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CHAPTER 1
INTRODUCTION

1 1 Purpose of Manual

Tlus manual provIdes an IntroductIon to the applIcation of pollutIOn preventIOn techruques In
the chemIcal and petroleum processIng IndustrIes ChemIcal and petroleum processIng case
studIes are provIded In the appendIces

ThIS IS the SIXth manual In a senes on the tOpIC of pollution prevention The first manual,
"PollutIOn PreventIon Concepts!ApplIcations," dIscusses the theory and practIce of pollution
prevention techruques In general terms The reader should refer to tlus manual for general
pollution preventIon methodologIes and defimtIons The second manual, "Pollution PreventIon
In Metal FimshIng IndustrIes," prOVIdes a survey of the applIcatIon of pollUtion preventIon
techruques wltlun the range of metal fimshIng processes The tlurd manual, "PollutIon
PreventIon In the TextIle Industry," prOVIdes an IntroductIon to the applIcation of pollutIon
preventIon techruques In vanous textIle preparatIOn and fimshIng processes The fourth and
fifth manuals, "PollutIon PreventIon for DaIry IndustrIes," and "PollutIon PreventIOn for FISh
and Shellfish ProcessIng IndustrIes," outlIne pollutIon preventIon strategIes that are applIcable
to the food processIng Industnes In addItIon, there are plans to prepare pollutIon preventIon
manuals for the pulp and paper, tanmng, mInIng, and prIntIng Industnes

The user of thIS chemIcal and petroleum processIng manual should VIew It as a first source In
pursuIng process and equIpment changes In the Industry The manual IS Intended to assIst
professIOnals In deterrmmng 1) where there rmght be potentIal for ImproVIng process
effiCIency and profitabIlIty In chemIcal and petroleum processIng faCIlItIes, and 2) WhICh
alternatIves are worthy of consIderatIOn for nnplementatIon Users of thIS manual should not
rely on ItS contents alone to carry out speCIfic measures, but rather seek assIstance from
expenenced professIOnals In the field However, as a general rule of thumb, those process
Improvement measures WhICh can be Implemented at no cost or low cost, or WIth mimmal
effort should be consIdered first, wlule the more capItal and labor IntensIve optIOns wIll
reqUIre more extensIve reVIew

1 2 Background

ChemIcal processIng and petroleum refimng Industnes generate sigruficant amounts of
pollUtion The chemIcal Industry In the U S alone generated and managed over 3 trIllIon
kIlograms (kg) of productIon-related chemIcal waste In 1993

The best way to reduce pollution IS to prevent It In the first place Some comparues In these
Industnes have creatIvely unplemented pollutIon preventIon techrnques that have unproved
effiCIency and Increased profits whIle at the same tune mInunlzmg envIronmental unpacts

1



ThIS can be done m many ways such as reducmg materIal mputs, re-engmeenng processes to
reuse by-products, unprovmg management practices, and substuutmg berngn chemIcals for
tOXIC ones

It IS cntIcal to emphaSIZe that pollution preventIon m the chemIcal and petroleum mdustrles IS
process speCIfic and oftentImes constramed by sue-specIfic consIderatIons As such, It IS
dIfficult to generalIZe about the relative ments of dIfferent pollutIon preventIon strategIes The
age, SIZe, and purpose of the plant wIll mfluence the chOIce of the most effective pollutIon
preventIon strategy CommodIty chemIcal manufacturers redeSIgn therr processes Infrequently
so that redeSIgn of the reaction process or eqUIpment IS unlIkely m the shon term Here
operational changes are the most feaSible response SpeCIalty chemical manufacturers are
makmg a greater varIety of chemicals and have more process and design fleXibilIty
Incorporatmg changes at the earlIer research and development phases may be pOSSible for
them

1 3 Waste Characteristics

The major pollutants and wastes aSSOCiated with orgamc chemIcal processmg are ammorna,
mtnc aCId, methanol, ethylene glycol, and acetone Those assocIated WIth morgamc
processmg are ammorna, hydrochlonc aCId, carbonyl sulfide, and manganese Petroleum
wastes mcIude ammoma, toluene, xylene, methyl ethyl ketone, propylene, and benzene

Many of these pollutants are exceedmgly tOXIC to the enVIronment In addmon, several
commonly used and manufactured chemIcals are known contrIbutors to cancerous condltIons

2
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CHAPTER 2
ORGANIC CHEMICAL PROCESSINGI

2 1 Introduction

The IndustrIal orgamc chenucal sector produces orgamc chenucals (those contaImng carbon)
used as eIther chemIcal IntermedIates or end-products For the purposes of thIS manual, the
category of orgamc chemIcals Includes gum and wood chemIcals, cyclIc orgamc crudes and
IntermedIates, orgamc dyes and pIgments, and some forms of mdustrIal orgamc chemIcals
PlastIcs, drugs, soaps and detergents, agrIcultural chenucals or pamts, and allIed products
WhICh are typIcal end-products manufactured from IndustrIal orgamc chemIcals, are not
addressed by thIS dISCUSSIon

The IndustrIal orgamc chemIcal market has two broadly defIned categorIes, commodIty and
speCIalty CommodIty chemIcal manufacturers compete on prIce and produce large volumes of
small sets of chemIcals USIng dedIcated eqUIpment WIth contInuous and efficIent processIng
SpeCIalty chemIcal manufacturers cater to custom markets, manufacture a dIverse set of
chemIcals, use two or three dIfferent reactIon steps to produce a product, tend to use batch
processes, compete on technologIcal expertIse and have a greater value added to theIr
products CommodIty chemIcal manufacturers have lower labor reqUIrements per volume and
requIre less professlOnal labor per volume

2 2 Product CharacterIZatIOn

The IndustrIal orgamc chenucal Industry uses feedstocks derIved from petroleum and natural
gas and from recovered coal tar condensates generated by coke productIon The chemIcal
Industry produces raw materIals and mtermedlates, as well as a WIde varIety of fimshed
products for Industry, bUSIness and IndIVIdual consumers

Important gum and wood chemIcal products Include

~ Hardwood and softwood dIstIllatlOn products,
~ Wood and gum naval stores,
~ Charcoal, and

The InfOrmatIOn In thIs chapter IS denved from the U S EnVIronmental ProtectIOn
Agency's Office of ComplIance Sector Notebook ProJect, Profile ofthe Orgamc Chemical
Industry, September 1995 (document # EPAl31O-R-95-012) Readers should refer to that
document for a comprehensIve set of references and sources Contact your local EP3
Cleannghouse for a copy of the EPA document or for mformatIOn on how to access It
electronIcally VIa the Internet

3



• Natural dyestuffs and tannmg matenals

Important cychc orgamc chemical products Include

• Denvatlves of benzene, toluene, naphthalene, anthracene, pyndene, carbazole, and
other cychc chemical products,

• Synthetic orgamc dyes,
• SynthetIc orgamc pigments,
• Cychc (coal tar) crudes, such as lIght oIls and lIght 011 products,
• Coal tar aCIds I and
• Products of medIUm and heavy 011 such as creosote 011, naphthalene, anthracene and

their high homologues

Important IndustrIal orgamc chemIcal products Include

• Non-cychc orgamc chemicals such as acetic, chloroacetlc, adipiC, formiC, oxalIc aCIds
and theIr metalhc salts, chloral, formaldehyde, and methylamIne,
Solvents such as amyl, butyl and ethyl alcohols, methanol, amyl, butyl, and ethyl
acetates, ethyl ether, ethylene glycol ether and diethylene glycol ether, acetone, carbon
dIsulfide, and chlOrInated solvents such as carbon tetrachlonde, tetrachloroethene, and
tnchloroethene,
Polyhydnc alcohols such as ethylene glycol, sorbitol, pentaerythritol, and synthetic
glycenn,

• Synthetic perfumes and flavonng matenals such as coumann, methyl salIcylate,
sacchann, citral, cltronellal, synthetIc geramol, IOnone, terpIneol, and synthetIc
vamllIn,
Rubber processIng chemIcals such as accelerators and antIOXidants, both cyclIc and
acyclIc,
PlaStICIZerS, both cyclIc and acyclIc, such as esters of phosphonc aCid, phthalIc
anhydnde, adipIC aCId, launc aCid, oleiC aCid, sebaclc aCid, and steanc aCId, ,

• Synthetic tanmng agents such as sulfomc aCid condensates, and
• Esters and amInes of polyhydnc alcohols and fatty and other aCIds

2 3 Industrial Process Description

ThIs sectIOn descnbes the major Industrial processes WithIn the orgamc chemIcal Industry,
IncludIng the matenals and equipment used, and the processes employed ThiS diSCUSSion also
prOVIdes a concise descnptlon of where wastes may be produced In the process and descnbes
the potentlal fate (via air, water, and soIl pathways) of these waste products

2 3 1 IndustrIal Processes 10 the Orgamc ChemIcal Industry

The Industnal orgamc chemIcal sector Includes thousands of chemicals and hundreds of

4
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processes In general, a set of buIldmg blocks (feedstocks) IS combmed m a senes of reactIOn
steps to produce both mtennedlates and end-products ExhIbIt 2-1 shows the prunary orgaruc
chemIcal buIldmg blocks (generated prmcIpally from petroleum refmmg), a key subset of the
large volume secondary buIldmg blocks and a set of large volume tertIary buddIng blocks
Exhibit 2-2 shows the reactIon types used to manufacture a sample of orgaruc chemIcals, and
Illustrates the large vanety of processes used by the mdustry

ExhIbit 2-1 HIgh Volume Orgamc Chemical Bwldmg Blocks

Prunary Buddmg Block Secondary Buddmg Block Tertiary Buddmg Block

Ethylene Ethylene dichlOride Vmyl chlOride
Ethylene OXide Ethylene glycol
Ethylbenzene Vmyl acetate

Propylene Propylene OXide
Acrylomtrlle
Isopropyl alcohol Acetone

Benzene Ethylbenzene Styrene
Cumene Phenol

Acetone
Cyclohexane Adipic aCid

Methanol Acetic aCid Vmyl acetate
Formaldehyde
Methyl t-butyl ether

Toluene

Xylenes
p Isomer Terephthahc aCid

Butadiene

Butylene

The typIcal chemIcal synthesIs process Involves combirung multIple feedstocks In a senes of
urut operatIons The first urut operatIOn IS a chemIcal reactIon Commodity chemIcals tend to
be synthesIZed m a contInUOUS reactor whIle speCIalty chemIcals usually are produced In
batches Most reactions take place at hIgh temperatures, mvolve metal catalysts, and Include
one or two addItIonal reaction components The yIeld of the reactIon WIll partially detennme
the kmd and quantIty of by-products and releases Many specIalty chemicals reqUire a senes
of two or three reactIon steps Once the reactIon IS complete, the deSIred product must be
separated from the by-products by a second urut operatIon A number of separatIon techruques
such as settlmg, distIllatIOn or refngeratIOn may be used The final product may be further
processed, by spray dryIng or pelletIZIng for example, to produce the saleable Item
Frequently, by-products are also sold and theIr value may alter the process economICS

5



Exlublt 2-2 ReactlonlProcess Types by Chemical Category for a Sampling of Organic
Chemicals
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ExhIbit 2-2 Reaction/Process Types by Chemical Category for a Samplmg of Orgamc Chemicals
(cont)
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The separatIon technology employed depends on many factors mcludmg the phases of the
substances bemg separated, the number of components m the mIxture, and whether recovery
of by-prodUCts IS Important Numerous technIques such as dIstIllatIon, extractIon, filtratIOn,
and settlIng can be used smgly or m combmatIon to accomplIsh separatIons DistIllatIon IS the
process of separatmg the vanous constItuents of a lIqUId mIxture by partially vaporIZmg the
mIxture and recovermg the vapor and the reSIdue separately ExtractIon IS a process by which
constItuents are separated and dIstrIbuted from one medIUm mto another FiltratIOn IS the
separatIon of a flUid-solIds mIXture by passmg most of the flUId through a porous barner
which captures most of the solId partIcles whIle allowmg the flUId to flow through the barner
Setthng IS the process by WhICh heaVIer solId partIcles come to rest at the bottom of a
contaIner whIle hghter partIcles remaIn above them

RelatIvely few orgamc chemIcal manufactunng faCIlItIes are SIngle product/process plants
Additionally, many process umts are deSIgned so that productIon levels of related products can
be vaned over WIde ranges ThIS fleXIbIlIty IS requIred to accommodate vanatIons m
feedstock and product prIces WhICh can change the productIon rate and processes used, even
on a short-term (less than a year) baSIS

The type of reactIon process used to manufacture chemicals depends on the mtended product,
however, several types of reactIOns are common polymerIZatIon, OXIdatIon, and addItIon
PolymerIZatIOn IS a chemIcal reactIon usually carned out WIth a catalyst, heat or lIght (often
under hIgh pressure) m WhICh a large number of relatIvely SImple molecules combme to form
a cham-like macromolecule OXIdatIOn, m the StrIct sense, means combImng oxygen
chemIcally WIth another substance althougn thIS name IS also applIed to reactIons where
electrons are transferred Addition covers a Wide range of reactIOns where a double or trIple
bond IS broken and a component added to the structure Alkylation can be considered an
additIOn, as can some OXidation reactions

2 3 2 Four SpeCIfic Industrial Orgamc Chell1lcals

ThiS profile exammes the reactIOns of four high-volume chemicals (ethylene, propylene,
benzene and vmyl chlonde) chosen to illustrate the use of typical chemical feedstocks based on
several factors, mcludmg the quantity of chemical produced, and the health and environmental
Impacts of the chemIcal Ethylene, propylene, and benzene are all prImary buIldmg blocks
and their reaction products are used to produce still other chemicals Vmyl chlOrIde IS an
Important tertiary buIldmg block

The four chemicals deSCrIbed below Illustrate several key pomts FIrst, prImary buddmg
blocks are typically used 10 more reactions than the buIldmg blocks further down the cham
Second, most feedstocks can partiCIpate m more than one reaction and third, there IS typIcally
more than one reactIon route to an end-product The end-products of all of these chemicals
can be used m numerous commerCial applIcations
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2 3 2 1 Ethylene The major uses for ethylene are In the synthesIs of polymers
(polyethylene) and m ethylene dIchlorIde, a precursor to VInyl chlOrIde Other unponant
products are ethylene OXIde (a precursor to ethylene glycol) and ethylbenzene (a precursor to
styrene) WhIle ethylene Itself IS not generally consIdered a health threat, several of Its
derIvatIves, such as ethylene OXIde and VInyl chlOrIde, have been shown to cause cancer The
manufacturIng processes that use ethylene as a feedstock are summarIZed In ExhIbIt 2-3 along
WIth reactIon condItIOns and components

ExhIbIt 2-3 Manufacturmg Processes Usmg Ethylene

Process Target Process ConditiOns Reaction Other Characteristics
Product Components

Pressure Temp Catalyst
(MPa) (DC)

Polymerization Low density 60 350 350 Oxygen or perOXide
polyethylene
(LDPE)

High density 0120 50300 Molybdenum
polyethylene ChromIUm OXide

Alummum alkyls
Polyethylene Low Tllamum OXide

OXidation Ethylene OXide 1-2 250300 SIlver 1 2 Dlchloro ethane 60% IS convened to
oxygen ethylene glycol usmg

an aCid catalyst

Acetaldehyde 03 120-130 Copper chlondel Oxygen Vapor phase
palladium chlonde

Vmyl acetate 041 170200 Palladium Acetic aCid

~
Halogenation! Ethylene 60 Iron alummum Chlorme Feedstock for vmyl
hydrohalogen dlchlonde copper or anlJmony chlonde and
aUon chlOrIdes trichloroethylene and

tetrachloroethylene

Ethyl chlOrIde 03-05 Alummum or Iron HCl Precursor of styrene
chlondes

Alkylation Ethylbenzene Alummum Iron and Benzene
boron chlOrIdes

Hydroforrnatlon ProplOnaldehyde 435 60200 Cobalt SynthesIs gas (carbon
monoxide and
hydrogen)

9



2322 Propylene Propylene's pnmary products are polypropylene, acrylomtnle, propylene
oXIde, and Isopropyl alcohol Acrylomtnle and propylene oXIde have both been shown to
cause cancer, whIle propylene Itself IS not generally consIdered a health threat The Important
propylene reactIons are shown m ExhIbIt 2-4 The products of the reactIOns are the feedstocks
for numerous addItIOnal products

Exlublt 2-4 ManufacturIng Processes USIng Propylene

Process Target Process ConditIOns Reaction Other
Product Components CharacterIStics

Pressure Temp Catalyst
(MPa) (0C)

Polymerlzallon Polypropylene Alummum alkylsl
Tltamum oXide

OXldallon Acrylonitrile 400 Phosphomolybdau: Ammoma CommerCially valuable
Oxygen by products are

acetonitrile and
hydrogen cyanide

Propylene oXide Oxygen CommerCially valuable
Ethylbenzene by product IS ten-bulyl

alcohol

Ml1w2n
Chlorohydnnanon Propelyene oXide 2S 37 Tungsten Hypochlorous aCid

HydrolysIs Isopropyl alcohol 267 Water
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2 3 2.3 Benzene Benzene IS an unportant mtennedlate m the manufacture of mdustnal
chemIcals ExhIbIt 2~5 summarIZes the prunary benzene reactIons The products are
frequently feedstocks m the synthesIs of addlUonal chemIcals Benzene IS classIfied as a
human carcmogen m the Umted States

Exhibit 2-5 Manufacturmg Processes Usmg Benzene

Process Target Process Conditions Reaction Other
Product Components CharacterIStics

Pressure Temp Catalyst
(MPa) (0C)

OXIl!atlon Phenol 06 90100 Cumene oxygen Most Important phenol
synthesIs

MaleiC anhydnde 01-02 350-400 Vanadium OXide Butane oxygen

Styrene o 1 580-590 Iron OXide Ethylenebenzene

~
Alkylation Ethylbenzene 02-04 125-140 Aluminum chlonde Benzene ethylene Precursor to styrene

Ethylbenzene 20 420-430 Zeohte Benzene ethylene Precursor to styrene

Cumene 03 10 250-350 Phosphonc Benzene propylene
acid/silIcate

26 Xylenol 01-02 3()().4()() Aluminum OXIde Phenol methanol

Hydrogenation Cyclohexanone o1 140-170 PalladIum Phenol hydrogen

Cyclohexanol 1020 120·200 NIckel/silIcon OXIde Phenol hydrogen
and aluminum OXIde

Cyclohexane 2050 150200 Nickel Benzene hydrogen

Amhne o 18 270 Copper NIlrobenzene
hydrogen

Nitration Nitrobenzene o 1 60 Benzene sulfunc
aCid nltnc aCid

SulfonatlOn Surfactants o I 40 50 Alkylbenzene/sulfur
tnoxlde

Polymenzatlon Polyvmylchlonde 50 Peroxides

Substltuuon at Vmyl acetates PalladIum Alkyl hahdes
the carbon alcholates Vinyl
chlonde bond esters and Vinyl

ethers

~ Vanous halogen
addition products
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2 3 2 4 Vanyl ChlorIde V10yl chlorIde polymers are the prImary end use of v10yl chlorIde
but varIOUS v10yl ethers, esters, and halogen products can also be made as shown 10 ExhIbIt 2
6

Exlublt 2-6 Manufacturmg Processes Usang Vanyl ChlorIde

Process Target Process Conditions Reaction Other
Product Components CharacterIStics

Pressure Temp Catalyst
(MPa) (oq

PolymenzatlOn Polyvmylchlonde 50 Peroxides

Substitution at Vmyl acetates Palladium Alkyl halides
the carbon alcholates vmyl
chlonde bond esters and vlDyl

ethers

t.l1l1J1llm Vanous halogen
additIOn products

2 3 3 Raw Matenal Inputs and PollutIon Outputs an the ProductIon Lane

IndustrIal orgamc chemIcal manufacturers use and generate both large numbers and quantIties
of chemIcals The 10dustry emIts chemIcals to all medIa 1Oclud1Og aIr (through both fugItIve
and dIrect emIssIons), water (dIrect dIscharge and runoff) and land The types of pollutants a
s10gle faCIlIty wIll release depend on the feedstocks, processes, equIpment 10 use and
ma10tenance practices These can vary from hour to hour and can also vary WIth the part of
the process that IS underway For example, for batch reactions 10 a closed vessel, the
chemIcals are more lIkely to be emItted at the beg1On1Og and end of a reactIon step (assOCIated
WIth vesselload1Og and product transfer operatIOns), than dUrIng the reactIOn The potentIal
sources of pollutant outputs by medIa are shown 10 ExhIbIt 2-7 '
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Exlnblt 2-7 Potential Releases Durmg Organic Chemical Manufacturmg

Media Potentlll1 Sources of EmlSSlons

AIr Pomt source emISSions stack, vent (e g laboratory hood, distillation UOll, reactor storage tank
vent) matenalloachng/unloadmg operations (mcludlng raJ! cars tank trucks and manne vessels)

Fuglllve emIsSIons pumps valves flanges, sample collection mechanIcal seals reher deVIces
tanks

Secondary emiSSIons waste and wastewater treatment UOlts cooling tower process dIscharge
system sump spIll/leak areas

LIquId Wastes EqUIpment wash solvent/water lab samples surplus chemIcals product washes/purifications seal
(organic or aqueous) flushes scrubber blowdown coohng water steam Jets vacuum pumps leaks spIlls spent/used

solvents housekeeping (pad washdown) waste ods/lubncants from maintenance

Sohd Wastes Spent catalysts spent filters sludges wastewater treatment bIological sludge contammated soli
old equIpment/insulation packaging matenal reaction by-products spent carbon/reSins drymg
aIds

Ground Water Unhned ditches, process trenches sumps, pumps/valves/fittings wastewater treatment ponds
Contamination product storage areas tanks and tank farms aboveground and underground plpmg

loadmg/unloadmg areas/racks manufactunng maintenance faclhtles

I
I
I
I
I
I
I
I 24 Summary of Health and TOXICIty Effects of Selected Orgamc Chemicals
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241 AmmOnia

TOXICity Anhydrous ammoma IS IITltatmg to the skm, eyes, nose, throat, and upper respiratory
system

Ecologically, ammoma IS a source ofmtrogen (an essentIal element for aquatIc plant growth), and
may therefore contribute to eutrophication of standmg or slow-movmg surface water, partIcularly m
mtrogen-lImlted waters In addition, aqueous ammoma IS moderately tOXIC to aquatIc organisms

,
Carclnogemclty There IS currently no eVidence to suggest that thIS chemical IS carcmogenIc

EnVironmental Fate Ammoma combmes With sulfate IOns m the atmosphere and IS washed out by
ramfall, resultmg m rapid return of ammOnia to the SOIl and surface waters

AmmOnia IS a central compound m the environmental cychng of nitrogen AmmOnia m lakes,
rivers, and streams IS converted to nitrate

PhYSical Properties AmmOnia IS a corrosive and severely IITltatmg gas With a pungent odor

2 4 2 Nitric ACid

TOXICity The tOXICity of mtrIC aCid IS related to ItS potent corroslvlty as an aCid, With ulceration of
all membranes and tIssues With which It comes In contact Concentrated nitriC aCid causes
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Immediate opacificatIon and bhndness of the cornea when It comes 10 contact With the eye
InhalatIOn of concentrated nitriC aCid causes severe, sometimes fatal, corrosIOn of the respiratory
tract IngestIOn of nitric aCid leads to gastric hemorrhagIng, nausea, and vomltmg Circulatory
shock IS often the Immediate cause ofdeath due to nItrIC aCid exposure Damage to the respiratory
system may be delayed for months, and even years PopulatIOns at mcreased rIsk from mtnc aCid
exposure mclude people With pre-exlstmg skIn, eye, or cardIOpulmonary disorders

EcologIcally, gaseous nltnc aCid IS a component of aCid raIn ACid ram causes serIOUS and
cumulative damage to surface waters and aquatic and terrestrial organisms by decreasIng water and
sod pH levels Nitric aCid 10 ramwater acts as a topical source of nItrogen, preventmg "harden109
off' of evergreen fohage and mcreasmg frost damage to perenl'ual plants 10 temperate regIOns
Nitric aCid also acts as an available mtrogen source m surface water, stlmulatmg plankton and
aquatIc weed growth

Carclnogemclty There IS currently no eVidence to suggest that this chemical IS carcmogenlc

Environmental Fate NitrIC aCId IS mamly transported 10 the atmosphere as mtnc aCid vapors and 10

water as dissociated mtrate and hydrogen Ions In SOIl, mtnc aCid reacts With mmerals such as
calCIUm and magnesIUm, becommg neutralized, and at the same tIme decreasmg soli "buffermg
capacity" agamst changes 10 pH levels

Nltnc aCid leaches readily to groundwater, where It decreases the pH of the affected groundwater In
the wmter, gaseous nItnc aCid IS mcorporated mto snow, causmg surges of aCid durIng sprmg snow
melt Forested areas are strong smks for mtnc aCid, mcorporatmg the mtrate Ions mto plant tissues

2 4 3 Methanol

TOXICity Methanol IS readily absorbed from the gastromtestmal tract and the respIratory tract, and IS
tOXIC to humans m moderate to high doses In the body, methanol IS converted IOtO formaldehyde
and formiC aCid Methanol IS excreted as formIC aCid Observed tOXIC effects at hIgh dose levels
generally mclude central nervous system damage and bhndness Long-term exposure to high levels
of methanol via mhalatlon cause liver and blood damage 10 ammals

Ecologically, methanol IS expected to have low tOXICity to aquatic orgamsms ConcentratIOns lethal
to half the orgamsms of a test populatIOn are expected to exceed one ml1hgram (mg) methanol per
liter water Methanol IS not hkely to persist In water or to blOaccumulate 10 aquatic orgamsms

Carclnogemclty There IS currently no eVidence to suggest that thiS chemical IS carcmogenlc

EnVironmental Fate LiqUid methanol IS likely to evaporate when left exposed Methanol reacts 10

air to produce formaldehyde which contnbutes to the formatIOn of air pollutants In the atmosphere
It can react with other atmosphenc chemicals or be washed out by ram Methanol IS readlly
degraded by mlcroorgamsms 10 solis and surface waters

PhySical Properties Methanol IS highly flammable
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2 4 4 Ethylene Glycol

Sources Ethylene glycol IS used as an antifreeze, heat transfer agent and solvent m industrial
organic chemical faCIlIties

TOXICIty Long-term mhalatlon exposure to low levels of ethylene glycol may cause throat IrntatlOn,
mild headache and backache Exposure to higher concentrations may lead to unconscIOusness
Liquid ethylene glycol IS IrrItatmg to the eyes and skm

TOXIc effects from ingestion of ethylene glycol Include damage to the central nervous system and
kIdneys, intOXication, conJunctivitIs, nausea and vomIting, abdommal pam, weakness, low blood
oxygen, tremors, convulSIOns, respiratory faIlure, and coma Renal faIlure due to ethylene glycol
pOlsonmg can lead to death

EnVironmental Fate Ethylene glycol readily bIOdegrades m water No data are avaIlable that report
Its fate In soIls, however, biodegradation IS probably the dominant removal mechamsm Should
ethylene glycol leach mto the groundwater, bIOdegradatIOn may occur

Ethylene glycol In water IS not expected to blOconcentrate In aquatic organisms, adsorb to sediments
or volatilIze AtmospherIC ethylene glycol degrades rapidly In the presence of hydroxyl radicals

245 Acetone

TOXICity Acetone IS Irntatlng to the eyes, nose, and throat Symptoms of exposure to large
quantities of acetone may Include headache, unsteadiness, confUSion, laSSitude, droWSiness,
vomItmg, and respiratory depreSSIOn

ReactIons of acetone (see enVIronmental fate) In the lower atmosphere contrIbute to the formatIOn of
ground-level ozone Ozone (a major component of urban smog) can affect the respiratory system,
espeCially In sensitive indIViduals such as asthmatiCS or allergy sufferers

CarCInogemclty There IS currently no eVidence to suggest that thiS chemIcal IS carcmogeAlc

EnVironmental Fate If released Into water, acetone WIll be degraded by microorganisms or WIll
evaporate mto the atmosphere DegradatIon by microorganisms WIll be the prImary removal
mechamsm

Acetone IS highly volatile, and once It reaches the troposphere (lower atmosphere), It WIll react With
other gases, contnbutmg to the formation of ground-level ozone and other air pollutants

PhySical Properties Acetone IS a volatile and flammable orgamc chemical
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ExhibIt 2·8 PollutIon Prevention ActiVIties Can Reduce Costs

Usmg pollutIOn preventIon techmques which prevent the release or generatIOn of pollutIOn 10 the
first place have several advantages over end-of-plpe waste treatment technologies The table below
hsts the direct and mdlrect benefits that could result

PollutIOn prevention can be carried out at any stage of the development of a process In general,
changes made at the research and development (R&D) stage Will have the greatest Impact, however,
changes 10 the process deSign and operatmg practIces can also yield signIficant results
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IPollution PreventIon OpportuDltles

Indirect Benefits
Reduced hkehhood of future costs from

Remediation
Legal habliities
Complymg With future regulatIOns

Use of emission offsets (mternal and external)
Improved commumty relations
Increase environmental awareness by plant personnel and management
Reduced SOCietal costs
Improved pubhc health

This section prOVIdes summary mformatlOn from actIvIties that may be, or are bemg Implemented bv
this sector When pOSSIble, mformatlon IS prOVIded that gIves the context 10 whIch the techmque can
be effectIvely used Please note that the actIVIties descrIbed 10 thIs sectIon do not necessanly apply
to all faclIttles that fall wlthm this sector Faclhty-speclfic conditIOns must be carefully conSidered
when pollution preventiOn options are evaluated, and the full Impacts of the change must examme
how each option affects air, land, and water pollutant releases

Direct Benefits
Reduced waste treatment costs

Reduced capital and operatmg costs for waste treatment facilities
Reduced off site treatment and diSposal costs

Reduced manufacturmg costs due to Improved yields
Income or savmgs from sale or reuse of wastes
Reduced environmental comphance costs (e g fines shutdowns)
Reduced or ehmmated mventones or spills
Reduced secondary emiSSions from waste treatment faclhtles
Retamed sales (production threatened by poor environmental performance or sales)

ThIS section provIdes both general and process-specIfic descrIptIOns of some pollution prevention
advances that have been Implemented wlthm the organIc chemical mdustry While the Itst IS not
exhaustive, It does provide core mformatlOn that can be used as the startmg polOt for faCIlIties
mterested 10 begmnmg theIr own pollutIOn preventIon projects
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In the R&D stage, all possible reaction pathways for producmg the desired product can be exammed
These can then be evaluated m light of Yield, undesirable by-products, and their health and
environmental Impacts

Because of the large mvestment m current technology, and the lifetime of capital equipment,
pollutIOn prevention at the earlIest stages IS unlIkely unless a company undertakes the design of a
new production Ime or facIlIty There are, however, more numerous pollutIOn preventIOn
opportumtles that can be realized by modlfymg current processes and eqUipment

2 5 1 OpportuDltles from ProcesslProduct Modifications

ThiS sectIOn can be used as a diagnostic tool for Identlfymg common pollutlOn-creatmg problems
that organic chemical processmg faCIlIties may expenence Suggested solutions to prevent or reduce
pollutIOn loads, based on the latest data, follow each potential problem

2 5 1 1 By-products and Co-products

QuantIty and Qualzty

Problem Process mefficlencles result In the generatIOn of undeSIred by-products and co-products
InefficienCIes Will require larger volumes of raw matenals and result m additional secondary
products Inefficiencies can also mcrease fugitive emissions and wastes generated through matenal
handlIng
SolutIOn Increase product yield to reduce by-product and co-product generation and raw material
requirements

Uses and Outlets

Problem By-products and co-products are not fuIly utilized, generatIng material or waste that must
be managed
SolutIon Identify uses and develop a sales outlet Collect InfonnatlOn necessary to finn up a
purchase commItment such as mmlmum qualIty cntena, maximum Impunty levels that can be
tolerated, and perfonnance cntena

2 5 1 2 Catalysts

Compositzon

Problem The presence ofheavy metals In catalysts can result m contammated process wastewater
from catalyst handlIng and separatIOn These wastes may require speCial treatment and disposal
procedures or faCIlities Heavy metals can be InhIbItory or tOXIC to bIOlogical wastewater treatment
umts Sludge from wastewater treatment umts may be claSSified as hazardous due to heavy metals
content Heavy metals generally exhIbIt low tOXICIty thresholds In aquatic enVIronments and may
bloaccumulate
SolutIOn Catalysts comprised of noble metals, because of theIr cost, are generally recycled by both
on-site and off-Site recialmers
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PreparatIOn and Handlmg

Problem EmiSSions or effluents are generated with catalyst activatIon or regeneratIon
Solution Obtam catalyst In the active fonn PrOVide 10 Situ activation With appropriate
processmg/actIvatlOn faCilities

problem Catalyst attfltlon and carryover mto product requires de-ashmg faCIlIties which are a lIkely
source of wastewater and solId waste
Solution Develop a more robust catalyst or support

Problem Catalyst IS spent and needs to be replaced
Solution In SitU regeneratIOn ehmmates unloadmg/loadmg emissions and effluents versus off-Site
regeneration or disposal

Problem Pyrophorlc catalyst needs to be kept wet, resultmg m "qUid contammated With metals
SolutIon Use a non-pyrophorlc catalyst MlDlmlze amount of water reqUired to handle and store
safely

Problem Short catalyst life
Solution Study and Identify catalyst deactlvltatlon mechamsms AvOId conditions which promote
thennal or chemical deactivatIOn By extendmg catalyst life, emissions and effluents associated with
catalyst handling and regeneration can be reduced

EffectIveness

Problem Catalyzed reaction has by-product fonnatlOn, mcomplete conversIOn and less-than-perfect
yield
SolutIOn Reduce catalyst consumption With a more active fonn A higher concentratIOn of active
mgredlent or mcreased surface area can reduce catalyst loadmgs Use a more selectIve catalyst
which Will reduce the yield of undeSired by-products Improve reactor mlxmg/contactmg to mcrease
catalyst effectiveness

Problem Catalyzed reaction has by-product fonnatlon, mcomplete conversIOn and less-than perfect
yield '
Solution Develop a thorough understandmg of reactIOn to allow optimization of reactor deSign
Include ID the optimizatIOn, catalyst consumption and by-product yield

2 5 1 3 Intermediate Products

QuantIty and Quailty

Problem Intennedlate reaction products or chemical speCies, mcludmg trace levels of tOXIC
constItuents, may contribute to process waste under both nonnal and upset conditIOns
Solytlon Modify reaction sequence to reduce amount or change compOSitIOn of mtennedlates

Problem Intennedlates may contam tOXIC constituents or have characteristics that are hannful to the
environment
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SolutIOn ModIfy reactIOn sequence to change mtermedlate propertIes Use equIpment desIgn and
process control to reduce releases

2 5 1 4 Process ConditIOns/Configuration

Temperature

Problem HIgh heat exchange tube temperatures cause thermal crackIng/decomposItIOn of man)
chemIcals These lower molecular weIght by-products are a source or "hght ends" and fugitive
emissions HIgh localIzed temperature gIves nse to polymenzatlon of reactive monomers, resultmg
In "heaVIes" or "tars" such materIals can foul heat exchange equIpment or plug fixed-bed reactors,
thereby requIrIng costly equIpment cleanmg and productIon outage
SolutIon Select operating temperatures at or near ambIent temperature whenever pOSSIble Use
lower pressure steam to lower temperatures Use mtermedlate exchangers to aVOId contact wIth
furnace tubes and walls Use staged heatIng to mInImIZe product degradatIon and unwanted SIde
reactIOns Use superheat of hIgh-pressure steam In place of furnace MOnItor exchanger fouhng to
correlate process condItIons whIch Increase fouhng, aVOId condItIons whIch rapIdly foul exchangers
Use onhne tube cleanmg technologIes to keep tube surfaces clean to mcrease heat transfer Use
scraped wall exchangers m VISCOUS servIce Use falhng film reboller, pumped recIrculatIOn reboller
or hIgh-flux tubes

Problem HIgher operatIng temperatures Imply "heat Input" usually vIa combustIon whIch generates
emISSIons
SolutIon Explore heat mtegratlOn opportunIties (e g , use waste heat to preheat materIals and reduce
the amount of combustIon requIred)

Problem Heat sources such as furnaces and bOIlers are a source of combustIOn emISSIons
Solution Use thermocompressors to upgrade low-pressure steam to aVOId the need for addItIonal
bOIlers and furnaces If pOSSIble, cool materIals before sendIng to storage

Problem Vapor pressure Increases WIth Increasmg temperature Loadmg/unloadmg, tankage and
fugItIve emISSIons generally mcrease WIth Increasmg vapor pressure
SolutIOn Use hot process streams to reheat feeds Add vent condensers to recover vapors m storage
tanks or process Add closed dome loadmg WIth vapor recovery condensers \

Problem Water solubIlIty of most chemIcals mcreases WIth IncreasIng temperature
Solution Use lower temperature (vacuum processmg)

Pressure

Problem FugItIve emIssIons from eqUIpment
Solution EqUIpment operatmg m vacuum servIce IS not a source of fugitIves, however, leaks Into
the process requIre control when system IS degassed

Problem Seal leakage potentIal due to pressure dIfferentIal
SolutIon MInImIZe operatIng pressure
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Problem Gas solubility 10creases With higher pressures
Solution Detenmne whether gases can be recovered, compressed, and reused or require controls

Corrosive EnVIronment

Problem Matenal contam1OatlOn occurs from corrosIOn products Equipment failures result 10
spJlls, leaks and 10creased ma10tenance costs
Solution Improve metallurgy or provide coat1Og or 11010g Neutralize corroslvlty of matenals
contact1Og equipment Use corrosIOn 1Ohlbltors

Problem Increased waste generation due to additIOn of corrosion Inhibitors or neutrahzatlon
SolutIOn Improve metallurgy or prOVide coatmg or hnmg or operate In a less corrosIve
environment

Batch vs Contmuous Operatlons

Problem Vent gas lost dur10g batch fill
SolutIOn Equaltze reactor and storage tank vent hnes Recover vapors through condenser, adsorber,
etc

Problem Waste generated by clean1Og/purg1Og of process equipment between productton batches
Solution Use matenals With low VISCOSity M10lmlze equipment roughness

Problem Process 10efficlencles yield lower yield and 10crease emISSions
SolutIOn Optimize product manufactur10g sequence to m10lmlze washmg operations and cross
contammatlOn of subsequent batches

Problem Contmuous process fugitive emiSSIons and waste mcrease over time due to equipment
failure through a lack of mamtenance between turnarounds
Solution Sequence additIon of reactants and reagents to optimize yIelds and lower emissions
DeSign facJltty to readily allow mamtenance so as to aVOid unexpected equipment faJlure and
resultant release

Process OperatIon/DesIgn

Problem Numerous process1Og steps create wastes and opportumtles for errors
Solution Keep It stmple Make sure all operatIOns are necessary More operations and compleXity
only tend to 10crease potenttal emiSSion and waste sources

Problem Non-reactant matertals (solvents, absorbants, etc) create wastes Each chemical
(1Ocludmg water) employed wlthm the process tntroduces addttlOnal potential waste sources, the
compOSition of generated wastes also tends to become more complex
Solution Evaluate umt operation or technologies (e g , separatton) that do not requtre the addition
of solvents or other non-reactant chemicals

Problem High conversIOn Wtth low yield results 10 wastes
Solution Recycle operations generally Improve overall use of raw materials and chemIcals, thereby
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both increasing the yield of deSIred products while at the same tIme reducmg the generation of
wastes A case-In-pomt IS to operate at a lower conversion per reaction cycle by reducing catalyst
consumption, temperature, or reSidence time Many times, thIS can result In a hIgher seleCtiVIty to
desIred products The net effect upon recycle of unreacted reagents IS an mcrease 10 product yield
whIle at the same time reducing the quantltles of spent catalyst and less deSIrable by-products

Problem Non-regeneratIve treatment systems result In Increased waste versus regenerative svstems
Solution Regenerative fixed bed treating or deSIccant operation (e g, aluminum OXIde, SIlIca
actIvated carbon, molecular Sieves, etc) Will generate less quantities of solId or lIqUId waste than
non-regenerative umts (e g , calCIUm chloride or activated clay) WIth regenerative umts though,
emissions during bed activatIOn and regeneration can be sIgmficant Further, Side reactions during
activatIOn/regeneratIOn can give rise to problematic pollutants

2 5 1 5 Product

Process Chemistry

Problem InsuffiCient R&D of alternative reactIOn pathways may mISS pollUtion opportumtles such
as waste reduction or elIminating a hazardous constItuent
Solution R&D during process conceptIon and laboratory studIes should thoroughly investigate
alternatIves In process chemistry that affect pollutIon preventIon

Product FormulatlOn

Problem Product based on end-use performance may have undeSIrable envifonmental Impacts or
use raw matenals Of components that generate excessIve or hazardous wastes
SolutIOn Reformulate products by substituting different material or uSing a mIxture of indiVIdual
chemIcals that meet end-use performance specIficatIOns

2 5 1 6 Raw Materials

Purzty

Problem Impuntles may produce unwanted by-products and waste TOXIC Impuntles, eve'n In trace
amounts, can make a waste hazardous and therefore subject to strict and costly regulation
SolutIOn Use higher purity materials PUrify materials before use and reuse If practical Use
inhibItors to prevent SIde reactIOns

Problem ExceSSIVe ImpurItIes may require more processmg and equIpment to meet product
specificatIOns, Increasmg costs and potentIal for fugItIve emISSIons, leaks, and spIlls
SolutIOn AchIeve balance between feed purIty, processmg steps, product qualIty and waste
generation

Problem SpecIfying a pUrity greater than needed by the process Increases costs and can result In
more waste generatIon by the supplier
SolutIon SpecIfy a pUrIty no greater than what the process needs

21



Problem Impurities 10 clean air can mcrease mert purges
Solution Use pure oxygen

Problem ImpurIties may pOison catalyst prematurely resultmg 10 mcreased wastes due to yield loss
and more frequent catalyst replacement
Solution Install guard beds to protect catalysts

Vapor Pressure

Problem Higher vapor pressures mcrease fugitive emISSions 10 material handhng and storage
Solution Use material WIth lower vapor pressure

Problem High vapor pressure With low odor threshold matenals can cause nUisance odors
Solution Use matenals With lower vapor pressure and higher odor threshold

Water Solubzllty

Problem TOXIC or non-bIOdegradable matenals that are water soluble may affect wastewater
treatment operation, efficiency, and cost
SolUtlon Use less tOXIC or more bIOdegradable matenals

Problem Higher solublhty may mcrease potentIal for surface and groundwater contammatlOn and
may require more careful spill prevention, contaInment, and cleanup plans
Solutlon Use less soluble materials

Problem Higher solublhty may Increase potential for storm water contamInatIOn In open areas
Solution Use less soluble matenals Prevent direct contact With storm water by dikIng or coverIng
areas

Problem Process wastewater assOCiated With water washIng or hydrocarbon/water phase separation
Will be Impacted by contaInment solublllty In water Appropnate wastewater treatment Will be
Impacted
SolutIon MInImiZe water usage Reuse wash water Determ10e optimum process conditions for
phase separation Evaluate alternative separatIon technologIes (coalescers, membranes, distIllation,
etc)

ToxzClty

Problem Commumty and worker safety and health concerns result from routme and non-routme
emiSSIOns EmiSSIons sources mclude vents, equipment leaks, wastewater emiSSions, emergency
pressure rehef, etc
Solution Use less tOXIC matenals Reduce exposure through equipment deSign and process control
Use systems whIch are passive for emergency contamment of tOXIC releases

Problem Surges or higher than normal contInUOUS levels of tOXIC materials can shock or mIss
wastewater biologIcal treatment systems resultIng 10 pOSSible fines and pOSSible tOXICity 10 the
recelvmg water
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SolutIOn Use less tOXIC matenal Reduce spills, leaks and upset conditIOns through equipment and
process control ConSIder effect of chemicals on bIOlogical treatment, prOVide umt pretreatment or
diversIOn capacity to remove tOXICity Install surge capacity for flow and concentratIon equahzatlOn

Form ofSupply

Problem Small contamers mcrease shlppmg frequency which mcreases chances of matenal releases
and waste reSIdues from shlppmg contamers (mcludmg wash waters)
SolutIOn Use bulk supply, ship by pIpelIne, or use "Jumbo" drums or sacks In some cases, product
may be shipped out 10 the same contamers the matenal supply was shIpped 10 Without washmg

Problem Nonreturnable contamers may mcrease waste
SolutIOn Use returnable shippIng contamers or drums

Handlmg and Storage

Problem PhySIcal state (solId, hquld, gaseous) may raIse umque environmental, safety, and health
Issues With unloadmg operatIOns and transfer to process equipment
SolutIon Use equipment and controls appropnate to the type of matenals to control releases

Problem Large mventones can lead to spills, mherent safety Issues and material eXpiratIOn
SolutIOn Mmlmlze mventory by utIlIzmgJust-m-tlme delIvery

251 7 Waste Streams

Quantity and Qualzty

Problem Charactenstlcs and sources of waste streams are unknown
Solution Document sources and quantities of waste streams pnor to pollutIOn prevention
assessment

Problem Wastes are generated as part of the process
SolutIOn DetermIne what changes In process conditions would lower waste generatIOn of tOXICity
Determme If wastes can be recycled back mto the process '

CompoSlllOn

Problem Hazardous or tOXIC constituents are found m waste streams Examples are sulfides,
heavy metals, halogenated hydrocarbons, and polynuclear aromatics
SolutIOn Evaluate whether different process conditIOns, routes, or reagent chemicals (e g , solvent
catalysts) can be substituted or changed to reduce or elImmate hazardous or tOXIC compounds

Properties

Problem EnVironmental fate and waste properties are not known or understood
SolutIOn Evaluate waste charactenstlcs uSing the follOWing type properties corrOSIVlty,
IgmtabllIty, reactiVity, BTU content (energy recovery), bIOdegradabilIty, aquatic tOXICity, and
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blOaccumulatlon potential of the waste and of Its degradable products, and whether It IS a sohd
hquld, or gas

DIsposal

Problem Ablhty to treat and manage hazardous and tOXIC waste unknown or limited
SolutIOn Consider and evaluate all on-site and off-Site recycle, reuse, treatment, and disposal
optIOns available Determme aval1ablhty of faclhtles to treat or manage wastes generated

Exhibit 2-9 Pollution Preventmg EqUipment Modifications

Equipment Potential Possible Approach

Environment Problem
Design Operational

Related Related

Compressors • Shaft seal leaks • Seal-less deSigns • Preventive mamtenance
blowers fans piston rod seal leaks and (diaphragmatic hermetic or program

vent streams magnetics)

• Design for low emissIons
(mtemal balancmg double
mlet gland eductors)

• Shaft seal deSigns (carbon
rmgs double mechanical seals
buffered seals)

• Double seal With barner flUid
vented to control deVice

Concrete pads • Leaks to groundwater • Water stops • Reduce unnecessary
floors sumps purges transfers and

samphng ,

• Embedded metal plates

• Epoxy seahng • Use dnp pans where
necessary

• Other Impervious seahng
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Equipment Potential Possible Approach

EnVIronment Problem
Design OperatIOnal

Related Related

Controls • Shutdowns and stan-ups • Improve on-hne controls • Continuous versus batch

generate waste and releases
• On hne Instrumentation • Optimize on Ime run time

• Automatic stan up and • Optimize shutdown
shutdown mterlock inspection frequency

• On hne vibration analysIs • Identify safety and
environment cntlcal
Instruments and equipment

• Use consensus systems
(e g shutdown tnp requires
two out of three affirmative
responses)

Distillation • Impurities remam In • Increase reflux ratio • Change column operating
process streams condItions

• Add section to column reflux ratio
- feed tray

• Column mtervals temperature
- pressure

• Change feed tray etc

• Insulate to prevent heat loss • Clean column to reduce
fouhng

• Preheat column feed

• Increase vapor hne size to l

lower pressure drop

• Large amounts of • Use rebollers or men gas • Use higher temperature
contarmnated water stnppmg agents steam
condensate from stream
stnppmg

25



Equipment PotentIal Possible Approach

EnVIronment Problem
Design Operational
Related Related

General • Contammaled ramwater • Provide roof over process • Return samples lo process

manufactunng facdilles
equlpmenl areas

• Segregale process discharge • MODltor storm water
system from Slorm dramage discharge

system (dlkmg)

• Hard-pipe process streams to
process discharge system

• Contammated spnnkler and • Seal floors
fire water

• Dram to sump

• Roule lO wasle trealment

• Leaks and emissIons durmg • Design for cleanmg • Use dnp pans for
cleanmg mamtenance aCllVllIes

• Design for mlDlmum nnsmg • Rmse to sump

• Design for mmlmum sludge • Reuse c1eamng solutions

• Provide vapor enclosure

• Dram to process
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Equipment Potential Possible Approach

Environment Problem
OperationalDesign

Related Related

Heat exchangers • Increased waste due to high • Use mtermedlate exchangers • Select operating
localized temperatures to aVOId contact With furnace temperatures at or near

tubes and walls ambient temperature when
ever poSSible These are

• Use staged heating to generally most deSirable from
minimIZe product degradation a pollution prevention
and unwanted Side reactions standpomt
(waste heat > > low pressure
steam > > high pressure steam) • Use lower pressure steam

to lower temperatures

• Use scraped wall exchangers • Momtor exchanger foulIng
m VISCOUS service to correlate process

conditions which mcrease

• Usmg failing film rebol1er fOUling aVOId condItions
pIped recirculation reboller or whIch rapidly foul
hIgh-flux tubes exchangers

• Use lowest pressure steam • Use on lme tube c1eanmg
pesslble techmques to keep tube

surfaces clean

• Contammated matenals • Use welded tubes or double • Momtor for leaks
due to tubes leakmg at tube tube sheets WIth men purge
sheets Mount venIcally

• Furnace emIssIons • Use super heat of hIgh
pressure steam m place of a
furnace

,
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Equipment Potentlll1 Possible Approach
EnVU'onment Problem

OperationalDesign
Related Related

PlplOg • Leaks to groundwater! • Design equipment layout so • Momtor for corrosion and
fugitive emiSSions as to mlmmlZe pipe run length erosion

• EhmlOate underground plplOg • PalOt to prevent
or deSign for cathodiC external corrosion

protectiOn If necessary to Install
pJpmg underground

• Use welded fittmgs

• Reduce number of flanges
and valves

• Use all welded pipe

• Use secondary comalOment

• Use spIral-wound gaskets

• Use plugs and double valves
for open end hnes

• Change metallurgy

• Use hned pipe

• Releases when cleanmg or • Use pigs for c1eanmg • Flush to product storage
purgmg hnes tank ,

• Slope to low pomt dram

• Use heat tracmg and
msulatlon to prevent freezmg

• Install equahzer hnes
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Equipment Potential Possible Approach

EnVIronment Problem
Design OperatIOnal
Related Related

Pumps • FugItive emIssIons from • Mechamcal seal m heu of • Seal Installation practices

shaft seal leaks packmg

• Double mechamcal seal WIth • Momtor for leaks
men barrier flUid

• Double machmed seal With
barner flUid vented to control
deVIce

• Seal-less pump (canned motor
magnetic drive)

• Venlcal pump

• FugitIve emIssIons from • Use pressure transfer to
shaft seal leaks ehmmate pump

• Residual heel of hquld • Low pomt dram on pump • Flush casmg to process
dUring pump mamtenance casmg dIscharge system for

treatment

• Increase the mean time
between pump faJlures by

selectmg proper seal
material

allgmng well
reducmg pIpe mduced

stress \

mamtammg seal lubncatlon

• Injection of seal flush flUId • Use double mechamcal seal
mto process stream WIth men barner flUid where

practical
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Equipment Potential Possible Approach
EnVU"onment Problem

DesIgn OperatIOnal
Related Related

Reactors • Poor conversIOn or • StatiC mlxmg • Add mgredlents with
performance due to optimum sequence
madequate mixing • Add baffles

• Change Impellers

• Add horsepower • Allow proper head space In

reactor to enhance Vortex

effect

• Add dlstnbutor

• Waste by product • PrOVide separate reactor for • Optimize reaction
formation converting recycle streams to conditions (temperature

usable products pressure etc)

Relief Valve • Leaks • PrOVide upstream rupture diSC

• Fugitive emissIons • Vent to control or recovery • Momtor for leaks and for
deVice control effiCiency

• Discharge to environment • Pump discharges to suction of • Momtor for leaks
from over pressure pump

• Thermal rehef to tanks

• AVOid discharge to roof areas
to prevent contamination of
ramwater ,

• Frequent rehef • Use pilot operated relief • Reduce operating pressure
valve

• ReView system
• Increase margin between performance
deSign and operating pressure
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Equipment Potential Possible Approach

Environment Problem
Design Operational

Related Related

Sampling • Waste generation due to • In hne m Situ analyzers • Reduce number and size of

sampling (disposal samples reqUIred

contamers leaks fugitives
etc ) • System for return to process • Sample at the lowest

possible temperature

• Closed loop

• Dram to sump • Cool before samplIng

Tanks • Tank breathmg and • Cool materials before storage • Optimize storage conditions
working losses to reduce losses

• Insulate tanks

• Vent to control device (flare
condenser etc)

• Vapor balancmg

• Floating roof

• Higher design pressure

• Leak to groundwater • All aboveground (situated so • Monitor for leaks and
bottom can routinely be corrosIOn
checked for leads)

• Secondary containment ,

• Improve corrosion resistance

• Large waste heel • Design for 100 % de • Recycle to process If
Inventory practical

Vacuum Systems • Waste discharge from Jets • Substitute mechamcal vacuum • Monitor for air leaks
pump

• Evaluate usmg process flUid • Recycle condensate to
for powenng Jet process
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Equipment Potential Possible Approach

EnVU'onment Problem
Design Operational
Related Related

Valves • Fugitive emissIons from • Bellow seals • Strmgent adherence to

leaks packmg procedures

• Reduce number where
practical

• Special packmg sets

Vents • Release to environment • Route to control or recovery • MOnitor performance

deVice
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CHAPTER 3
INORGANIC CHEMICAL PROCESSING2

3 1 Introduction

The 100rgamc chemIcal 10dustry manufactures over 300 dIfferent types of chemIcals For the
purposes of thIS manual, the category of 100rgamc chemIcals 10cludes alkalIes and chlorme
10dustrIal gases (e g , hydrogen, helIum, oxygen, mtrogen, etc ), 100rgamc pIgments, and
some fonns of 10dustrIal 100rgamc chemIcals

3 2 Product CharacterIZatIOn

3 2 1 Inorgamc Chemicals Industry

The morgamc chemIcal 10dustry manufactures chemIcals WhICh are often of a mmeral ongm,
but not of a baSIC carbon molecular structure Inorgamc chemIcals are used at some stage m
the manufacture of a great varIety of other products The mdustry's products are used as baSIC
chemIcals for 10dustrIal processes (1 e , aCIds, alkalIes, salts, oXIdIZ1Og agents, 10dustrIal
gases, and halogens), chemical products to be used 10 manufactur10g products (1 e , pigments,
dry colors, and alkalI metals), and fImshed products for ultImate consumptIon (1 e , mmeral
fertIlIZers, glass, and constructIon materIals) The largest use of 100rgamc chemIcals IS as
process1Og aIds m the manufacture of chemIcal and nonchemIcal products

3 2 2 Chlor-alkall Sector

The chior-alkalI 10dustry produces mainly chlOrIne, caustIc soda (sodIUm hydroxide), soda ash
(sodIUm carbonate), SodIum bIcarbonate, potassIUm hydroxide, and potaSSIUm carbonate

Chlonne IS used m the manufactur10g of orgamc chemIcals 10cludmg v10yl chlonde
monomer, ethylene dichlonde, glycerme, glycols, chlonnated solvents, and chlormated
methanes Vmyl chlOrIde IS used 10 the productIon of polyv1Oyl chlOrIde (PVC) Other major
uses are diSInfeCtIOn treatment of water, and the productIOn of hypochlontes

The largest users of caustIc soda are the orgamc chemIcals mdustry and the 100rgamc
chemIcals mdustry The prImary uses of caustIc soda are 10 10dustrIal processes,
neutralIZatIon, and off-gas scrubbmg, as a catalyst, and 10 the productIon of alum1Oa,
propylene OXIde, polycarbonate res1O, epOXIes, synthetIC fIbers, soaps, detergents, rayon, and
cellophane CaustIc soda IS also used 10 the productIon of soaps and cleamng products, and m

2 The InfonnatIOn 10 thIS chapter IS denved from the U S EnVironmental ProtectIon
Agency's Office of ComplIance Sector Notebook ProJect, Profile of the Inorgamc Chemical
Industry, September 1995 (document # EPAl310-R-95-012) Readers should refer to that
document for a comprehensIve set of references and sources Contact your local EP3
Clearmghouse for a copy of the EPA document or for mformatlOn on how to access It
electromcally VIa the Internet
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the petroleum and natural gas extractIon Industry as a dnllIng flUId

3 3 Industrial Process DescriptIon

ThIs sectIon describes the major mdustrlal processes wlthm the Inorgamc chemIcal Industry,
including the materials and equIpment used, and the processes employed ThIS dIScussIon also
prOVIdes a conCIse descnptlon of where wastes may be produced In the process and descnbes
the potentIal fate (VIa aIr, water, and soIl pathways) of these waste products

3 3 1 Industrial Processes m the Inorgamc Chemical Industry

Chlonne and caustIc soda are co-products of electrolysIs of saturated aqueous solutiOns of
sodium chloride, NaCl (salt water or brme) In addition, relatIvely small amounts (by weight)
of hydrogen gas are produced m the process The overall chermcal reactIon IS as follows

2 NaCI + 2 HzO -+ 2 NaOH + Clz + Hz

Energy, m the form of dIrect current (d-c) electrIcIty, IS supplIed to dnve the reactIon The
amount of electrIcal energy required depends on the deSIgn of the electrolytIc cell, the voltage
used, and the concentration of brme used For each ton of chlorme produced, 1 1 tons of
sodIUm hydroxIde and 28 kgs of hydrogen are produced

Three types of electrolysIs processes are used for the manufacture of chlonne, caustIc soda,
and hydrogen from brme

~ Mercury Cell Process
~ DIaphragm Cell Process
~ Membrane Cell Process

Each electrolytIc cell COnsISts of an anode and cathode In contact WIth the bnne solution The
dlstmgUIshmg feature of each cell type IS the method employed to separate and prevent the
mlxmg of the chlorme gas and sodIUm hydroXIde Consequently, each process produces a
dIfferent pUrity of chlorme gas and a dIfferent concentratIon of caustic soda The Inorgarncs
chemIcal mdustry m the U S IS movmg away from mercury and dIaphragm cells and IS
movmg towards the use of membrane cells Membrane cells are a relatIvely recent
development WhICh have fewer adverse effects on the enVIronment and produce a hIgher
qualIty product at a lower cost than the other methods
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ExhIbIt 3-1 MaID CharacterIstIcs of the DIfferent ElectrolysIS Processes

Component Mercury Cell DJaphragm Cell Membrane Cell

Cathode Mercury flowmg over steel Steel or steel coated WIth activated Steel or nickel WIth a nickel

nickel based catalytic coating

Dlaphragm/ None Asbestos or polymer modified Ion-exchange membrane

Membrane asbestos

Anode Titanium With RuOz or TIOz TItanium WIth RuOz or TIOl Titanium WIth RuO or TIO

coating (DSA anode) coating (DSA anode) coating (DSA anode)

Cathode Sodium amalgam 10-12% NaOH WIth 15 17% NaCI 3033% NaOH and H1

Product and Hz

DecomposerI 50% NaOH and H1 from 50% NaOH WIth 1% NaCI and 50% NaOH with very little

Evaporator Product decomposer solid salt from evaporator salt

Electnclty 3 300 kWh per ton Cl1 2 750 kWh per ton Clz 2 100 2 450 kWh per ton

Consumption NaOH

3 3 1 1 Mercury Cell The mercury cell process COnsISts of slIghtly mclIned steel troughs
through whIch a thm layer of mercury (about three mm) flows over the bottom The cells are
operated at 75 to 85°Centlgrade (C) and atmosphenc pressure The mercury layer serves as
the cathode for the process and the saturated brme solutIon (25 5 percent NaCI by weight)
flows through the troughs above the mercury The anodes are usually mcorporated mto the
cell covers and are suspended hOrIzontally m the brme solutIon The height of the anodes
wlthm the brme IS adjusted to the optunal height eIther manually or through an automatic
computer controlled system

ElectrolytIc cell anodes were made of graphIte untIl the late 1960s when anodes of tltarnum
coated With ruthernum OXIde (RU02) and tltarnum OXIde (TI02) were developed The RuOz and
Tl02anodes, termed DSA (dunenslOnally stable) anodes, are more stable than the graphite
anodes (I e , they do not need to be replaced as frequently) and are more energy efficnent

The chlOrIne gas IS produced at the anodes where It moves upward through gas extractIon slIts
m the cell covers SodIum IOns are absorbed by the mercury layer and the resultmg sodIUm
and mercury mIXture, called the amalgam, IS processed m "decomposer" cells to generate
sodIUm hydrOXIde and reusable mercury The amalgam enterIng the decomposer cell has a
sodIUm concentratIon of approxunately 0 2 to 0 5 percent by weight The decomposer COnsIStS
of a short-CIrcUIted electrIcal cell where graphIte serves as the anode and the amalgam serves
as the cathode The amalgam and water flowmg through the cell come mto direct contact WIth
the graphIte The hydrolySIS of the water on the graphIte m the presence of the amalgam
results m a strong exothermic reactIOn generatmg mercury to be reused m the electrolytiC cell,
a SO percent caustIc soda solutIon, and hydrogen gas Mercury cells are operated to mamtam
a 21 to 22 percent by weIght NaCI concentratIon m the depleted brme leavmg the cell The
dIssolved chlonne IS removed from the depleted brme solutIon, which IS then re-saturated WIth
solId salt and punfied for further use Some facIlItIes purge small amounts of brme solutIon
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and use new brme as make-up m order to prevent the buIld up of sulfate ImpuntIes m the
brme

The mercury process has the advantage over dIaphragm and membrane cells m that It produces
a pure chlorme gas wIth no oxygen, and a pure 50 percent caustIc soda solutIon WIthOut
havmg to further concentrate a more dIlute solutIOn However, mercury cells operate at a
hIgher voltage than dIaphragm and membrane cells and, therefore, use more energy The
process also requIres a very pure bnne solutIon WIth lIttle or no metal contammants
Furthermore, elaborate precautIons must be taken to aVOId releases of mercury to the
envIronment

3 3 1 2 DIaphragm Cell In the dIaphragm cell process, multIple cells consIstmg of DSA
anode plates and cathodes are mounted vertIcally and parallel to each other Each cell COnsISts
of one anode and cathode paIr The cathodes are typIcally flat hollow steel mesh or perforated
steel structures covered WIth asbestos fibers, whIch serve as the dIaphragm The asbestos
fiber structure of the dIaphragm prevents the mIXmg of hydrogen and chlorme by allowmg
lIqUId to pass through to the cathode, but not fme bubbles of chlonne gas formed at the
anodes The dIaphragm also hmders the back-dlfftlSlon to the anode of hydroXIde (OH) IOns
formed at the cathode The cells are operated at 90 to 95°C and atmospherIC pressure Brme
flows contmuously mto the anode chamber and, subsequently, through the dIaphragm to the
cathode As m the mercury cell process, chlorme gas IS formed at the anodes, however, m the
dIaphragm process, caustIc soda solutIon and hydrogen gas are formed dIrectly at the cathode
The chlOrIne gas IS drawn off from above the anodes for further processmg The hydrogen
gas IS drawn off separately from the cathode chambers

Two baSIC types of dIaphragm cells are m use today The fIrst, monopolar cells, have an
electrode arrangement m whIch the anodes and cathodes are arranged m parallel As a result
of thIS configuratIon, all cells have the same voltage of about three to four volts, up to 200
cells can be constructed m one CIrCUIt The second baSIC type of dIaphragm cell IS the bIpolar
cell, m whIch the anode of one cell IS dIrectly connected to the cathode of the next cell urut
ThIS type of arrangement mIrumIZes voltage loss between cells, however, smce the total
voltage across the entIre set of cells IS the sum of the mdlvIdual cell voltages, the number of
cells per urut IS lImIted To compensate for the reduced anode and cathode surface area m the
bIpolar configuratIon, bIpolar uruts tend to be much larger than monopolar uruts ProductIOn
of chlOrIne and caustIc soda by the dIaphragm process IS splIt approxunately equally between
monopolar and bIpolar systems

DIaphragm cells are operated such that about 50 percent of the mput NaClls decomposed
resultmg m an effluent mIXture of brme and caustIc soda solutIOn contalrung eIght to 12
percent NaOH and 12 to 18 percent NaCI by weIght ThIS solutIon IS evaporated to 50 percent
NaOH by weIght at whIch pomt all of the salt, except a reSIdual 1 0 to 1 5 percent by weIght,
preCIpItates out The salt generated IS very pure and IS typIcally used to make more bnne
Because the brme and caustIc soda solutIon are mIxed m a smgle effluent, a fresh brme
solutIon (no recycled brme) IS constantly entenng the system The dIaphragm cell process
does not, therefore, requIre a brme purge to prevent sulfate buIld up, or treatment to remove
entramed chlorme gas, as m the mercury cell process
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DIaphragms are constructed of asbestos because of Its chemIcal and physIcal StabIhty and
because It IS a relatIvely mexpenslve and abundant matenal DIaphragm cells have the
advantage of operatmg at a lower voltage than mercury cells and, therefore, use less
electrICIty In addlUon, the brme entermg a dIaphragm cell can be less pure than that reqUired
by mercury and membrane cells The chlonne gas produced by the dIaphragm process,
however, IS not pure and must be processed to remove oxygen, water, salt, and sodiUm
hydroxIde Another dIsadvantage of the process IS that the caustIc soda produced contams
chlondes and requIres evaporatIon to bnng It to a usable concentratIon

33 13 Membrane Cell In the membrane cell process, the anode and cathode are separated
by a water-unpermeable Ion-conductmg membrane Bnne solution flows through the anode
compartment where chlonne gas IS generated The sodIum IOns ffilgrate through the
membrane to the cathode compartment WhICh contaInS flowmg caustic soda solution Water IS
hydrolyzed at the cathode, releasmg hydrogen gas and hydroxIde (OH) IOns The sodIum and
hydroXIde iOns combme to produce caustic soda WhICh IS typIcally brought to a concentratIon
of 32 to 35 percent by reclrculatmg the SolutIon before It IS dIscharged from the cell The
membrane prevents the mIgratIon of chlonde IOns from the anode compartment to the cathode
compartment, therefore, the caustIC soda solutiOn produced does not contam salt as 10 the
dIaphragm cell process Depleted bnne IS dIscharged from the anode compartment and re
saturated WIth salt

The cathode matenal used 10 membrane cells IS eIther stamless steel or ruckel The cathodes
are often coated WIth a catalyst that IS more stable than the substrate and that mcreases surface
area and electncal conductiVIty Coatmg matenals mclude NI-S, NI-Al, and NI-NIO mIxtures,
as well as mIxtures of ruckel and platmum group metals Anodes are typIcally of the DSA
type

The most cntlcal components of the membrane cells are the membranes themselves The
membranes must remam stable whIle bemg exposed to chlorme on one SIde and a strong
caustic solutiOn on the other Furthermore, the membranes must have low electncal
reSIstance, and allow the transport of sodIum IOns and not chlonde iOns and relnforcmg fabrIC,
and a perfluorocarboxlate polymer all bonded together

Membrane cells can be configured eIther as monopolar or bIpolar As 10 the case of the
dIaphragm cell process, the bIpolar cells have less voltage loss between the cells than the
monopolar cells, however, the number of cells connected together m the same CIrCUIt IS
hmIled

Membrane cells have the advantages of producmg a very pure caustic soda solution and of
usmg less electrICIty than the mercury and dIaphragm processes In addItIon, the membrane
process does not use hIghly tOXIC matenals such as mercury and asbestos DIsadvantages of
the membrane process are that the chlonne gas produced must be processed to remove oxygen
and water vapor, and the caustIC soda produced must be evaporated to lDcrease the
concentration Furthermore, the bnne entenng a membrane cell must be of a very hIgh PUrIty,
WhICh often reqUIres costly addlUonal punficatiOn steps prIor to electrolySIS
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332 AI1Xlbary Processes

3 3 2 1 Bnne Purification Approxunately 70 percent of the salt used m chlonne gas
production IS extracted from natural salt deposIts, the remamder IS evaporated from seawater
Salt from natural deposIts IS eIther mIned m solId form or 15 leached from the subsurface
Leachmg mvolves the mJectIon of freshwater mto subterranean salt depOSIts and purnpmg out
bnne solution BrIne productIon from seawater typIcally occurs by solar evaporauon m a
senes of ponds to concentrate the seawater, preCIpItate out unpurttles, and preCIpItate out solId
sodIUm chlonde Regardless of the method used to obtam the salt, It wtll contam Impunues
that must be removed before bemg used m the electrolySIS process ImpuntIes prunanly
COnsIst of calCIum, magneSIUm, banum, Iron, alumInum, sulfates, and trace metals
Impuntles can slgmficantly reduce the effiCIency of the electrolytIc cells, by precIpltatmg out
and subsequently blockmg a dIaphragm or damagmg a membrane dependmg on the process
used Certam trace metals, such as vanadIum, reduce the effiCIency of mercury cells and
cause the productlOn of potentially dangerous amounts of hydrogen gas Removal of
unpuntIes accounts for a sIgmficant portIon of the overall costs of chlor-alkah productIon,
especIally m the membrane process

In addItIon to the dIssolved natural unpuntIes, chlonne must be removed from the recycled
bnne solutIons used m mercury and membrane processes DIssolved chlonne gas entermg the
anode chamber m the bnne solutIon wtll react WIth hydrOXIde IOns formed at the cathode to
form chlorate WhICh reduces product yIelds In addItIon, chlonne gas m the bnne solution
WIll cause corrosIon of pIpeS, pumps, and contamers durmg further processmg of the bnne
In a typIcal chlonne plant, HCliS added to the brme solution leavmg the cells to lIberate the
chlorme gas A vacuum IS applIed to the SolutIon to collect the chlorme gas for further
treatment To further reduce the chlorme levels, SodIum sulfite or another reducmg agent IS
added to remove the final traces of chlorme Dechlonnated bnne IS then re-saturated WIth
solId salt before further treatmg to remove unpurttles

Dependmg on the amount of unpuntles m the salt and the electrolySIS process utlhzed,
dIfferent purIficatIon steps WIll be reqUIred Bnne solutIOn IS typIcally heated before treatment
to unprove reactIon tunes and preCIpItatIon of unpuntIes CalCIUm carbonate unpuntIes are
preCIpItated out through treatment WIth sodIUm carbonate, magneSIUm, Iron, and alummum are
preCIpItated out through treatment WIth sodIum hydrOXIde, and sulfates are preCIpItated out
through the addItion of calCIUm chlOrIde or banum carbonate Most trace metals are also
preCIpItated out through these processes Flocculants are sometunes added to the clanfymg
eqUIpment to unprove settlmg The sludges generated m thIS process are washed to recover
entramed sodIUm chlonde Followmg the clanficatIon steps, the bnne solution IS typIcally
passed through sand filters followed by polIshmg filters The brme passmg through these
steps WIll contam less than four parts per mtlhon (ppm) calCIUm and 0 5 ppm magneSIUm
WhICh IS suffiCIent punficatlon for the dIaphragm and mercury cell processes For brme to be
used m the membrane process, however, reqUIres a combmed calCIUm and magneSIUm content
of less than 20 parts per bIllIon (Ppb) Brme for the membrane process IS, therefore, passed
through Ion exchange columns to further remove unpuntles

3 3 2 2 ChlorIDe Processmg The chlonne gas produced by electrolytic processes IS
saturated WIth water vapor Chlorme gas from the dIaphragm process also contams hquld
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droplets of sodIum hydroxIde and salt solution The first steps m processmg the chlonne to a
usable product COnsISts of coolmg the chlonne to less than lODe and then passmg ]t through
demlsters or electrostatIC preCIpItators to remove water and solIds Next the chlorme IS passed
through packed towers WIth concentrated sulfunc aCId flowmg counter currently The water
vapor IS absorbed by the sulfunc aCId and the dry chlorme gas IS then passed through
demisters to remove sulfunc aCId mIst If the chlorme IS to be hquefied, hqUld chlonne IS
then added to the gas to further punfy the chlorme and to prechIll It pnor to compressIon
Prechdhng ]S prunanly carrIed out to prevent the temperature from reachmg the chlonne-steel
]grntIon pomt durmg compreSSIOn

Chlonne gas IS eIther used m gaseous form w]thm the facIhty, transferred to customers VIa
pipelme, or hquefied for storage or transport L]qUId chlonne IS of a hIgher punty than
gaseous chlonne and ]S eIther used wlthm the facIhty or IS transferred Via rad tank car, tank
truck, or tank barge

Chlonne hquefactIOn processes typIcally hquefy only about 90-95 percent of the chlonne
ThIS gas and the chlorme gas left Inside tank truck tanks, rad car tanks, or barges after
removal of hqUld chlonne IS unpure and must be recovered m a chlorme recovery urnt The
gas IS compressed and cooled usmg cold water followed by Freon The chIlled gas ]S fed up
through a packed column m whIch carbon tetrachlonde flows downward absorbmg the
chlorme The chlorme-nch carbon tetrachlonde IS fed to a chlorme stnpper m WhICh the
chlonne and carbon tetrachlonde separate as they are heated The chlonne gas IS cooled and
scrubbed of carbon tetrachlonde usmg hqUld chlorme and the resultmg pure chlonne ]S sent to
the chlonne lIquefactIon system

3 3 2 3 Caustic Soda ProcessIng CaustIc soda solutIon generated from chlor-alkah
processes IS typIcally processed to remove unpurItles and to concentrate It to eIther a 50
percent or 73 percent water-based solutIon or to anhydrous caustIc soda The caustIc soda
from the mercury and membrane processes IS relatIvely pure Product from the mercury
process reqUIres only filtratIon to remove mercury droplets The evaporators used to
concentrate the caustIc soda solutIon m the dIaphragm process are typIcally multI-stage forced
cIrculatlon evaporators The evaporators have salt settlmg systems to remove precIpItated salt
SodIUm borohydnde IS often added to reduce corrOSIon of the eqUIpment Evaporators for the
membrane process are usually much sunpler than those for the dIaphragm process because the
salt concentratIon m the membrane cell caustIC solutIon IS very low

3 3 2 4 Hydrogen ProcessIng The hydrogen produced m all of the electrolytIc processes
contaIns small amounts of water vapor, sodIUm hydroXide, and salt which IS removed through
coolIng The hydrogen produced dunng the mercury cell process also contaIns small amounts
of mercury WhICh must be removed by coolIng the hydrogen gas to condense the mercury and
treatmg WIth actIvated carbon

3 3 3 Raw MaterIal Inputs and Pollution Outputs In the Production Lme

Inputs and pollutant outputs of the chlor-alkalI mdustry are relatIvely small both III number and
volume III companson to the chemical manufacturIng mdustry as a whole The mputs are
prunanly salt and water as feedstocks, aCids and chemIcal preCIpItants used to remove
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unpurItles In the Input brIne or output chlorIne and caustic soda, and freon used for lIquefyIng
and pUrIfyIng the chlorIne gas produced The major pollutant outputs from all three
electrolytic processes are chlorme gas emIssIons (both fugltlve and POInt source), spent aCIds,
freon (both fugItIve and POInt source), ImpurItIes removed from the Input salt or brIne, and
pollutants orIgmatmg from electrolytic cell matenals and other system parts

Inputs and pollutant outputs from the aUXIlIary processes such as brme pUrIfication, chlorIne
processmg, caustIc soda processIng, and hydrogen processIng are descrIbed In Section 3 3 4

333 1 Mercury Cell Wastewater streams from mercury cell facIlltles arIse from the
chlonne drymg process, brme purge, and miscellaneous sources Small amounts of mercury
are found m the brIne purge and miscellaneous sources which mclude floor sumps and cell
wash water Before treatment, mercury concentrations (pnncipally In the form of merCUrIC
chlOrIde, HgCIl) typIcally range from 0 to 20 ppm PrIor to treatment, sodIUm hydrosulfide
IS used to preCIpitate merCUrIC sulfide The mercuric sulfide IS removed through filtration
before the water IS discharged

Air emIssIons COnsISt of mercury vapor and chlorIne gas released m relatively small amounts
as fugltlve emIssIons from the cells, and m the tall gases of the chlOrIne processmg, caUstic
soda processmg, and hydrogen processmg Process tall gases are wet scrubbed WIth caustic
soda or soda ash solutIOns to remove chlorme and mercury vapor ReSIdual chlOrIne emissIons
In tall gases after treatment are less than one kIlogram (kg) per 1,000 kg of chlorme produced
and mercury emISSIOns are neglIgIble The tall gas scrubber water IS typIcally reused as brIne
make-up water

SolId wastes contaImng mercury Include solIds generated durIng brIne pUrIfication, spent
graphite from decomposer cells, spent caustic filtratIon cartrIdges from the filtration of caustIc
soda solution, spIlled mercury from faCIlIty sumps, and mercury cell "butters," WhICh are
semIsolId amalgams of mercury WIth banum or Iron formed when an excess of banum IS used
durmg salt pUrIficatIon

3 3 3 2 DIaphragm Cell Wastewater streams from the dIaphragm cell process orIgInate
from the barometric condenser durmg caustIC soda evaporation, chlorIne dryIng, and from
pUrIficatIon of salt recovered from the evaporators The use of lead and graphIte anodes and
asbestos dIaphragms generates lead, asbestos, and chlOrInated hydrocarbons In the caustIc soda
and chlOrIne processmg waste streams Lead salts and chlOrInated hydrocarbons are generated
from corrosIOn of the anodes, and asbestos partIcles are formed by the degradatIon of the
dIaphragm WIth use Over the past twenty years, all but a few diaphragm cell faCIlIties In the
U S have SWItched from the use of lead and graphIte anodes WIth asbestos dIaphragms to DSA
anodes and ModIfied DIaphragms WhICh resist corrosion and degradation The lead, asbestos,
and chlonnated hydrocarbon contaminants are, therefore, no longer dIscharged In slgmficant
amounts from most dIaphragm cell chlor-aikall faCIlIties Those facIlItIeS that discharged
caustIC prOcessIng wastewater streams to on-site lagoons may, however, still have slgmficant
levels of these contamInants on-site

Chlorme IS released m relatIvely small amounts as fugItive emiSSIOns from the cells and In the
process tall gases Process tall gases are wet scrubbed WIth soda ash or caustIC soda SOlUtIOns
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to remove chlonne ResIdual chlorme emIssIons m tall gases after treatment are neglIgIble
The spent cauStIc solutIon IS neutralIZed pnor to dIscharge

SolId wastes generated m the dIaphragm process COnsISt prunanly of solIds generated dunng
bnne punficatIon and scrapped cell parts mcludmg, cell covers, plpmg and used dIaphragms
DIscarded ce)) parts are eIther land filled on-sIte, as IS typIcally the case for spent dIaphragms,
or shIpped off-SIte for dIsposal Used cathodes and DSA anodes are typIcally shIpped off-site
for recovery of theIr tItanIum content

3 3 3 3 Membrane Cell Wastewater from the membrane cell process ongmates from the
barometrIc condenser dunng caustIC soda evaporatIon, chlorme drymg, and wash water from
the Ion exchange resm used to punfy the brme solutIon The Ion exchange wash water
COnsISts of dIlute hydrochlonc aCId WIth small amounts of dIssolved calcIUm, magneSIum, and
alummum chlonde The wastewater IS combmed WIth the other process wastewaters and
treated by neutralIzatIon

Chlonne IS released m relatIvely small amounts as fugItIve emISSIOns from the cells and m the
process tad gases Process tall gases are wet scrubbed WIth soda ash or caustIc soda solutIons
to remove chlonne ResIdual chlorme enussIOns m tad gases after treatment are neglIgIble
The spent caustIc solutIon IS neutralIZed pnor to dIscharge

SolId waste generated m the dIaphragm process COnsISts prImanly of solIds generated dunng
bnne punficatIon and used cell parts whIch mclude membranes, cathodes and DSA anodes
The used membranes are typIcally returned to the supplIer and the used cathodes and DSA
anodes are shIpped off-site for recovery of theIr tItarnum content

3 3 4 AUXIliary Processes

3 3 4 1 BrIDe PurIficatIon Bnne solutIOns are typIcally treated WIth a number of chemIcals
to remove ImpuntIes pnor to mput to the electrolytIc cells In the case of mercury and
membrane cell systems, the brme IS first aCIdIfied WIth HCI to remove dIssolved chlorme
Next, sodIUm hydrOXIde and sodIUm carbonate are added to preCIpItate calcIUm and
magneSIUm IOns as calcIum carbonate and magneSIUm hydrOXIde Banum carbonate IS then
added to remove sulfates WhICh preCIpItate out as barIum sulfate The preCIpItants are
removed from the brIne SolutIon by settlmg and filtratIOn Pollutant outputs from thIS process
mclude fugItIve chlonne emIssIons and bnne muds

Bnne muds are one of the largest waste streams of the chlor-alkalI mdustry On average,
about 30 kg of bnne mud are generated for every 1,000 kg of chlorme produced The volume
of mud WIll vary, however, dependmg on the purIty of the salt used Some facIlItIes use pre
punfied (I e , chemIcal grade) evaporated salts whIch wIll produce only 07 to 6 0 kg of bnne
mud per 1,000 kg of chlorme produced Brme mud typIcally contaIns magneSIUm hydrOXIde,
calCIUm carbonate, and, In most cases, banum sulfate Mercury cell bnne muds usually
contam mercury eIther In the elemental form or as the complex lon, mercunc chlOrIde
(HgCli)

Bnne muds are usually segregated from other process wastes and stored In lagoons on-sIte
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When the lagoons become filled, the brme mud IS either dredged and land filled off-site, or
dramed and covered over Some plants that use brme solutIon leached from subterranean
depOSits mJect brme muds mto the salt cavItIes that are no longer bemg used

3 3 4 2 Chlorme Processmg The chlorme gas recovered from electrolytIc cells IS cooled to
remove water vapor The condensed water IS usually recycled as brme make-up although
some facIlItIeS combme tlus waste stream With other waterborne waste streams prior to
treatment The remalmng water vapor IS removed by scrubbmg the chlorme gas With
concentrated sulfuriC aCid The chlOrine gas IS then compressed and cooled to form liqUid
chlOrine Between SIX kg and 35 kg of 79 percent sulfuriC aCid wastewater IS generated per
1,000 kg of chlorme produced The majorIty of the spent sulfurIC aCId waste IS shIpped off
site for refortIficatIon to concentrated sulfurIC aCId or for use m other processes The
remamder IS used to control effluent pH and/or IS discharged to water or land disposed

The process of pUrIfymg and hquefymg unpure chlOrIne gas mvolves the absorptIOn of the
chlOrine m a stream of carbon tetrachlOrIde The chlorme IS subsequently removed m a
strlppmg process m whIch the carbon tetrachlOride IS either recovered and reused, or IS vented
to the atmosphere

3 3 4 3 Caustic Soda Processmg CaustIc soda solutIon generated from chlor-alkah
processes IS typIcally processed to remove unpuntles and, m the case of the diaphragm and
membrane processes, IS concentrated to either a 50 percent or 73 percent water-based solutIon
or to anhydrous caustIc soda About five tons of water must be evaporated per ton of 50
percent caustic soda solutIon produced The water vapor from the evaporators IS condensed m
barometrIC condensers and, m the case of the diaphragm process, wIll prunanly contam about
15 percent caustIc soda SolutIon and high concentrations of salt If sodlUm sulfate IS not
removed durmg the brIne pUrIfication process, salt recovered from the evaporators IS often
recrystalhzed to aVOId sulfate buIldup m the brme If the salt IS recrystallIzed, the wastewater
from sodlUm hydrOXide processmg wIll also contam sodlUm sulfates SIgmficant levels of
copper may also be present m the wastewater due to corrosion of pIpes and other eqUIpment
Wastewater from the membrane process contains caustic soda solutIon and VIrtually no salt or
sodlUm sulfates

CaustIc soda processmg wastewater IS typIcally neutralIZed WIth hydrochlOriC aCid, l3.gooned,
and then discharged directly to a receIvmg water or land disposed The caustIc soda generated
from the mercury process only requires filtratIon to remove mercury droplets WhICh are
typically recovered for reuse

3 3 4 4 Hydrogen Processmg The hydrogen produced m all of the electrolytiC processes
contaIns small amounts of water vapor, sodlUm hydrOXIde, and salt WhICh IS removed through
coolIng Condensed salt water and sodium hydrOXide solutIon IS either recycled as brine
make-up or treated WIth other waterborne waste streams The hydrogen produced durmg the
mercury cell process, however, also contains small amounts of mercury which must be
removed pnor to lIquefaction Most of the entramed mercury IS extracted by coolIng the gas
The condensed mercury IS then returned to the electrolytic cells Some faCIlIties further pUrIfy
the hydrogen gas of mercury usmg activated carbon treatment Spent actIvated carbon IS
typically shipped off-Site as a hazardous waste
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3 4 Summary of Health and TOXICity Effects of Selected Inorgamc Chemicals

3 4 1 HydrochloriC ACid

Sources HydrochlorIc aCId IS one of the hIghest volume chemIcals produced by the morgamc
chemIcal Industry In the U S Some of Its more common uses are as a pIckling lIquor and
metal cleaner In the Iron and steel Industry, as an actIvator of petroleum wells, as a boIler
scale remover, and as a neutralIZer of caustIc waste streams

TOXicity HydrochlOrIC aCId IS prunaI'lly a concern In Its aerosol form ACId aerosols have
been ll1lphcated In causing and exacerbating a varIety of respIratory aIlments Dermal
exposure and ingestIon of hIghly concentrated hydrochloI'lc aCId can result In corrosIvlty

EcologIcally, aCCIdental releases of solutIon forms of hydrochlOrIC aCId may adversely affect
aquatIc hfe by including a transIent lowerIng of the pH (1 e , increasing the aCIdIty) of surface
waters

CarcmogemClty There IS currently no eVIdence to suggest that thIS chemIcal IS carcInogemc

EnVironmental Fate Releases of hydrochloI'lc aCId to surface waters and soIls wIll be
neutralIZed to an extent due to the buffering capacItIes of both systems The extent of these
reactIOns WIll depend on the characterIstIcs of the speCIfic enVIronment

PhySical Properties Concentrated hydrochlOrIC aCId IS lnghly corrOSIve

3 4 2 ChromIum and ChromIum Compounds

Sources Chrome pIgments, chromates, chromIC aCId, chromIUm salts, and other Inorgamc
chromIUm compounds are some of the larger volume products of the Inorgamc chemIcals
Industry Chrome IS used as a plating element for metal and plastIcs to prevent corrOSIOn, and
as a constituent of certain steels and Inorgamc pIgments

TOXICity Although the naturally-occurring form of chromIum metal has very low tOXICIty,
chromIUm from industrIal emISSIOns IS hIghly toXIC due to strong OXIdatIon characterIstIcs and
cell membrane permeabIhty The majorIty of the effects detaIled below are based on
ChromIUm VI (an Isomer that IS more tOXIC than Cr ill) Exposure to chromIUm metal and
Insoluble chromIUm salts affects the respIratory system Inhalation exposure to chromIUm and
chromIUm salts may cause severe IrrItatIOn of the upper respIratory tract and scarring of lung
tIssue Dermal exposure to chromIUm and chromIUm salts can also cause sensItive dermatitIS
and skin ulcers

EcologIcally, although chromIUm IS present In small quantItieS In all soIls and plants, It IS tOXIC
to plants at hIgher soIl concentrations (1 e , 0 2 to 0 4 percent In SOlI)

Carcmogemclty DIfferent sources dIsagree on the carcInogemcIty of chromIum Although an
Increased InCIdence In lung cancer among workers In the chromate-prodUCing Industry has
been reported, data are madequate to confIrm that chromIum IS a human carcinogen Other

43



sources consIder ChromIum VI to be a known human carcmogen based on InhalatIon
exposure

EnVironmental Fate ChromIum IS a non-volatIle metal WIth very low solubIlIty m water If
applIed to land, most chromIum remaIns m the upper five centImeters of soIl Most chromIum
m surface waters IS present m partIculate form as sedIment AIrborne chromIUm partIcles are
relatIvely unreactIve and are removed from the aIr through wet and dry depOSItIon The
precIpItated chromIUm from the aIr enters surface water or soIl ChromIum bIOaccumulates In
plants and ammals, WIth an observed bIOaccumulatIon factor of 1,000,000 In snaIls

3 4 3 Carbonyl Sulfide

Sources Carbonyl sulfide IS prImarIly generated by facIlItIes that hydrolyze amrnomum or
potassIUm thIocyanate durmg the manufacturmg of morgamc pIgments and dyes

TOXlclty Exposure to low to moderate concentratIons of carbonyl sulfide causes eye and skm
IrrItatIon and adverse central nervous system effects such as glddmess, headache, vertIgo,
amneSIa, confuSIon, and unconscIousness If mgested, gastromtestmal effects mclude profuse
salIvatIon, nausea, vomItIng and dIarrhea Moderate carbonyl sulfide pOlsomng also causes
rapId breathmg and heartbeat, sweatmg, weakness, and muscle cramps Exposure to very hIgh
concentratIons of carbonyl sulfide causes sudden collapse, unconscIousness, and death from
sudden respIratory paralysIs Recovery from sublethal exposure IS slow, but generally
complete DegradatIon products of carbonyl sulfide (especIally hydrogen sulfide) can result m
tOXIC symptoms and death

CarclnogemClty There IS currently no eVidence to suggest that thIs chenucalls carcmogemc

Envlronmental Fate If released to SOlI or surface waters, carbonyl sulfide wIll rapidly
volatIlIZe It IS not expected to adsorb to soIl sedIments or orgamc matter nor IS It expected to
bIOconcentrate m fish and aquatIC orgamsms Carbonyl sulfide IS hydrolyzed In water to
carbon dIOXIde and hydrogen sulfide Carbonyl sulfide IS expected to have a long reSidence
tIme m the atmosphere Atmosphenc removal of carbonyl sulfide may occur by slow reactIons
WIth other gases, and may also occur through adsorptIon by plants and soIl mIcrobes

3 4 4 Manganese and Manganese Compounds

Sources Manganese IS both a product and chenucal mtermedlate of the Inorgamc chemIcal
mdustry Manganese IS used as a purlfymg and scavengIng agent m metal productIon, as an
mtermedlate m alununum productIOn and as a constItuent of non-ferrous alloys to Improve
corrOSIOn resIstance and hardness

TOXlclty There IS currently no eVidence that human exposure to manganese at levels
commonly observed In ambIent atmosphere results In adverse health effects

Chromc manganese pOlsomng bears some sImIlanty to chromc lead pOlsomng OccurrIng via
InhalatIon of manganese dust or fumes, It prImarIly Involves the central nervous system Early
symptoms Include languor, speech dIsturbances, sleepIness, and crampIng and weakness In

44

-
I
I
I
I
I
I

-
I
I
I
I
I
I
I

-
•
-



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

legs A stohd mask-like appearance of face, emotlOnal dIsturbances such as absolute
detachment broken by uncontrollable laughter, euphorIa, and a spastIC galt WIth a tendency to
fall whIle walkIng are seen m more advanced cases Chromc manganese pOlsomng IS
reversIble If treated early and exposure stopped PopulatlOns at greatest rIsk of manganese
tOXICIty are the very young and those WIth rron deficIenCIes

EcologIcally, although manganese IS an essentIal nutrIent for both plants and amrnals m
exceSSIve concentratIons manganese InhIbIts plant growth

Carclnogemclty There IS currently no eVidence to suggest that thiS chemIcal IS carcmogemc

EnVironmental Fate Manganese IS an essentIal nutrIent for plants and amrnals As such,
manganese accumulates m the top layers of soIl or surface water sedunents and cycles between
the soIl and hvmg orgamsms It occurs mamly as a sohd under environmental condItIons,
though may also be transported m the atmosphere as a vapor or dust

345 Ammoma

Sources Ammoma IS used m many chemIcal manufacturmg processes and IS the bUIldmg
block for all synthetic mtrogen products Its prevalence and Its volatile and water soluble
characterIstics allow It to be readIly released to the arr and water In the morgamc chemIcal
manufacturIng mdustry, ammoma can be eIther a feedstock or a by-product Some of the
more common morgamc chemIcal mdustry processes usmg or producmg ammoma mclude the
manufactunng of ammomum chlonde, ammomum hydroxide, ammomum thIosulfate,
ammomum mtrate, hydrazIne, and hydrogen cyamde

TOXICity Anhydrous ammoma IS Irritatmg to the skm, eyes, nose, throat, and upper
respIratory system EcologIcally, ammoma IS a source of mtrogen (an essentIal element for
aquatIc plant growth), and may therefore contnbute to eutrophication of standmg or slow
movmg surface water, particularly In mtrogen-lunlted waters In addItIon, aqueous ammorua IS
moderately tOXIC to aquatIc orgamsms

Carclnogemclty There IS currently no eVIdence to suggest that thIS chemIcal IS carcInogemc

EnVironmental Fate Ammorua combmes WIth sulfate IOns m the atmosphere and IS washed
out by ramfall, resultmg m rapId return of ammorua to the SOlI and surface waters Ammorua
IS a central compound m the envrronmental cyclmg of rutrogen Ammoma m lakes, flvers,
and streams IS converted to mtrate

PhySical Propenzes Ammoma IS a corrosive and severely Irritatmg gas With a pungent odor

3 5 Pollution Prevention OpportumtJes

ThIS sectIOn prOVIdes both general and company-specIfic deSCrIptions of some pollutIon
preventIon advances that have been Implemented wIthm the morgaruc chemIcal manufacturIng
mdustry WhIle the lIst IS not exhaustIve, It does prOVIde core mformatlon that can be used as
the startmg pomt for facJ1mes mterested In begmrung theIr own pollutIon preventIon projects
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There have been numerous cases where the chemIcal mdustry has sunultaneously reduced
pollutant outputs and operatIng costs through pollutIOn preventIon technIques In the Inorgaruc
chemIcals manufacturmg sector, however, economIcally VIable pollution preventIOn
opportumtIes are not as easIly IdentIfied as m other sectors The relatIvely small SIZe and
lumted resources of a typIcal morgamc chemIcal faCIlIty llIDlts the number of feasIble pollutIon
prevention OptIOns The llIDlted resources avaIlable to the mdustry elunmates many pollutIon
preventIon OptIOns that reqUIre sIgmficant capItal expendItures such as process modIfications
and process redesIgn In addItiOn, the morgamc chemIcals mdustry's products are prImanly
commodity chemIcals for whIch the manufacturmg processes have been developed over many
years CommodIty chemIcal manufacturers redeSign theIr processes mfrequently so that
redeSign of the reactIon process or eqUIpment IS unlIkely In the short tenn In addition, the
mdustry I s process eqUIpment has been amortIZed over long penods of tIme makIng cost
effective process eqUipment Improvements scarce As a result, pollutIon preventIon In the
morgamc chemicals Industry IS somewhat restricted to the less costly OptIons, such as mmor
process modIficatIOns, operatIOnal changes, raw matenal substItutions, and recyclIng

35 1 FaCIlIty-Wide Opportumtles

PollutIon prevention m the morgamc chemIcal Industry IS process speCIfic As such It IS
dIfficult to generalIZe about the relatIve merIts of dIfferent pollutIon preventIon strategIes The
age and SIZe of the facIlIty, and the type and number of Its processes wIll determme the most
effectIve pollutIon preventIon strategy Bnef deSCrIptIons of some of the more WIdespread,
general pollutIon preventIon technIques found to be effective at morgamc chemIcals faCIlItIes
are prOVIded below It should be noted that many of the Ideas IdentIfied below as pollutIOn
preventIon opportumtIes, auned at reducmg wastes and reducmg matenals use, have been
carned out by the chemicals manufactunng mdustry m the U S for many years as the prunary
means of unprovmg process effiCIenCies and mcreasIng profits

3 5 1 1 Use Membrane Cell Process In chlor-alkalI productIon, pollutIon preventIon
Options have been demonstrated for both the mercury cell and dIaphragm cell processes,
however, the best opporturuty to reduce pollutant outputs, conserve energy, and reduce costs
In the chlor-alkah mdustry are m the converSIOn to the membrane cell process In terms of
energy consumptIon, the membrane cell process uses only about 77 percent of that of the
mercury cell process and about 90 percent of that of the dIaphragm cell process The'
membrane cell process also generates sIgmficantly less aIrborne and waterborne pollutants and
solId wastes

3 5 1 2 SubstItute Raw Materials The SUbstItutIon or elImInatIon of some of the raw
materIals used m the manufacturmg of morgamc chemIcals can result m substantial waste
reductIOns and cost savmgs Because unpurItles m the feed stream can be a major contrIbutor
to waste generatIon, one of the most common substitutIons IS to use a hIgher pUrIty feedstock
ThIS can be accomplIshed eIther by workIng With supphers to get a higher quahty feed or by
InstallIng pUrIficatIon equipment Raw materIals can also be substItuted WIth less tOXIC and
less water soluble materIals to reduce water contammatIon, and WIth less volatile matenals to
reduce fugItIVe emISSIOns SometImes certam raw materIals can be elunmated all together
The need for raw materIals that end up as wastes should be reexammed to determme If raw
materIals can be elumnated by modIfymg the process and unprovmg control
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3 5 1 3 Improve Reactor Efficiencies Smce the chemical products are pnmanly created
lDSlde the process reactor, It can be the prunary source for waste (off-spec) matenals One of
the most unportant parameters dlctatmg the reactor efficiency IS the quahty of mlxmg A
number of techmques can be used to unprove mIXmg, such as mstalhng baffles m the reactor,
a higher rotatIOns per mmute (rpm) motor for the agitator, a different mIXmg blade design,
multiple unpellers, and pump recirculation The method used to mtroduce feed to the reactor
can also have an effect on the quality of mlxmg A feed distrIbutor can be added to equalIZe
reSIdence tune through the reactor, and feed streams can be added at a pomt m tune closer to
the Ideal reactant concentratIon ThIS wlIl aVOId secondary reactIOns WhIch form unwanted by
products

3 5 1 4 Improve Catalyst The catalyst plays a cntlcal role 10 the effectIveness of chemIcal
conversIOn m the reactor Alternative chemical makeups and phySical charactenstlcs can lead
to substantial Improvements m the effectiveness and hfe of a catalyst Different catalysts can
also elImmate by-product formation Noble metal catalysts can replace heavy metal catalysts
to elImmate wastewater contammated With heavy metals The consumption of catalysts can be
reduced by usmg a more active form and emISSIOns and effluents generated dunng catalyst
actIvatIon can be elIm10ated by obtam1Og the catalyst 10 the actIve form

3 5 1 5 OptimIZe Processes Process changes that optunIze reactIOns and raw materials use
can reduce waste generatIon and releases Computer-eontrolled systems analyze the process
contmuously and respond more qUIckly and accurately than manual control systems These
systems are often capable of automatic startups, shutdowns, and product changeover WhICh can
brIng the process to stable condItions qUIckly, m1D1ffi1Zmg the generation of off-spec wastes
Other process optImIZatIon techmques mclude equalIZ10g the reactor and storage tank vent
hnes dur10g batch filhng to mIDImlZe vent gas losses, sequencmg the addItiOn of reactants and
reagents to optImIZe yields and lower emISSIOns, and optunlZ1Og sequences to mImmIze
wash10g operations and cross-contammatIon of subsequent batches

351 6 Reduce Heat Exchanger Wastes and IneffiCienCies Heat exchangers are often the
source of slgmficant off-spec product wastes generated by overheatmg the product closest to
the tube walls The best way to reduce off-spec product from overheatmg IS by reduc10g the
heat exchanger tube wall temperature ThIs can be accomphshed through a number of
techrnques which do not reduce the overall heat transferred such as reduc10g the tube wall
temperature and mcreasmg the effectIve surface area of the heat exchanger, usmg staged
heatmg by first heatmg WIth waste heat, then low pressure steam, followed by superheated
high pressure steam, momtonng and preventmg foul1Og of the heat exchanger tubes so that
lower temperature heat sources can be used, and usmg noncorrod1Og tubes WhICh wl1l foul less
qUIckly than tubes that corrode

3 5 1 7 Improve Wastewater Treatment and RecyclIng A large portIon of the morgamc
chemlcalmdustry's pollutants leave the facl1lt1es as wastewater or wastewater treatment system
sludge Improved treatment and mlDImIZatIon of wastewater are effective pollutIon preventIon
opportumtIes that often do not require slgmficant changes to the mdustrIal processes Modern
wastewater treatment technologIes such as Ion exchange, electrolytIC cells, reverse osmOSIS,
and unproved dIstIllatIOn, evaporatIon, and de-watermg can often be added to eXlstmg
treatment systems Wastewater streams contalmng aCIds or metals can be concentrated enough
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to be sold commercially as a product by shghtly altermg the manufacturmg process, addmg
processmg steps, and segregatmg wastewater streams Furthennore, many wastewater streams
can be reused Wlthm the same or different processes, slgmficantly reducmg discharges to the
wastewater treatment system An Ion exchange system mstalled m a mercury cell chlor-alkalI
plant reduced mercury by 99 percent m the faCIlIty's effluent An morgamc chemicals plant
makmg photocheIDlstry solutIOn generated a wastewater contammg sIlver ElectrolytIc cells
were mstalled that recovered 98 percent of the sIlver and an evaporator was added that
concentrated the remalmng hqUld for disposal resultmg m a 90 percent reductlon 10 waste
volume

3 5 1 8 Prevent Leaks and SpIlls The elImmatIon of sources of leaks and spIlls can be a
very cost effective pollution preventIOn opportumty Leaks and spIlls can be prevented by
InstallIng seamless pumps and other "leakless" components, maIntalmng a preventative
maIntenance program, and maIntaInmg a leak detection program

3 5 1 9 Improve Inventory Management and Storage Good mventory management can
reduce the generation of wastes by preventmg matenals from exceedmg their shelf hfe,
preventmg matenals from being left over or not needed, and reducmg the lIkelIhood of
aCCidental releases of stored matenal Deslgnatmg a materIals storage area, llID1tlng traffic
through the area, and gIvmg one person the responsibilIty to mamtam and dlstnbute matenals
can reduce materIals use, and the contamInation and dIspersal of materIals

3 5 2 OpportumtIes from Process/Product ModIficatIons

ThiS sectIon can be used as a diagnostIC tool for IdentIfymg common pollutIon-ereatmg
problems that morgamc cheIDlcal processing facIlItIes may expenence Suggested solutIOns to
prevent or reduce pollutIon loads, based on the latest data, follow each potentIal problem

3 5 2 1 By-products and Co-products

Quantity and Quality

Problem Process mefficiencles result m the generatIon of undeSIred by~products an~ co
products IneffiCIenCies wIll reqUIre larger volumes of raw matenals and result In additIonal
secondary products IneffiCienCies can also mcrease fugitIve emissIOns and wastes generated
through matenal handlmg
SolUtIon Increase product yield to reduce by-product and co-product generatIon and raw
matenal requirements

Uses and Outlets

Problem By-products and co-products are not fully utilIzed, generatmg matenal or waste that
must be managed
SolutIOn Identify uses and develop a sales outlet Collect mfonnatIOn necessary to finn up a
purchase commitment such as mInnnum quabty cnterIa, maxImum Impunty levels that can be
tolerated, and perfonnance cntena
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3 5 2 2 Catalysts

CompOSlllon

Problem The presence of heavy metals 10 catalysts can result 10 contammated process
wastewater from catalyst handlmg and separation These wastes may requIre specIal treatment
and dIsposal procedures or facI1mes Heavy metals can be InhIbitory or tOXIC to bIological
wastewater treatment umts Sludge from wastewater treatment umts may be claSSIfied as
hazardous due to heavy metals content Heavy metals generally exhIbIt low tOXICIty thresholds
10 aquatic enVIronments and may blOaccumulate
SolutlOn Catalysts compnsed of noble metals, because of theIr cost, can be recycled by both
on-SIte and off-SIte reclaImers

Preparatzon and Handlmg

Problem EmISSIOns or effluents are generated WIth catalyst activatIon or regeneratlOn
Solution Obtam catalyst 10 the active form PrOVIde 10 SItu aCtivatIon WIth appropnate
processmglactIvation faCIlItIes

Problem Catalyst attntlon and carry over mto product reqUIres de-ashmg faCIlItIes WhICh are
a lIkely source of wastewater and solId waste
Solution Develop a more robust catalyst or support

Problem Catalyst IS spent and needs to be replaced
SQlutIQn In SItu regeneratIon elImmates unloadmg/loadmg eIDlssIons and effluents versus off
SIte regeneratIon Qr dIsposal

PrQblem Pyrophonc catalyst needs to be kept wet, resultmg 10 lIqUId contammated WIth
metals
SQlutIQn Use a non-pyrophQrIc catalyst MlmmlZe amount of water reqUIred to handle and
store safely

Problem Short catalyst lIfe
SolUtion Study and Identify catalyst deactIvatIon mechanIsms AVOId conditlOns wl1Ich
prQmote thermal or chemIcal deactIvatIon By extendmg catalyst lIfe, emIssIons and effluents
assocIated WIth catalyst handhng and regeneratIon can be reduced

Effectiveness

PrQblem Catalyzed reaction has by-product formation, mcomplete converSlOn and less-than
perfect yIeld
SolutlOn Reduce catalyst consumptlOn WIth a more actIve form A hIgher concentratIon of
actIve mgredlent or Increased surface area can reduce catalyst loadmgs Use a more selectIve
catalyst WhICh WIll reduce the yIeld Qf undeSIred by-products Improve reactor
mlXmg/contact1Og tQ mcrease catalyst effectIveness Develop a thorough understandmg of
reactIon tQ allow optImIZatIOn of reactor deSIgn Include 10 the optImIZatIOn, catalyst
consumptIon and by-product yIeld
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3 5 2 3 Intermediate Products

Quantity and Quality

Problem IntermedIate reactIon products or chemIcal speCIes, mcludmg trace levels of tOXIC
constItuents, may contrIbute to process waste under both normal and upset condItions
SolUtIon ModIfy reactIon sequence to reduce amount or change composltIon of mtermedlates

Problem IntermedIates may contam tOXIC constItuents or have charactenstlcs that are harmful
to the enVIronment
SolutIon ModIfy reactIon sequence to change mtermedlate propertIes Use eqUIpment deSIgn
and process control to reduce releases

3 5 2 4 Process CondItIons/ConfiguratIOn

Temperature

Problem HIgh heat exchange tube temperatures cause thermal crackmg/decomposltlon of
many by-products These lower molecular weIght by-products are a source of "hght ends" and
fugItiVe emISSIOns HIgh localIZed temperature gIves rIse to polymerIZatIOn of reactIve
monomers, resultmg m "heaVIes" or "tars" Such matenals can foul heat exchange eqUIpment
or plug fixed-bed reactors, thereby requlrmg costly eqUIpment clearung and productIon outage
SolutIon Select operatmg temperatures at or near ambIent temperature whenever pOSSIble
Use lower pressure steam to lower temperatures Use mtermedlate exchangers to aVOId
contact WIth furnace tubes and walls Use staged heatmg to IDlmmIZe product degradatIon and
unwanted SIde reactIons Use a super heat of hIgh-pressure steam m place of furnace
Morutor exchanger foulIng to correlate process condItIOns WhICh mcrease foulmg, aVOId
condItIOns WhICh rapIdly foul exchangers Use on-lme tube cleamng technologIes to keep tube
surfaces clean to mcrease heat transfer Use scraped wall exchangers m VISCOUS serVIce Use
fallIng film reboI1er, pumped reCIrCUlatIon reboIler or hIgh-flux tubes

Problem HIgher operatmg temperatures 1IIlply "heat mput" usually VIa combustIon WhICh
generates emISSIOns
Solution Explore heat mtegratIon opporturutIes (e g , use waste heat to preheat matenals and
reduce the amount of combustIon reqUIred ) l

Problem Heat sources such as furnaces and boIlers are a source of combustIon emISSIons
SolutIon Use thermocompressor to upgrade low-pressure steam to aVOId the need for
addItIOnal bOIlers and furnaces

Problem Vapor pressure mcreases WIth mcreasmg temperature Loadmg/unloadmg, tankage
and fugltIve eIDlssions generally mcrease WIth mcreasmg vapor pressure
SolUtIon If pOSSIble, cool matenals before sendmg to storage Use hot process streams to
reheat feeds Add vent condensers to recover vapors m storage tanks or process Add closed
dome loadmg WIth vapor recovery condensers

Problem Water solubIlIty of most chemIcals mcreases WIth mcreasmg temperature
SolUtIon Use lower temperature (vacuum processmg)
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Pressure

Problem FugItlve emISsIOns from eqUIpment
Solution Equipment operatmg m vacuum servIce IS not a source of fugItIves, however, leaks
mto the process require control when system IS degassed

Problem Seal leakage potential due to pressure dIfferential
Solution M10ImIZe operatmg pressure

Problem Gas solubilIty mcreases With higher pressures
Solution Determ10e whether gases can be recovered, compressed, and reused or reqUIre
controls

Corrosive EnVironment

Problem Matenal contam1OatlOn occurs from corrOSIon products EqUIpment faIlures result
10 spIlls, leaks, and 10creased ma10tenance costs
SQlutlQn NeutralIZe corrQslvlty of matenals cQntact10g equipment Use CQrrOSIQn 1Ohlbltors
ImprQve metallurgy Qr prOVide coat1Og or lmmg Improve metallurgy or prOVide cQat10g Qr
hmng or operate 10 a less corrosive environment

Problem Increased waste generation due to addItlon of corrOSIon 1Ohlbitors or neutralIZation
SQlutIQn Improve metallurgy or prQvIde coat1Og or IImng Improve metallurgy or proVIde
coat1Og or lInmg or operate 10 a less corrOSIve envIronment

Batch vs Contmuous OperatIOns

Problem Vent gas lost dUrIng batch fill
SQlutIQn EqualIze reactor and stQrage tank vent lInes Recover vapors thrQugh cQndenser,
adsQrber, etc

Problem Waste generated by cleanmg/purg1Og of process eqUIpment between productIQn
batches
SQlutIQn Use matenals WIth low VISCOSIty Mmmuze equipment roughness OptlIDIZe
product manufacturIng sequence tQ mimIDIZe washmg Qperations and cross-contam1OatIQn of
subsequent batches l

Problem Process mefficlencles lower yield and mcrease emiSSIQns
SQlutIQn Sequence addltlQn of reactants and reagents to optlIDIZe Yields and lower emISSIOns

Problem Contmuous process fugItiVe emISSIOns and waste 10crease over tlIDe due to
eqUIpment faIlure through a lack of ma10tenance between turnarounds
SQlutlQn DeSIgn faCIlIty to readily allQw ma10tenance so as to aVOId unexpected eqUIpment
faIlure and resultant release

Process OperatIOn/Design

Problem Numerous processmg steps create wastes and QppQrtumtles fQr errors
SolutlQn Keep It slIDple Make sure all QperatIons are necessary More QperatlQns and
compleXity Qnly tend tQ 10crease pQtentIal emiSSIon and waste SQurces

PrQblem NQn-reactant matenals (solvents, absQrbents, etc) create wastes Each chemical
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(mcludmg water) employed WithIn the process mtroduces additional potential waste sources
the composItIon generated wastes also tends to become more complex
SolUtIon Evaluate umt operation or technologies (e g , separation) that do not require the
addItIon of solvents or other non-reactant chemicals

Problem HIgh conversIon WIth low yIeld results m wastes
SolutIon Recycle operatIons generally 11l1prove overall use of raw materIals and chemIcals,
thereby mcreasmg the yield of deSIred products whIle at the same t11l1e reducmg the generation
of wastes A case-m-pomt IS to operate at a lower conversIon per reaction cycle by reducmg
catalyst consumption, temperature, or reSidence t11l1e Many t11l1es, thiS can result m a higher
selectivity to deSIred products The net effect upon recycle of unreacted reagents IS an
mcrease In product Yield, while at the same time reducmg the quantItIes of spent catalyst and
less deSirable by-products

Problem Non-regenerative treatment systems result In Increased waste versus regeneratIve
systems
SolUtion RegeneratIve fixed bed treating or deSiccant operation (e g , alununum OXIde, SIlIca,
activated carbon, molecular Sieves, etc) wIll generate less quantities of solId or lIqUid waste
than non-regenerative umts (e g , calCIUm chlOrIde or actIvated clay) WIth regenerative umts
though, emISSIOns dUrIng bed actIvation and regeneratIon can be slgmficant Further, Side
reactIOns dUrIng actIvation/regeneration can give rIse to problematic pollutants

3 5 2 5 Product

Process Chemzstry

Problem InsuffiCient R&D mto alternative reactIon pathways may mISS pollutIon
opportumtles such as reducmg waste or el11l1Inatmg a hazardous constItuent
Solution R&D durmg process conceptIon and laboratory studies should thoroughly
investigate alternatives m process chemIStry that affect pollution prevention

Product Formulatzon

Problem Product based on end-use perfonnance may have undeSirable envIronmental lIDpacts
or use raw materIals or components that generate excessive or hazardous wastes ,
Solution Refonnulate products by substltutmg different materIal or usmg a mixture of
mdlvldual chemicals that meet end-use perfonnance speCificatIOns

3 5 2 6 Raw MaterIals

Purzty

Problem ImpurIties may produce unwanted by-products and waste TOXIC lIDpUrItIes, even In

trace amounts, can make a waste hazardous and therefore subject to strIct and costly
regulation
SolutIon Use higher pUrIty materIals PurIfy materIals before use and reuse If practical Use
InhIbItors to prevent SIde reactions

Problem ExceSSive ImpurIties may requIre more processmg and equipment to meet product
speCIficatiOns, Increasmg costs and potential for fugitIve emiSSIOns, leaks, and spIlls
SolutIon Achieve balance between feed pUrIty, processing steps, product qualIty, and waste
generatIon
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Problem SpecIfying a punty greater than needed by the process Increases costs and can
generate more waste generatIon by the supplIer
SolutIon SpeCIfy a pUrIty no greater than what the process needs

Problem ImpurItIes In clean aIr can mcrease mert purges
SolutIon Use pure oxygen

Problem ImpurIties may pOlson catalyst prematurely resulting In Increased wastes due to
yIeld loss and more frequent catalyst replacement
SolutIon Install guard beds to protect catalysts

Vapor Pressure

Problem HIgher vapor pressures Increase fugltlve emISSIOns In matenal handlIng and storage
Solution Use materIals WIth lower vapor pressure and hIgher odor threshold

Problem HIgh vapor pressure WIth low odor threshold matenals can cause nUIsance odors
Solution Use materIal WIth lower vapor pressure

Water Solubility

Problem TOXIC or non-bIOdegradable materIals that are water soluble may affect wastewater
treatment operatIon, efficIency, and cost
SolutIon Use less tOXIC or more bIodegradable matenals

Problem HIgher solubIlIty may Increase potential for surface and groundwater contamInatIOn
and may reqUIre more careful spIll preventIOn, contaInment, and cleanup plans
Solution Use less soluble materIals

Problem HIgher solubIlIty may Increase potentIal for stonn water contamInation In open
areas
Solution Use less soluble materIals Prevent dIrect contact WIth storm water by dI1Clng or
coverIng areas

Problem Process wastewater associated WIth water washmg or hydrocarbon/water phase
separatIOn wIll be unpacted by contaInment solubIlIty In water Appropnate wastewater
treatment wIll be unpacted
SolutIon Use less tOXIC or more biodegradable materials MInImIZe water usage Reuse
wash water DetermIne optunum process conditiOns for phase separation Evaluate alternative
separatIOn technologies (coalescers, membranes, dIStillatIOn, etc)

TOXICity

Problem Commuruty and worker safety and health concerns result from routme and non
rouune errusslOns EmISSIOns sources mclude vents, equIpment leaks, wastewater emiSSIOns,
emergency pressure rehef, etc
Solution Use less tOXIC materIals Reduce exposure through equipment deSign and process
control Use systems which are passive for emergency contamment of tOXIC releases

Problem Surges or higher than nonnal contInUOUS levels of tOXIC materIals can shock or mISS
wastewater biological treatment systems resultIng In pOSSIble fines and pOSSIble tOXICIty In the
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recelvmg water
SolutIon Use less toXIC matenal Reduce spIlls, leaks, and upset condltlons through
eqUIpment and process control Consider effect of chemicals on bIOlogical treatment, prOVide
urnt pretreatment or diverSIOn capacity to remove tOXICity Install surge capacity for flow and
concentration equahzatlon

Form ofSupply

Problem Small contamers mcrease shIppmg frequency whIch mcreases chances of matenal
releases and waste residues from shlppmg contamers (mcludmg wash waters)
SolUtIon Use bulk supply, shIp by plpelme, or use "Jumbo" drums or sacks In some cases,
product may be shipped out m the same contamers the matenal supply was shipped m WithOUt
washmg

Problem Nonreturnable containers may Increase waste
SolUtion Use returnable shlppmg containers or drums

Handlzng and Storage

Problem PhySical state (solId, lIqUid, gaseous) may raIse urnque envIronmental, safety, and
health Issues With unloadmg operations and transfer to process equipment
SolutIon Use eqUIpment and controls appropnate to the type of matenals to control releases

Problem Large mventones can lead to spIlls, Inherent safety Issues and matenal expiratIOn
SolUtIon Mmunlze mventory by utllIzmg Just-m-tIme delIvery

3 5 2 7 Waste Streams

Quantity and Quality

Problem Charactenstlcs and sources of waste streams are unknown
SolutIon Document sources and quantIties of waste streams pnor to pollutIOn prevention
assessment

Problem Wastes are generated as part of the process ,
SolUtIon DetermIne what changes m process conditIons would lower waste generation of
toXICity Detenmne If wastes can be recycled back Into the process

CompositIOn

Problem Hazardous or tOXIC constItuents are found In waste streams Examples are
sulfides, heavy metals, halogenated hydrocarbons, and polynuclear aromatics
SolutIon Evaluate whether different process conditiOns, routes, or reagent chemicals (e g ,
solvent catalysts) can be substItuted or changed to reduce or elImInate hazardous or tOXIC
compounds

Propenzes

Problem EnVironmental fate and waste properties are not known or understood
SolutIon Evaluate waste charactenstlcs usmg the followmg type properties COITOSlvlty,
IgmtabIllty, reactivity, BTU content (energy recovery), biodegradabilIty, aquatIc tOXICity, and
blOaccumulatlOn potential of the waste and of Its degradable products, and whether It IS a
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sohd, hquld, or gas

DIsposal

Problem Ablhty to treat and manage hazardous and tOXIC waste unknown or lumted
SolutIon ConsIder and evaluate all on-site and off-site recycle, reuse, treatment, and dIsposal
OptIOns avaIlable Determme avaIlabIlIty of faclhues to treat or manage wastes generated

Exhibit 3-2 PollutIOn Preventmg EqUIpment ModIficatiOns

EqUIpment PotentIal PossIble Approach
EnVIronment Problem

Destgll OperatIonal
Related Related

Compressors • Shaft seal leaks • Seal less deSigns • PreventIve mamtenance
blowers fans pIston rod seal leaks and (dIaphragmatIc hermetIc or program

vent streams magnetIcs)

• DeSIgn for low emIsSIons
(mternal balancmg double
mlet gland eductors)

• Shaft seal deSIgns (carbon
rmgs double mechamcal seals
buffered seals)

• Double seal wah bamer flUId
vented to control deVIce

Concrete pads • Leaks to groundwater • Water stops • Reduce unnecessary
floors sumps purges transfers and

sampling

• Embedded metal plates
l

• Epoxy sealing • Use drip pans where
necessary

• Other ImpervIous sealing
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Equipment Potential Possible Approach

EnVironment Problem
Design Operational
Related Related

Controls • Shutdowns and stan-ups • Improve on-hne controls • Contlnuous versus batch

generate waste and releases
• On-hne InstrumentatIOn • Optlmlze on lme run tlme

• Automatlc stan-up and • OptimIZe shutdown
shutdown mterlock mspectlon frequenc)

• On Ime vtbratlOn analysIs • Identify safety and
envIronment critical

mstrUments and equIpment

• Use consensus systems
(e g shutdown triP requIres
two out of three affirmatlve
responses)

Dlstlllatlon • Impurltles remam m • Increase reflux ratIo • Change column operating
process streams conditIOns

• Add sectlon to column - reflux ratlo
- feed tray

• Column mtervals - temperature
pressure

• Change feed tray etc

• Insulate to prevent heat loss • Clean column to reduce
foulmg

• Preheat column feed

• Increase vapor hne sIze to
lower pressure drop ,

• Large amounts of • Use rebOllers or men gas • Use hIgher temperature
contammated water strlppmg agents steam
condensate from stream
strlppmg
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Equipment Potential Possible Approach

Environment Problem
Design Operational

Related Related

General • Contammated ramwaler • Provide roof over process • Return samples to process

manufacturmg faclillles

equipment areas
• Segregate process discharge • Momtor storm water
system from storm dramage discharge
system (dlkmg)

• Hard-pipe process streams to
process discharge system

• Contammated spnnkler and • Seal floors
fire water

• Dram to sump

• Route to waste treatment

• Leaks and emissions durmg • Design for cleanmg • Use dnp pans for
cleamng mamtenance actlVllles

• Design for mmlmum nnsmg • Rmse to sump

• Design for mmlmum sludge • Reuse cleanmg solutions

• Provide vapor enclosure

• Dram to process
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Equipment Potential Possible Approach

EnVIronment Problem
OperationalDesign

Related Related

Heat exchangers • Increased waste due to high • Use mterrnedlate exchangers • Select operating
localIzed temperatures to aVOId contact With furnace temperatures at or near

tubes and walls ambient temperature when
ever poSSible These are

• Use staged heatmg to generally most desirable from
minimIZe product degradation a pollUtion prevention
and unwanted side reactions standpomt

(waste heat > > low pressure

steam > >high pressure steam) • Use lower pressure steam

to lower temperatures

• Use scraped wall exchangers • MOnitor exchanger foulIng
10 VISCOUS service to correlate process

condltJons which mcrease
• Usmg failIng film rebOller foulIng aVOId conditions
piped recirculation reboller or which rapidly foul
high-flux tubes exchangers

• Use lowest pressure steam • Use on-lIne tube cleanmg
poSSible techmques to keep tube

surfaces clean

• Contammated matenals • Use welded tubes or double • Momtor for leaks
due to tubes leakmg at tube tube sheets With men purge
sheets Mount venlcally

• Furnace emissIons • Use super heat of high
pressure steam 10 place of a
furnace
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Equipment Potential Possible Approach

Environment Problem
Design Operational

Related Related

PiPIng • Leaks to groundwaterl • Design equipment layout so • Monllor for corrosIOn and

fugitive emiSSions as to mlmmlze pipe run length erosIOn

• Ehmmate underground plpmg • Pamt to preveD[

or design for cathodIC external corrosIOn

protection If necessary to mstall
pIpIng underground

• Use welded fittmgs

• Reduce number of flanges
and valves

• Use all welded pIpe

• Use secondary contaInment

• Use spiral wound gaskets

• Use plugs and double valves
for open end hnes

• Change metallurgy

• Use hned pipe

• Releases when cleanmg or • Use pigs for c1eanmg • Flush to product storage
purgmg hnes tank

• Slope to low pomt dram

• Use heat tracmg and
Insulation to prevent freezmg

• Install equahzer hnes
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Equipment Potential Possible Approach

Environment Problem
OperationalDesign

Related Related

Pumps • Fuglllve emiSSions from • MechamcaJ seal 10 heu of • Seal mstallauon practices

shaft seal leaks packmg

• Double mechamcal seal with • Momtor for leaks

men barner fluid

• Double machmed seal with

bamer fluid vented to control

device

• Seal less pump (canned motor

magnetic dnve)

• VenJcal pump

• Fuglllve emissIons from • Use pressure transfer to

shaft seal leaks ehmmate pump

• Residual heel ofhquld • Low pomt dram on pump • Flush cas109 to process

dunng pump mamlenance casmg discharge syslem for

trealment

• Increase the mean time

belween pump failures by

selecting proper seal

malenal

ahgmng well

reducmg pipe mduced

stress

mamtammg seal lubncatlon

• IOjectlon of seal flush fluid • Use double mechamcal seal

mto process Slream with men bamer flUid where

practical
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EquIpment PotentIal PossIble Approach

EnvIronment Problem
DesIgn OperatIOnal

Related Related

Reactors • Poor conversIon or • StatiC mlxmg • Add mgredlents with

performance due to optimum sequence

madequate mlxmg • Add baffles

• Change Impellers

• Add horsepower • Allow proper head space In

reactor to enhance vortex

effect

• Add dlStnbutor

• Waste by product • Provide separate reactor for • Optimize reaCllon
formation converting recycle streams to condiUons (temperature

usable products pressure etc)

Rehef Valve • Leaks • PrOVide upstream rupture dISC

• Fugitive emISSIOns • Vent to control or recovery • MOnItor for leaks and for
deVIce control effiCiency

• Discharge to envIronment • Pump dIscharges to suction of • MOnItor for leaks
from over pressure pump

• Thermal relief to tanks

• AVOId dIscharge to roof areas
to prevent contammatlOn of
ramwater

• Frequent rehef • Use pIlot operated rehef • Reduce operating pressure
valve

• ReVIew system
• Increase margm between performance
deSign and operating pressure
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Equipment Potential Possible Approach

Environment Problem
Design Operational
Related Related

Samphng • Waste generation due to • In hne In Situ analyzers • Reduce number and size of

samphng (disposal samples reqUired

containers leaks fuglUves
etc) • System for return to process • Sample at the lowest

possible temperature

• Closed loop

• Dram to sump • Cool before samplmg

Tanks • Tank breathtng and • Cool matenals before storage • OptimIze storage condlUons
working losses to reduce losses

• Insulate tanks

• Vent to control deVice (flare
condenser etc)

• Vapor balanCing

• Floating roof

• Higher deSIgn pressure

• Leak to groundwater • All aboveground (situated so • Monnor for leaks and
bottom can routinely be corrosIOn
checked for leads)

• Secondary containment

• Improve corrosion resistance

• Large waste heel • DeSign for 100 % de • Recycle 10 process If
Inventory practical

Vacuum Systems • Waste discharge from Jets • SubslUute mechamcal vacuum • Momtor for aIr leaks
pump

• Evaluale uSing process flUId • Recycle condensate to
for powering Jet process
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EqUIpment Potential Possible Approach

Environment Problem
Design OperatIOnal

Related Related

Valves • FugJllve emiSSions from • Bellow seals • Strmgent adherence to

leaks packmg procedures

• Reduce number where

practlcal

• Special packmg sets

Vents • Release to environment • Route to control or recovery • MOnitor performance

deVice

63



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CHAPTER 4
PETROLEUM REFINING3

4 1 Introduction

Petroleum refinmg IS the physIcal, thermal and chemIcal separatIon of crude 011 mto ItS major
dIstIllatIon fractIOns whIch are then further processed through a senes of separatIOn and
converSIOn steps mto finIshed petroleum products For the purposes of thIS manual petroleum
refinmg mcludes petroleum products produced through the dIstIllatIon and fraCtlOnatIOn of
crude 011, re-dIstIllatIOn of unfinIshed petroleum denvatIves crackmg, or other processes

4 2 Product CharacterIZation

The pnmary products of the mdustry fall mto three major categones fuels (motor gasolme
dIesel and distillate fuel OIl. hquefied petroleum gas, Jet fuel, reSIdual fuel 011 kerosene and
coke), finIshed non-fuel products (solvents, lubncatmg 011s, greases, petroleum wax, petroleum
Jelly asphalt, and coke), and chemIcal mdustry feedstocks (naphtha, ethane propane butane
ethylene, propylene, butylenes, butadiene, benzene, toluene, and xylene) These petroleum
products are used for energy and as pnmary mput to a vast number of products mcludmg
fertIlIzers, pestiCIdes, pamts, waxes thmners, solvents, cleanmg flUIds, detergents refngerants
antI-freeze, resms, sealants, msulatIOns, latex, rubber compounds, hard plastiCS plastIC sheetmg,
plastIC foam and synthetiC fibers

4 3 Industrial Process DescriptIOn

ThiS sectIOn descnbes the major mdustnal processes WIthm the petroleum refirung mdustry
mcludmg the matenals and eqUIpment used, and the processes employed ThiS diSCUSSion also
prOVIdes a concise descnptIOn of where wastes may be produced m the process and descnbes the
potentIal fate (VIa aIr, water, and soIl pathways) of these waste products

4 3 1 Industrial Processes m the Petroleum Refinmg Industry

Crude OlliS a mIxture of many different hydrocarbons and small amounts of Impuntles' The
compOSitIOn of crude 011 can vary SignIficantly dependmg on Its source Petroleum refinenes are
a complex system of multiple operatIOns and the operatIons used at a gIven refinerY depend upon
the propertIes of the crude 011 to be refined and the deSIred products For these reasons, no two
refinenes are alIke PortIOns of the outputs from some processes are re-fed back mto the same
process, fed to new processes, fed back to a prevIOUS process, or blended with other outputs to

3 The mformatlOn In thiS chapter IS denved from the U S EnVironmental ProtectIOn
Agency's Office of ComplIance Sector Notebook Project, Profile of the Petroleum Refimng
Industry, September 1995 (document # EPA/31O-R-95-013) Readers should refer to that
document for a comprehensIve set of references and sources Contact your local EP3
Cleannghouse for a copy of the EPA document or for mformatlon on how to access It

electromcally VIa the Internet
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fonn fimshed products The major umt operatIOns typlcallv mvolved at petroleum refinenes are
descnbed bnefly below

Refimng crude oIl mto useful petroleum products can be separated mto two phases and a number
of supportmg operatIOns The first phase IS desaltmg of crude 011 and the subsequent dIstillatIOn
mto ItS vanous components or "fractIons" The second phase IS made up of three dIfferent tvpes
of "downstream" processes combmmg, breakmg, and reshapmg Downstream processes
convert some of the dIstIllatIOn fractIons mto petroleum products (reSIdual fuel 011 gasohne
kerosene, etc) through any combmatIOn of dIfferent crackmg, cokmg, refonnmg, and aU..\ latIon
processes Supportmg operations may mclude wastewater treatment, sulfur recovel') addltI\ e
productIOn, heat exchanger cleanmg, blowdown systems, blendmg of products, and storage of
products

4 3 1 1 Crude 011 Distillation and Desaltmg One of the most Important operatIOns m a
refinery IS the mltlal dIstIllatIon of the crude 011 mto Its vanous boIlmg pomt fractIons
DIstIllatIOn mvolves the heatmg, vaponzatIOn, fractIonatIon, condensatIOn, and coolmg of
feedstocks ThIS sectIOn dIscusses the atmosphenc and vacuum dIstIllatIOn processes whIch
when used m sequence result m lower costs and hIgher effiCIencIes Tlus sectIOn also dIscusses
the Important first step of desaltmg the crude 011 pnor to dIstIllatIOn

4 3 1 1 1 Desaltmg Before separatIon mto fractIons, crude 011 usually must first be treated to
remove corrOSIve salts The desaltmg process also removes some of the metals and suspended
solIds WhICh cause catalyst deactIvatIon Desaltmg mvolves the mlxmg of heated crude 011 WIth
water (about three to 10 percent of the crude 011 volume) so that the salts are dIssolved m the
water The water must then be separated from the crude 011 m a separatmg vessel by addmg
demulslfier chemIcals to asSISt m breakmg the emulSIOn and/or, more commonly, by applymg a
hIgh potentIal electnc field across the settlIng vessel to coalesce the polar salt water droplets
The desaltmg process creates an Oily desalter sludge and a hIgh temperature salt water waste
stream WhICh IS typIcally added to other process wastewaters for treatment m the refinery
wastewater treatment faCIlItIes The water used m crude desaltmg IS often untreated or partIally
treated water from other refimng process water sources

4 3 1 1 2 Atmosphenc Distillation The desalted crude OllIS then heated m a heat exchanger
and furnace to about 398 DC and fed to a vertIcal, dIstIllatIOn column at atmosphenc pressure
where most of the feed IS vaponzed and separated mto ItS vanous fractIons by condensmg on 30
to 50 fraCtIOnatIOn trays, each correspondmg to a dIfferent condensatIOn temperature The lIghter
fractIOns condense and are collected towards the top of the column HeaVIer fractIOns, whIch
may not vaponze m the column, are further separated later by vacuum dIstIllatIOn WIthm each
atmosphenc dIstIllation tower, a number of SIde streams (at least four) of 10w-bOlhng pomt
components are removed from the tower from dIfferent trays These 10w-bOllmg pomt mIxtures
are m eqUlhbnum WIth heaVIer components whIch must be removed The SIde streams are each
sent to a dIfferent small stnppmg tower contammg four to 10 trays WIth steam mJected under the
bottom tray The steam stnps the lIght-end components from the heaVIer components and both
the steam and lIght-ends are fed back to the atmosphenc dIstIllatIon tower above the
correspondmg SIde stream draw tray FractIOns obtamed from atmosphenc dIstIllatIOn mclude
naphtha, gasolIne, kerosene, lIght fuel 011, dIesel Oils, gas 011, lube dIstIllate, and heavy bottoms
Most of these can be sold as fimshed products, or blended WIth products from downstream
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processes Another product produced In atmosphenc dIstIllation as well as many other refinen
processes, IS the lIght, non-condensable refinery fuel gas (maInly methane and ethane)
Typically thIs gas also contaInS hydrogen sulfide and ammOnIa gases The mIxture of these
gases is known as "sour gas" or "acid gas" The sour gas IS sent to the refinery sour gas
treatment system whIch separates the fuel gas so that It can be used as fuel In the refineI) heatmg
furnaces AIr emISSIons dunng atmosphenc dIStillatIon anse from the combustion of fuels In the
furnaces to heat the crude 011, process vents and fugItIve emISSIOns OIly sour ~ater (condensed
steam contammg hydrogen sulfate and ammonIa) and 011 IS also generated In the fractIOnators

4 3 1 1 3 Vacuum DistIllation HeaVIer fractIOns from the atmosphenc dIstIllatIon umt that
cannot be dIStIlled WIthout crackIng under ItS pressure and temperature condItIOns are vacuum
dIstIlled Vacuum dIstIllatIOn IS Simply the dIstIllatIOn of petroleum fractIons at a very lo~

pressure to mcrease volatilIzatIon and separatIOn In most systems, the vacuum InSIde the
fractIonator IS mamtamed WIth steam ejectors and vacuum pumps, barometnc condensers or
surface condensers The mJectIOn of superheated steam at the base of the vacuum fractIOnator
column further reduces the partIal pressure of the hydrocarbons m the tower, facIlItatmg
vaponzatIOn and separatIOn The heaVIer fractIOns from the vacuum dlstlllatIOn column are
processed downstream mto more valuable products through eIther crackmg or cokmg operatIOns

A potentIal source of emISSIons from dIstIllatlon of crude 011 are the combustIOn of fuels m the
furnace and some lIght gases leavmg the top of the condensers on the vacuum dIstillatIon
column A certam amount of non-condensable lIght hydrocarbons and hydrogen sulfide pass
through the condenser to a hot well, and then are dIscharged to the refinery sour fuel system or
are vented to a process heater, flare or another control deVice to destroy hydrogen sulfide The
quantIty of these emISSions depends on the SIze of the unIt, the type of feedstock, and the coolmg
water temperature Ifbarometnc condensers are used In vacuum dIstIllatIon, SIgnIficant amounts
of OIlv wastewater can be generated Vacuum pumps and surface condensers have largely
replaced barometnc condensers m many refinenes to elImInate thIS OIly wastewater stream OIly
sour water IS also generated m the fractIOnators

4 3 1 2 Downstream Processmg Certam fractiOns from the dIstillatIOn of crude Oil are further
refined m thermal crackmg (vIsbreakmg), cokmg, catalytIC crackmg, catalytIC hydrocrackmg,
hydrotreatmg, alkylatIon, IsomenzatIOn, polymenzatIOn, catalytIC reformmg, solvent extraction,
merox, de-waxmg, propane de-asphaltmg and other operatiOns These downstream processes
change the molecular structure ofhydrocarbon molecules eIther by breakmg them mto smaller
molecules, Jommg them to form larger molecules, or reshapmg them mto hIgher quality
molecules For many of the operatiOns dIscussed below, a number of dIfferent technIques are
used m the mdustry WhIle the major technIques used for each process are descnbed, it IS not
pOSSIble to diSCUSS all of the different processes currently muse

43121 Thermal CrackmgIVlsbreakmg Thermal crackmg, or visbreakmg, uses heat and
pressure to break large hydrocarbon molecules mto smaller, lIghter molecules The process has
been largelY replaced by catalytIC crackmg and some refinenes no longer employ thermal
crackmg Both processes reduce the productIOn of less valuable products such as heavy fuel OIl
and cutter stock and mcrease the feed stock to the catalytIC cracker and gasohne yIelds In
thermal crackmg, heavy gas OIls and reSIdue from the vacuum dlstlllatIon process are typIcally
the feed stocks The feed stock IS heated m a furnace or other thermal UnIt to up to 537 D C and
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then fed to a pressurIzed reactIon chamber FollOWIng the reactor step, the process stream IS
mixed WIth a cooler recycle stream whIch stops the cracking reactIons The product IS then fed
to a flasher chamber, where pressure IS reduced and hghter products vaponze and are drawn off
The hghter products are fed to a fractIOnatmg tower where the VarIOUS fractIons are separated
The "bottoms" consist of heavy reSidue, part of whIch IS recycled to cool the process stream
leavmg the reaction chamber, the remammg bottoms are usually blended mto reSidual fuel

Air emISSions from thermal crackmg mclude emISSIOns from the combustIOn of fuels m the
process heater, vents, and fugItIVe emISSIons A sour water stream IS generated m the
fractIonator

4 3 12 2 Cokmg Cokmg IS a crackmg process used pnmanly to reduce refinery productIon of
low-value reSidual fuel OIls to transportation fuels, such as gasolIne and dIesel As part of the
upgradmg process, cokmg also produces petroleum coke, whIch IS essentially solId carbon With
varymg amounts of ImpuntIes, and IS used as a fuel for power plants If the sulfur content IS lov.
enough Coke also has non-fuel apphcatlOns as a raw matenal for many carbon and graphIte
products mcludmg anodes for the productlOn of alummum, and furnace electrodes for the
productlOn of elemental phosphorus, tItanIUm dIOXIde, calcIum carbide and slhcon carbide A
number of different processes are used to produce coke, "delayed cokmg" IS the most Widely
used today, but "flUId cokmg" IS expected to be an Important process m the future FlUId cokmg
produces a hIgher grade of coke whIch IS mcreasmgly m demand In delayed cokmg operatIOns
the same basIC process as thermal crackmg IS used except feed streams are allowed to react
longer WIthout bemg cooled The delayed cokmg feed stream of reSIdual OIls from various
upstream processes IS first mtroduced to a fractlOnatmg tower where reSidual hghter matenals are
drawn off and the heavy ends are condensed The heavy ends are removed and heated m a
furnace to about 481 0. 537°C and then fed to an msulated vessel called a coke drum where the
coke IS formed When the coke drum IS filled WIth product, the feed IS SWItched to an empty
parallel drum Hot vapors from the coke drums, contammg cracked hghter hydrocarbon
products, hydrogen sulfide, and ammorna, are fed back to the fractlonator where they can be
treated m the sour gas treatment system or drawn offas mtermedIate products Steam IS then
mJected mto the full coke drum to remove hydrocarbon vapors, water IS mJected to cool the coke
and the coke IS removed Typically, hIgh pressure water jets are used to cut the coke from the
drum

Air emISSions from cokmg operatIOns mclude the process heater flue gas emiSSIOns, fugitIve
emISSIOns and emISSIons that may arIse from the removal of the coke from the coke drum The
mjected steam IS condensed and the remammg vapors are typIcally flared Wastewater IS
generated from the coke removal and coohng operatIOns and from the steam mjectIOn In
additlOn, the removal of coke from the drum can release partIculate emissions and any remammg
hydrocarbons to the atmosphere

4 3 1 2 3 Catalytic CrackIng CatalytiC crackmg uses heat, pressure and a catalyst to break
larger hydrocarbon molecules mto smaller, hghter molecules CatalytiC crackmg has largely
replaced thermal crackmg because It IS able to produce more gasohne With a higher octane and
less heavy fuel OIls and hght gases Feed stocks are hght and heavy OIls from the crude 011
dlstI1latlOn urnt which are processed pnmarIly mto gasohne as well as some fuel 011 and hght
gases Most catalysts used m catalytiC crackmg consist of mIxtures of crystallme synthetiC sllIca-
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alumma termed "zeolItes,' and amorphous svnthetIc silIca-alumma The catalytIc crackmg
processes, as well as most other refinery catalytic processes produce coke wluch collects on the
catalyst surface and dlmlrushes Its catalytIC propertIes The catalyst, therefore, needs to be
regenerated contmuously or penodlcally essentially by burnmg the coke off the catalvst at hIgh
temperatures The method and frequency In wluch catalysts are regenerated are a major factor m
the desIgn of catalytIc crackmg unIts A number of dIfferent catalytIc crackmg desIgns are
currently muse m the US, mcludmg fixed-bed reactors, movmg-bed reactors, flUIdIzed-bed
reactors, and once-through UnIts The fluidIzed- and movmg-bed reactors are bv far the most
prevalent

FlUIdIzed-bed catalytIc crackmg UnIts (FCCUs) are by far the most common catalytIc crad..mg
UnIts In the flUIdIzed-bed process, 011 and 011 vapor pre-heated to 260 to 426°C IS contacted
wIth hot catalyst at about 703°C eIther m the reactor Itself or m the feed hne (nser) to the reactor
The catalyst IS m a fine, granular form whIch, when mIxed WIth the vapor, has many of the
properties of a flUId The flUIdIzed catalyst and the reacted hydrocarbon vapor separate
mechanIcally m the reactor and any 011 remammg on the catalyst IS removed by steam stnppmg
The cracked 011 vapors are then fed to a fractIOnatIOn tower where the vanous deSIred fractIOns
are separated and collected The catalyst flows mto a separate vessel(s) for eIther smgle- or two
stage regeneratIOn by burnmg off the coke depOSIts WIth aIr

In the movmg-bed process, 011 IS heated to Up to 703°C and IS passed under pressure through the
reactor where It comes mto contact WIth a catalyst flow m the form of beads or pellets The
cracked products then flow to a fractIonatmg tower where the vanous compounds are separated
and collected The catalyst IS regenerated m a contmuous process where depOSIts of coke on the
catalyst are burned off Some unIts also use steam to stnp remamIng hydrocarbons and oxygen
from the catalyst before bemg fed back to the all stream In recent years mOVIng-bed reactors
have largely been replaced by flUIdIzed-bed reactors

CatalytIC crackmg IS one of the most SIgnIficant sources of air pollutants at refinenes AIr
emISSIons from catalytIC crackmg operatIOns mclude the process heater flue gas emISSIOns,
fugItIve emISSIOns, and emISSIOns generated dunng regeneratIOn of the catalyst RelatIvely hIgh
concentratIOns of carbon monOXIde can be produced dunng regeneratIOn of the catalyst whIch IS
typically converted to carbon diOXIde eIther m the regenerator or further downstream m a carbon
monOXIde waste heat bOIler In addItIOn, a SIgnIficant amount of fine catalyst dust IS produced In
FCCUs as a result of the constant movement of the catalyst grams agamst each other Much of
thiS dust, consIst1Og pnmanly ofalumma and relatIvely small amounts of nIckel, IS carrIed WIth
the carbon monOXIde stream to the carbon monOXIde burner The catalyst dust IS then separated
from the resultmg carbon dIOXIde stream VIa cyclones and/or electrostatic preCIpItators and IS
sent off-sIte for dIsposal or treatment Generated wastewater IS typIcally sour water from the
fractIOnator contammg some 011 and phenols Wastewater contammg metal ImpurItIes from the
feed 011 can also be generated from the steam used to purge and regenerate catalysts

4 3 1 2 4 Catalytic Hydrocrackmg CatalytIC hydrocrackmg normally utIlIzes a fixed-bed
catalytIC crackmg reactor WIth crackmg occumng under substantIal pressure 10 the presence of
hydrogen Feedstocks to hydrocrackmg uruts are often those fractIOns that are the most dIfficult
to crack and cannot be cracked effectively m catalytiC crackmg umts These mclude middle
distIllates, cycle oIls, reSidual fuel OIls and reduced crudes The hydrogen suppresses the
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formatIon of heavy resIdual matenal and mcreases the yIeld of gasolIne bv reactmg with the
cracked products However, thIS process also breaks the heavy, sulfur and mtrogen beanng
hydrocarbons and releases these Impunties to where they could potentiallv foul the catalvst For
thIS reason, the feedstock IS often first hvdrotreated to remove Impunties before bemg sent to the
catalytIC hydrocracker SometImes hydrotreatmg IS accomphshed by usmg the first reactor of the
hydrocrackmg process to remove Impunties Water also has a detnmental effect on some
hydrocrackmg catalysts and must be removed before bemg fed to the reactor The \\ater IS
removed by passmg the feed stream through a sIlIca gel or molecular SIeve drYer Dependmg on
the products deSIred and the SIze of the umt, catalytIC hydrocrackmg IS conducted m either smgle
stage or multi-stage reactor processes Most catalysts conSIst of a CrYstallIne mIxture of sllica
alumma WIth small amounts of rare earth metals

Hydrocrackmg feedstocks are usually first hydrotreated to remove the hydrogen sulfide and
ammoma that WIll pOlson the catalyst Sour gas and sour water streams are produced at the
fractlonator, however, If the hydrocrackmg feedstocks are first hydrotreated to remo\e
ImpuntIes, both streams w111 contam relatively low levels of hydrogen sulfide and ammoma
Hydrocrackmg catalysts are typIcally regenerated off-SIte after two to four years of operatIOn
Therefore, httle or no emISSIons are generated from the regeneratIon processes AIr emISSIOns
anse from the process heater, vents, and fugItIve emISSIOns

4 3 1 2 5 HydrotreatmgIHydroprocessmg Hydrotreatmg and hydroprocessmg are SImIlar
processes used to remove Impunties such as sulfur, mtrogen, oxygen halIdes and trace metal
ImpuntIes that may deactIvate process catalysts Hydrotreatmg also upgrades the qualIty of
fractIOns by convertmg oletins and dlOlefins to paraffins for the purpose of reducmg gum
formatIOn m fuels Hydroprocessmg, WhICh typIcally uses reSIduals from the crude distillatIOn
umts, also cracks these heaVier molecules to lIghter, more saleable products Both hydrotreatmg
and hydroprocessmg unItS are usually placed upstream of those processes m whIch sulfur and
mtrogen could have adverse effects on the catalyst, such as catalytIC reformmg and
hydrocrackmg unItS The processes utIlIze catalysts m the presence of substantial amounts of
hydrogen under hIgh pressure and temperature to react the feedstocks and Impunties WIth
hydrogen The reactors are nearly all fixed-bed WIth catalyst replacement or regeneration done
after months or years of operatIon often at an off-SIte faCIlIty In addItIOn to the treated products
the process produces a stream of lIght fuel gases hydrogen sulfide and ammoma The treated
product and hydrogen-nch gas are cooled after they leave the reactor before bemg separated
The hydrogen IS recycled to the reactor

The off-gas stream may be very nch m hydrogen sulfide and lIght fuel gas The fuel gas and
hydrogen sulfide are typIcally sent to the sour gas treatment umt and sulfur recovery umt
Catalysts are typIcally cobalt or molybdenum OXIdes on alumma, but can also contam mckel and
tungsten AIr emISSIons from hydrotreatmg may anse from process heater flue gas, vents, and
fugItive emISSIons

4 3 1 2 6 AlkylatIOn Alkylation IS used to produce a hIgh octane gasolme blendmg stock from
the ISObutane formed pnmanly dunng catalytIC crackmg and cokmg operatIons, but also from
catalytiC reformmg, crude dIstIllation and natural gas processmg AlkylatIOnjoms an olefin and
an Isoparaffin compound usmg either a sulfunc aCId or hydrofluonc aCId catalyst The products
are alkylates mcludmg propane and butane lIqUIds When the concentratIOn of aCid becomes less
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than 88 percent, some of the aCId must be removed and replaced With stronger aCId In the
hydrofluonc aCId process, the shp stream of aCId IS redlstllied DIssolved polyrnenzatiOn
products are removed from the aCId as a thtck dark OIl The concentrated hvdrofluonc aCId IS
recycled and the net consumptiOn IS about 0 I laJograms per barrel ofalkylates produced
Hydrofluonc aCId alkylatlOn urnts requIre specIal engmeenng deSIgn, operator trammg and safety
eqUipment precautions to protect operators from aCCIdental contact With hydrofluonc aCId WhICh
IS an extremely hazardous substance In the sulfunc aCId process, the sulfunc aCId remo" ed must
be regenerated m a sulfunc aCId plant whIch IS generally not a part of the alkylatiOn umt and mav
be located off-SIte Spent sulfunc aCId generation IS substantial, typIcally m the range of 6 to 14
kIlograms per barrel of alkylate AIr emISSIons from the alkylatIon process may anse from
process vents and fugItIve emISSiOns

4 3 1 2 7 IsomerIZatIOn IsomenzatiOn IS used to alter the arrangement of a molecule WIthout
addmg or removmg anythmg from the ongmal molecule TypIcally, paraffins (butane or pentane
from the crude dIstIllation umt) are converted to Isoparaffins havmg a much hIgher octane
IsomenzatiOn reaCtIons take place at temperatures m the range of93 to 204°C m the presence of
a catalyst that usually conSIsts ofplatmum on a base matenal Two types of catalysts are
currently m use One reqUires the contmuous addItIon of small amounts of organIC chlondes
whIch are converted to hydrogen chlonde m the reactor In such a reactor, the feed must be free
of oxygen sources mcludmg water to aVOid deactIvatiOn and corrOSlOn problems The other t) pe
of catalyst uses a molecular SIeve base and does not reqUire a dry and oxygen free feed Both
types of Isomenzatlon catalysts reqUIre an atmosphere of hydrogen to rmrnmlze coke depOSIts,
however, the consumptiOn of hydrogen IS neghgible Catalysts typIcally need to be replaced
about every two to three years or longer Platmum IS then recovered from the used catalyst off
SIte LIght ends are strIpped from the product stream leavmg the reactor and are then sent to the
sour gas treatment unIt Some IsomenzatlOn unItS utlhze caustIC treatmg of the hght fuel gas
stream to neutralIze any entramed hydrochlonc aCId ThIs Will result m a calcIUm chlonde (or
other salts) waste stream AIr emiSSlOns may anse from the process heater, vents and fugItIve
emISSIons Wastewater streams mclude caustIC wash and sour water

4 3 1 2 8 PolymerIZatIon PolymenzatIOn IS occasIOnally used to convert propene and butene to
hIgh octane gasolme blendmg components The process IS SImIlar to alkylatIon m ItS feed and
products, but IS often used as a less expenSIve alternatIve to alkylatIOn The reactiOns typIcally
take place under htgh pressure m the presence of a phosphonc aCId catalyst The feed must be
free of sulfur, whIch pOIsons the catalyst, basIC matenals, whIch neutrahze the catalyst, and
oxygen, whIch affects the reactIons The propene and butene feed IS washed first WIth caustIC to
remove mercaptans (molecules contaIrnng sulfur), then With an amme solutiOn to remove
hydrogen sulfide, then With water to remove caustics and ammes, and finally dned by passmg
through a SIlIca gel or molecular SIeve dryer AIr emISSIons of sulfur dIOXIde may arIse dunng
the caustIC washtng operatIOn Spent catalyst, whIch typIcally IS not regenerated, IS occaSIOnally
dIsposed as a solId waste Wastewater streams WIll contam caustIC wash and sour water WIth
ammes and mercaptans

4 3 1 2 9 Catalytic Reformmg CatalytIC refonmng uses catalytIC reactIons to process
pnmanly low octane heavy straIght run (from the crude dIstIllatIOn urnt) gasohnes and naphthas
mto hIgh octane aromatICS (mcludmg benzene) There are four major types of reactIOns whIch
occur dunng refornung processes 1) dehydrogenatlon ofnaphthenes to aromatICS, 2)
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dehydrocyclIzatIOn of paraffins to aromatIcs, 3) IsomenzatIon, and 4) hydrocrackmg The
dehydrogenatIOn reactIOns are very endothermiC, requmng that the hydrocarbon stream be heated
between each catalyst bed All but the hydrocrackmg reaction release hydrogen whIch can be
used 10 the hydrotreat1Og or hydrocrackmg processes FIxed-bed or movmg bed processes are
utIlIzed 10 a senes of three to SIX reactors Feedstocks to catalytIC reformmg processes are
usually hydrotreated first to remove sulfur, rutrogen and metallIc contammants In contmuous
reform1Og processes, catalysts can be regenerated one reactor at a tIme, once or twice per da) ,
WIthout dlsrupt10g the operation of the urnt In semi-regenerative urnts, regeneratIon of all
reactors can be carned out Simultaneously after three to 24 months of operatIon by first shutt10g
down the process

Air emissions from catalytic reformmg anse from the process heater gas and fugitive emlSSlOns
The catalysts used m catalytic refomung processes are usually very expensive and extra
precautIons are taken to ensure that catalyst IS not lost When the catalyst has lost ItS actIVity and
can no longer be regenerated, the catalyst IS usually sent off-Site for recovery of the metals
Subsequent air emISSions from catalyst regeneration IS, therefore, relatIvely low Relatively
small volumes of wastewater contalrung sulfides, ammoma, and mercaptans may be generated
from the stnppmg tower used to remove lIght ends from the reactor effluent

43 12 10 Solvent ExtractIOn Solvent extractIOn uses solvents to dissolve and remove
aromatics from lube 011 feed stocks, Improvmg VISCOSity, OXidatIOn reSistance, color and gum
formatIOn A number of different solvents are used WIth the two most common be10g furfural
and phenol Typically, feed lube stocks are contacted WIth the solvent m a packed tower or
rotat1Og diSC contactor Each solvent has a different solvent-to-OII ratIO and recycle ratio WIthm
the tower Solvents are recovered from the 011 stream through dIstIllatIon and steam strlpp10g 10
a fractIOnator The stream extracted from the solvent WIll lIkely contam hIgh concentratIOns of
hydrogen sulfide, aromatICS, naphthenes and other hydrocarbons, and IS often fed to the
hydrocrack1Og UnIt The water stream leav10g the fractIonator Will lIkely contaIn some oIl and
solvents

4 3 1 2 11 Chemical Treatmg In petroleum refirung, chemIcal treat10g IS used to remove or
change the undeSirable propertIes assOCiated WIth sulfur, nItrogen, or oxygen compound
contammates 10 petroleum products ChemIcal treat10g IS accomplIshed by eIther extractIon or
OXIdatIon (also known as sweetenIng), depend10g upon the product ExtractIOn IS used'to remove
sulfur from the very lIght petroleum fractIOns, such as propane/propylene (PP) and
butane/butylene (BB) SweetenIng, though, IS more effectIve on gasolIne and middle dIstIllate
products

A typIcal extractIOn process IS "Merox" extractIon Merox extractIOn IS used to remove
mercaptans (orgamc sulfur compounds) from PP and BB streams PP streams may undergo
amme treatmg before the Merox extractIOn to remove excess H2S whIch tends to fractIOnate WIth
PP and 10terferes WIth the Merox process A caustIC prewash of the PP and BB removes any
rema1010g trace H2S pnor to Merox extractIOn

The PP and BB streams are passed up through the trays of an extraction tower CaustIC solutIon
flow1Og down the extractIOn tower absorbs mercaptan from the PP and BB streams The nch
caustIC IS then regenerated by OXidIZIng the mercaptans to dIsulfide 10 the presence of aqueous
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Merox catalyst and the lean caustIc recIrculated to the extractIon tower The dIsulfide IS
1Osoluble 10 the caustIc and can be separated

OXIdatIon or "sweetemng" IS used on gasolme and dIstIllate fractIOns A common oXIdatIOn
process IS also a Merox process that uses a sohd catalyst bed AIr and a mlmmum amount of
alkalme caustIC ("mlm-alky" operatIon) IS mJected mto the hydrocarbon stream As the
hydrocarbon passes through the Merox catalyst bed, sulfur mercaptans are OXIdIzed to dIsulfide
In the sweetemng Merox process, the caustIC IS not regenerated The dIsulfide can remam WIth
the gasolIne product, smce It does not possess the objectIOnable odor propertIes of mercaptans
hence, the product has been "sweetened"

In the extractIOn process, a waste OIly dIsulfide stream leaves the separator AIr emISSIOns arIse
from fugItIve hydrocarbons and the process vents on the separator WhICh may contam dlsulfides

43 1 2 12 De-waxmg De-wax1Og of lubncat10g 011 base stocks IS necessary to ensure that the
oIl WIll have the proper VISCOSIty at lower ambIent temperatures Two types of de-wax1Og
processes are used selectIve hydrocrackmg and solvent de-waxmg In selectIve hydrocrackmg
one or two zeolIte catalvsts are used to selectIvely crack the wax paraffins Solvent de-wax1Og IS
more prevalent In solvent de-wax1Og, the oIl feed IS dIluted WIth solvent to lower the VISCOSIty,
chIlled untIl the wax IS crystallIzed, and then filtered to remove the wax Solvents used for the
process 10clude propane and mIxtures of methyl ethyl ketone (ME) WIth methyl Isobutyl ketone
(MICK) or ME WIth toluene Solvent IS recovered from the 011 and wax through heat1Og, two
stage flashmg, followed by steam stnppmg The solvent recovery stage results 10 solvent
contammated water whIch typIcally IS sent to the wastewater treatment plant The wax IS eIther
used as feed to the catalytIC cracker or IS de-oIled and sold as 10dustnal wax AIr emISSIOns may
anse from fugItIve emISSIOns of the solvents

4 3 1 2 13 Propane De-aspbaltmg Propane de-asphaltmg produces lubncat10g 011 base stocks
by extractmg asphaltenes and resms from the reSIduals of the vacuum dIstIllatIOn unit Propane
IS usually used to remove asphaltenes due to ItS unIque solvent propertIes At lower temperatures
(38 °_60 0c), paraffins are very soluble 10 propane and at hIgher temperatures (about 93°C) all
hydrocarbons are almost 1Osoluble 10 propane The propane De-asphalt1Og process IS SImIlar to
solvent extractIon 10 that a packed or baffled extractIon tower or rotat1Og dISC contactor IS used to
mIX the 011 feed stocks WIth the solvent In the tower method, four to eIght volumes of propane
are fed to the bottom of the tower for every volume of feed flOWIng down from the top of the
tower The OIl, whIch IS more soluble 10 the propane dIssolves and flows to the top The
asphaltene and resms flow to the bottom of the tower where they are removed 10 a propane mIX
Propane IS recovered from the two streams through two-stage flash systems followed by steam
stnpp10g 10 WhICh propane IS condensed and removed by coolIng at hIgh pressure 10 the first
stage and at low pressure 10 the second stage The asphalt recovered can be blended WIth other
asphalts or heavy fuels, or can be used as feed to the coker The propane recovery stage results
10 propane contammated water WhICh typIcally IS sent to the wastewater treatment plant AIr
emISSiOns may anse from fugItIVe propane emISSIons and process vents

4 3 1 3 Supportmg Operations Many Important refinery operatIons are not dIrectly Involved
In the productIon of hydrocarbon fuels but serve In a supporting role Some of the major
supportmg processes are dIscussed below
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43 131 Wastewater Treatment Relatively large volumes ofwater are used by the petroleum
refirung mdustry Four types of wastewater are produced surface water runoff, coolIng water,
process water, and samtary wastewater Surface water runoff IS mtenmttent and Will contam
constituents from spIlls to the surface, leaks m eqUIpment and any matenals that may have
collected m drams Runoff surface water also mcludes water commg from crude and product
storage tank roof drams

A large portIon of water used m petroleum refirung IS used for coolIng CoolIng \\-ater typlcall)
does not come mto dIrect contact WIth process 011 streams and therefore contalns less
contammants than process wastewater Most coolIng water IS recycled over and over \\-1th a
bleed or blowdown stream to the wastewater treatment UnIt to control the concentratIOn of
contammants and the sohds content m the water Coohng towers WIthm the recycle loop cool the
water usmg ambIent aIr (see Storage Tanks and Coohng Towers) Some coohng water tenned
"once through," IS passed through a process umt once and IS then dIscharged dIrectly WIthout
treatment m the wastewater treatment plant The water used for coolIng often contams chemIcal
addItlves such as chromates, phosphates, and anti-foulmg biocides to prevent scalmg of pIpes
and bIOlogIcal growth (It should be noted, however, that many refinenes no longer use
chromates 10 coolIng water as antI-foulIng agents) Although coolIng water usually does not
come mto duect contact With 011 process streams, It also may contam some 011 contammatIOn due
to leaks m the process eqUIpment

Water used 10 processmg operatIOns also accounts for a sigruficant portIon of the total
wastewater Process wastewater anses from desaltmg crude oIl, steam stnppmg operatIons,
pump gland coolIng, product fractlonator reflux drum drams and boIler blowdown Because
process water often comes mto dIrect contact With 011, It IS usually hIghly contammated

Wastewater treatment plants are a sigruficant source of refinery aIr emISSIOns and solId wastes
AIr releases anse from fugItIve emISSIOns from the numerous tanks, ponds and dIscharge system
drams SolId wastes are generated m the form of sludges from a number of the treatment unIts

4 3 1 3 2 Gas Treatment and Sulfur Recovery Process off-gas streams, or sour gas, from the
coker, catalytIC crackmg unIt, hydrotreatmg UnItS and hydroprocessmg UnIts can contam hIgh
concentratIOns of hydrogen sulfide mIxed With lIght refinery fuel gases Before elemental sulfur
can be recovered, the fuel gases (pnmanly methane and ethane) need to be separated from the
hydrogen sulfide ThIS IS typIcally accomplIshed by dissolvmg the hydrogen sulfide m a
chemIcal solvent Solvents most commonly used are ammes, such as dlethanolamme (DEA)
Dry adsorbents such as molecular SIeves, actIvated carbon, Iron sponge and zmc OXIde are also
used In the amme solvent processes, DEA solutIOn or another amme solvent IS pumped to an
absorption tower where the gases are contacted and hydrogen sulfide IS dIssolved m the solutIOn
The fuel gases are removed for use as fuel m process furnaces m other refinery operatIons The
amme-hydrogen sulfide solutIOn IS then heated and steam stnpped to remove the hydrogen
sulfide gas

Current methods for removmg sulfur from the hydrogen sulfide gas streams are typIcally a
combmatlon of two processes the Claus Process followed by the Beaven Process, Scot Process,
or the Wellman-Land Process The Claus process conSIsts of partial combustIon of the hydrogen
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sulfide-nch gas stream (WIth one-thud the stOlchIOmetnc quantIty ofaIr) and then reactmg the
resultmg sulfur dIoXIde and unburned hydrogen sulfide m the presence ofa bauxIte catalyst to
produce elemental sulfur

Smce the Claus process by Itself removes only about 90 percent of the hydrogen sulfide In the
gas stream, the Beaven, Scot, or Wellman-Lord processes are often used to further recover sulfur
In the Beaven process, the hydrogen sulfide In the relatIvely low concentratIOn gas stream from
the Claus process can be almost completely removed by absorptIOn m a qwnone solutIon The
dIssolved hydrogen sulfide IS oXIdIzed to form a mIxture of elemental sulfur and hydro-qUInone
The solutIOn IS Injected WIth aIr or oxygen to oXIdIze the hydro-qumone back to qUInone The
solutIOn IS then filtered or centnfuged to remove the sulfur and the qwnone IS then reused The
Beaven process IS also effective In remOVIng small amounts of sulfur dIOXIde, carbonyl sulfide,
and carbon dIsulfide that are not affected by the Claus process These compounds are first
converted to hydrogen sulfide at elevated temperatures In a cobalt molybdate catalyst pnor to
beIng fed to the Beaven urnt AIr emISSIons from sulfur recovery unIts WIll conSIst of hvdrogen
sulfide, SOx and NOxIn the process tall gas as well as fugItIVe emISSIons and releases from vents

The Scot process IS also WIdely used for remOVIng sulfur from the Claus tall gas The sulphur
compounds m the Claus tall gas are converted to hydrogen sulfide by heatIng and passmg It
through a cobalt-molybdenum catalyst WIth the addItIon of a reducmg gas The gas IS then cooled
and contacted WIth a solutIOn of dl-Isopropanolamme (DIPA) whIch removes all but trace
amounts of hydrogen sulfide The sulfide-nch DIPA IS sent to a stnpper where hydrogen sulfide
gas IS removed and sent to the Claus plant The DIPA IS returned to the absorptIOn column

4 3 1 33 AdditIve ProductIon A number of chemIcals (mostly alcohols and ethers) are added
to motor fuels to Improve performance

The most common ethers bemg used as addItIves are methyl tertIary butyl ether (MTBE), and
tertIary amyl methyl ether (TAME) Many of the larger refmenes manufacture theIr own
supplIes of MTBE and TAME by reactIng Isobutylene and/or Isoamylene WIth methanol
Smaller refinenes usually buy theIr supplIes from chemIcal manufacturers or the larger refinenes
Isobutylene IS obtamed from a number of refinery sources Includmg the I1ght naphtha from the
FCCD and cokIng unIts, the by-product from steam crackIng of naphtha or I1ght hydrocarbons
dunng the productIOn of ethylene and propylene, catalytIC dehydrogenatIon of Isobutan'e, and
converSIOn of tertIary butyl alcohol recovered as a by-product m the manufacture ofpropylene
OXIdes Several dIfferent processes are currently m use to produce MTBE and TAME from
Isobutylene and methanol Most processes use a two-stage aCIdIC Ion exchange reSIn catalyst
The reaction IS exothermIC and coolIng to the proper reactIon temperature IS cntlcal m obtammg
the optimal converSIOn effiCIency The process usually produces an MTBE or TAME stream and
a relatIvely small stream ofunreacted hydrocarbons and methanol The methanol IS extracted In
a water wash and the resultIng methanol-water mIxture IS dIstIlled to recover the methanol for
recyclIng

4 3 1 3 4 Heat Exchanger Cleamng Heat exchangers are used throughout petroleum refinenes
to heat or cool petroleum process streams The heat exchangers consist of bundles of pIpes,
tubes, plate colls, or steam COIls enclosmg heatmg or coohng water, steam, or 011 to transfer heat
mdlrectly to or from the 011 process stream The bundles are cleaned penodlcally to remove
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accumulatIOns of scales, sludge and any OIly resIdues Because chromIum has almost been
elImmated as a cool109 water addItIve, wastes generated from the cleamng of heat exchanger
bundles no longer account for a sIgmficant portIOn of the hazardous wastes generated at refinmg
faCIlItIes The sludge generated may contam lead or chromIum, although some refinenes whIch
do not produce leaded gasolIne and WhICh use non-chrome corrOSIon mhlbltors typIcally do not
generate sludge that contaIns these constItuents OIly wastewater IS also generated dunng heat
exchanger cleanmg

4 3 1 3 5 Blowdown System Most refinery process urnts and eqwpment are manIfolded mto a
collectIon urnt, called the blowdown system Blowdown systems proVIde for the safe handlIng
and dISpOSal of lIqUId and gases that are eIther automatIcally vented from the process units
through pressure rehef valves, or that are manually drawn from umts ReCIrculated process
streams and coolIng water streams are often manually purged to prevent the contmued buIld up
of contammants 10 the stream Part or all of the contents of eqUIpment can also be purged to the
blowdown system pnor to shutdown before normal or emergency shutdowns Blowdown
systems utIlIze a senes of flash drums and condensers to separate the blowdown mto Its 'vapor
and lIqwd components The hqwd IS typICally composed of mIxtures of water and hydrocarbons
contammg sulfides, ammoma, and other contammants, whIch are sent to the wastewater
treatment plant The gaseous component typIcally contaIns hydrocarbons, hydrogen sulfide,
ammoma, mercaptans, solvents, and other constItuents, and IS eIther dIscharged dIrectly to the
atmosphere or IS combusted 10 a flare The major aIr emISSIons from blowdown systems are
hydrocarbons 10 the case of dIrect dIscharge to the atmosphere and sulfur OXIdes when flared

43 1 3 6 Blendmg Blendmg IS the final operatIon 10 petroleum refimng It conSIsts of mlxmg
the products 10 vanous proportIons to meet speCIficatIOns such as vapor pressure, speCIfic
graVIty, sulfur content, VISCOSIty, octane number, cetane mdex, mltlal boIlmg pomt, and pour
pomt Blendmg can be carned out m-Ime or 10 batch blendmg tanks AIr emISSIOns from
blendmg are fugItIve volatIle orgamc compounds (VOCs) from blendmg tanks, valves, pumps
and mlxmg operatIons

4 3 1 3 7 Storage Tanks Storage tanks are used throughout the refimng process to store crude
011 and mtermedlate process feeds for coolIng and further processmg FInIshed petroleum
products are also kept 10 storage tanks before transport off SIte Storage tank bottoms are
mIxtures of Iron rust from corrOSIOn, sand, water, and emulSIfied oIl and wax, whIch accumulate
at the bottom of tanks LIqwd tank bottoms (pnmanly water and OIl emulSIOns) are penodically
drawn off to prevent theIr contmued buIld up

Even If equIpped WIth floatmg tops, storage tanks account for conSIderable VOC emISSIOns at
petroleum refinenes A study of petroleum refinery emISSIons found that the maJonty of tank
losses occurred through tank seals on gasolIne storage tanks

43138 Cooling Towers CoolIng towers cool heated water by circulatmg the water through a
tower WIth a predetermmed flow of ambIent aIr pushed WIth large fans A certaIn amount of
water eXIts the system through evaporatIon, mIst droplets and as bleed or blowdown to the
wastewater treatment system Therefore, make-up water 10 the range ofabout five percent of the
CIrculatIon rate IS requIred

76

I
I
I
I-



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

4 3 2 Raw Material Inputs and Pollution Outputs m the ProductIOn Lme

Raw matenal mput to petroleum refinenes IS pnmanly crude 011, however, petroleum refinenes
use and generate an enormous number ofchemIcals, many of wluch leave the facll1tles as
dIscharges of aIr emISSIOns, wastewater, or solId waste Pollutants generated typIcally mclude
VOCs, carbon monoxIde (CO), sulfur oXIdes (SOJ, rntrogen oXIdes (NOJ, partIculates,
ammorna (NH3), hydrogen sulfide (H2S), metals, spent aCIds, and numerous tOXIC organIC
compounds ExhIbIt 4-1 summanzes the mam pollutant outputs for each major refinen process

When discussmg matenal outputs of the petroleum refinmg mdustry, It IS Important to note the
relatIOnshIp between the outputs of the mdustry Itself and the outputs resultmg from the use of
refinery products The pollutant outputs from the refirnng faCIlItIes are modest 10 companson to
the pollutant outputs realIzed from the consumptIOn of petroleum products by the transportatIOn
sector, electnc UtilItIes, chemIcal manufacturers and other mdustnal and commerCial users

4 3 2 1 Air EmiSSions AIr emISSIons from refinenes mclude fugItIve emISSIOns of the volatile
constItuents m crude 011 and ItS fractIOns, emISSIOns from the burrnng of fuels 10 process heaters
and emISSIOns from the vanous refinery processes themselves FugItIve emISSIOns occur
throughout refinenes and anse from the thousands of potential fugItIve emISSIOn sources such as
valves, pumps, tanks, pressure relIef valves, flanges, etc Wlule mdivIdual leaks are typIcally
small, the sum of all fugItIve leaks at a refinery can be one of Its largest emISSIOn sources
FugItIve emISSIOns can be reduced through a number oftechrnques, 10cludmg Improved leak
reSIstant eqUIpment, reducmg the number of tanks and other potentIal sources and, perhaps the
most effective method, an ongo1Og leak detectIOn and repaIr program

The numerous process heaters used 10 refinenes to heat process streams or to generate steam
(bOIlers) for heat10g or steam stnppmg ..an be potentIal sources of SOx, NOx' CO, partIculates
and hydrocarbons emISSIons When operat1Og properly and when burnmg cleaner fuels such as
refinery fuel gas, fuel 011 or natural gas, these emISSIons are relatIvely low If, however,
combustIOn IS not complete, or heaters are fired With refinery fuel pItch or reSIduals, emISSIOns
can be sIgrnficant

The maJonty of gas streams eXltmg each refinery process contam varymg amounts of refinery
fuel gas, hydrogen sulfide and ammoma These streams are collected and sent to the gas
treatment and sulfur recovery unItS to recover the refinery fuel gas and sulfur EmISSIOns from
the sulfur recovery urnt typIcally contams some H2S, SOx and NOx Other emISSIOns sources
from refinery processes anse from penodlc regeneratIOn of catalysts These processes generate
streams that may contam relatIvely hIgh levels ofcarbon monOXIde, partIculates and VOCs
Before bemg dIscharged to the atmosphere, such off-gas streams may be treated first through a
carbon monOXIde boller to burn carbon monOXIde and any VOCs, and then through an
electrostatic preCIpItator or cyclone separator to remove partIculates

4 3 2 2 Wastewater Wastewaters conSIst of coolIng water, process water, sanItary sewage
water, and storm water

Many refinenes unmtentIOnally release, or have unmtentlOnally released m the past, hqUld
hydrocarbons to ground water and surface waters At some refinenes, contammated ground
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water has mIgrated off-sIte and resulted m contmuous "seeps" to surface waters There IS the
potentIal to contammate large volumes of ground water and surface water possIbly posmg a
subStantIal nsk to human health and the enVIronment

Other Wastes Other hazardous and non-hazardous wastes are generated from many of the
refinmg processes, petroleum handlmg operatIOns, as well as wastewater treatment ReSIdual
refinery wastes are typIcally In the form of sludges, spent process catalysts, filter clay, and
mcmerator ash Treatment of these wastes mcludes InCIneratIon, land treatIng off-SIte, land
filhng on-SIte, land fillmg off-sIte, chemIcal fixatIon, neutralIzatIOn, and other treatment
methods

A sIgmficant portIon of the non-petroleum product outputs of refinenes IS typIcally transported
off-SIte and sold as byproducts These outputs mclude sulfur, acetIC aCId, phosphonc aCId, and
recovered metals Metals from catalysts and from the crude Oll that have depOSIted on the
catalyst dunng the productIOn often are recovered by third party recovery facIhties
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Exhibit 4-1 Typical Material Outputs from Selected Petroleum RefiDlng Processes

Process Air EmissIons Process Waste Water Residual Wastes Generated

Crode Oil desaltmg Heater stack gas (CO SO, NO, Flow=2 1 GaL'Bbl Crode OIlJdesalter sludge (Iron

hydrocarbons and partlculates) 011 H2S NH) phenol rost, clay sand y, ater

fugltlve emissions (hydrocarbons) high levels of suspended emulsified Oil and y, all.

sohds dissolved sohds metals)

high BOD hIgh

temperature

Atmosphenc Heater stack gas (CO SO, NO, Flow=26 0 Gal/Bbl Typically little or no resIdual

dlsttllatlon hydrocarbons and particulates) Oil H2S NH) waste generated

vents and fugltlve emiSSIons suspended sohds

(hvdrocarbons) chlorides mercaptans

phenol elevated pH

Vacuum dlstl1latlon Steam ejector emiSSIOns

(hvdrocarbons) heater stack gas

(CO SO, NO, hydrocarbons and

particulates) vents and fugitive

emISSIOns (hvdrocarbons)

Thermal crackmg! Heater stack gas (CO SO, NO, Flow=2 0 GallBbl Typically httle or no resIdual

vlsbreakmg hydrocarbons and particulates) 011 H2S NH) phenol waste generated

vents and fugltlve emISSIons suspended sohds hIgh pH

(hvdrocarbons) BOD. COD

Cokmg Heater stack gas (CO SO, NO, Flow=1 0 Gal/Bbl Coke dust (carbon partIcles

hydrocarbons and partIculates) High pH H2S NH) and hydrocarbons)

vents and fugltlve emISSIOns suspended solids COD

(hydrocarbons) and decokmg

emiSSIons (hydrocarbons and

partIculates)

CatalytIC crackmg Heater stack gas (CO SO NO, Flow=15 0 Gal/Bbl Spent catalysts (metals from

hydrocarbons and partIculates) High levels of 011 crode 011 and hydrocarbons)

fugltlve emISSions (hydrocarbons) suspended solids phenols spent catalyst fines from

and catalyst regeneratlon (CO cyanIdes H2S NH) high electrostatIc precipitators

NO, SO and particulates) pH BOD COD (alummum SIlicate and metals)

CatalytiC hydro Heater stack gas (CO SO NO Flow=2 0 GalIBbl Spent catalysts fines (metals

crackmg hydrocarbons and particulates) HIgh COD suspended from crode Oil and

fugmve emISSIons (hydrocarbons) solids H2S relatlvelv low hydrocarbons)

and catalyst regeneratIOn (CO levels ofBOD
NO, SO, and catalvst dust)

79



Process Air Emissions Process Waste Water Residual Wastes Generated

Hvdrotreat1Og! Heater stack gas (CO SO. NO. Flow= I 0 GallBbl Spent catalyst fines

hydroprocess1Og hydrocarbons and particulates) HzS NHJ High pH (alummum slhcate and metals)

vents and fugitive emissions phenols suspended sohds

(hydrocarbons) and catalyst BOD COD

regeneratIOn (CO NO SO.)

AlkylatIOn Heater stack gas (CO SO NO Low pH suspended Neutrahzed alb latlon sludge

hydrocarbons and particulates) sohds dissolved sohds (sulfunc aCid or calcIUm

vents and fugitive emiSSions COD HzS spent sulfunc fluonde hydrocarbons)

(hvdrocarbons) aCid

Isomenzatlon Heater stack gas (CO SO. NO. Low pH chlonde salts CalcIUm chlonde sludge from

hydrocarbons and particulates) caustic wash relatively neutrahzed HCI gas

HCI (potentlallv 10 hght ends) low HzS and NHJ

vents and fugitIve emiSSions
(hydrocarbons)

Polymenzatlon HzS from caustic washmg HzS NHJ caustic wash Spent catalyst conta1Omg

mercaptans and ammonia, phosphonc aCid

high pH

Catalytic reform1Og Heater stack gas (CO SO. NO. Flow=6 0 GaVBbl Spent catalyst fines from

hydrocarbons and particulates) High levels 011 suspended electrostatic preCipitators

fugitive emISSions (hydrocarbons) sohds COD Relatively (alumma sIlicate and metals)

and catalvst regeneration (CO 10wHzS
NO SO.)

Solvent extraction Fugitive solvents 011 and solvents Little or no reSidual ~ astes
generated

Dewaxmg Fugitive solvents, heaters 011 and solvents Little or no reSidual wastes
generated

Propane Heater stack gas (CO SO. NO. 011 and propane LIttle or no reSidual wastes
deasphalt10g hydrocarbons and particulates) generated

fugitive propane

Merox treatmg Vents and fugitive emiSSions Little or no wastewater Spent Merox caustic solution
(hydrocarbons and dlsulfides) generated waste 011 disulfide mixture

Wastewater Fugitive emiSSions (HzS NHJ and Not apphcable API separator sludge (phenols
treatment hydrocarbons) metals and OIl) chemical

preCipItatIOn sludge (chemical

coagulants oIl) OAF floats

bIOlogical sludges (metals OIl
suspended solids) spent lime

Gas treatment and SO. NO. and HzS from vent and HzS NHJ ammes Spent catalyst
sulfur recovery talll!as emiSSions Stretford solution
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Protess Air Emissions Process Waste Water Residual Wastes Generated

Blendmg FugItive emiSSIOns (hydrocarbons) Little or no wastewater Little or no resIdual waste

generated generated

Heat exchanger Penodlc fugitive emISSions Oily wastewater generated Heat exchanger sludge (011

cleanmg (hydrocarbons) metals and suspended solIds)

Storage tanks FugItive emISSions (hydrocarbons) Water dramed from tanks Tank bottom sludge (Iron rust

contammated WIth tank clay sand water emulsified

product 011 and wax metals)

Blowdown and CombustIOn products (CO SO. LIttle or no wastewater Lattle or no reSidual waste
flare NO. and hydrocarbons) from generated generated

f1art'''~ fUl'ltIVf"

44 Summary of Health and TOXICity Effects of Selected Chemicals ASSOCiated with
Petroleum Refinmg

441 Ammoma

Sources Ammoma IS fonned from the mtrogen beanng components of crude 011 and can be
found throughout petroleum refinenes In both the gaseous and aqueous fonns Gaseous
ammoma often leaves dIStIllatIOn, crackmg and treatIng processes mIxed WIth the sour gas or
aCId gas along WIth refinery fuel gases and hydrogen sulfide Aqueous ammoma IS present In the
sour water generated In the vacuum dIstIllatIOn unIt and steam strIppers or fractIOnators Some
release sources mclude, fugItIve emISSIOns, sour gas strIpper, sulfur urnt and wastewater
dIscharges

TOXICIty Anhydrous ammoma IS Imtatmg to the skIn, eyes, nose, throat, and upper respIratory
system

EcologIcally, ammoma IS a source ofmtrogen (an essentIal element for aquatIc plant grpwth),
and may therefore contnbute to eutroplucatIon of standmg or slow-mOVIng surface water,
partIcularly In mtrogen-hmIted waters In addItIOn, aqueous ammoma IS moderately tOXIC to
aquatIC orgamsms

Carcmogemclty There IS currently no eVIdence to suggest that thIS chemIcal IS carCInogemc

EnVIronmental Fate Ammoma combInes WIth sulfate Ions In the atmosphere and IS washed out
by raInfall, resultIng In rapId return of ammoma to the soIl and surface waters Ammoma IS a
central compound m the envIronmental cychng of mtrogen Ammoma In lakes, nvers, and
streams IS converted to mtrate

PhySIcal Propertzes Ammoma IS a corrOSIve and severely Imtatmg gas WIth a pungent odorI

-

-

442 Toluene
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Sources Toluene IS a component of crude 011 and IS therefore present m many refirung
operatIOns Toluene IS also produced dunng catalytic reformmg and IS sold as one of the large
volume aromatics used as feedstocks m chemIcal manufactunng Its volatIle nature makes
fugItIve emISSIons Its largest release source Pomt aIr sources may anse dunng the process of
separatmg toluene from other aromatICS and from solvent de-waxmg operatIons where toluene IS
often used as the solvent

TOXICIty InhalatIOn or mgestion of toluene can cause headaches, confuSIOn, weakness and
memory loss Toluene may also affect the way the kIdneys and hver functIOn

ReactIOns of toluene (see envIronmental fate) m the atmosphere contnbute to the formation of
ozone m the lower atmosphere Ozone can affect the respIratory system, especIally m senSItive
mdlvlduals such as asthma or allergy sufferers

Some studIes have shown that unborn anImals were harmed when hIgh levels of toluene were
Inhaled by theIr mothers, although the same effects were not seen when the mothers were fed
large quantItIes of toluene Note that these results may reflect SImIlar dIfficultIes m humans
CarcmogenzcIty There IS currently no eVIdence to suggest that thIS chemIcal IS carcmogeruc

EnVIronmental Fate A portIOn of releases of toluene to land and water wIll evaporate Toluene
mav also be degraded by mIcroorganIsms Once volatIhzed, toluene m the lower atmosphere
WIll react With other atmosphenc components contnbutmg to the formatIon of ground-level
ozone and other aIr pollutants

PhySIcal PropertIes Toluene IS a volatIle organIC chemIcal

4 43 Xylenes (MIxed Isomers)

Sources Xylene Isomers are a component of crude 011 and are therefore present m many refinmg
operatIons Xylenes are also produced dunng catalytIC reformmg and are sold as one of the large
volume aromatIcs used as feedstocks m chemIcal manufactunng Xylene's volatIle nature make
fugItIve emISSIons the largest release source Pomt air sources may anse dunng the process of
separatmg xylene from other aromatIcs

TOXICIty Xylenes are rapIdly absorbed mto the body after InhalatIOn, mgestIOn, or skm contact
Short-term exposure of humans to hIgh levels of xylene can cause ImtatIOn of the skm, eyes,
nose, and throat, dIfficulty m breathIng, ImpaIred lung functIon, ImpaIred memory, and pOSSIble
changes m the lIver and kIdneys Both short- and long-term exposure to hIgh concentratIOns can
cause effects such as headaches, dlzzmess, confuSIOn, and lack of muscle coordmatIOn
ReactIOns of xylene (see envIronmental fate) m the atmosphere contnbute to the formatIon of
ozone m the lower atmosphere Ozone can affect the respIratory system, espeCIally m senSItIve
mdlvlduals such as asthma or allergy sufferers

Carcmogenzclty There IS currently no eVIdence to suggest that thIs chemIcal IS carcmogeruc

EnVIronmental Fate A portIOn of releases to land and water Will qUIckly evaporate, although
some degradation by mlcroorgarusms Will occur
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Xylenes are moderately mobIle m sods and may leach mto groundwater, where they may persIst
for several years

Xylenes are volatde orgaruc chemIcals As such, xylene m the lower atmosphere WIll react WIth
other atmosphenc components, contnbutmg to the formatIon of ground-level ozone and other aIr
pollutants

4 4 4 Methyl Ethyl Ketone

Sources Methyl ethyl ketone (ME or MEK) IS used m some refinenes as a solvent m lube 011
de-waxmg Its extremely volatIle charactenstlc makes fugItIve emISSIons ItS pnmary source of
releases to the enVIronment

Toxrcrty Breathmg moderate amounts of methyl ethyl ketone (ME) for short penods oftlme can
cause adverse effects on the nervous system rangmg from headaches, dlzzmess, nausea, and
numbness m the fingers and toes to unconSCIOusness Its vapors are Imtatmg to the skm, eyes,
nose, and throat and can damage the eyes Repeated exposure to moderate to hIgh amounts may
cause lIver and kIdney effects

Carcmogenrcrty No agreement eXIsts over the carcmogernclty of ME One source belIeves ME
IS a pOSSIble carcmogen m humans based on lImIted arumal eVIdence Other sources belIeve that
there IS msufficlent eVIdence to make any statements about pOSSIble carcmogernclty

Envrronmental Fate Most of the ME released to the enVIronment WIll end up m the atmosphere
ME can contnbute to the formatIOn ofau pollutants m the lower atmosphere It can be degraded
by microorgamsms hvmg m water and soIl

PhySical Properties Methyl ethyl ketone IS a flammable lIqUId

4 4 5 Propylene

Sources Propylene (propene) IS one of the lIght ends formed dunng catalytiC and thermal
crackmg and cokIng operatIOns It IS usually collected and used as a feedstock to the alkylatIOn
urnt Propylene IS volatIle and soluble m water makIng releases to both aIr and water sigmficant

TOXICity At low concentratIons, mhalatton of propylene causes mdd mtoxlcatIOn, a tInglmg
sensatIOn, and an mablhty to concentrate At hIgher concentrations, unconSCIOusness, vomItmg,
severe vertIgo, reduced blood pressure, and dIsordered heart rhythms may occur Skm or eye
contact With propylene causes freezmg burns

ReactIOn of propylene (see envIronmental fate) m the atmosphere contnbutes to the formatIOn of
ozone m the lower atmosphere Ozone can affect the respIratory system, especIally m senSitive
mdlvIduals such as asthma or allergy sufferers

EcologIcally, SImIlar to ethylene, propylene has a stlmulatmg effect on plant growth at low
concentratIOns, but mhIbits plant growth at high levels
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CarcmogemCIty There IS currently no eVidence to suggest that this chemical IS carcmogemc

EnVIronmental Fate Propylene IS degraded pnnclpally by hydroxyl IOns m the atmosphere
Propylene released to soIl and water IS removed pnmanly through volatlhzatIon Hvdrolysls,
bloconcentratIOn, and soIl adsorptlon are not expected to be slgmficant fate processes of
propylene m soIl or aquatIC ecosystems PropYlene IS readIly bIOdegraded by microorganisms In
surface water

PhySIcal PropertIes Propylene IS a volatile organic chemlcat

446 Benzene

Sources Benzene IS a component of crude 011 and IS therefore present 10 many refimng
operauons Benzene IS also produced dunng catalytIC refonn1Og and IS sold as one of the large
volume aromatICS used as feedstocks 10 chemIcal manufactunng Benzene's volaule nature
makes fugluve emISSIOns the largest release source Pomt aIr sources may anse dunng the
process ofseparatmg benzene from other aromatICS

TOXICIty Short-term mhalatIon of benzene pnmanly affects the central nervous system and
respiratory system Chromc exposure to benzene causes bone marrow tOXICity 10 animals and
humans, caUSIng suppressIOn of the Immune system and development ofleukemla IngestIOn of
benzene IS rare

ReactIOns of benzene (see environmental fate) 10 the atmosphere contrlbutes to the formatIon of
ozone m the lower atmosphere (troposphere) Ozone can affect the respIratory system, espeCIally
m sensitive IndIViduals such as asthma or allergy sufferers

CarcmogemClty Benzene IS a known human carcmogen, based on both oral and mhalatIOn
exposures

EnVIronmental Fate A portIOn of benzene releases to SOlI and surface waters evaporate rapIdly
Benzene IS highly mobIle m the soIl and may leach to groundwater Once m groundwater, It IS
hkely bIodegraded by mlcroorgamsms only m the presence of oxygen

Benzene IS not expected to slgmficantly adsorb to sediments, bIOconcentrate m aquatIC
organisms, or break down m water Atmosphenc benzene IS broken down through reactmg With
chemical IOns m the air, thIs process IS greatly accelerated 10 the presence ofother air pollutants
such as mtrogen OXIdes or sulfur diOXIde Benzene IS fairly soluble In water and IS removed from
the atmosphere m ram

As a volatIle chemical, benzene m the lower atmosphere Will react With other atmosphenc
components, contnbutmg to the formatIon ofground-level ozone and other air pollutants, whIch
can contnbute to respiratory Illnesses m both the general and hIghly susceptIble populatIOns,
such as asthmatIcs and allergy-sufferers
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4 5 PollutIon PreventIon Opportumtles

ThIs sectIon provIdes both general and company-specIfic descnptIOns of some pollutIon
prevention advances that have been Implemented WIthIn the petroleum refinIng mdustrv WhIle
the lIst IS not exhaustive, It does proVide core mfonnatIOn that can be used as the startmg pomt
for facIlIties mterested m begmnIng their own pollution preventIon projects Please note that the
actIvItIes descnbed m thIs sectIon do not necessanly apply to all facIlItIes that fall WIthm thIS
sector FacIlIty-specIfic condItlons must be carefully considered when pollutIon prevention
optIOns are evaluated, and the ful] Impacts of the change must examme how each optIOn affects
aIr, land, and water pollutant releases

It should be emphasIzed that source reductIon IS the best pollutIOn preventIon measure m every
case When source reductIon opportUnItIes have been exhausted, recyclmg, treatment, and
dIsposal measures should be conSIdered (m that order) A]though thIs section presents VIable
product recyclIng optIons, Implementers of pollutIon preventIOn measures should be aware that
recyclIng, treatment, and disposal options WIll typIcally be more expensIve m the long term

4 5 1 OpportumtIes from ProcesslEqUipment ModIficatIons

4 5 1 1 Place Secondary Seals on Storage Tanks One ofthe largest sources of fugItiVe
emISSIOns from refinenes IS storage tanks contaInIng gasolIne and other volatIle products These
losses can be SIgnIficantly reduced by mstallIng secondary seals on storage tanks

4512 Estabhsh Leak DetectIon and Repair Program FugItIve emISSIOns are one of the
largest sources of refinery hydrocarbon emISSIOns A leak detectIOn and repaIr program conSIsts
of usmg a portable VOC detectmg mstrument to detect leaks dunng regularly scheduled
mspections of valves, flanges, and pump seals Leaks are then repaIred ImmedIate]y or are
scheduled for repaIr as qUickly as pOSSible A leak detectIOn and repair program could reduce
fugitive emiSSIOns 40 to 64 percent, dependmg on the frequency of mspectIOns

4 5 1 3 Regenerate or Ebmmate FIltratIon Clay Clay from refinery filters must penodlcally
be replaced Spent clay often contams SignIficant amounts of entramed hydrocarbons and,
therefore, must be deSIgnated as hazardous waste Back washIng spent clay WIth water or steam
can reduce the hydrocarbon content to levels so that It can be reused or handled as a
nonhazardous waste Another method used to regenerate clay IS to wash the clay With naphtha,
dry It by steam heatmg and then feed It to a burnmg kiln for regeneratIOn In some cases clay
filtratIon can be replaced entIrely WIth hydrotreatmg

4514 Reduce the GeneratIOn O'fTank Bottoms Tank bottoms from crude 011 storage tanks
constItute a large percentage of refinery solId waste and pose a partIcularly dIfficult dIsposal
problem due to the presence ofheavy metals Tank bottoms are compnsed of heavy
hydrocarbons, solIds, water, rust and scale Mmlmlzatlon of tank bottoms IS carned out most
cost effectIvely through careful separatIon of the 011 and water remammg m the tank bottom
FIlters and centnfuges can also be used to recover the oIl for recyclmg

4 5 1 5 MIDlmlZe SolIds Leavmg the Desalter Sohds entenng the crude dlstlllatIOn umt are
hkely to eventually attract more 011 and produce addItIOnal emulSIOns and sludges The amount
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of solIds removed from the desaltIng urnt should, therefore, be maxmuzed A number of
technIques can be used such as USIng low shear mIXIng devIces to mIX desalter wash water and
crude 011, USIng lower pressure water In the desalter to aVOid turbulence, and replaCIng the water
Jets used In some refinenes With mud rakes which add less turbulence when remOVIng settled
solIds

4516 MinimIZe Cooling Tower Blowdown The dIssolved solIds concentratIOn In the
reCIrculatIng coolIng water is controlled by purgIng or blOWing down a portion of the coolIng
water stream to the wastewater treatment system Sohds In the blowdown eventually create
addItiOnal sludge In the wastewater treatment plant However, the amount of coohng tower
blowdown can be lowered by mInImIZing the dIssolved solIds content of the coolIng water A
sigmficant portion of the total dissolved solIds In the coolmg water can ongInate m the coolIng
water makeup stream In the form of naturally occumng calcIUm carbonates Such solIds can be
controlled either by selecting a source of cooling tower makeup water With less dissolved sohds
or by removmg the dIssolved solIds from the makeup water stream Common treatment methods
mclude cold lIme softemng, reverse osmOSiS, or electrodialySiS

4 5 1 7 Install Vapor Recovery for Barge Loading Although barge loading is not a factor for
all refinenes, it IS an important emiSSiOns source for many facl1itIes It is estimated that these
emiSSiOns could be reduced 98 percent by installing a manne vapor loss control system Such
systems could conSist of vapor recovery or VOC destructiOn In a flare

4 5 1 8 MinimIZe FCCU Decant OIl Sludge Decant 011 sludge from the flUidized bed catalytiC
crackmg unit (FCCD) can contaIn sIgmficant concentrations of catalyst fines These fines often
prevent the use of decant 011 as a feedstock or reqUire treatment which generates an Oily catalyst
sludge Catalysts In the decant 011 can be mimmized by USing a decant od catalyst removal
system One system Incorporates high voltage electnc fields to polanze and capture catalyst
particles In the 011 The amount of catalyst fines reaching the decant 011 can be minimIZed by
Instalhng hIgh effiCIency cyclones In the reactor to shift catalyst fines losses from the decant 011
to the regenerator where they can be collected In the electrostatic preCipitator

4519 Control of Heat Exchanger Cleaning Solids In many refinenes, USIng high pressure
water to clean heat exchanger bundles generates and releases water and entraIned sohds to the
refinery wastewater treatment system Exchanger solIds may then attract 011 as they move
through the dIscharge system and may also produce finer sohds and stabilIzed emulSiOns that are
more difficult to remove SolIds can be removed at the heat exchanger cleaning pad by Instalhng
concrete overflow weirs around the surface draIns or by covenng drainS With a screen Other
ways to reduce solIds generatIon are by USIng antI-foulants on the heat exchanger bundles to
prevent scahng and by cleanIng With reusable cleamng chemicals that also allow for the easy
removal of 011

45110 Control of Surfactants In Wastewater Surfactants entenng the refinery wastewater
streams Will Increase the amount of emulSIOns and sludges generated Surfactants can enter the
system from a number of sources includIng washing unit pads WIth detergents, treatIng
gasohnes With an end POint over 204 D C thereby prodUCing spent caustiCS, cleanIng tank truck
tank mtenors, and USing soaps and cleaners for mIscellaneous tasks In additIOn, the overuse and
mIxmg of the organiC polymers used to separate 011, water and solIds In the wastewater treatment
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plant can actually stabIhze emulsIons The use of surfactants should be nllmmlzed by educatmg
operators, routmg surfactant sources to a pomt downstream of the DAP umt and by usmg dry
cleanmg, hIgh pressure water or steam to clean oIl surfaces of OIl and dIrt

4 5 1 11 Thermal Treatment of Apphcable Sludges The tOXICIty and volume of some de
oIled and de-watered sludges can be further reduced through thermal treatment Thermal sludge
treatment umts use heat to vaponze the water and volatIle components m the feed and leave
behmd a dry sohd resIdue The vapors are condensed for separatIon mto the hydrocarbon and
water components Non-condensable vapors are eIther flared or sent to the refinery amme umt
for treatment and use as refinery fuel gas

4 5 1 12 Elimmate Use of Open Ponds Open ponds used to cool, settle out sohds and store
process water can be a sIgmficant source ofVOC emIssIons Wastewater from coke coolmg and
coke VOC removal ]S occasIOnally cooled m open ponds where VOCs easIly escape to the
atmosphere In many cases, open ponds can be replaced WIth closed storage tanks

4 5 1 13 Remove Unnecessary Storage Tanks from Service Smce storage tanks are one of
the largest sources ofVOC emISS]OnS, a reductIon m the number of these tanks can have a
s]gmficant Impact The need for certam tanks can often be ehmmated through Improved
productIOn plannmg and more contmuous operatIons By mimmiZIng the number of storage
tanks, tank bottom solIds and decanted wastewater may also be reduced

45 114 Replace Old BoIlers Older refinery boIlers can be a slgmficant source of SOx, NOx
and partIculate emiSSIons It IS pOSSIble to replace a large number of old boIlers WIth a smgle
new co-generatIon plant WIth emISSIons controls

4 5 1 15 Modify the FCCU to Allow the Use of Catalyst FIDes Some FCCUs can be
modIfied to recycle some of the catalyst fines generated

4 5 116 Reduce the Use of 55-gallon Drums ReplaCIng 55-gallon drums WIth bulk storage
can mmimize the chances of leaks and spIlls

4 5 1 17 Install Rupture DISCS and Plugs Rupture dISCS on pressure relIeve valves and plugs
m open ended valves can reduce fugItIve emiSSIons '

45118 Install High Pressure Power Washer Chlonnated solvent vapor degreasers can be
replaced WIth hIgh pressure power washers WhICh do not generate spent solvent hazardous
wastes

4 5 1 19 Refurbish or EhmlDate Underground PlplDg Underground pIpIng can be a source
of undetected releases to the soIl and groundwater Inspectmg, repamng or replacmg
underground plpmg WIth surface plpmg can reduce or ehmmate these potentIal sources

4 5 2 OpportuDities from Matenal SubstitutIOn

452 1 Use Non-hazardous Degreasers Spent conventIOnal degreaser solvents can be reduced
or elImmated through substItutIOn WIth less tOXIC and/or bIOdegradable products
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4 5 2 2 Ehmmate Chromates as an Anti-corrosive Chromate contaInIng wastes can be
reduced or elImInated In coolmg tower and heat exchanger sludges by replacIng chromates wIth
less tOXIC alternatIves such as phosphates

4523 Use HIgh Quahty Catalysts By USIng catalysts ofa hIgher qualIty, process efficIencIes
can be Increased whIle the requIred frequency ofcatalyst replacement can be reduced

4 5 2 4 Replace CeramIc Catalyst Support with Activated AlumlDa Supports ActIvated
alumma supports can be recycled WIth spent alumIna catalyst

4 5 3 OpportuDltles from Recychng

4 5 3 1 Recycle and Regenerate Spent Caustics CaustICS used to absorb and remove
hydrogen sulfide and phenol contamInants from IntermedIate and final product streams can often
be recycled Spent caustICS may be saleable to chemIcal recovery companIes If concentratIOns of
phenol or hydrogen sulfide are hIgh enough Process changes In the refinery may be needed to
raIse the concentratIOn of phenols m the caustIc to make recovery of the contamInants
economIcal CaustIcs contaInIng phenols can also be recycled on-sIte by redUCIng the pH of the
caustIc untIl the phenols become msoluble thereby allOWIng phySIcal separatIon The caustIC can
then be treated m the refinery wastewater system

4532 Use Oily Sludges as Feedstock Many OIly sludges can be sent to a cokmg unIt or the
crude distIllatIOn unIt where It becomes part of the refinery products Sludge sent to the coker
can be mJected Into the coke drum WIth the quench water, Injected duectly Into the delayed
coker, or mJected Into the coker blowdown contactor used m separatmg the quenchIng products
Use of sludge as a feedstock has Increased sigruficantly In recent years and IS currently carned
out by most refinenes The quantIty of sludge that can be sent to the coker IS restncted by coke
qualIty speCIficatIOns WhIch may lImIt the amount of sludge solIds In the coke CokIng
operatIOns can be upgraded, however, to Increase the amount of sludge that they can handle

4 5 3 3 Control and Reuse FCCU and Coke FIDes Sigruficant quantItIes of catalyst fines are
often present around the FCCU catalyst hoppers and reactor and regeneratIon vessels Coke fines
are often present around the coker urnt and coke storage areas The fines can be collected and
recycled before beIng washed to the dIscharge system or mIgratIng off-SIte VIa the WInd
CollectIOn technIques Include dry sweepmg the catalyst and coke fines and sendmg the solIds to
be recycled or dIsposed of as non-hazardous waste Coke fines can also be recycled for fuel use
Another collectIon technIque mvolves the use of vacuum ducts m dusty areas (and vacuum hoses
for manual collectIOn) whIch run to a small baghouse for collectIOn

4 5 3 4 Recycle Lab Samples Lab samples can be recycled to the OIl recovery system

454 OpportuDltles from Waste Segregation and Separation

Waste segregatIon and separatIOn actIVItIes are not techrucally conSIdered pollutIOn preventIOn
(smce the waste has been generated as opposed to prevented) However, the advantage of
separatIng hIgWy tOXIC wastes from less tOXIC ones IS that the pOSSIbIlIty that all of the waste WIll
pose senous health and envIronmental consequences IS SubstantIally mInImIZed
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454 1 Segregate Process Waste Streams A sIgmficant portIon of refinery waste anses from
Olly sludges found In combIned process/storm dramage systems SegregatIOn of the relatlvelv
clean ramwater runoff from the process streams can reduce the quantIty of Oily sludges
generated Furthermore, there IS a much hIgher potentIal for recovery of 011 from smaller, more
concentrated process streams

4 5 4 2 Control SolIds Discharge Systems SolIds released to the wastewater dIscharge system
can account for a large portIon of a refinery's oIly sludges SolIds entenng the dIscharge svstem
(pnmanly SOlI partIcles) become coated With 011 and are depOSIted as Oily sludges m the ol1/\\-ater
separator Because a typIcal sludge has a solIds content of five to 30 percent by weIght,
preventIng one pound of solIds from entenng the dIscharge system can elImmate one to 9
kIlograms of Oily sludge Methods used to control solIds mclude usmg a street sweeper on
paved areas, pavmg unpaved areas, plantmg ground cover on unpaved areas, re-lmmg dIscharge
systems, cleanmg solIds from dItches and catch basms, and reducmg heat exchanger bundle
cleanmg solIds by usmg anti-foulants m coolmg water

4 5 4 3 Improve Recovery of Ods from Ody Sludges Because Oily sludges make up a large
portIon of refinery solId wastes, any Improvement m the recovery of 011 from the sludges can
sIgmficantly reduce the volume of waste There are a number of technologIes currently m use to
mechanIcally separate 011, water and solIds, mcludmg belt filter presses, recessed chamber
pressure filters, rotary vacuum filters, scroll centnfuges, dISC centnfuges, shakers, thermal dners
and centnfuge-dner combmatIOns

4 5 4 4 Identify Benzene Sources and Install Upstream Water Treatment Benzene m
wastewater can often be treated more easIly and effectively at the pomt It IS generated rather than
at the wastewater treatment plant after It IS mIxed With other wastewater

4 5 5 Drivers and Barriers to Pollution PreventIOn 10 the Petroleum Refimng Industry

For the petroleum refimng mdustry, pollutIon preventIon Will pnmanly be realIzed through
Improved operatmg procedures, mcreased recyclIng, and process modIficatIOns

Although numerous cases have been documented where petroleum refinenes have
SImultaneously reduced pollution outputs and operatmg costs through pollutIOn preve~tIOn
technIques, there are often bamers to theIr Implementation The pnmary bamer to most
pollUtion preventIOn projects IS cost Many pollutIon preventIOn optIOns SImply do not pay for
themselves Corporate mvestments typIcally must earn an adequate return on mvested capItal for
the shareholders and some pollutIOn preventIOn optIOns at some faCIlItIes may not meet the
reqUirements set by the companIes In addItiOn, the eqUipment used m the petroleum refinmg
mdustry are very capItal mtensive and have very long lIfetimes ThIS reduces the mcentlve to
make process modIficatIOns to (expenSIve) mstalled eqUIpment that IS stIll useful It should be
noted that pollutIOn preventIon technIques are, nevertheless, often more cost-effectIve than
pollutIon reductIOn through end-of-pipe treatment
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APPENDIX 1

CHEMICAL POLLUTION PREVENTION CASE STUDIES
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PETROLEUM POLLUTION PREVENTION CASE STUDIES
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1.1 ProJect Goals

In late 1989, Amoco corporat1on (Amoco) and the Un1ted States
Env1ronmental Protect1on Agency (EPA) began a voluntary, J01nt
proJect to study pollut1on prevent10n opportun1t1es at an
1ndustr1al fac1l1ty. The Amoco/EPA workgroup (Workgroup),
composed of EPA, Amoco, and Commonwealth of V1rg1n1a staff,
agreed to use Amoco 011 Company's ref1nery at Yorktown, V1rg1n1a
(the Ref1nery), to conduct a mult1-med1a assessment of releases
to the envlronment, then to develop and evaluate optlons to
reduce these releases. The Workqroup ldentlfled flve tasks for
thlS study:

1 Inventory ref1nery releases to the envlronment to def1ne
the1r chem1cal type, quant1ty, source, and med1um of
release

2 Develop opt1ons to reduce selected releases 1dent1f1ed.

3 Rank and pr10r1t1ze the opt10ns uS1ng a var1ety of
cr1ter1a and perspect1ves.

4 Ident1fy and evaluate factors such as techn1cal,
leg1slat1ve, regulatory, 1nst1tut1onal, perm1tt1ng, and
econom1c, that 1mpede or 1nv1te pollut1on prevent10n

5 Enhance part1c1pants' knowledge of ref1nery and
regulatory systems.

F1qure 3.1 shows a schemat1c d1agram of the Ref1nery, potent1al
release sources, and a number of pollut10n prevent10n opt10ns
1dent1f1ed 1n th1s ProJect. Table 3.2 descr1bes spec1f1c opt1ons
to reduce releases. At the t1me th1s ProJect began, pollut1on
prevent10n was a concept pred1cated on reduc1ng or e11m1nat1ng
releases of mater1als 1nto the enV1ronment rather than manag1ng
the releases later. The Workgroup adopted th1S general concept
and agreed to cons1der all opportun1t1es--source reduct1on,
recyc11ng, treatment, and env1ronmentally sound d1sposal--as
potent1al ch01ces 1n pollut10n management. S1nce then, Congress,
1n the Pollut10n Prevent10n Act of 1990, and other organ1zat1ons,
have put greater emphas1s on source reduct10n as the pr1mary, 1f
not the exclus1ve, means to accomp11sh pollut1on prevent10n.

A central goal of th1S ProJect was to 1dent1fy cr1ter1a and
develop a rank1ng system for pr1or1t1z1ng env1ronmental
management opportun1t1es that recoqn1zed a var1ety of factors
1nclud1ng release reduct1on, techn1cal feas1b1l1ty, cost,
env1ronmental 1mpact, human health r1sk, and r1sk reduct10n
potent1al. Due to the 1nherent uncerta1nt1es 1n r1sk
assessments, the ProJect focused on relat1ve changes 1n r1sk
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compared to current levels, rather than establ~sh~ng absolute
r~sk levels. Because of d~ff~cult~es ~n quant~fy~ng changes ~n

ecolog1cal ~mpact from a~rborne em~ss~ons, changes ~n relat~ve

r~sk were based pr~mar~ly on human health effects ~nd~cated by
changes ~n exposure to benzene. The r~sk assessment d~d not
1nclude a quant1tat~ve analys~s of VOCS due to l~m~ted

1nformat1on on the~r health effects.

Th1S proJect focused on pollut10n and potent~al r~sks posed by
normal operat~on of the Ref~nery and chron~c exposure to 1ts
releases ~nto the enV1ronment. M~n~m~z1ng emergency and upset
events ~s a top pr~or~ty of Amoco's fac1l~ty managers. Such
events can have catastroph1c results. However, they were not
stud~ed ~n th1s proJect because: Ca) prevent~on and control of
such events 1nvolves s~gn~f~cantly d1fferent sk~lls, techn~cal

resources, and analyses than control11ng releases from day-to-day
operat10ns (AIChE, 1985), Cb) the number, type, and frequency of
1nc1dents at Yorktown ~s very low, and Cc) data regard1ng the
type of release, and relevant meteorology dur~ng the release are
not ava1lable for analys~s. Append~x D descr1bes potent1al
emergency and upset events that m~ght occur at a petroleum
ref1nery and the general preventat~ve measures used to m~n~m~ze

the~r sever~ty and the 1~ke11hood of the~r occurrence.

1.2 ProJect Orqan~zat~on, Staff1nq and BUdqet

PrOJect Content. The Pollut~on Prevent~on ProJect has many
components. Each component def1nes and addresses an ~ssue

assoc1ated w1th pollut~on prevent~on and fac~l~ty management
cho1ces These 1nclude pollutant source 1dent1f~cat1on,

samp11ng, exposure mode11nq, r1sk assessment, etc. Table 1.1
prov1des a complete l~st of the components ~n th1S ProJect The
ProJect workplan out11ned the purpose and content for most of
these components (Amoco/EPA, 1990).

Exclus1ons/Llmltatl0ns: A number of areas speclf~cally ~cluded

or l1mlted 1n thlS ProJect are descrlbed 1n Appendlx B. Some are
l1sted below.

• L1m1ted samp11ng t1me and data provJ.ded a "snapshot" of
releases rather than measured annual values.

• Very few generally accepted methodolog1es ex~st for the
samp11ng used to obta~n a slte-w~de release lnventory,
part1cularly for measurJ.ng a1r em~SS10ns. Both EPA and Amoco
concerns about spec1f~c samplJ.ng 1ssues are hJ.qhl~qhted ~n

Appendlx Band d1scussed 1n more deta1l 1n Alr Qua11ty Data,
Volume II (Amoco/EPA, 1992 b).

• The ProJect consldered avallab1e technoloq1es rather than
explor1nq 1nnovat1ve techn1ques for reduc1nq releases.
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• Chem~cal changes of a~rborne pollutants were not evaluated.

• Data and analysls focused on the Yorktown Ref~nery. s~te

spec~f~c features of th~s fac~l~ty and ~ts em~ss~ons may not
apply to other ref~ner~es. Broader reg~onal concerns were
not evaluated.

• The forthcom~ng human health r~sk assessment focuses on
potent~al cancer r1sks assoc1ated w~th benzene exposure
outs1de the fac1l1ty fencel~ne.

Peer ReVlew: At the Workqroup's request, Resources for the
Future organlzed a group of outs1de sc~ent1f1c and techn~cal

experts. Th1S Peer Rev1ew Group prov1ded evaluatlon and adVlce
on the ProJect workplan, sampl1ng, analyt1cal results, and
conclus~ons. Members of th1s group were pa1d a small honorar~a

for the~r part1c1pat~on and re~mbursed for travel expenses to
Wash1ngton by EPA. A report summar~zlng the1r comments lS
lncluded as part of the documentat1on for th~s ProJect Append~x

C l~sts all ProJect documentat1on.

Workgroup: Monthly Workgroup meet1ngs prov~ded ProJect
overs~qht, a forum for presentat~ons on d1fferent ProJect
components, and an opportun1ty for ~nformal d~Scuss1on of
d~ffer~ng v1ewpo1nts about env~ronmental management. Although
attendance var~ed, each meet~ng 1ncluded representat1ves from
var10US EPA off~ces, the Commonwealth of V~rg1n1a, and Amoco

Workshop: A spec~al Workshop, held dur~ng March 24-27, 1991, ~n

Wlll~amsburq, V~rg~n1a, rev~ewed sampl1ng data and ~dent~f~ed

reduct10n opt~ons and rank~nq cr~terla. More than 120 people
from d~verse backgrounds--EPA, Amoco, V~rq~n1a, academ~a and
publ~c 1nterest groups--attended the Workshop. The Workshop
sess~ons resulted 1n suggest10ns that further ref~ned and
d~rected ProJect actlv~t1es (Amoco/EPA, 1991a).

,
Part~clpants: More than 200 people, 35 orqan~zat1ons, and many
dlsc~pl~nes have been ~nvolved ~n th~s ProJect. Table 1.2 l~sts

the var~ous part~c~pat1ng orqan~zat~ons.

Cost. Total cost for th~s ProJect was approx1mately $2.3
mlll1on. Amoco O~l Company prov~ded 70 percent of the fund~nq

and EPA the rema~nder.

1.3 Lessons and Results

1.3.1 Reflnery Release Inventory

A. Ezlstlng est~tes of environmental releases were not
adequate for making a chemlcal-specific, multi-medla,
facility-wlde assessment.

-3-
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The Yorktown Ref~nery had good 1nformat10n about the quant1ty of
mater1a1 released to the York R1ver from NPDES Perm~t mon1tor~ng

requ~rements, and for so11d wastes as a result of 1nternal
programs and part1c~pat10n ~n recent Amer1can Petroleum Inst1tute
surveys (API, 1991b). These releases, however, made up only 11
percent of the total releases from the fac111ty Ava11able data
d1d not ~nclude adequate chem1cal-spec~f1c character1zat10n of
the water d1scharge or sol1d waste streams.

The Ref1nery (and other ref1ner1es as well) could not eas1ly
1dent~fy spec1f1c a1rborne hydrocarbon compounds released or the
quant1ty released because·

(a) Ref~ner1es typ1cally do not manufacture products w1th
spec1f1c chem1ca1 compos1t10ns, and therefore do not
rout1ne1y measure chem1cal compos1t10ns of the1r
products or em1SS10ns. Rather, ref1nery products
have spec1f1c propert1es such as octane, freeze
p01nt, and sulfur content Crude 011, the raw
mater1al used to make these products, conta1ns
thousands of d1st1nct chem1cals that are never fUlly
separated dur1ng the manufactur1ng processes.
A1rborne releases from th1S k1nd of fac111ty are
s1m1larly complex.

(b) Most hydrocarbons are released through a large number
of w1dely d1str1buted sources (valves, flanges, pump
seals and tank vents). Even a small ref1nery may
have more than 10,000 potent1ally d1fferent sources
D~rect measurement of each of these sources 1S not
pract1cal.

(c) The quant1t1es released through any s1ngle source are
extremely small--on the order of pounds per
year--d1Iute and d1ff1cult to measure. In add1t10n,
some large sources that em1t pollutants 1n the amount
of tons per year are d1ff1cult to measure and
quant1fy. Total hydrocarbons released from Yorktown
Ref1nery from all sources were approx1mately 0.3
we1ght percent of the total crude 011 processed.
Therefore, they would not be detected through normal
mass balances and mater1als account1ng (NRC, 1990).

Thus, collect1ng deta1led, chem1cal spec1f1c release 1nformat10n
used to character~ze the Ref1nery was expenS1ve and t1me
consum1nq. Th1S ProJect developed a sampl1nq and mon1tor1ng
program that 1ncluded about 1,000 samples (see F1qure 2.2). Each
sample was analyzed for 15-20 chem1cals. The sampl1nq proqram
took about 12 months to complete at a cost of about $1 m1ll10n.
Even W1th th1S t1me and dollar comm1tment, only selected sources
were sampled The f1nal release 1nventory was assembled uS1nq a
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comb1nat10n of sampl1nq, measurements, d1spers10n model1ng, and
est1mates based on em1SS10n factors.

Because th1s sampl1ng program was a f1rst of 1tS k1nd effort, 1ts
scope was 1ntent10nally broad. SUbsequent analys1s showed that
not all of the 1nformat1on obta1ned was necessary to 1dent1fy
s1gn1f1cant sources and potent1al reduct10n opt10ns. For the
Yorktown Ref1nery (and the petroleum ref1n1ng 1ndustry overall),
more general 1nformat10n, such as source spec1f1c VOC em1ss10ns,
1S adequate to 1dent1fy many of the pollut10n prevent10n proJects
developed 1n th1S study. Total VOC em1SS1ons are a good
1nd1cator of overall em1ssions and can be used for tracking
em1SS1ons reduct10n progress.

B. A sUbstant1al portion of pollution generated at th1S ref1nery
18 not released to the env1ronment.

The release 1nventory process allowed a compar1son of pollutant
qenerat10n, on-s1te management and ult1mate releases to the
env1ronment. The Ref1nery generates about 27,500 tons/year of
pollutants. As a result of s1te hydrogeology, on-s1te wastewater
treatment, and sol1d waste recycl1ng pract1ces, about 12,000 tons
are recovered, treated or recycled and do not leave the Ref1nery
slte Of the rema1n1nq 15,500 tons about 90 percent are released
to the a1r.

F1qure 2.4 1llustrates the transfers Wh1Ch take place between
generat10n and ult1mate release. F1qure 2.5 character1zes
pollutants released from the Ref1nery. Th1S s1te-w1de analys1s of
pollutant generat10n and release character1st1cs allowed the
Workgroup to focus much of the rema1n1ng ProJect resources on the
largest releases--a1rborne em1SS10ns.

Model1ng stud1es 1nd1cated relat1vely l1ttle naturally occurr1ng
transfer of hydrocarbon em1SS10ns from a1r 1nto other med1a
(Cohen and Allen, 1991). Most hydrocarbons are not very water
soluble, and so are not eas1ly removed from the a1r by ra1nfall
Sect10n 2 0 1ncludes a more deta1led d1Scuss1on of the potent1al
for transfer to other med1a. Although the fate of cr1ter1a
a1rborne pollutants (l1ke NOX and 502) was not stud1ed 1n th1S
ProJect, they are known to be scavenged by ra1nfall and can
contr1bute to n1trogen loads and pH changes 1n lakes and s01l
(See Append1x B) Measurements and model1ng results showed small
transfers from some surface water ponds to groundwater.
Groundwater also enters the wastewater treatment system through
the underground sewers, result1ng 1n a net groundwater 1nflow.

Transfers of pollutants between med1a do occur, part1cularly as a
result of pollut10n management act1v1t1es. Over 370 tons/year of
hydrocarbons 1n1t1ally present 1n wastewater streams are
volat1l1zed 1nto a1r from the water collect10n system. More than
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2,000 tons/year of b~osol~ds are produced by treat~ng wastewater
~n the Ref~nery's act~vated sludge system.

c. The TRl database doe. not adequately characterize release.
from th1. Ref1nery.

T~tle III of SARA, Emergency Plann~ng and Commun~ty R~ght-to-Know

Act, created the Tox~c Release Inventory (TRI) ~n 1986. T~tle

III requ~res regulated fac~l~t~es ~n SIC Code 20-39 to subm~t

annual release data on more than 300 chem~cals manufactured,
produced or otherw~se used ~n quant~t~es exceed~ng certa~n

threshold values Releases to all med~a must be reported The
TRI ~s one way of focus~ng corporate attent~on on release
reduct~on opportun~t~es.

TRI reports are based on e~ther em~ss~on est~mates, d~rect

measurements or a comb~nat~on of both methods. Each fac~l~ty ~s

respons~ble for the accuracy of the data reported. Industr~al

fac~l~t~es frequently f~le amendments to TRI reports to reflect
~mprovements ~n the accuracy of the est~mat~on and measurement
techn~ques.

The TRI database has become the de facto nat~onal release
~nventory. The qual~ty and ut~l~ty of data reported can vary
w~dely. At a plant that uses a s~ngle solvent to wash
manUfactured parts, and that purchases extra solvent every year
to make up for evaporat~ve losses, the quant~ty of solvent
em~ss~ons ~s well known and tracked through monthly purchas~ng

records A TRI report wh~ch ~ncluded th~s solvent and plant
should be qu~te accurate. However, at the Ref~nery, the TRI does
not report total fac~l~ty em~ss~ons because:

• The TRI ~s based on est~mates rather than measurements.
Est~mat~ng accuracy var~es w~dely. Dur~ng the measurement
port~on of th~s ProJect, several new sources were ~dent~f~ed

whose s~gn~f~cance had been prev~ously underest~mated One
source was ~dent~f~ed wh~ch had been overest~mated. F~gure

2 7 summar~zes the results of th~s analys1s.

• The measurement phase of th~s ProJect revealed sUbstant~ally

h~qher TRI reportable em~ss~ons from the blowdown stacks than
had been est~mated prev~ously On the other hand,
measurements revealed that em~ss~ons from wastewater sources
had been overest~mated. Amoco has f~led an amendment to ~ts

past TRI reports for Yorktown to reflect new data. F1gure
2.7 compares the start1nq TRI data w~th results obta1ned from
the ProJect.

• The TRI focuses on spec1f1c chem1cals wh1ch account for only
a port1on of the total em1SS10ns In the Ref1nery's case,
the TRI report covers only 9 percent of the total
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hydrocarbons released, and only 2.4 percent of the total
releases to all med~a. Cr~ter~a pollutants--co, NOX, S02,
and PM-10--are not reportable ~n the TRI.

• Some act~v~t~es and em~ss~ons are excluded by EPA from record
keep~ng requ~rements, such as em~ss~ons from barge load~ng.

At th~s fac~l~ty, barge load~ng operat~ons account for about
20 percent of the total benzene em~ss~ons (See F~qure 3 4).

F~nally, TRI prov~des an approx~mate ~nventory of selected
mater~als released to the env~ronment. TRI data by ~tself does
not allow for mean1ngful r1sk evaluat10n or compar1sons on a
faC1l1ty basls, because It does not deflne the fac~l~ty's

relat~onshlp to nearby populat1ons and ecosystems.

D. S1te spec1f1c feature. determined dur1nq the faci11ty-w1de
assessment, affect releases and release management options.

Nat~onal programs, by des~gn, address overall problems ~n

spec~f~c med1a. But these programs seldom cons~der s~te-spec~f1c

d1fferences ~n develop~ng standards. Other ref~ner1es, and
~ndeed other 1ndustr1al fac~llt1es, can use the general sampl~ng

approach developed here to obta1n the fac1l1ty-w~de release
1nventory. However, each S1te w1ll exh1b1t un~que geophys~cal

and process characterlstlcs. Each assessment plan must lnclude
these slte-speclf1c characterlst~cs 1n lts des~gn and focus. As
an example, the Yorktown Reflnery does not have a hydrofluor1c
aCld (HF) alkylat10n un~t and HF was not measured HF can pose a
s1gn1flcant health rlsk ~f managed 1mproperly, and may need to be
tracked at faclllt~es that use It.

Groundwater: As a result of a clay sOll layer, un~que

hydrogeology, the placement of the underground dra~nage system
relat1ve to the water table, and local cl~mate, groundwater
movement at thls s~te lS mlnlmal. In fact, the underground
dra1nage system lS actlng as a groundwater collect~on unlt,
send~ng groundwater to the Ref1nery's wastewater treatment plant.
ThUS, groundwater at thls slte lS not leav1ng the property
Furthermore, sampllng showed surprlslngly low levels of
groundwater contam~natlon, compared to other reflnerles (LA
Tlmes, 1988).

Mar1ne Load1ng Em1SS10ns Yorktown Reflnery uses mar~ne

transportatlon for recelvlng ~ crude 011 and sh~pplng more than
80 percent of ~ts products. Estlmated releases from product
loadlng operat~ons are 784 tons/year of VOCs. Computer modellng
analys1s showed th~s source had the greatest ~mpact on exposure
of nearby res~dences to Ref1nery hydrocarbon emlss~ons

Therefore, lt would be useful to lnclude mar~ne loadlng em~ss~ons

1n thlS fac~l~ty's envlronmental management plans. Many other
reflnerles rely more on plpel~ne, rall and truck shlpments to
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'andle crude and products, and would thus not expect to f1nd the
~ame potent1al 1mpact from mar1ne operat1ons.

Alrshed status: As d1scussed 1n Append1x A, the Ref1nery 1S
located 1n an a1rshed class1f1ed as an atta1nment area for all
cr1ter1a pollutants 1nclud1ng ozone. Therefore, relat1vely few
hydrocarbon em1SS1on controls have been requ1red or 1nstalled at
thlS faclllty. The sampllng program and release reductlon
opt1ons focused on hydrocarbon releases. Many other reflner1es
In ozone non-attalnment areas have already 1nstalled extenslve
hydrocarbon em1SS10n controls. consequently, other fac1l1t1es
may have a slgn1flcantly lower percentage of hydrocarbon
emlSS10ns S1m1larly, NOX, CO, PM-10 and S02 em1SS1ons have been
more tlghtly controlled 1n some other a1rsheds (such as the Los
Angeles basln) WhlCh do not meet NAAQS for these pollutants.

1.3.2 Release Reductl0n Optlons

A. A workshop approach, drawlnq on a d1verse qroup representlnq
qovernment, lndustry, acadamlc, envlronmental and publlC
lnterests developed a wlde ranqe of release reductlon optl0ns
In a multl-medla context more qulckly than EPA or lndustry
alone would do.

The release 1nventory descr1bed 1n 1.3.1 above, served as the
baS1S for ldent1fylng ways to reduce releases. A 3-day
oralnstormlng Workshop, held In Wlll1amsburg, Vlrgln1a generated
more than 50 potentlal release reduct10n opt10ns for the
Ref1nery. These ranged from produc1ng a s1ngle grade of gaso11ne
to spec1flc techn1cal optlons for part1cular equ1pment or
processes Table 3.1 llstS all optlons 1dent1fled.

The Workgroup subsequently narrowed th1s l1st to 12 optlons for
more careful, quantltatlve analys1s. ThlS wlnnow1ng process
consldered only those opt1ons that were technlcally feaslble now,
offered potent1ally large release reductlons, addressed dlfferent
envlronmental med1a, and posed no process or worker safety
problems. ProJects des1qned to comply wlth several current or
antlclpated requlatlons were also 1ncluded. Table 3.2 llStS
englneer1ng proJects 1ncluded for further analys1s

The Workshop also addressed screen1ng crlterla to help prlor1tlze
the opt1ons, potentlal barrlers and 1ncentlves for
lmplementatlon, and permlttlng concerns. The d1verse vlewpolnts
brought to all these d1Scusslons helped gu1de sUbsequent ProJect
actlvlt1es These V1ews relnforced the Workgroup's deSlre to
conslder broader lssues such as multl-medla release management
consequences, future llablllty lmpacts, etc. The Workshop was
able to conslder these lssues more comprehenslvely than elther
government or lndustry alone would normally do.

-8-

[~

[ J
l J
1 J
[ I
( r
[ 1

[ I
( I
[ J
[ J
[ J
[ ]

I ]
1 ]
l J
[ J
[ 1

[ J



]

]

]

]

]

]
]
]

]

]

]

]

]

]

J
]

]

]

]

B. aelease aanaqament frequently involves the transfer or
convera~on of pollutants from one fora or med~um to another.

It ~s not at all unusual for pollutants to be converted and
transferred from one form or med1a to another as part of a
pollut~on control pract1ce. For example, scrubbers used to
remove aCld~c pollutants from many electrlc utlllty stacks
qenerate larqe volumes of calclum sulfate sludqe (EPRI, 1983)
wh~ch must also be manaqed. For opt1ons developed at the
Yorktown Ref1nery

• Modiflcatlons of the underqround drainaqe system and process
water treatment plant (requ1red under the Benzene Waste
Operatlons NESHAPi Federal Reqlster, 1990) wlll lmprove
process water treatment and reduce alr em1SS1ons, but produce
more sol1d waste such as b1osol1ds and fully spent actlvated
carbon

• The Reflnery has Ilmlted sludqeprocess1nq capaclty. Keeplnq
so~ls out of sewers would reduce the amount of sludqe ~n the
API Separator and thus allow for more on-slte manaqement of
other SOlld wastes, reduc1nq offslte d1sposal.

• Install~nq an electrostatlc preclpltator would reduce Feu
part~culate (PM-10) em~SSlons (catalyst f1nes), but transfer
the add~t~onal collected partlculates to land dlsposal.

• Burn1nq hydrocarbons that cannot be econom~cally recovered
qenerates other crlterla pollutants WhlCh may also need to be
manaqed

None of these transfers or transformat~ons are bad, In and of
themselves. The ProJect slmply po~nted out the need to
recoqnlze, plan, and manaqe these chanqes at an early staqe of
the release manaqement cycle.

c. Source reduction opt~ons were more cost-effective than most
treatment and disposal alternatives. Nevertheless, source
reduct~on alone vas not adequate to ach~eve all the des~red

or leqally requ~red release reduct~ons.

The Workqroup aqreed to cons~der the waste manaqement
hlerarchy--source reductl0n, recycllnq, treatment, and safe
d1sposal--as the basls for developlnq release reductlon optlons
Technoloq~es ~dentlfled and analyzed flt lnto thlS hlerarchy.
Tlme and budqet constralnts llmlted technology cholces to
conventlonal, proven Solutlons rather than explorlnq lnnovatlve
alternatlves.

However, less than half the optlons ldentlfled quallfled as
"source reductlon." Had the optlons been llmlted to only source
reductlon, the scope of potent1al opportunltles for reduclnq
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releases and 1mprov1ng env1ronmental qual1ty would have been
unnecessar1ly restr1cted.

If all source reduct10n opt1ons 1dent1f1ed 1n th1S ProJect
1mplemented, benzene and total hydrocarbon em1SS1ons would
reduced by about 25 percent and 16 percent, respect1vely.
Workgroup concluded that a cost-effect1ve strategy for the
Ref1nery would have to 1nclude a m1X of source reduct1on,
recycl1ng, treatment and d1sposal opt1ons

Of the source reduct10n opt1ons cons1dered, most appear to be
s1gn1f1cantly lower cost than recycl~ng, treatment, and d~sposal

Source reduct10n opt1ons cons1dered have had an average cost of
$650/ton of pollutant recovered. The rema~n~ng seven opt10ns
analyzed had an average cost of $3,200/ton, nearly 5 t1mes
h1gher The cost-effect1veness of 1nd~v~dual opt10ns var1ed form
a low of $190/ton for secondary seals on qasol1ne storage tanks
to a h1gh of $128,oOO/ton for the treatment plant upgrade.

D. Wb1le release reduct10ns do not always pay tor themselves,
some env1ronmental 1mprovements can be made at a net cost
sav1ngs to the Ref1nery.

The Ref~nery 1S relat1vely eff1c1ent ~n manaq1ng mater1als. An
ongo1ng we1ght-loss management program to capture lost mater1al
has been 1n place at all Amoco ref1ner1es for a number of years
Approx1mately 99 7 percent of the 1ncom~nq crude 1S converted to
useful products and ref1nery fuel The hydrocarbon release
reduct~on opt10ns 1dent1f1ed 1n th1s ProJect dealt w1th the
rema1n1nq ° 3 percent.

Desp1te the relat1ve eff1c1ency of the Ref1nery, two source
reduct10n opt1ons--seals on gasol1ne tanks and a leak detect10n
and repa~r program--have net cost sav1ngs and a pos1t1ve rate of
return Amoco d1d not know th1S before th1S ProJect. On the
other hand, some of the source reduct10n opt1ons and all \
treatment opt1ons were not econom1C 1nvestments for the Ref1nery
For example, f1tt1ng all f1xed roof storage tanks w1th secondary
seals would result 1n much h1gher cost for relat1vely l1ttle
add1t1onal reduct10n 1n hydrocarbon em1SS1ons compared to f1tt1ng
only gasol1ne storage tanks. Treatment opt10ns generally requ1re
s1gn1f1cant cap1tal outlays W1th no return ~n the form of
recaptured or 1mproved product. Technology opt1ons w1th pos1t1ve
rates of return are shown 1n F1qure 3.9. Opt1ons that have
negat1ve return are not shown.

1.3.3 Choos1nq Alternat1ves

A. Rank1nq the opt10ns showed that better env1ronmental results
can be obta1ned more cost-effect1vely.
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Comp11ance W1th current and ant1c1pated requlat10ns requ1res
controls for e1qht sources types, reduc1nq a1rborne hydrocarbon
releases by 7,300 tons/year at an averaqe cost of $2,400/ton.
The Ref1nery could reduce about 7,100 tons of a1rborne
hydrocarbons each year (or about 97 percent) by control11nq S1X
sources at about 25 percent of the cost. Th1S cost-effect1veness
compar1son does not account for poss1ble benef1ts to other med1a.

If allowed to address both hydrocarbons and l1sted hazardous
waste, the Ref1nery could reduce about 7,500 tons per year at an
averaqe cost of about $500/ton uS1nq 1ts ch01ce of sources and
techn1ques. Table 1.3 prov1des a more deta1led compar1son of
d~fferent Release Management strateg1es, results and costs

These results are all the more s~qn~f~cant because the opt~ons

evaluated were ne1ther selected nor developed ahead of t1me w~th

a tarqet reduct10n qoal ~n m1nd Nor d1d the select~on process
have a qoal of meet1nq regulatory requ1rements ~n some
alternat1ve fash1on. Th1S suqqests that even more 1mpress1ve
results m1qht be ach1eved, 1f that were the focal p01nt at the
beq1nn1nq.

B. All part1c1pants agreed OD whicb Opt10DS were the most
effect1ve and wh1ch were least, regardless of their raDk1Dg
cr1ter1a or 1nst1tutioDal v1ewpo1nts.

The ProJect used a mult1-d1menS1onal pr1or1t1z1nq process (the
Analyt1cal H1erarchy Process, AHP) 1n wh~ch we1qhts were
developed for all cr1ter1a used to rank alternat1ves. These
cr1ter1a 1ncluded cost, release reduct1on, t1me11ness and changes
1n benzene exposure, among others. The process allowed the
Workqroup to assess the s1gn1f1cance of and 1nteract10ns between
cr1ter1a--how changes 1n one cr1ter1on affect other cr1ter1a and
total rank1ngs

All opt~ons were cons1dered legally acceptable, and no spec1f1c
regulatory requ1rements were 1mposed on the dec1s10n mak1rtg
process. Although d1fferent organ1zat10ns brought d1fferent
perspect1ves to the d1Scuss1ons, each organ1zat10n reached the
same conclus1ons about Wh1Ch opt10ns would be most effect1ve and
wh1ch were least. The dr1v1ng forces 1n th1S pr1or1t1zat1on were
cost and relat1ve r1sk reduct1on, as measured by benzene
exposure. A var1ety of sens1t1v1ty stud1es conf1rmed th1s
1n1t1al set of preferences.

Amoco ranked control of mar1ne load1ng losses as the most
effect1ve--though not the lowest cost--opt1on. A second t1er of
opt10ns 1ncluded 1nstal11ng secondary seals on tanks, 1nst1tut1ng
a leak detect10n and repa1r program, and upgrad1ng blowdown
stacks All four were also v1ewed as reasonably effect1ve
pollut10n prevent10n proJects. In total these four proJects
would prevent or capture almost 6,900 tons of releases annually
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at a cost of about $510/ton. EPA and V1rg1n1a selected the same
f1ve opt1ons, 1n th1S hypothet1cal case w1th no spec1f1c
requlatory requ1rements. See Items 4 and 5 1n Table 1.3

Obstacles and Incent1ves to xmplement1ng Pol1ut10n
Prevent10n

After 1dent1fy1ng several alternat1ve env1ronmental management
opt1ons, 1t 1S reasonable to ask why these opt1ons are not be1nq
1mplemented. What can be done to encourage the1r use? The
follow1nq d1SCUSS10n summar1zes the general f1nd1nqs based on an
assessment of potent1al obstacles and 1ncent1ves for 1mplement1nq
f1ve h1ghly ranked opt1ons For more deta1ls, see Sect10n 5.0

A. EPA 40es not have an explic1t po11cy goal and may not have
the statutory author1ty to s1mply set a release re4uct10n
"tarqet" w1thout prescr1b1ng how th1s target should or could
be met. When the target involves releases in mU1t1p1e med1a,
current adm1n1strat1ve procedures d1scourage a coor41nated
approach, 1nclud1nq evaluat1ng risks, costs and benef1ts of
manaq1nq res14ual pollutants 1n 41fferent me41a.

Requ1rements under many statutes and requlat10ns prescr1be how
release reduct10ns should be ach1eved, somet1mes 1n terms of
wh1ch technology should be used, often 1n terms of wh1ch spec1f1c
sources should be controlled. For example, the Benzene Waste
Operat1ons NESHAP focuses on a spec1f1c em1SS1ons source to a
s1nqle med1um--benzene em1SS10ns from wastewater. The rule
requ1res control of benzene em1SS10ns from th1s s1ngle source.

Data from thlS ref1nery 1nd1cated that wastewater 1S a small
contr1butor to total benzene releases Amoco and EPA d1saqree
about some of the spec1f1c measurements and results. These are
d1scussed 1n deta1l 1n A1r Qual1ty Data, Volume II (Amoco/EPA
1992b)

\

A number of pollut1on prevent10n approaches developed 1n th1s
ProJect are more effect1ve 1n control11ng benzene em1ss1ons, and
less costly to 1mplement than the benzene NESHAP. Other
ref1ner1es m1ght f1nd other sources that present more cost
effect1ve control opportun1t1es. Focus1ng on 1nd1v1dual sources,
rather than on des1red overall "performance," l1m1ts the ab1l1ty
to ach1eve the most cost-effect1ve control

RCRA requ1res appl1cat1on of the Best Demonstrated Ava1lable
Technology (BOAT) to a hazardous waste before 1t can be d1sposed.
BDAT standards are typ1cally based on a destruct10n technology
rather than on methods at the h1gher end of the pollut1on
prevent10n h1erarchy.

One proposal now before Congress (5. 1081) to reauthor1ze the
Clean Water Act would amend 304(b) of the Act and requ1re EPk to
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promulgate effluent gu~del~nes wh~ch reflect the appl~cat~on of
best ava~lable control technology (BAT) for All categor~es of
pollutants. Th~s conqress~onal proposal, wh~ch does not reflect
the Adm~n~strat~on's pos~t~on, could l~m~t the Agency's ab~l~ty

to set env~ronmental protect~on pr~or~t~es.

B. Leq1s1a~1ve and requla~ory proqrams do no~ prov1de
~plem.ntat10n schedules compa~ibl. v1~h 4es1qD, enq1neer1nq,
and construct10n t~eframe••

Most regulatory and statutory programs requ~re compl~ance w~th~n

SlX months to at most three years after promulqat1on of a f1nal
rule. In some cases, compl~ance requ~rements do not cons~der

normal ma~ntenance schedules and econom~c penalt~es assoc~ated

w~th fac~l~ty-w~de shutdowns. Consequently, short-term "f~xes"

wh~ch can meet legal deadl~nes, are used at the expense of more
cost- and env~ronmentally effect~ve, long-term solut~ons.

A typ~cal ref~nery proJect for process~ng o~l us~ng establ~shed

technology and des~gn procedures, normally takes 2-3 years from
~n~t~al des~gn to startup, assum1ng there 1S agreement on what to
bu~ld, no unusual equ~pment de11very problems, no add1t~onal

safety cons1derat1ons, and no prolonged startup d1ff1cult~es.

Many proJects take longer when regulatory appl1cab~l1ty, scope or
des~gn cr~ter~a are unclear, or new technolog~es are 1nvolved

For example, the benzene NESHAP rule d1scussed above was
promulgated ~n March 1990 (under the 1977 Clean A1r Act
Amendments). statutory language requ~red compl~ance w~th the
regulat~ons w~th~n two years. In th1s case, s~gn1f1cant

d~fferences ~n ~nterpretat~on between EPA and the regulated
commun~ty took more than one year to resolve and to clar~fy the
regulatory requ~rements. An acceptable understand1ng ~s a
prerequ1s~te to eng~neer1ng and construct~on. It was phys~cally

~mposs~ble to des~gn, eng~neer, procure, construct, and start up
the requ~red control w~th~n the rema~n1ng one year compl~apce

t~me frame.

c. congress, EPA and much of indus~ry have become used ~o

command-and-con~rol, end-of-p1pe treatment approaches based
on twen~y years of ezper1ence. These well estab11shed

, problem solv1nq approaches are d1ff1cult to chanqe.

In the 1970's, env~ronmental regulat10ns successfully helped
reduce p01nt source em~SS10ns to a1r and water. End of p~pe

treatment was successful partly because many 1ndustr~al f~rms and
perm1tt1ng author1t1es had l~ttle exper1ence deal~ng w~th these
problems, and found the spec1f~cat1on of techn~cal solut~ons

offered a "road-map" for how to proceed along an uncharted
course. These requ~rements also prov1ded a relat1vely "level
play1ng f~eld" for us ~ndustry. Many of today's problems are

-13-
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1.3.5. Education/communications/work1nq Re~ationsh1p.

Th1s ProJect enhanced kDow1edqe of both qovernment and 1ndustry,
and qenerated 1nformat10n that EPA and Amoco can use.

suff~c~ently d~fferent than those of the early 1970's that they
can benef~t from alternat~ve approaches.

D. The short t1me taken by the V1rg1n1a A1r Pollut10n control
Board to 1ssue or mod1fy a1r perm1ts 1S not a deterrent to
1nstal11ng technolog1es to reduce a1rborne em1SS1on at th1s
s1te.
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and costs of
develop1ng a more
Respons1b1l1ty
for env1ronmental

Inadequate account1ng for both the benef1ts
environmental requlat10ns is an obstacle to
eff1C1ent env1ronmental management system.
for pollutant generat10n and accountabi11ty
protect10n are d1ff1cult to quant1fy.

E.

Most of the techn~cal opt~ons would reduce a~r releases at the
Ref~nery. However, obta~n~ng perm~ts to ~nstall most of these
technolog~es would probably not be a problem s~nce the V~rg1n1a

A~r Pollut~on Control Board ~s est~mated to take about s~x months
to ~ssue a perm~t (V~rg~n1a 1S a delegated state for ~ssu~nq a~r

perm~ts).

However, 1nformat~on generated through a fac~l~ty-w~de mult~

med~a assessment ~s a necessary f1rst step to not only develop1ng
a strategy to reduce these releases, but also to explor~nq such
1mplementat10n opt10ns as ~ntegrated perm1ts.

At many 1ndustr~al plants, such as Amoco's, waste management
costs are frequently charged to a central env1ronmental
management d~v~s10n rather than to the operat1ng un1t that
generates the waste. Remed1at10n costs for clean-up of
contam1nated s011, for example, are frequently charged aga1nst
another cost center, rather than to the generator of the
contam~nat~on Th1s separat10n between release generat10n and
costs ~s a d1s1ncent1ve to manage releases more effect1vely

Few EPA account1ng systems measure d1rect benef1ts of the.
Agency's act~v1t1es, such as 1mproved ecolog1cal health,
b1od~vers~ty, reduced r~sk to human populat~ons, etc. Rather,
accompl1shments are usually measured 1n terms of act1v1t1es such
as perm1ts wr1tten, amount of f1nes collected, or number of
enforcement act~ons pursued. (GAO, 1991) The lack of d~rect

connect~on between Agency act~v~t1es and env1ronmental results
reduces accountab1l1ty for program costs and benef~ts. W1thout
adequate measurement systems, ~t ~s d1ff~cult to tell when
env~ronmental management pract~ces actually 1mprove the
env~ronment.
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The study prov1ded an opportun1ty to educate 1nd1v1duals w1th1n
EPA and Amoco. Based on plant V1s1ts and 1nformat1on exchanges,
EPA personnel better understand how a ref1nery works, the
complex1t1es of the ref1n1ng processes, and the d1ff1cult1es 1n
obta1n1ng rel1able env1ronmental release data. Th1S 1mproved
understand1ng w1ll be useful as the Agency cons1ders future data
needs for regulatory development and perm1ts.

S1m1larly, Amoco personnel better understand how EPA develops
regulat10ns, the type of 1nformat1on needed, and the Agency's
operat1ng constra1nts. Th1S w1ll be useful for Amoco 1n
1nteract1ng w1th EPA and other government agencles.

The detalled release 1nformatlon developed 1n th1S ProJect could
be useful to all three med1a offlces: a1r, water, and sol1d
waste.

• The Off1ce of Alr and Rad1at1on may be able to use a1r
mon1tor1ng and model1ng 1nforma~1on for develop1ng MACT
standards and 1mprov1ng emlSSlon factors

• The Off1ce of SOl1d Waste should be able to use samp11ng and
mon1tor1ng 1nformat1on for character1z1ng RCRA Subt1tle D
wastes and management pract1ces.

• The Off1ce of Water should be able to use wastewater samp11ng
1nformat1on to evaluate Petroleum Ref1n1ng effluent
gu1del1nes, and the b10markers research results 1n evaluat1ng
aquat1c health measurement tools.

The work1ng relat10nsh1ps between var10US EPA off1ces, state and
Amoco personnel were qu1te frag1le when the ProJect began
Ind1v1duals brought the1r 1nstltut10nal v1ewpo1nts to 1nltlal
d1Scusslons. By aqree1ng at the beglnn1nq of the ProJect that we
may not necessar1ly agree w1th all flndlnqs and conclus1ons,
people showed a w1ll1nqness to d1SCUSS 1ssues and focus oQ data
and factual 1nformat1on Many of the perce1ved and real
d1fferences 1n V1ews were more eas1ly dealt W1th 1n a factual
sett1nq

1.4 Recommendat10ns

Explore Opportun1ties to Produce Better
Env1ronmental Results More Cost-effect1vely.

Data from th1S study show that the Reflnery can meet a release
reduct10n goal more cost-effect1vely than by meet1ng reduct10ns
prescr1bed by current regulatory or leg1slatlve requ1rements.

For example, the rank1nq analysls shows that qlven the
opportun1ty the Ref1nery could remove about 97 percent of tons of
a1rborne hydrocarbons at about 25 percent of the cost of reduc1ng

-15-
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• Prov1d1ng more 1nclus1ve est1mates of fac1l1ty-w1de releases
to all med1a. The ProJect found the exclus10n of mar1ne
load1nq operat1ons from TRI report1nq requ1rements conveyed
an 1naccurate p1cture of total fac1l1ty releases.

Data currently collected 1n response to regulatory or perm1tt1ng
requ1rements could be evaluated to determ1ne how 1tS ut1l1ty and
qua11ty m1ght be 1mproved. For example, TRI data qual1ty and
ut1l1ty could be 1mproved by:

Th1s strategy m1ght also 1nclude comm1tments to other
env1ronmental 1mprovements such as cogenerat10n, add1t10nal
reduct10ns 1n releases, wetlands restorat10n, w1ldl1fe hab1tat
enhancement, creat10n of new wetlands, controls on nonpo1nt
sources of pollut1on, 1mproved env1ronmental data collect10n and
research The cost sav1ngs real1zed from meet1ng requ1rements
under a more flex1ble approach make 1t poss1ble to real1ze
add1t10nal env1ronmental benef1ts wh1ch are presently foregone
because of the h1gh costs of many regulatory programs.
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Improve Env1ronmental Release Data Collect10n,
Analys1s and Management.

1.4.2

them under current and ant1c1pated regulat10ns. The cost
effect1veness of the flex1ble opt10n 1S about $600/ton compared
w1th the cost-effect1veness of $2,400/ton for regulatory
requ1rements.

EPA m1ght evaluate opt10ns for sett1ng a goal or target for
reduc1ng mult1-med1a releases from a fac1l1ty, and then allow the
fac1l1ty to develop an alternat1ve compl1ance strategy to meet
the goal. Th1s alternat1ve strategy would allow the fac1l1ty to
meet the goal at a lower cost, 1nclude 1nter1m m1lestones, and be
enforceable. Th1s strategy would also make appropr1ate
1nformat10n ava1lable to ensure that the reduct10n targets w1ll
be met.

Data from th1s study show that an em1SS1ons 1nventory could be
1mproved by measur1ng releases and develop1ng new em1SS10n
factors For example, the em1SS1ons 1nventory at the beg1nn1ng
of the proJect d1d not account for all potent1al releases to the
enV1ronment. Some releases were excluded because the Agency has
excluded them from report1ng (e.g., barge load1ng operat10ns);
some releases were not 1ncluded because the sources and the
amount were thought by Amoco to be 1ns1qn1f1cant (e 9 , blowdown
stacks), some em1SS10ns were overest1mated (e.g., API Separator);
and some releases were underest1mated (e.g., coker pond) ,
J01ntly establ1shed sampl1ng and analys1s protocols could help
1mprove data qual1ty, so that reported values more accurately
portray fac1l1ty releases.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



ThlS ProJect demonstrates that more cost-effectlve envlronmental
protectlon programs can be deslgned by allowlng companles to
conslder slte speclflc factors and focus on results.

• Improv1ng em1SS1on factors for estlmatlng releases based
upon 1nformat10n developed 1n th1s proJect, and add1t1onal
work by EPA/1ndustry task groups that could focus on the
d1fferent data collectlon needs of d1screte lndustry
sectors.

• Report1nq other selected cbemlcals of concern for
demonstrated buman health or ecoloq1cal 1mpact separately.
At a ref1nery, chem1cals such as butad1ene, benzene, and
n1ckel may be good 1nd1cators of r1sk/release potentlal and
management pract1ces. Other 1ndustr1al sectors would need
to track d1fferent spec1f1c chem1cals.

The ProJect had great dlff1culty collect1ng and verlfY1ng
envlronmental release data from the slte Em1ss10ns from these
sources are complex and measurement technlques are rUdlmentary.
Many emlSS10n measurements varled wlth tlme For example, the
Coker pond em1SS10ns var1ed by a factor of three w1th1n a few
hours Better sampllng and analysls methods and stat1stlcal
tools are needed to analyze varlabll1ty. Research 1S also needed
to develop methods that can verlfy release lnventor1es wlthln
reasonable conf1dence llmlts, accountlng for speclf1c dlfferences
ln emlSSlons factors.

Provide Incentives for conducting Facl11ty-wide
Assessments. and Developlng multl-medla Release
Reduction strategies. Such Strategles Should
consider MUlti-Media Consequences of Environmental
Management Decislons.

1.4.3

• Report1ng groups of chem1cals, rather than 1nd1v1dual
spec1es, espec1ally 1f these chem1cals have s1m1lar
structural, phys1cal and tox1colog1cal propert1es.
Requ1r1ng report1ng of all vecs for ref1ner1es, rather than
spec1f1c compounds l1ke xylene (and 1tS 1nd1v1dual 1somers),
would prov1de a mean1ngful measure of ref1nery releases.
That 1S because xylene poses approx1mately the same r1sks
and has phys1cal character1st1cs s1m1lar to the hundred of
und1fferent1ated vec compounds not covered 1n TRI. For a
ref1nery, where a complex m1xture of chem1cals are released
from most sources, track1ng many separate chem1cals does not
make qood use of technlcal, laboratory, and envlronmental
manaqement resources.
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A detalled facll1ty-wlde, multl-medla assessment ldentlfled the
most slgnlflcant med1um (alr) and releases sources, both ln terms
of quantlty and lmpact on the surroundlng area. Speclflc
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technology opt~ons were then developed to deal w~th these
sources The s~qn~f~cance of sources ~dent~f~ed ~n th~s ProJect
were not ~n~t~ally known or apparent to the part~c~pants

Proposed solut~ons could not have been developed ~n the absence
of data wh~ch ~dent~f~ed the~r ~mportance

For example, hydrocarbon em~ss~ons from barge loa~ng operat~ons

(784 tons annually) and blowdown stacks (5,200 tons annually) are
s~gn~f~cant. However, the Ref~nery d~d not know th~s pr~or to
th~s ProJect, nor d~d the ex~st~ng regulat~ons requ~re the
collect~on of th~s data. Thus, ~t d~d not develop control
opt~ons to reduce these em~ss~ons.

Several technolog~es cons~dered for reduc~ng releases, transfer
pollutants from one med~um to another or convert pollutants to
d~fferent forms. S~nce human health and env~ronmental

consequences vary from one med~um to another, v~ew~nq a release
problem ~n the context of net env~ronmental effects ~s essent~al

to develop~ng more sound solut~ons.

The current ~nst~tut~onal framework and procedures for develop~nq

regulat~ons do not ~nclude mult~-med~a assessments and analys~s.

Current pract~ces should be rev~ewed to determ~ne how they could
be mod~f~ed to use ~nformat~on from such assessments. An
~nteqrated pollut~on prevent~on and management strategy would
fac~l~tate development of release management opt~ons that produce
better env~ronmental results (EPA/SAB, 1990ai EPA/SAB, 1990b,
OMS, 1991)

At present, ~ndustry has l~ttle ~ncent~ve to conduct such
assessments because ~t does not have an opportun~ty to ~mplement

the~r f~nd~nqs

Encourage Add1t10nal Pub11c/Pr1vate Partnersh1ps
on Env1ronmental Management

The Yorktown exper~ence demonstrates the opportun~t~es and
p~tfalls that can occur when government and ~ndustry work
together The opportun~t~es are s~qn~f~cant. The p~tfalls are
worth overcom~ng. All orqan~zat~ons--EPA, V~rq~n~a and Amoco-
sought to develop and test ~nnovat~ve env~ronmental management
approaches that, unl~ke most trad~t~onal "command and control"
approaches, cons1der r~sk reduct~on, address mult~-med~a

concerns, max~m1ze env1ronmental benef~ts, encourage eff~C1ent

use of resources, and promote fac~11ty-spec~f~c ~mplementat10n

cho1ces. Wh1le 1t w11l take t~me and pat~ence to overcome
decades of d~strust, such Jo~nt government/~ndustryefforts can
result ~n more cost-effect~ve env~ronmental protect~on by
prov~d~nq the opportun~ty to share d~fferent v~ewpo~nts and
sk~lls
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In th~s study, for example, EPA brouqht expert1se on the type of
~nformat1on needed to develop requlat10ns, and the1r operat1ng
constra1nts, wh1le Amoco brought an understand1ng of ref1nery
operat1ons and econom1CS. By help1ng to educate each other and
develop a mutual understand1ng of 1ssues and technology, Amoco,
EPA and the Commonwealth of V1rg1n1a together agreed on the most
s~gn1f~cant em1SS1ons from the Ref1nery and the most prom1s1nq
approaches to reduc1nq them.

Publ~c/Pr1vate partnersh1ps could also be used to leverage Agency
resources for prov1d1ng 1mproved data needed to develop
requlatlons. ThlS ProJect lllustrates a posslble approach to
collect1ng data, assess1nq technolog1es and character1z1ng a
fac1l1ty w1th1n an 1ndustry that took less t1me and Agency
resources but re11ed more on prlvate support.

Conduct Research OD the Poteptial Health and
Ecoloq1cal Effects of VOCs.

The Ref1nery 1S a maJor source of the area's VOC em1SS1ons.
However, 1nformat1on on the potent1al adverse health effects of
VOC em1SS10ns 1S rather l1m1ted (Graham, 1991). Research 1S
needed to better character1ze health and ecoloq1cal effects of
VOCS that can be used 1n conduct1ng r~sk assessments. Th1S stUdy
could also bU11d on efforts currently underway at the Amer1can
Petroleum Inst1tute, and the Chem1cal Industry Inst1tute of
Tox1cology (CIIT) and others.

EPA should also undertake research to develop 1nd1cators that
measure 1mpacts on the ecosystem of mult~-med~a releases from
~ndustr~al fac1l1t1es. Th~s ProJect looked at several b~omarkers

that show prom~se as 1nd~cators 1n aquat1c enV1ronments L1m~ted

~nformat~on and methods for assess1nq ecolog1cal r~sk 1~m1ts the
ab~11ty to conduct comprehens1ve r1sk assessments, and measure
chanqes 1n env1ronmental qual~ty.
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Table 3.2

Selected Pollution Prevent10n Enq1neer1ng ProJects

The follow~ng proJects were ~dent1f1ed for further study as a
result of the Pollut~on Prevent10n Workshop 1n W1ll1amsburg and
subsequent Workshop meet1ngs

1 Reroute Desalter Effluent. Hot desalter effluent water
currently flows ~nto the process water dra~nage system at
Comb1nat10n un~t Th1S proJect would 1nstall a new l1ne and
route th1S stream d1rectly to the API Separator. Th~s reduces
volat~le losses from the sewer system by reduc~ng process
sewer temperature and 011 content. Vo1at~le losses at the API
Separator 1ncrease sl~ghtly.

2 Improve Desalter System: Evaluate ~nstal1at~on of adJunct
technology (e 9 , centr~fuge, a1r flotat10n, or other
technology) on desalter water stream pr10r to d~scharge ~nto

the underground process dra1nage system. Th~s reduces 011 and
sol~ds waste loads ~n the sewer system, affect1ng the waste
water treatment plant and volat1le losses from the dra~nage

system.

3. Reduce FCU Catalyst F~nes Evaluate poss1ble performance of
more attr~t10n res1stant FCU catalyst to reduce f1nes
product10n (Subsequent reV1ew w~th catalyst vendors
1nd~cated the Ref~nery was already us~ng the most attr~t10n

res~stant catalyst ava1lable.) Two other f1nes reduct~on

opt~ons were cons1dered.

3a Replace FCU Cyclones Assess potent~al for reduc1ng
em~ss~ons of catalyst f~nes (PM10) by add1nq new cyclones 1n
the regenerator.

3b. Install Electrostat~c Prec~p~tator at FCU' Assess potent~al

of electrostat~c prec1p~tator 1n reduc1ng catalyst f~nes

(PM10) em1SS10ns.

4. El~m~nate Coker Blowdown Pond: Change operat1ng procedures
for coke drum quench and cooldown so that an open pond ~s no
longer needed Th~s reduces volat1le losses from the hot
blowdown water.

5 Install Seals on Storage Tanks: Double seals or secondary
seals w1ll reduce fug1t1ve vapor losses. Recovery eff~c1ency

var~es from tank to tank, depend1ng on the hydrocarbon stored
and construct~on deta11s. Table 3.3 prov1des add~t1onal

1nformat~on.

5a Secondary Seals on Gasol1ne Tanks: Secondary r1m mounted
seals on tanks conta~n1ng gasol~ne.
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5b Secondary Seals on Gasollne and D1st1llate Tanks: Secondary
r1m mounted seals on tanks contaln1nq qaso11ne and
d1st1llate mater1al.

5c. Secondary Seals on ALL Floatlng Roof Tanks. Secondary rlm
mounted seals on all floatlnq roof tanks.

5d Optlon 5c + Internal Floaters on F1xed Roof Tanks'
Secondary rlm mounted seals on floatlnq roof tanks and the
lnstallatl0n of a floatlnq roof wlth a pr1mary seal on all
flxed roof tanks

5e. opt10n 5d + Secondary Seals on F1xed Roof Tanks: Secondary
r1m mounted seal on all float1nq roof tanks and the
1nstallat10n of a float1nq roof with a pr1mary and secondary
seal on all f1xed roof tanks.

6 Keep S01ls out of Sewers: Use road sweeper to remove d1rt
from roadways and concrete areas Wh1Ch would otherw1se blow or
be washed lnto the dra1naqe system. Develop and lnstall new
sewer boxes des1qned to reduce 5011 movement 1nto sewer
system, part1cularly from Tankfarm area. Est1mate cost for
1nstallat10n on a Ref1nery w1de bas1s. Both 1tems reduce 5011
1nf11trat10n, 1n turn reduc1nq hazardous SOl1d waste
qenerat1on.

7 The Benzene Waste Operat10ns NESHAP requ1res control of
benzene em1SS10ns from ref1nery wastewater sources. Three
separate proJects (7A, 7B, and 7C) were 1dent1f1ed to meet
these requ1rements Spec1f1c des1qn and construct10n features
of these proJects w1ll a1d W1th meet1nq ant1c1pated
requ1rements of some future requlat10ns, such as storm water
permlttlnq, RCRA correctlve act10n, the Pr1mary Sludqe rule
and land d1sposal restr1ct10ns.

7A Dra1nage System Upgrade: Install above-qrade, pressur1zed,
sewers, seqreqat1nq storm water and process water systems.

7B. Upgrade Process Water Treatment Plant: Replace the API
Separator w1th a covered qrav1ty separator and a1r
floatat10n system capture hydrocarbon vapors from both
un1ts

7C Convert Slowdown Stacks. Replace eX1st1nq atmospher1c
blowdown stacks W1th flares. Th1S reduces untreated
hydrocarbon losses to the atmosphere, but creates cr1ter1a
pollutants.

8 Change Sampl1nq Systems. Install flow-throuqh sampllnq
stat10ns (speed loops) where requ1red on a ref1nery-w1de
bas1s These replace eXlst1nq sampl1ng stat10ns and would
reduce 011 load 1n the sewer or dra1ned to the deck.
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9 Reduce Barge Load1ng Em1SS10ns: Est1mate cost to 1nstall a
mar1ne vapor loss control system. Cons1der both vapor
recovery and destruct10n 1n a flare.

10 Sour water System Improvements: Sour water 1S the most
l1kely source of Ref1nery odor problems. Followup on
proJects prev10usly 1dent1f1ed by L1nnhoff-March eng1neer1ng
to reduce sour water product10n, 1mprove sour water
str1pp1ng

11 Inst1tute LDAR Program: Inst1tute a leak detect10n and
repa1r program for fug1t1ve em1SS10ns from process equ1pment
(valves, flanges, pump seals, etc ) and cons1der costs and
benef1ts

11a Annual LDAR Program w1th a 10,000 PPM hydrocarbon leak level

11b Quarterly LDAR Program w1th a 10,000 PPM hydrocarbon leak
level

11c Quarterly LDAR Program W1th a 500 PPM hydrocarbon leak level
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Industry Experience With

Pollution Prevention Programs

BEST AVAILABLE COpy



Management support can help o\ercome a number of cultural and orgamzatlonal
_ barners that can hmder a pollutIon preventIon program The follO\vmg are elements

\.. hlch histoncally have been used successfully to demonstrate management support
to address such barrIers

Support by D18I1!1gement at all levels, made evtdent to the organization

• A clearlv stated polley of top management support for pollutIon pre..entIOn mclud
mg the expectatIon that all levels of management wIll seek approprIate pollutIOn
preventIon opportumtles In theIr operatIons

• L\n elevated mternal appreCIatIon of envIronmental Issues In general and pollu
tlOn preventIon m partIcular, by mcludmg these Issues m the assessment of goals
and the performance of operatmg organIzatIons

• An employee recogmtIOn program to promote and reward new and InnOvatIve
Ideas that lead to pollutIOn preventIon

Candor In deabng WIth Internal and external perceptions and expectations
regarchng Industry's environmental performance.

• RecognItIon that actIons of the government.-and the pubhc are guIded by a behef
that mdustry should do much more to protect and Improve the enVIronment

• RecogmtIOn that more enVIronmental regulatIOns and restrIctIOns may be
tempered by voluntary actIons on the part of mdustry

Management Support
Recognition that concerns may arise over changIng from the fanuhar
approach of complIance WIth command-and-control requirements to an
approach WhICh emphaSIzes pollution prevention, however, thIs change can
also offer opportUnitIes.

• Acknowledgement that command and control reqUIrements can prOVIde certamty,
but reqUIre specIfic performance whIch can also stIfle creatIve and cost effectIve
solutIons Voluntary pollution preventIOn offers greater opportumty for flexlblhty
creatI\ It} and optImIzatIOn of SOlUtIOns

• Recogmtlon that a pollutIOn preventIon approach prOVIdes the greater opportumty
to IdentIfy and explOIt competItIVe advantages which may not be avaIlable under
a command and control approach

Internal practices requlnng that cost-effectiveness evaluatIOns be performed
for potentIal pollutIOn preventIon actions, mcludIng appropnate conSIderation
of long-term benefits and otherWIse hIstorIcally hIdden costs.

• GUIdelmes to assist m Identlfymg and quantlfymg to the extent pOSSIble the long
term benefits of potentIal pollutIOn preventIOn actIOns, such as reduced hablhty,
Improved commumty relations, and Improved employee attItudes, etc.

• Requirements to perform cost effectIveness evaluations whIch recognIze long term
benefits as well as short term costs and benefits mcludmg a full accountmg of
potential • hIdden costs (costs billed to other cost centers, etc.) for all pollution
preventIOn actIVItIes

I
I
I
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Operating Practices
A number of practIces m operatIng orgamzatlons have been used to successfully
IdentIf} evaluate, plan, and Implement pollutIon preventIon actIvItIes BUIldmg on
management support, these practIces form the nucleus of the program SpecIfic
practIces wh.lch ha\e been found to be effectIve mclude

OrganIZIng to carry out the program

II EstabhshIng a steerIng commIttee Includmg knowledgeable representaW,es from
operatIng functIOns and approprIate admImstratIve areas, to develop and coor
dmate the overall company program

D EstablIshmg ImplementatlOn teams or qualIty teams (or CIrcles) In the operatmg
orgamzatIon to IdentIf} evaluate, plan, and guIde the ImplementatIon of pollutIon
preventIon actIvItIes In theIr areas

ImplementIng the program In each operatIng functIon on a facIhty-specIfic
baSIs.

III DevelopIng an mventory of releases to all medIa Concentrate efforts InItIally on
the most sIgmficant releases, IncludIng mformatlOn about where and how each
release orIgInates any IntermedIate handlIng or processIng, and Its ultImate dIS
pOSItIon

II Evaluatmg each mventoried wa.:>te stream and emISSIon m order to develop plans
for reductIOns EvaluatIon CrIterIa mIght Include quantIty, toxICIty, safety or
health rIsk potentIal lIabIlIty, le\el of publIc mterest, technologIcal feasIbIlIty
and antlClpated cost of reductIon and avaIlabIlIty of the resources necessary to
accomplIsh the reductIOn OpportumtIes should be IdentIfied to move up the
waste management hIerarchy (from treatment and dIsposal to recyclmg 01 reuse
to source reductIOn) \\hen feaSIble and JustIfied

• Settmg realIstIC reductlOn goals both short term and long term (e g , one and five
years), usmg the e\aluatIOns of mventoned releases to IdentIfy and prIOrItIze the
reductIon steps whIch w111 attam the goals CombInIng the goals and the mdIVIdual
reductIOn steps can form -an overall pollutIOn preventlOn plan for the facl1Ity -

• AccomplIshIng reductlOns mcludmg those IdentIfied In the plan and momton'ng
and reportmg progress The plan should be fleXIble and therefore, should be updated
penodIcally to reflect new mformatlOn or changmg sItuatlOns

CommunIcatmg plans and results of facIhty pollutiOn preventIon programs.

• EstabhshIngnetworks for sharmg mformatIOn among all company faCIlItIes
about plans, successful (and unsuccessful) reductlOn techmques and progress

• ReportIng to the company steerIng commIttee regularly for consohdatlOn of plans
and results for commumcatlOn to management and others

• ProvIdmg feedback to employees on successful pollutIon preventIOn actIVItIes



Admlmstratlve, accountIng, and COmmUnIcatIon practIces can be estabhshed gr
modIfied to faClhtate the adoptIon and ImplementatIon of a pollutIon preventIon
program Such practIces can serve to reInforce management's commItment and to
proVIde tools whIch support the program ActIons whIch can be taken In these areas
Include

Estabhslung admJmstratIve processes to encourage the IdentIficatIon of
pollutIon prevention opportumtles.

• InstitutIng practIces to IdentIfy and evaluate pollutIon preventIon opportUDltIes In
research actIVItIes, deSIgns for new or modIfied faClhtIes, maIntenance turnarounds,
and reVIews of proposed projects

• Broademng envIronmental comphance aucht programs fa melude assessments of
the extent to whIch pollutIOn preventIon opportumtIes are beIng IdentIfied, evalu
ated, and pursued when approprmte

Administrative, Accounting, &

Communication Practices
Fully utIhzIng cost accountIng and stewardslup systems to support pollutIon
preventIOn

• WIthIn a plant's cost accountIng system, fully IdentIfyIng costs for controlhng
emISSIOns and treatmg/dIsposIng of wastes and allocatIng them to the operatmg
umts v,hlch generate the emlSSlOns and wastes

• IncludIng accountablht;. for the above costs, along WIth pollutIon pre'I.entlOn actiVItIes
and progress m stewardshIp reports and revIews by all levels of management

Undertakmg commumcatIon actlVItIes to Increase pollution preventIon
awareness on the part of employees and others.

• EmphasIzmg the Importance of pollutIon preventIon In apphcable trammg
programs and m varIOUS forms of commumcatIons WIth emplo;.ees

• EstablIshmg employee mcentive programs encouragmg the generatlOn of poIlu
tlOn pre\ entlOn Ideas
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For more Information consult the
follOWing

• STEP StrategIes For Today s Em Iron
mental Partnership To change how our
mdustry IS perceived we must demon
strate that we are serious about protect
109 the envIronment American
Petroleum Institute Publication Order
\'0 8i7 69050 For copies call 202 682 8375

• API Recommended Practice 9000
Management Practices, Self Assessment
Processes and Resource Materials
AmerIcan Petroleum Institute Pubhca
tlOn Order No 87890000 For copies call
2026828375

• PollutIOn Prevention Act of 1990 Enacted
bv Public Law 101 508 \10\ 5 1990 104
Stat 1388 42 USC 13101 et seq

• US EnVironmental ProtectIOn -\gency
FacllItj Pollution PreventIOn GUide
Office of Research and De\elopment
EPAl6001R 921088 May 1992 For Copies
Call 513 569 7562

• Total Quality l\;lanagement ~ Frame
work For PollutIOn Pre\entlOn Presl
dent s Commission on Em Ironmental
Quahty Januar) 1993 For copies call
2023955750

• EnVironmental DI\ Idends Cuttmg
More Chemical \\astes 1\1 H Dorfman
WR \1ulr CG Miller I~FORM Inc
(1992) For copies call 212 689-1040
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The -\PI PollutIOn Pre\entlon Task Force has been actl'..eh Invohed In promotIng pollutlon
pre\entlOn \\Ithm the Industr} smce 1990 Durmg that perIod the members of the Task
Force ha\e accumulated a comprehensl\e bod} of knm.. ledge on the subject of pollutIOn
preventIon along wIth an apprecIatIOn of man} of the key elements that make pollutIon
preventIon programs successful The followmg resource document IS a \\ork product of
the Tash. Force aImed at capturmg theIr experIence and knowledge and passmg It along
to API member compames It IS mtended onl} as a summary of elements that ha\e
proven to be successful for others
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Benefit Overview

II PollutIOn preventIon can be a cost
effectIve means of reducmg releases
(aIr water and waste)

ill PollutIon preventIOn can reduce the
cost of operatmg and mamtammg
eXlstmg release control eqUIpment
as well as costs assOCIated WIth the
rerunmng of off test and slop
matenals

• PollutIon preventIon programs mte
grate well WIth new or exlstmg
"Quahty Management Programs"

• A pollutIon preventIon program can
be an effiCIent means to consohdate
and e'x:tend release reductIOn
actIVItIes alread} underway

• PollutIOn preventIon can prO\ Ide a
less costly alternatIve to the tradl
tlonal government command and
control approach

• Successful mdustrv pollutIon preven
tlon programs could act as models
for such programs that may be devel
oped bv states and the federal
government

Element Ove-vlew

Elements HtStorzcally Found In Successful
PollutIOn PreL entzon Programs

'\Ianagement lOIll111It"11en, a'1cl
SUppOl t to help 0\ erCOl"e cultlll ' I
and organizatIOn 11 bpI t lel~

• SUPpOrtIve pollcles, remforced bv
actlOns

1II Reahstlc handlmg of enVlronmental
performance perceptIons and expec
tatlons

• EmphasIS on potentIal benefits of
pollutIOn pre\entlOn vs tradItIonal
waste management methods

• InSIstence on complete evaluatIOns of
cost effectIveness

Ope13tmg- pr.llhce:. to ldentlh
e\ aluate plan 1I1d Implement the
plogram

• OrgamzatIonal steps to carry out the
program (estabhshmg teams em
powenng team members settmg
aSIde resources etc)

• Procedures to Implement the pro
gram on a faclhty specIfic baSIS

• InformatIon sharmg among affected
parts of the company

-\dnunlstHltl\ e .lCcotlntll1g .Inc!
commUI1lCatlOll pnctll e:. to t.lclllwte
the progmm

• Processes to encourage IdentificatIOn
of pollutIon preventlOn opportunities

• Cost accountmg and stewardshIp
systems

• CommunlcatlOn WIth employees and
other mterested parties


