits owndecisonsonhow and wheher to
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change itopeetions APl hasdeveloped a compilation oésourcesthat
provide ecommendationand guidance on viamusopegtional areasof the
oil indudry to asist APl menbers with their implementation ofthe
management practices. (Contact: Walter Retzch, API, 202-682-8598)

VIII.C.2. Summary of Trade Associations

The trale and professond organizations serving the peroleum rdining
industry ae either gpecific to petoleum efining or to the petnleum
production, réning and didribution as a whole Furthe differences in
membership & basd on companyige and ownehip. More specifically,
the lage, multinational oil companieare membes of indugry-wide trade
groups and the small, independent petroleefimers ae membes of both
indugry-wide and mall, independent &de goups The major trade
organizations are discussed below.

American Petroleum Institute

1220 L St. NW

Washington, DC 20005 Members: 300

Phone: (202) 682-8000 Staff: 400

Fax: (202) 682-8030 Contact: Alison Kerester

The Ameican Petoleum hditute (API) is the lages trade goup for the
petroleunrefining indusry, with the lages membeship andbudget. API
represents the majoil companiesand independent oil pduces, refiners,
marketersand tangorters of crude oil,lubricating oil,ga®line,andnatui
gas. API conductsand pomotes research in the pewleum indusy and
collects data and publissdatigical reports on oil pioduction andefining.
Numerous manualbookletsand othemateralsare publidied orpetroleum
refining to assist members in environmental compliance.

National FRetroleum Refiners

Association

1899 L St. NW 1000

Washington, DC 20036 Members: 370

Phone: (202) 457-0480 Staff: 28

Fax: (202) 457-0486 Contact: Norbert Dee, Ph.D.

The NationaPetoleum Refiners Association NPRA) wasfounded in 1902
and epresents virtually all domesc refiners and petochemical
manufaturers usng processes amilar to refineries. NPRA’s manbaship
includes both lage companieandmanysmall andindependent companies
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Mid-Continent Oil and Gas Association
801 Pennsylvania Ave. NW

Suite 840

Washington, DC 20004 Members: 7500
Phone: (202) 638-4400 Staff: 6

Fax: (202) 638-5967 Contact: Mr. Modiano

The Md-Continent Oil and Ga#\ssociation wasfounded in 1917 and
represents oil and ag produces, royalty ownes, refiners, ga®line
manufactuers, trangorters, drilling contractors, supply and equipment
dealers and wholafers, bankes, and otherindividuals interested in oll
business.

American Independent

Refiners Association/

Western Independent

Refiners Association

801 S. Grand Ave., 10th FI.

Los Angeles, CA 90017 Members: AIRA: 27, WIRA: 9
Phone: (213) 624-8407 Contact: Craig Moyer

The Amercan Independent Rfiners Association AIRA) wasfounded in
1983 and epresents independent oil &finers and companiethat sipply
services to the independerfining industry. The We$em Independent
Refiners Asociation(WIRA) wasfounded lateto addessthe pecific needs
of refiners on the westcoast The assoeations ae sparate, but closely
affiliated with many ofthe members of WIRA also membes of AIRA.
Neither oganization hasa full-time gaff. Much of the asociations
activities ae caried out by memberand outsle consltants Through the
associations' coopative environmental ervices membes are each
responsible dr a federal or gate agency and/ooffice, monitoiing the
environmental isues and eporting to membes. Outsde consiltantsare
hired to look at safety and environmental compliance issues.

Western States Petroleum Association

505 N. Brand Blvd., Ste. 1400

Glendale, CA 91203

Phone: (818) 545-4105 Members: 60

The Western Stdes Pdroleum Assodation was founded m 1917 and
represents oil and gaproduces, royalty ownes, refiners, ga®line

manufaturers, trangorters, drilling contractoss, supply and equipment
dealersandwholesalersbankers, and othéndividualsinterested in the oil
business.
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IX. CONTACTS/ACKNOWLEDGMENTS/RESOURCE MATERIALS/BIBLIOGRAPHY

For further information on selected topics within the petroleum refining
industry a list of contacts and publications are provided below:

Contacts
Name Organization Telephone Subject ||

Tom Ripp EPA/OECA (202) 564-7003 Regulatory requirements and Complianue
assistance

Ken Garing EPA/NEIC (303) 236-3636 Industrial processes and regulatory
requirements (Air)

Linda Tekrony EPA/NEIC (303) 236-3636 Industrial processes and regulatory
requirements (RCRA)

Jim Durham EPA/OAR (919) 546-5672 Regulatory requirements (Air)

Ron Kirby EPA/OW (202) 260-7168 Regulatory requirements (Water)

Max Diaz EPA/OSWER (202) 260-4786 Regulatory requirements (Solid waste)

Meg Kelly EPA/OSWER (703) 308-8748 CSl lead - Source reduction

Katherine Keith

EPA/Region V

(312) 353-6956

Inspections, regulatory requirements
(Air), and enforcement

Ken Cooper EPA/Region VI (713) 983-2148 Inspections and regulatory requiremen
(Water, RCRA and TSCA)

John Kim EPA/Region IX (415) 744-1263 Inspections and regulatory requiremen
(Air)

Paul Boys EPA/Region X (206) 553-1567 Inspections and regulatory requiremenﬂ;

(Air)

Gregory Filas DOE/EIA (202) 586-1347 Industry financial information

Nancy Johnson DOE/OFE (202) 586-6458 Environmental issues

Alison Kerester API (202) 682-8346 Federal environmental requirements
Norbert Dee, Ph.D. NPRA (202) 457-0480 Federal environmental requirements

OECA: Office of Enforcement and Compliance Assistance

NEIC: National Enforcement Investigations Center

OAR: Office of Air and Radiation

OW: Office of Water

OSWER: Office of Solid Waste and Emergency Response

EIA: Energy Information Administration

OFE: Office of Fossil Energy

API: American Petroleum Institute
NPRA: National Petroleum Refiners Association

" Many of the contacts listed abovehave provided vauable background information and comments duting the
development of this document. EPA appeeciates this suppat and adknowledges that the individualslisted donot
necessarily endorse all gatements made within this notebook
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General Profile

The U.S. Petroleum Industry: Past as Prologue, 1970-1B88rgy Information Administration,
September, 1993. (DOE/EIA-0572)

Petroleum: An Energy ProfiJd&Energy Information Administration, August, 1991. (DOE/EIA-
0545(91)

U.S. Industrial Outlook 199Department of Commerce.

1992 Census of Manufacturers Preliminary Report Industry Series: Petroleum and Coal
Products,Bureau of the Census, June 1994. (MC92-1-29A(P))

Process Descriptions

Petroleum Refining - Technology & EconomiGary & Handwerk, 3rd Edition, Marcel Dekker,
Inc., New York, N.Y., 1994.

Petroleum Refining for the Non-Technical Persbmd ed., William L. Leffler, PennWell
Publishing Company, Tulsa, Oklahoma, 1985.

Handbook of Petroleum Refining Procesddsyers, R.A., McGraw-Hill Book Company, New
York, 1986.

Petroleum Refining DistillationWatkins, R.N., Gulf Publishing, Inc., Houston, TX, 1979.

Petroleum Refinery Enforcement ManudlS. EPA Office of Enforcement, by PEDCo
Environmental Inc., Arlington, Texas, March 1980. EPA-340/1-80-008.

Release Profiles

Compilation of Air Pollutant Emission Factor3rd ed., Ch. 9, William M. Vatavuk, August
1977.

Assessment of Atmospheric Emissions from Petroleum Refti@gWetherold, Radian
Corporation, Austin, Texas and U.S. EPA, Office of Research and Development, Washington,
DC, April, 1980. (EPA-600/2-80-075¢€)

Petroleum Industry Environmental Performance, Third Annual Reparerican Petroleum
Institute, Washington, DC, 1995.

Petroleum Refinery Enforcement ManudlS. EPA Office of Enforcement, by PEDCo
Environmental Inc., Arlington, Texas, March 1980. EPA-340/1-80-008.
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Hazardous Waste Generation: 1. Petroleum Refinihg. EPA, Office of Solid Waste, January
1994,

Amoco - U.S. EPA Pollution Prevention Project, Yorktown, Virginia, Project Sumbh&y
EPA, January 1992.

The Generation and Management of Wastes and Secondary Materials in the Petroleum Refining
Industry: 1987-1988American Petroleum Institute, February 1991. (API Pub. no. 4530)

Generation and Management of Wastes and Secondary Materials: Petroleum Refining
Performance, 1989 Survefmerican Petroleum Institute, June 1992. (API Pub. no. 303)

Generation and Management of Wastes and Secondary Materials: Petroleum Refining
Performance, 1990 Survef&merican Petroleum Institute, August 1993. (APl Pub. no. 324)

Generation and Management of Wastes and Secondary Materials: Petroleum Refining
Performance, 1991 Survefmerican Petroleum Institute, May 1994. (API Pub. no. 329)

Toxics Release Inventory, Public Data Release, 1992. EPA, Office of Pollution Prevention
and Toxics, April, 1994. (EPA 745-R-94-001)

Dioxin and Furans - A Primer: What They Are and How to Measure ,TAsrarican Petroleum
Institute, Washington, DC, March 1990.

Refinery Wastewater Priority Pollutant Study - Sample Analysis and Evaluation of Data
American Petroleum Institute, Washington, DC, December 1981.

Environmental Design Considerations for Petroleum Refining Crude Processing Units
American Petroleum Institute, February 1993. (API Pub. no. 311)

Pollution Prevention

Hazardous Waste Minimization: Part V Waste Minimization in the Petroleum Indus@gnan,
J.E., JAPCA 38, no. 6, June 1988.

Waste Minimization in the Petroleum Industry a Compendium of Pracfioesrican Petroleum
Institute, November 1991. (APl Pub. no. 3020)

Amoco - U.S. EPA Pollution Prevention Project, Yorktown, Virginia, Project Sumiay
EPA, January 1992.

Case Study: Identifying Pollution Prevention Options For a Petroleum RefiBalik, J.A., and
Koraido, S.M. Pollution Prevention Reviewsummer 1991.
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New Catalyst Designs Meet Environmental Challenges of the 1990's, CorbgetDiR8EGas
Journaj October 1, 1990.

Dry Scrubber Reduces $( Calciner Flue GasBrown, G.W., Roderick, D., and Nastri, A.,
Oil & Gas JournalFebruary 18, 1991.

Innovative Improvements Highlight FCC's Past and FytAnadan, A.A., Edwards, M., Owen,
H., Oil & Gas JournalJanuary 8, 1990.

Pollution Prevention: Strategies for Petroleum RefinjRgct Sheet), Center for Hazardous
Materials Research (CHMR), Pittsburgh, PA.

Pollution Prevention Opportunities in Petroleum Refin{Rgct Sheet), U.S. EPA Region Ill,
Philadelphia, PA, October, 1990.

Pollution Prevention OpportunitieShecklists, County Sanitation Districts of Los Angeles
County, January 1991.

Regulatory Profile

Sustainable Environmental La&nvironmental Law Institute, West Publishing Co., St. Paul,
Minn., 1993.

Issues Affecting the Refining Sector of the Petroleum Industry, Hearings Before the Committee
on Energy and Natural Resources, United States Senate, Washington, DC, May 19, 1992,
Cheyenne, WY, May 28, 1992S. GPO, Washington, DC, 1992.

Costs to the Petroleum Industry of Major New and Future Federal Government Environmental
RequirementsAmerican Petroleum Institute, Washington, DC, October 1993. (API Discussion
Paper #070R)

U.S. Petroleum Refining: Meeting Requirements for Cleaner Fuels and Refineries, Volumes I-
VI, National Petroleum Council Committee on Refining, U.S. Department of Energy, August
1993.

U.S. Petroleum Strategies in the Decade of the Environmétiams, Bob, Penn Well Books,
Tulsa, OK, 1991.

Environmental Related Issues Taking Their Turn in Restructuring Indwgtlyams, Bob,Oil
& Gas JournalJanuary 22, 1990.

Clean Air Act Complicates Refinery Plannir@cherr, R.C., Smalley, G.A., and Norman, M.E.,
Oil & Gas JournglMay 27, 1991.

Sepenber 1995 130 SIC 2911



Secbr Notebook Project Petroleum Refining

Clean Air Amendments Put Big Burden on Refinery Planisaiserr, R.C., Smalley, G.A., and
Norman, M.E.Qil & Gas JournglJune 10, 1991.

U.S. Regs Cause Refiners to Rethink Wastewater Systemsan, M.E., Kapoor, S., Smalley,
G.A., and Daniel, B.M.Qil & Gas JournglJune 1, 1992.

U.S. Refiners Choosing Variety of Routes to Produce Clean, Reggsdale, RQil & Gas
Journa) March 21, 1994.

Sepenber 1995 131 SIC 2911



GPO Document Ordering Form (insert blank page)



Secbr Notebook Project Petroleum Refining

Inside Back Cover (insert blank page)

Sepenber 1995 SIC 2911



Back cover will be provided by EPA

Please noteendnotes print at end of documeithey need to be manually inserted before
Appendices.



Secbr Notebook Project Petroleum Refining

END NOTES

1. 1992 enwusof Manufacturers Preliminary Report Indudry Seres Petroleum and Gal
Products Bureau d the Gensus June 1994.(MC924-29A(P))

2. Petroleum: An Energy Rrofile, Energy Information Administration, Augug, 1991.(DOE/EIA-
054501), p. 5.

3. Petroleum Rfining for the Non-Technical rson, 2nd ed., William L. Leffler, PennwWell
Pubishing Compary, Tulsa, Oklahoma, 1985.

4. Petroleum: An Energy Profile, Energy Information Administration, Augug, 1991.(DOE/EIA-
054501)

5. Stardad Industia Classficaion Marual

6. United StatefRefining Capacity. Washington, D.C.: National Petroleum Refinery
Association, January 1, 1994.

7. 1992 Gnausof Manufacturers Indudry Seres Petroleum and @al Products Bureau @ the
Census June 1994.(MC92-1-29A)

8. Ihid.

9. 1992 nwusof Manufacturers Indudry Seres Blag Furnaces Steel Wrks, and RPolling and
Finishing Mills. Bureau of the Census May 1994.(MC92-1-29A)

10. 1992 Gnausof Manufacturers Indugry Seres Petroleum and @al Products Bureau &
Census 1987 (MC92-1-29A).

11. United Statesefinery Capacity Washington, D.C.: National Petroleum Refinery
Association, January 1, 1994.

12. The US. Petroleum hdugry: Pag asPrologue,197041992,Energy Information
Administration, Sepenber, 1993.(DOE/EIA-0572)

13. U.S.Indugrial Outlook 1994 Depatment of Commaerce.
14. Ibid.

15. API comments on draft documnent.

16. Statenenrt of the AmericanPetroleumlnstitute.

17. Statemrent of the AmericanPetroleumInstitute, Issues Afecting the Refning Sector of the
PetroleumIndusty, Heaings Bebre the Canmittee o Energy ard Naural Resaurces,United
StatesSerate, Washington, DC, May 19 am 28,1992,U.S. Government Printing Office,

Sepenber 1995 SIC 2911



Secbr Notebook Project Petroleum Refining

Washington, DC: 1992.
18. U.S.Indugrial Outlook 1994 Depatment of Commaerce.
19. U.S.Indugrial Outlook 1994 Depatment of Commaerce.

20. Lichtblau, John H., Petroleumindusty Reseach Foundaton, Inc., New Yak, NY. Prepaed
statenment for the Heaimgs lefore the Canmittee o1 Energy ard Naural Resaurces,United Sates
Senate, Ore Hurdred Secand Cangress, Secand Sessbn, on the Issues Aecing the Refning
Secbor of the Petoleumindugry, Washington, DC, May 19, 1992.U.S. Government Printing
Office, Washington: 1992.1SBN 0-16-039466X.

21. Petroleum Rfining - Technology &conomics Gary & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

22. Ibid.
23. Ibid.

24. U.S. EPA. Development DocumerdrfEffluent Limitation GuidelinesNewSouce
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Roint Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,
D.C.: U.S. EPA, October 1982.

25. Petroleum Rfining - Technology &conomics Gary & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

26. Assessment of Atmogheric Emissionsfrom Retroleum Réfining, R.G. Wetherold, Radian
Corporation, Ausin, Texas amd U.S. EPA, Office d Reseach ard Dewelopmert, Washington,
DC, April, 1980.(EPA-600/2-80-075e)

27. U.S. EPA. Development DocumerdrfEffluent Limitation GuidelinesNewSouce
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Roint Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,
D.C.: U.S. EPA, October 1982.

28. Petroleum Rfining for the Non-Technical rson, 2nd ed., William L. Leffler, PennWell
Pubishing Compary, Tulsa, Oklahoma, 1985.

29. Assessment of Atmogheric Emissionsfrom Retroleum Réfining, R.G. Wetherold, Radian
Corporation, Ausin, Texas amd U.S. EPA, Office d Reseach ard Dewelopmert, Washington,
DC, April, 1980.(EPA-600/2-80-075e)

30. U.S. EPA. Development DocumerdrfEffluent Limitation GuidelinesNewSource
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Roint Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,

Sepenber 1995 SIC 2911



Secbr Notebook Project Petroleum Refining

D.C.: U.S.EPA, October 1982.

31. Petroleum Rfining - Technology &conomics Gary & Hardwelk, 3rd Edition, Marcel
Dekker, Inc., New Yak, N.Y., 1994,

32. Petroleum Rfining for the Non-Technical rson, 2nd ed., William L. Leffler, PennwWell
Pubishing Compary, Tulsa, Oklahoma, 1985.

33. Petroleum Rfining - Technology &conomics Gary & Hardwelk, 3rd Edition, Marcel
Dekker, Inc., New Yak, N.Y., 1994,

34. lbid.
35. Ibid.

36. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

37. Petroleum Rfining - Technology &conomics Gary & Hardwelk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

38. U.S. EPA. Development DocumertdrfEffluent Limitation GuidelinesNewSource
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Point Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,
D.C.: U.S. EPA, October 1982.

39. Petroleum Rfining - Technology &conomics Gary & Hardwelk, 3rd Edition, Marcel
Dekker, Inc., New Yak, N.Y., 1994,

40. lbid.

41. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

42. Petroleum Rfining - Technology &conomics Garly & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

43. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

44. Petroleum Rfining - Technology &conomics Garyy & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

45. lbid.

46. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

Sepenber 1995 SIC 2911



Secbr Notebook Project Petroleum Refining

47. U.S. EPA. Development DocumenrdrfEffluent Limitation GuidelinesNewSource
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Point Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,
D.C.: U.S. EPA, October 1982.

48. Petroleum Rfining - Technology &conomics Gary & Hamdwelk, 3rd Edition, Marcel
Dekker, Inc., New Yak, N.Y., 1994,

49. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

50. U.S. EPA. Development DocumerdrfEffluent Limitation GuidelinesNewSource
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Point Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,
D.C.: U.S. EPA, October 1982.

51. Petroleum Rfining - Technology &conomics Gary & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

52. Personal interviews with EPA staff ard camments an draft document by API.

53. U.S. EPA. Development DocumerdrfEffluent Limitation GuidelinesNewSource
Performance Standaisand Retreatment Standaisfor the Retroleum Rfining Point Souce
Categoy. Ruddy, D., Project Officer, Office d Water Regulations ard Stardards Washington,
D.C.: U.S. EPA, October 1982.

54. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

55. Provided by Carole L. Engdder, PhD, PE, Amoco Corporation, Permitting and Operating
Sewices Texas City, Texas, May 1995.

56. lbid.

57. Petroleum Rfining - Technology &conomics Gary & Hardwelk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

58. Ihid.

59. Petroleum Rfining for the Non-Technical rson, 2nd ed., William L. Leffler, PennwWell
Pubishing Compary, Tulsa, Oklahoma, 1985.

60. Ibid.

61. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

Sepenber 1995 SIC 2911



Secbr Notebook Project Petroleum Refining

62. Ibid.

63. Petroleum Rfining - Technology &conomics Gary & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

64. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

65. Ibid.

66. Petroleum Rfining - Technology &conomics Gary & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

67. Ibid.

68. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

69. Handbook ofPetroleum Rfining Rroceses, Meyers, R.A., McGraw-Hill Book Company,
New York, 1986.

70. Petroleum Rfining for the Non-Technical rson, 2nd ed., William L. Leffler, PennWell
Pubishing Compary, Tulsa, Oklahoma, 1985.

71. Personal interviews with EPA gaff.

72. Assessment of Atmogheric Emissionsfrom Retroleum Réfining, R.G. Wetherold, Radian
Corporation, Ausin, Texas amd U.S. EPA, Office d Researh ard Dewelopmert, Washington,
DC, April, 1980.(EPA-600/2-80-075e)

73. Wetherold, R.G., RadanCorporation. Assessmart of Atmospheric Emissbns from
Petroleum Refining: Volume 5. Appendix F. U.S. Environmental Protection Agency, Washington,
DC, 1980.EPA-600/2-80-075e.

74. Petroleum Rining - Technology &Economics Gary & Hardwelk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

75. Petroleum Rfinery Enforcement Mnual U.S. EPA Office d Enforcenert, by PEDCo
Environmertal Inc., Arlington, Texas, March 1980.EPA-340/1-80-008.

76. Petroleum Rfining - Technology &conomics Gary & Hardwerk, 3rd Edition, Marcel
Dekker, Inc., New Yok, N.Y., 1994.

77. Compilation ofAir Pollutant Emission Factors, Volume | Stationay Point and Aea
Souces Chapter9, Petroleum hdudry. U.S. EPA, Office d Air ard Radation, Office d Air
Qualty Plaming ard Sardards, Reseach Triangle Park, North Camwlina, U.S. Government
Printing Office, Washington, D.C., Sepenber 1985.

Sepenber 1995 SIC 2911



Secbr Notebook Project Petroleum Refining

78. Codsto the Rtroleum hdudry of Major New and Future Federal Govenment
Environmental Rquirements AmericanPetoleuminstitute, Washington, D.C., October 1993.

79. Amoco - U.S. EPA Pollution Prevention Project, Yorktown, Virginia, Project Summary,
January 1992.

80. The US. Petroleum hdugry: Pag asPrologue,197041992,Energy Information
Administration, Sepenber, 1993.(DOE/EIA-0572)

81. Ibid.
82. lhid.
83. Ihid.
84. lbid.
85. Ihid.
86. Ihid.

87. Sugainable Evironmental LawEnvironmental Law Institute, West Publishing Co., St. Paul,
Minn., 1993.

88. 40 (FR Pat 60.

89. Susainable Environmental LawEnvironmental Law Institute, West Publishing Co., St. Paul,
Minn., 1993.

90. 40 (FR Pat 61.

91. 40 (R Pat 262.

92. Telephone interviews with EPA gaff.
93. 40 (R Pat 262.

94. Sugainable Evironmental LawEnvironmental Law Institute, West Publishing Co., St. Paul,
Minn., 1993.

95. Telephone interviews with EPA gaff.
96. 40 G-R Pat 268.
97. 40 AR Pats 403 aml 419.

98. Telephone interviews with EPA gaff.

Sepenber 1995 SIC 2911



Secbr Notebook Project Petroleum Refining

99. Susainable Environmental LawEnvironmental Law Institute, West Publishing Go., St. Paul,
Minn., 1993.

100. Ibid.
101. 40 GFR Pats 313,302,ard 304.

102. Susainable Environmental LawEnvironmental Law Institute, West Publishing Go., St.
Paul Minn., 1993.

103. Ibid.
104. Telephone interview with CARB aff.

105. IssuesAffecting the [fining Sectoiof the Retroleum hdugry, Hearings Before the
Committee on Bergy and Ntural Resources United StateSenateWashington,DC, May 19,
1992, CheyenneWy, May 28,1992 U.S. GPO,Washington, DC, 1992.

106. Susainable Environmental LawEnvironmental Law Institute, West Publishing Go., SL.
Paul Minn., 1993.

107. Telephone interview with EPA saff.

108. The US.Petroleum hdudry: Pag asPrologue,197041992,Erergy Information
Administration, Sepenber, 1993.(DOE/EIA-0572)

109. Telephone interview with EPA saff.

110. The GQean Ar Act AmendmentsStrategiesfor the 1990s Hale and Dorr, Counsellors and
Law and TRC Environmental Consultants, Inc.

111. Telephone interview with EPA saff.

112. Amoco - U.S. EPA Pdlution Prevertion Project, Yorktown, Virginia, Project Sunmary,
January 1992.

Sepenber 1995 SIC 2911



	Petroleum Refining
	Sector Notebook Contacts
	Sector Notebook Contents
	List of Exhibits
	List of Acronyms
	I. Introduction to the Sector Notebook Project
	II. Introduction to the Petroleum Refining Industry
	III. Industrial Process Description
	IV. Chemical Release and Transfer Profile
	V. Pollution Prevention Opportunities
	VI. Summary of Applicable Federal Statutes and Regulations
	VII. Compliance and Enforcement History
	VIII. Compliance Assurance Activities and Initiatives
	IX. Contacts/Acknowledgements/Resource Materials/Bibliography
	Endnotes

