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CHAPTER 1. EXECUTIVE SUMMARY

The Federal Refermulated Gasoline Frogram (RFG) esiablished in the Clean Air Act Amendments of
1990, and implemented in 1995, has provided substuntial reductions i the emissions of a number of uir
putlutants from motor vehicles, most notably volatile organic compeunds (precursors of ozone}, carbon
Moenegide, and mobile-souree air woxics (benzene, | 3-butadicne, and others), in most cases resuliing in
emissiens reductions that exceed those required by law, To address its unigue air poihition chullenges,
Cudifornia has adopted similar, but more stringent requicements {or Californiz RFG. In addition, areas i
both Californiz and elsewhere in the nation that have sot aiiained the National Ambient Atr Quality
Standard for carbon monoxide are required in the Act to lmplement the Winteriime Oxyluel program.

The Clean A Act requires that REG contzin 2 percsat oxygen by weight, Over 83 percent of RFG
containg the oxygenate methyl testiary butyl ether {MTBE) and approximutely & percent contains cthanol
-- g domestic fuel-bleading stock made fram grain and potentiaily Trom reeycied biomasy waste, The Act
reguires Wintentime Oxyluel to contain 2.7 percent oxygen by weight,

Thers is dizagreement about the precise role of oxygenates in silaining the RFG air quality heaefits.
aithough there is evidence from the existing program that increased use of oxygenates reselts in reduced
surhon monoxide emissions, and it appears that additives contribute to reductions in aromatics in fuels
aend reluted aie bonelits, IUis possible to formulate gasoline without vaygenates thut can sltuin similar air
texics reductions, but it is less certain thas given current Federa) RFG requirements all fuel blends
created withont oxygenates could mainiain the benefits provided wday by oxygenated RFG,

At the same time, tho use of MTHE in the program has resulied i growing detections of MTRE in
drinking water, with between 5 percent and 1) percent of commuonity deinking water supplies in high
pxygenale use areas’ showing i least detectable amounts of MTBE. The great majority of these
deteutions wo date have been well helow levels of public health concern, with approximalely ang porcent
rising 10 Jevels ghove 28 party per hillien (ppb}. Detections at lower levels huve, however, raised
consumer faste and oder copcerns that have caused water supphiers W stop vsing some water supplies and
te incur costs of trentment and remediation. Private wells have alsa been contaminated, and thesc wells
are less pretected than public drinking water supplies snd sut monitored far chemics] coptamination.
There is also evidence of contamination of surface waters, particularly ducing summer boating seasens.

The wajor source of groundwater contamination appears o be releases from underground gasoline
storage systems. These systems have been upgraded over the last decade, hkely resulting in reduged risk
of leaks. However, approximately 20 percent of the storage systems huve aof vet been upgradad, gad
there continue 1o be reports of releases Trom some vpgraded sysiems, due w inndeguuie deyvign,
tstadlation, maintenunee, andfor operation. In addition, many fuel storge sysloms {o.g. Tarms, sinall
ahove-ground tunks) are not currently regulated by the US. Environmental Protections Agency. Beyond
groundwater contamination from undergronnd storage tank (UST) sources, the othey major sources of
waler cantannnation appear 10 be smadl and large gaseling spilis 10 ground and sarface waters, end
recreationsal water craft - purticularly those with older mowrs -- roleasing unburned fuel 1o surfaee
e,

TArcas psing REG (2% by weight oxygen) andier Oxyfue! (2.7% by weight Oxygen}



The Blue Ribbon Panel

In response 1o the growing conceras from State and local officiats and the publie, U5, EPA
Administrator Carel M. Browner appointed a Blue Ribhon Panel in November 1998, 10 investigate the air
guality benefits and water qualily concerns associated with oxypesates i gaseline, and to pravide
independent advice and recommendations en ways to mainiam i gusleey while protecting water guality.
The Panel members consisted of leading cxperis from the public hesith and scientific cowmmunities,
autemotive fuels industry, water utitities, and local and State governments, The Panel was charged to:
{1y examine the rale of oxygenutes in meeting the sutinn’s goal of slean air; (21 svalunie cach produet’s
olficiency in providing clean air benefits and the existence of altoraatives; (37 uxsess the behavior of
oxygenates in the environment: {4) review any known houlth effects: and {3} compare the cest of
production and use and each product’s availability - both ot present and v the {uinre. Further, the Pune]
studied the causes of ground waler and drinking water costamination from meter vehicle fuels, and
explored prevention and cleanup technelogies for water and soil. The Pasel was established under
BPA's Faderad Advisery Commitize Act's Clean Air Act Advisary Uommiitee, # policy commpintre
estublished to advise the U.S. EPA on issues related 10 lmplementing the CAAA of 1990, N met six
times from Jasuary - fune, 1999, heard prescotations in Wacshington, the Northeast, and Califormia about
the benefits and concerns related to RFG and the oxypenates: gathered the best available information on
the program mnd us effects: identified key data gaps: and evoluated 2 series of alternutive
recommendatinns based on thelr effects on:

- Riv quality

- water guality

- stahility of fuel supply and cost
This report consists of five issue summaries: water contamination; air guality bengfits: prevention:
trestment and remediation; fuel supply and cost; and comparing the fiuel additives. In addition, this
repori containg 1be findings and recommendations of the Pugel, dissenting opinions, tist of Panel
members, referenues, and glossary of terms,
The Findings snd Recommendations of the Blue Ribban Pancl
Eindings

Based on its review of the issues, the Pane! made the following overall findings,

’ The distribution, use, and combustion of gasoline poscs risks 1o our envirorment and
gublic health.

« RYG provides considerable aly quality improvemenis and benefizs for millions of US
citizens,
* The use of MTBE has raised the issue of the effects of both MTBE alone and MTBE in

gasaline. Thiz Punel was not constituted 1o perform an independent comprehensive
hoealth assessment and has chosen (o rely on recent reporls by o number of siste, aationsl,
and interrational bealth agencies, What seems clear, however, is that MTBE, due to its
persistence and mobility in waler, 5s more likely to contaminate grovnd snd sacface waler
than the other components of gasoline.



. MTBE hus bren found in a munber of water supplies natienwide, prisnarily cuusing
consumer odor and taste concerns that have led water suppliers to reduce use of those
supplies, In¢idents of MTBE in drinking water supplies at levels well above EPA and
state guidehines and standards have occurred, but are rare. The Panel believes that the
occurrence of MTRE in drinking water supplics can and should be substantially reduced.

. MTBE is currently an integral component of the U S, gasoline supply beth v torms of
volume and octane. As such, changes in its use, with the atiendant capital construction
and infrastructure moedificpsions, must be implemenied with sufficicnt time, certainty,
and flexibility 1o maintain the stability of both the cemplex U. 8. fuel supply system and
gasoling prices.

The following recommendutians tre intended {o be uplemented as g sagle package of actions Jesigned
to simultaneously maintain air quaiity benefits while enhancing waier quelity protection and assufing 3
stable fuel supply at reasomhis cost, The majority of these recommendations could be implemented by
federal and state environmenial agencies without further legisiative action, and we would vrge their rapid
implementation. We would, ax well, nege all parties 1o work with Congress to implement those of our
recommendaitons that reguire legislative action,

Hecommengations i Enhance Waler Profection

Based on its review of the existing {ederal, state and local programs to protect, reat, and remediate waier
supplies, the Blue Ribborn Panel makes the following recommendations to enhance, accelerate, and
pxpand cxisling programs to improve protection of drinking water supplies from contamination.

[Pravantion

L EPA, working with the states, shoald take the fellowing actions to enhance significantly
the Federal and Siate Underground Storage Tank programs:

4. Aceelzraie enforcoment of the replacemient of exisiing tank sysiems to conform
with the federally-required December 22, 15998 deadling for upgrade, inciuding,
8t & mimmum, movieg fo bave 2l states prokibil feel deliveries 10 non-upgraded
tanks, and adding enfurcement and compliance resources o ensure prompt
enforcement zetion, especially o arcas using RFG and Wintertime Oxyfuel.

b, Evalunte the Deld performance of current sysiem design requirgments and
weehnolegy snd, based on that evaluation, improve systein requirements to
minimize Jeaksireleases, particularly in valoerable areus (see recommendations
on Wellheoad Proteciion Program in 2. below).

+

Strengthen release deteclion reguirements 1o enhance early detection,
partcuiarly in voinerable areas, and 1o enyure rapid repair and remediation,

d. Reguire monitoring asd reporting of MTBE and other ethers in groundwater at
ait UST release sites.

¢. Encourage states to require that the prosimity to drinking water supplies. and the
patential o impact those supplies, be considered in Land-uve planaing und
permitting decisions for siting of new UST facilities and petrolenm pipelines,
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implement andfor expand programs to raim and Heense UST system installers
and mainienuocs personnel.

Work with Congress to examine and, il needed, expand the universe of regalated
tanks w include underground and aboveground fuel storage sysiems that are not
currently regoduted yet pose substantial risk to drinking water supplies.

EPA should work with its state and local water supply pariners to enhance
implamentation of the Federal and State Safe Drinking Water A programs 1o

Accelerate, particalarly in those areas where REG or Oxygonuied Foel is ased,
the assessmonts of drinking water source profection areas required in Section
1453 of the 8afe Drinking Water Act, as amended in 1996,

Coordinate the Sovrce Water Assessment program in gach state with federal and
state Underground Siormge Tank Programs usiog geographic information and
othey advanced data sysiems 1o determine the location of drinking water sources
and fo idemify UST sites within source protecien wones,

Aceclerate currently-planned implementation of tesung for and reporting of
MTBE in public drinking water supplies to occur before 2001,

Increase ongoing federul, state, und local efforts in Wellhead Projcciion Areas
including:

- enhanced permitting, design, and system tnstallation requirements for
USTs and pipelines in (hese areas;

- sirepgthened efforis 1o ensure that non-operating USTs are properly
slosed;

- gnhanced UST relesse prevention and detection; and

- umproved inventory management of fuels,

EPA should work with siates and Jocalities (o enhance their efforts 10 proteet lakes and
reservolrs that serve us drmking water supplics by restricting use of recreational water
craft, purticoiarly those with older mators,

EPA should work with sther foderal agencies, the states. and private sector pariners 1o
implement expanded programs 10 protect private well users, including, bot not Hmited

i.

L)

A nationwide assessment of the tncidence of contamination of private wells by
components of gasoline as well as by other common contaminanis in shallow
groundwaler,

Broad-based sutreach and public education programs for owners and users of
private wells on preventing, deteeting, and trepling contamination; and

Programs to encourage and fauilitate cegular water quality tosting of privawe
wells,



5 tmplement, through public-private partnerships, expanded Public Education programs at
the federal, state, and local levels on the proper handling and disposal of gasoline.

6. Develop and fmplement an integrated field research program into the groundwater
behaviar of gasolice and vsygenates, including:

a. Identifying and initinting research at a population of UST release sites and
nearby drinking waier supplies including sites with MTBE, sites with ethanol.
and sites using 90 exygenate: and

b Conducting broasder, comparative studies of levels of MTRE, ethunol, bensene,
and other gasaling compounds in drinking water supphes in arcus using primarily
MTRBE, arcas using primaedy cthanol, and areas using no or lower levels of
axygenaie.

Treaiment and Ramedinting

7. EPA should work with Congress o expand resources uvailable for the up-froat funding
of the troatment of drinking waler supplies contwninated with MTBE aod other gassline
companenis 1o ensure that affecied supplies cun be rapidly treated and rotumed 0
service, or that an aliernaiive water supply can he provided. This could take a number of
forms, including but not limited 1

2. Enhancing the existing Federal Leaking Underground Siorage Tank Trust Fund
by fully appropriating the anoual avalable ameunt In the Fund, ensuring that
treatment of contuminated drinking water supplies ¢an be funded, and
streamiining the procedures for obtaining funding;

b. Establishing another form of funding mechanism which les the funding more
directly to the source of contamingtion: and

c. Encouraging states to consider targeting State Revolving Fonds {SRF) 10 help
gecelerate trentment and remediation in high priority sreas.

8. Given the different behavior of MTBE in groundwater when compared o other
companents of gasoling, states tn RFG und Oxyfoe) ureas should reexamine and cohance
state and federal “triage™ prosedures for priocitiziog remediation efforts at UST sites
based on their proximity to drinking water supplies.

9. Accelerate laboratory and figld research, and pilot projects, for the development and
implementation of cost-sffective water supply treatment and remediation technology, and
harmenize these efforts with sther public/private efferts underway,

Recommendations for Blending Fuel for Clean Alr and Water

Bazed on iis review of the corrent water protection pregrams, ansd the likely progress that can be made ia
lightening and streagthening those programs by implementing Recammendations | - 9 above, the Panel
agreed brozdly, although not unanimously, 1hat even enhanced protection programs will not give
adeguate assurance that water supplies will be protecied, and that changes need 10 be made to the RFQG
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program (o reduce the amount of MTBE being used, while ensacing that the air quality benefits of RFG,
and fuel supply and price stability, are maintained.

Given the complexity of the national fuel system, the advantages snd disadvantages of each of the fuel
blending options the Panel considered (see Appendix A), and the need to mainain the air quulity bencfits
of the enrrent program, the Punel recommends an integrated package of actions by both Congress and
EPA that should be implemenied as quickly as possible. The key clements of thot package, described in
mare detail below, are:

Action agreed to broadly by the Panel 1o reduce the exe of MTBE subsmntially {with
some members supporting ts complewe phase-out), and action by Congress to clundy
fedueral and state autherity to regulate andfor eliminate the use of gasoline additives that
threnten drnking water supplies:

Agtion by Coagress (o repiove the current 2 percent oxygen reyuirement I ensure that
sdeguate {uel supplies caa be blended in # vosteffestive manner while quickly reducing

usage of MTRE: and

Action by EPA to ensure that there is av loss af carrent air quality beoefs.

The Gxvean Reguirement

10.

The current Clean Air Act requirement to require 2 percent oxygen, by weight, in RFG
must be semoved in order 1o provide flexibility to blend sdequate fuel supplies in a cost-
effective munner while quickly reducing usage of MTBE and maintaining air quality
benefits, )

The Panel recognizes that Congress, when adopling the oaygen reguirement, sought to
advinice several national policy goals (energy secueity and diversity, agrivehural pshicy,
zigy that are bevond the scape of our experting and deliberaiions,

The Panel further recognizes that i Congress asts on the recommendation 1o remove the
reguirgment, Congress will likely seek other legislative mechanisms to fulfil! these other
national policy imterexis.

Mauaintainine A Benefiie

i

Presens toxic emission performance of RFO can be atriboted. (o some degree, 1o &
combination of three primary factors: {1} nass emission performance requiremuents; {2)
the use of oxygenates; and (3} a necessary complinnce saargin with a per gallon standard.
In Cal RFG. caps on specific components of fuel is an additional factor 1o which togics
emission redoctions can be attribnted,

Qutside of Califormia, Lifting the oxygen requirement as recommanded shove may lead to
fuel reformulations that achicve the minimum performance standards required under the
1990 Acy, rather than the larger air quality benefits carrently observed, In addition,
thanges in the REG program could have adverse consequences for conventional gasoline
as weli

¢



Within Califoraia, lifting the oxygen requivement will result in greater fexibility to
muiniain and enbance emission reductions, parnicidarly as Califorsia porsoes new
formulation reguirements for gasolise.

I order 1o ensure 1hat there is ao oss of carrent wir guality beaefits, EPA shoald seek
approprizse mechanisms for both the RFG Phase 1 and Convemiona! Gasolive programs
to define and maintain in RFG 11 the real world performance observed in RFG Phase |
while preventing deterioration of the current air quality performunce of conventional
gasgline,”

There ure several possible mechanisms to accomplish this, One obvious way is to
enhance the mass-based performance requiremeris currently used in the program. At the
saime time, the Pancl recognizes that the differeat exhaust components pose differential
risks to public health due in large degree to their variable potency, The Pancl urges EPA
10 explore and implement mechanisms to schieve sguivalent nr improved public health
resulis that focus oa reducing these compounds that pose the greatest rigk.

Bedueiny the Hae ofl MTBE

12 The Panel agreed broadly thay, io order ta minhnize currenas and future threals © drinking
waler, the use of MTBE should be reduced substantislly. Several members believed thay
the use of MTBE should be phasad out completely. The Panel recommends that
Congresy act guickly o clartfy federal and staie nuthority fo regulate andfor climingte the
use of gasoline additives that pose a threat (o drinking water supplies.’

*The Panelis aware of the current propasal for further changes to the sulfur levels of gasoline and recognizes
thaf heplenzentation of any change sesuiting from the Pazel's meommendutions will, of necessity, need (o be
coordinated with implementation of these other changes. However, a majocity of the Panel considered the
maintenance of current RFG air goality benefits 2t separate from any additional benefits that might acenve from the
sultur chauges currently under considerntion.

YUnder §211 of the 1990 Clzan Air Act, Congress provided EPA with authority to regulate fuel formulation to
impreve die quality. In addition to EPA s national authority, in §211(c}4) Congress sought 1o batunee the desire for
maximim oniformity in our gation’s fucl supply with the obligation te empower states te adopt measures neegssary to meet
nittiomal wie guality standirds, Undir 821 11e)(4), stutes may adopt regulations on thee eompanenis of fuel, but must demonsirite
thit [} ieir propused regubitions are necdeid o address a violation of the NAAQS und 2 it is aar possible w schiove the dosived
ouleese without such Changes.

The Panel recononds thas Pederal L b amembed w0 clarfy BEPA nad stare suibiority te regub sadbor oliminuty
gassiine sblitives tha thrauen water siggplics. I is expected that this wondd by doms istdaliv o 5 estionsl fovel 1o msiatain
unifornity in the et supply. Por further setior by the stales, the granting of such wathority shauld be based upon w shinilr bwe
pare sl

© biantes et demonsrate that thelr woler resoures ure ot risk from MTBE wse, above wid bovend the risk posed by
sther gusatio: cumponents af kovels of MTBE wse present at the ting of the request,

2} atates have taken poressary measures o resirietfelimingie the praseace of gavoling in the walet resource.
To misximize the pniformity with which say changes are implemented and mindmize Imnagis o coastand
Juel supply, the Pasel recommends shat EPA ostablish criteria for staie waiver requesis ncloding but nad
Yimited 1o

a. ¥ater goslity meirizs necessary 1o demonstrate the risk to water resources and ailr quaiiy meiries
foentinued..}

7
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tnitin! efforts to reduce should begln Immediately. with substantial ceductions o begin as
soon as Recommendation 10 above - the removal of the 2 percent oxygen requirement -
is implemented®. Accomplishing any such major change in the gasoline supply without
disruptions 1o Tuel supply and price will require adequate lead time « up to ¢ veurs if the
use of MTBE is eliminuted, sooner in the case of a substantial reduction {e.g. returning
1 historiead levels of MTRE use).

The Panel recommends, as well, that any reduction should be designed so as to not result
in an increase in MTRE use tn Conventions] Gasoline areas.

The other ethers (g, ETBE, TAME, and DIPE) huve boen less widely used gnd Ions
widely studied than MTBE. To the exient that they have been stuthed, they appear o
have similar, but aol identical, chemical and hydrogeologic characionissics. The Panel
recommends accelerated study of the bealth effects and groundwater characieristics of
these compuunds before they are allowed 1o be placed m widespread use.

in addition, EPA and others should avcelerate ongaing rescarch cfforts into the
inhalation and inpostion health effecss, air emission transformation byproducts, and
environmental behavior of gll oxygenates and otber components likely to increase in the
absence of MTBE. This should include resesrch on ethanol, alkylates, and aromatics, as
well g8 of gaseline compositions containing those components.

To ensure that any reduction is adeguate to protect water supplies, the Panel recommends
that EPA, in conjunction with USGS, the Depariments of Agriculinre sad Eoeegy,
industry, and water supplices, should move guickly 1

a. Conduct short-term modeling analyses and other research based on existing duta
to estimate current and likely future threats of contamination;

|3 Establish routine systems o collect and publish, at least snnpaily, all available
mantionng dats vy

-~ use of MTBE, siber ethers, and Ethanol;

- fevels of MTRE, Ethansi, and petroleum hydrocarbons found in ground,
surfuce and deinking water;

- trends in detections and levels of MTBE, Ethanol. and petrefesm
hydrocarbons in ground and drinking water,

L continued)

oo

{0 ensure na fo3s of beasfits from the federal RFG progoam.

Campliaace with federal requiraments o prevent leaking aad spilling of gasoline.

Programs for remediation and responsg,

A consistent schodnie for state demonstiations, EPA review, and any resiiting regulations of the
volume of gasoling components In order o nilaimizge disruption o the fucl supply sysiem,

* Althoogh a ropid, substantial reduction will reguire remaval of the oxygen requirement, EFA should, in order
o enable inntal redurtions to acoor a5 spon as pessible, review administrative flexibility under existing law to #llow
refiners who desire to make reductions o begin deing »o.



€.

identify and begin o colleet additienal data necessary to adequately assess the
current and potemiial future siate of contumination.

The Wintertime Oxyfue] Program

The Wintertime Qxyfoel Program continues to provide a means for some areas of the country 1o
gome ima, or maintain, compliance with the Carbon Manoxide standard, Only a few
metropeiitar areas continue 10 wse MTRE in this program. In most areas today, ethunol can and
fs meeting these windertime needs for oxygen without raising valatdity canceras given the

Seasen.

15, The Panel recommends that the Wintertime Oxyfuel program be continued {a) {or as
long as it provides 4 aseful compliance and/or maintenance toal for the affected states
and metropolitan areas, and (b) assuming that the clerification of state and federai
authority described above is enacted 1o enable states, where necessary, {o regalate andfor
eliminate the use of gasoline additives that threntes drinking water supplies. -

Recommendations for Evaluating and Learning From Experience

The intreduction of reformulmed gaseline has had subistantial oic quality benefits, bat has at the same
time raised signtficant issues about the questions that shouid be asked before widespread mniroduction of
a new, broadly-used product, The unanticipated effects of RFG on grovndwater bighlight the imporiance
of gxploring the potential for adverse effects in all media {air, soil, and water). and oi human and
eeosysiem health, before widespread intreduction of any new, broadly-used. product.

16. In order to provent futere such incidents, and o evaluute of the effectiveness and the
impacts of the RFG program, EPA should:

it

Conduet a full, multi-media assessment {of effects on air, soil, and waler) of any
major new additive 1o gascline prior 1o #s iniroduction;

Esinblish routine gnd statisticelly valid methods fur asvessing the actuul
gompasition of RFG and itx gir qualily benefuts, including the development, o
the maximam exient possible, of field montioring and emissions charscierization
weonrigues 10 assess Creal world” effsois of different blends on emissions;

Establish a routine process, perhaps a5 o part of the Annual Awr Quality trends
reporting process, for reporting on the aty quality results from the REG program;
and

Build on existing public health surveiliance sysiems 1o measure the breader
pnpast fhoth beaelicial and adversey of changes in gasoline Tormuiatinns on
public health and the savironment,



Sommary of Dissenting Opinion
By Todd C. Sneller, Member
EPA Blue Ribbon Pancl

. 4 ¥ f v
Fhe compiere text of Mr Sueller's dissenting opinian on the Panel’s recommendation to
eliminate the federal uxygen standard for reformulated pasoline is included in Chapier 4 of this
f‘ﬁﬂ{)!‘f.

In ity report regarding the use of oxygensies in gasoline, a majority af the Blue Ribhon Panel an
Dxygenates in Gasoline recommends that setion be 1ken to climinate the current oxygen
standard for reformulated gasoline. Based on lzgislative history, public policy ohjectives, and
information presented 1o the Punel, | do not concur with this specific recommendsation. The hasis
for my position follews:

The Panel’s report concludes that aromatics can be used 28 a safe and effective replacement fur
sxygeneies withont ceselling in deterioration in VOU and toxic emissions. In fact, 5 review of
ihe legislative history behind the passage of the Clean Alr Act Amendmenis of 1990 clearly
shows that Cengress found the tnereased use of aromatics 10 be harmful 10 haman healih and
intended that their use in gusolipe be reduced 25 much as technically feasible.

The Panel’s report conciudes that oxygenaies fail to provide overwhelming air quality benefits
assorviated with their reguired use i gasoling. The Panel recommendations, in my opiniod, du ao
accurately reflect the benefils provided by the uxe of oxygenates in reformulated gasoline.
Congress correetly saw ¢ minimuni oxygenate requirement as & cost effestive means s bothy
reduce levels of hurmful aromatics and help rid the «ir we breathe of harmiul pollutants.

The Panel’s recommendation o urge removal of the exygen standard does not fully take toto
account other public policy objactives speeifically identified during Congressional dehatc on the
1990 Clean Air Act Amendmenis. While projected benelits related 1o public health were 1 focal
point during the debate in 1990, snergy security, nattonsl security, the environment and
ceonomic impact of the Amendmiants were cleardy part of the raticoale for adopting such
amendments. It is my heliel thut the rationgie behind sdoplion of the Amendmenty in 1980 15
eyually vulid, if oot more so, today.

Congress thoughtfully considered and debuted the benefns of reducing aromaties and regiring
the use of axygenates in reformulated gasoline before adopting the exygenate provisions in 1990,
Based on the weight of evidence presented to the Panel, T remain convinced that maintenange of
the oxygenate standard is necessary to ensure cleaner air and a healthier environment. {am also
gonvinced that water guality must be better protected through significant improvemenis io
gasoline storage tanks and contzinnient facilities. Therefore, because it is direstly counter to the
weight of the vast majority of scientific and technicy! evidence and the clear intent of Congress, |
respectfully disagree with the Panel recommendation that the oxvgenate provisions of the federal
reformulated gaseline program be removed from corrent fav.
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LYONDELL CHEMICAL COMPANY
SUMMARY OF DISSENTING REPORT

The complete text of Lyondell's dissenting report is in Chapter 4 of this repori.

While the Panel is 10 be commended on a number of good recommendations 1o improve the
current underground storage 1ank regulations and reduce the improper use of gasoline, the
Punel’s recommendations to limit the vse of MTBE are not justified.

Firstly, the Panel was charged to review public health effects posed by the use of oxygenates,
particularly with respect to water contaminaiion. The Panel did not identify any increased public
health risk associated with MTBE use in gasoline.

Secondly, no quantifiable evidence was provided to show the environmental risk to drinking
water from leaking underground storage tanks (LUST) will not be reduced to manageable levels
once the 1998 LUST regulations ure fully implemented and enforced. The water contamination
data relied upon by the punel is largely misleading becuuse it predates the implementation of the
LUST regulations.

Thirdly, the recommendations fall short in preserving the air guality benefits achieved with
oxygenate use in the existing RFFG program. The air quality benefits achicved by the RFG
program will he degraded becuuse they fall outside the control of EPA's Complex Model used for
RFG regulations and because the alternatives do not match all of MTBE's emission and gasoline
quality improvements.

Lastly; the recommendations will impose an unnecessary additional cost of t 10 3 billion dollars
per year (3 —7 c¢/gal. RFG) on consumers and society without quantifiable offsetting social
benefits or avoided costs with respect to water quality in the future.

Unfortunately, there appears to be an emotional rush to judgement to limit the use of MTBE, For
the forgoing reasons, Lyondell dissents from the Punel report regarding the {ollowing
recommendations:

. The recommendation to reduce the use of M'TBE substantially is unwarranted
given that no increased public healih risk asseciated with ils use has been identified
by the Panel,

. The recommendation (o maintain air quality benefits of RFG is narrowly limited to
the use of EPA's RFG Complex Model which does not reflect many of the vehicle
cmission benefits realized with oxygenates as identified in the supporting panel
issue papers. Therefore, degradation of air quality will occur and the ability to
meet the Nation's Clean Air Goals will suffer under these recommendations.



CHAPTER 2. ISSUE SUMMARIES

In the course of its deliberations, the Blue Ribbon Panel heard from a number of experis in the field, und
reviewed a large number of analyses and reports compiled by a range of organizations and individuals on
the topics of air quality, water contamination, prevention and remediation, fuel supply and price, and
health effects (sce References below). In order to guide its development and evaluation of the range of
options, and the selection of its recommended option, the Pancel worked with its own staff, staff of a
number of federal agencies, and consultants assigned to it from ICF Consulting to compile the following
Issue Summaries,

These Issuc Summaries are not intended to be complete reproductions of the many analyses and reports
the Panel reviewed, nor did the Panel necessarily have the charter or the expertise lo conducl an entire de
nove review of all of the evidence on any one topic (e.g. health effects). Rather, these summaries are
designed 10 summarize all of the available infermation in a relatively neutral manner, capturing those
areas where the scientific and technical community have come 10 some conclusions about these topics,
and noting those areas where either there is not agreement, or where additional information is needed,

For example, the Panel provides in Jssue A. Water Contamination, the first systematic summary of water
contaminution data from the states of Maine and California und from the U.S. Geological Survey, This
data, which emerged beginning late last year, was augmented substantially by anulyses completed by
USGS, and a summary of the relevant data was presented to the Panel in April. The Panel did not,
however, conduct a detziled review of the analyiic techniques, assumptions, and methods of each study,
but rather accepted them as valid cfforts to attempt to characterize an emerging situation, and refers the
readers to the original studies for further detail. ‘



A, Water Contamination

{. Introdoction

There have been inereasing detections of methyl tertiary butyl cthey (MTBE] in ground waters and in
reservoirs. Qverall, approximaiely 90 percent of tesied waters have no deteets, with remaining waters
generally exhibiting relatively fow level comamination, As sources of water contamtingstion are
ientificd, the behavior of oxygenutes in ground water nceds to be analyzed in order to understand the
extunt of contamination, The foliowing is a summary of what is kanown today concerning water
contamination,

ii. Contamination
A Concentration Levels in Public and Private Wells

The use of MTBE in the RFG program has resulted in growing detections of MTBE in drinking water,
with belween § peroent and 190 percent of community drinking water sapplies in bigh oxygenate use
areas’ showing s least detectable amounts of MTBE. The great majority of these detections to date huve
been well below levels of public health concern, with beiween 0.3 percentto 1.5 percent rising to levels
above 20 parts per billion (ppb). Detections at lower levels have, howover, raised coasumer taste and
odor concerns that bave caused water suppliers 1o siop ssing some water supplies and to incur costs of
trealment and remediation, Private wells have alvo been contaminated and these wells are less protecied
than public drinking water supplics and not monitored for chemical contamination. There is also
evidence of contaminslion of surface waters, particalarly during summer boaling seasons. A varioty of
studics, summarized in Table 1, have sought te determine the extent of MTBE contamination of drinking
waler saurces, 1o addition, the USGS 12 Northeastern State Study has compiled data for MTBE levels in
somatumity drinking water,

Although there are no nasinn-wide drinking water dats seis from which 1o fully characterize MTBE
detections in the United States, a recent Umited States Geological Survey {USGS) report examines 1his
isxtz with respoct 1o ambient gronnd wator, Thix report asessed studies conducied between 1985 and
(993 by USGS-NAWQA {Nutional Water Quality Assexsment Program), loeal, State, and Federal
agencies by examintag sampling data from 2,948 urban & rural, drioking water. and non-drinking water
wills, Profecsions from these duta sets suggest that up to 7 percent of 1he pation’s ground water resources
sonkd potentiaily contain a volanile organie campound (VOC) such a3 MTHRE at concentrations of at least
0.2 pph. At this time s difficelt 1o project future trends of contamination due Lo the luck of time-series

+ da,

* Arwas using RFG (2% by weight axygen) and for Oxyfuel (2.7% by weight Oxygen).
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Table 1. Summary of Studies Examining MTBE Contamination of rinking Water Searces

Califurnia
Public Waler
RNourees' (weils)

Slatney
Puhiic Water
Sonrees” fwelist

Maine
Private Watsr
Ssurces’ fwethy

URGSNAWERA
Studies® fwelly)

URGRAEPA 12
Maorthenstern State
Study® fxystems}

Cotcentration
Kange (pph) Nw3,195 K791 Nadss 1% €1y &gg;fgf . Het 150
MBS ank Mtab.l ppx M Eaf ppb teenion 'zeg; DL ppt’
Man-Delocts LA ETRL ~%4,3% ~34,7% ~91.8%
MOL - & ppb NiA «11.6% ~3$2.3% ~45% ~$.0%
5.20 psb ~3.3% (5% ~15% ~54% ~13%
LR 8,55 irath -1 5% -3 4% ~0.9%

‘aliforaia Depasieenc of Health Sorvices, Apsit 12, 1999 § wwwdhe oo povinsdidwondchemicaldM TR mibe_sumemonsbim), Boeause the
same sourse may be counted more than onge 2.2, 35 hoth "raw ™ sed “ueaied™, 33 with g rescrvoin), daia fom 2 single sonres have been
consohdaied for purpeses of Copaling “soerces”

PAlibongy there have beon detests below 5 pph, syl doteciion: amp nel royuined fo be reponied.

YALE, Sindt, Analysiz of MTHE daiz s pabbic and privale waier snerpes sampled a2 part of the Maine MTRE Deiakiag Weler Sty --
Preliminary Repo, (holober 13, 1980 Weiten Communitation fo 1.5, BRA, May 30, 1993,

Bk are available foy othor sounes feg.. spriags asd surlace waerh,

21, §quiliace, DA, Bender, 1S Zogarshi, Asalyvis of DSOS dats on MTRE ip weils <empled as pary of e Natiogal Water Quality
Assesument Fragram, 19910488 Wrinza Commanication in 1S EPA Bay 28, 1990,

N3 Grady, Anslyss of tho Pegtingmary Findings of the 138 MTBENOD Drinking Water Siedy, 1992.1998: Commenication 1o U S.
SPA, May B0, 1994,

Rame sampies winh higher repariing lvels buve ovt boon sortened out

Nai¢: Sume sssitms have mulngl ssumes 35¢ e 1ot snmbes of soveces 08 wnbopwsn. Syslems with mulliple deiections are vounled in the
Inghes! epooitd Conteatistivn tange,

YRDLT = Misigum Deeciion Lavel

MTRE was the second most commonly deteeted VOU in waser from urban wells®. Due 10 the inadequacy
of long-term monitoring daia, the exient and trends of ground and surface water coptamination in the
axtien are st not well known. As sugeh, rescarch is underway 1o obtain wore contamination occurrence

ata for groumd and surface waiers, An American Water Works Association Research Foundation
{AWWARF} study of the national oecorrence of MTBE in sources of drinking water (i.e., rivers,
reservoirs, ground water, ¢10.) began i May 1999 aad will continue fur two years. This type of data will
docupent near-torm impacts and provide imponant inpul for analysis to predict future contamination
frands.

g, REGHIXY Arcas Versus Non-RFG/OXY Arcas

Data from the Joint USGS and U5, Environmental Protection Agency {EPA) 12 Northeasiern State
study’ and the USGS/NAW QA stody (Table 1) were analyzed to evaluate the {requency of MTBE
deteetions in drinking water in REG/OXY versus non-RFGIOXY areas. Kesulis from the USGS/EPA
Northeastern State study indicate that MTBE is derecied ten times more often o drinking water from
COMMUNitY witer systems in areas that vse reformulated gasoline (RFGY or oxygenated fuels (OXY) than

* Paui Squillace, et al., "Occurrence of the Gusoline Additive MTBE in Shallow Grovsd Water in Urban aad
Apncoitural Arcas; Fact Sheet FS-114-85: U8, Geological Servey: Rapid Ciy, DS, 1993, Paul Squiltace, eval,
Prefiminary assessmient of the occurrence sngd possible sovrees of MTBE s groundwater in the United States, 1993
1904, Boviron, Sci. Tech. 30 (53 17211736, 1996,

7118, Environmental Protection Agency and United Stutes Guological Survey, Preliminary Finding of the 12-
State MTBE/NOC Drinking Water Refrospeciive, 199%.
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in nun-RFGAOXY wreas’ Likewise, data from USGS/NAWQA indicstes o similar detection frequency
RFG/OXY arcax (Tuble 2}, The USGS/INAWGA study also indicatos that higher levels of MTRE 520
ppblare 19 times more likely o be detected in REGIOXY sress than 3o non-RFG/OXY aress” MTBE
detcetions are clearly elevated in RFG/OXY areas a5 compared 1o BTEX {benzene, toluene,
sthylbenzene, and xyleace) detections,

Table 2. MTBE and BTEX Detection, RFG/OXY vs, Non-RFG/OXY Arcas®

s e LRSS AP L L eveevrreeevn .o
MTBE Deteotion BTEX Detection
{32 ppbyy 0.2 pphs}
REGOXY Arcas Using MTBE
(480 Wells) 2% 4 e
N(m-RF(ijXY Arcas in the
United States (2,263) 2% 2%

Afier normalizing for factors that affect detection frequency (1.2, gaseling siations, commercial and
industrial land use, ete}, MTBRE is four te six times more likely to be detecied in REG/OX Y areus thun
ne-RFG/OXY arcas, In RFG/OXY ureas, of the 34 million people dependent on ground water, 24
million wse an aquifer containiag at least one YOU, indicating poential vulnerability 1o MTBE.Y

C. Co-Oecurrence of MTBE and Other Gasoliae Compoarnty

For co-occurring components in gasoline, praliminary dety from both the USGS/EPA 12 Nottheasiern
State study und the USGS/NAW QA study shows that MTBE is generally defesred in groundwater
samples thal contain another VOO, bul is not associated with BTEX detections. In USGS/EPA drnking
water samples contalping MTBE. BTEX co-ocontrence wore only .3 percent, even though
approximately 34 pereent of the camples coniained one or more other YOO Similar resulis are
sxhibited for USGSINAWQA ground waler samples containing MTBE, with only 13 percent of the
samples with MTBE also detecting BTEX P

* S1ephen Grody and Michael Osinski, “Preliminary Findings of the {2-State MTRE/NOC Drinking Water
Retrospective,” presentation at the April 1999 MTBE Blee Ribbon Panel meeting.

* Pual Squillace, "MTBE in the Nation’s Ground Water, National Water-Quality Assessment (NAW A}
Progeam Results,” presentatian at the April 1999 MTBE Blue Ribhon Panel meeting.

Mean) Squillice, "MTBE in the Nation's Ground Water, National Wator-Quatity Asscssment INAWQA}
Progeam Results,” presentation st the Aprid 1999 MTBE Blue Ribhon Panel meetng.

" Pau) Squitluce, “Volatile Grganic Compoand in Untraated Ambient Groandwaier of the Unitad States, 1985
- 1895, prosentation of the April 1990 MTRE Blue Ribbon Panel meeting,

2 Stephen Grady and Michael Osinski, "Preliminary Findings of the §2.8tate MTBE/VOC Drinking Watee
Hetrospoctve” presentation af the April 1999 MTBE Bluc Hibhon Punel mecting,

" Paut Squilisce. “Volatile Organic Compound In Unireated Ambient Groundwater of the Uinited Sustes, 1955
- 19987 prevenatinn at the Aprd 199% MTRE Biue Ribbon Pancl meniing,
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i1 Sources ’

Tae most frequent sources of higher levels of ground water contamination (greater than 20 ppb)' appear
te¢ be releases from gaseline storage and distribution systems, although there have been repons {e.g..
Muaine) that woulid suggest other sources of contamination, such as small spills and tmpropers disposal. In
reservoirs and lakes, MTBE detections, which vary seasonally, appear 1o be from recreational watererait,
partcularly those with older motors. More general coatamination of ground zad surface waters 2t lower
tevels (usoally less than 5 ppb) are primasily fram storm wator rooaff and to 2 losser degree, gy
deposition, as well as from teaking tanks and accidental apifls,

Specific examples of recent findings regarding the sources of ground water contamingtion include the
tollowing:

a, Santa Monica Califernia™

Ground waler contumination from LUSTs hax resuiwed in she contamination
and closure of ¥ high volume production drinking waier wells (daily water
demand at approximately 6.3 million gallons por day}) at levels up to 610 ppb
in the production wells, up to 17,800 ppb in regional monitoring wells, und
ug to 230,000 ppb in LUST source-site monitoring wells,

2): ﬁijiﬁgm

An amonobile gascline leak comaminated a supply well 100 feet away toa
level of 3089 ppb.

<. University of California, Davis Donner Lake Study!”

The use of motorized watcrcraft yielded concentration tevels from 6.1 ppb to
12 ppb.

" (Hfice of Science nnd Technology Policy, National Science and Techrology Council, Interagency
Azsessment of Oxveenared Fuels, June 1997,

S Komex H20 Science, Drafi Inverdigation Repart of MTBE Contemination: Ciry of Santa Monica, Charnock
Weli Field, Los Angeles, Californta, Mareh 21, 1907 Geomatris Consoltants, Ine., Summary of MYBE
Oroundwater Monbioring Resulty, Foueth Quarter 1998, Charnock Well Field Regional Assessment, Los Angeles,
Catifsrnin, Aprit 1, 1599,

"8, Bunter et ¢l “Impact of Small Gasoline Spills on Groundwater,™ preliminary report abstract prosenied at
the Maine Water Confoerenes Meoting, Anril 1699,

7 1LE. Rewter ¢1 al., "Concentrations, Sources and Fate of the Gassline Oxygenite Mothyi Tor-Butyt Bther
(MTBE) ina Muliple-Use Lake,” Environmental Science and Tecknolegy 32, 360663872, 1994,
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4. Metropolitan Water District of Southern Californis Monitoring Program'*

A monthly monioring program (January 1997 to present) at six snrface
water reservoirs resulied in concentrations as bigh as 29 ppb during suminer
nating months.

e, QSTP Repon"”

Storm water runoff exhibited concemtrations of 02 - 8.7 ppb in 7
parcent of sumples tested o t6 cities feom 199 1 1995, Based
en modeled a3y cancenirations, concenirations in ratpwaier are
predicted to range from less than 1 ppb 1o 3 ppb.

1. Behaviar
A, MTRE

In ground water, MTRE is more seluble, does not adsorb as roadily 1o soil particies, biodegrades less
rapidly, and thug moves more quickly than other companents of gasoline (e, BTEX)® o surface
waier, volgttlizanion of MTRE at the air-water interface s o significant contributor o decrensed
concentrations of MTBE X '

Muoch of MTHEE s behavior s dependent upen the nature of the release, whether the velease source i«
puaind or pep-point, 8 geologic scttings, and environmental and microbial (actors. In studies to date, in
gin biodegradution of MTBE has heen minima] or limited at best, which is significantly tess chy af least
one order of magnitude) when compared to benzene.,

Ii. Ethanol
Ethanol s extremely soluble in water and, based on theory, should trave! at about the same rate as

MTBE. Ethanol is not expected, however, to persist in ground water due to cthanol’s abiiny 1o
Wiodegrade ensily. In fact, laboratory research findings suggest that ethanol may inhibit the

¥ Metropetiian Water District, Methyl Tertipry Buryl Ether Munlnring Program ot the Meirapolitay Water
fiziriet of Nouthers Califorsio, moniionng program spdate, April 1948

” Ofice of Seience and Technalogy Policy, National Science and Technology Council, Interagency
Aszessmtent of Oxyvenuted Fuels, Juag 1997, pp, 2-33 - 2-35,

®AM, Huppel ol al, An Evafuntion of MTRE Iupacis to Cullfernio Groundwater Resutrees, Lawrence
Livermors Nobonasl Lakoratory Report, UCRL-AR-130857, Juse 1998; AM. Happel, B. Dooher, snd E.H.
Beckenbach, "Methyl Tertiary Butyl Ether {MTRE) Impacts to California Groundwater,” presentation at the March
£99% MTBE Bise Ribbon Panel meating: Salaniiro, LB, “Understanding the Limitations of Microbial Metsbolism
af Biliers Hsed us Fugd Gotane Enhancers,” Curr. Opin. Bistechnel, 6: 337-340, 1995,

* Paut $yuitlace ot ol “Review of the Environmental Behavior and Fate of Meihy! Tertiacy-Butyl Ethes,”
Environ, Tox. Chem, 1997 UC Davis Report, Transport and Fate Madeling of MTBE in Lakes 20d Reserveirs,”
Siephen A, McCord and Geoffrey §., Schladow,


http:persi.st

hiodegradution of BTEX hecause the micsobes preferentially metabolize ethanol before BTEX
Qualitative and quantiiative characterizations of cthanol biodegradation under field conditions have aot
been done to daie. In one hypotheucal analysis presented o the Pasel, the addition of ethunol to gasoline
was estimated to extend BTEX plumes by 25 percent to 40 percent. ¥ Additionally, a study in Brauil
indicaied thal, high cthanol concentrations in ground water {greater than 2 percent) enhanced the
selubilization and migration of BTEX ™ No nuatienal monioring of ethunol in ground water, surface
water or drinking water hus hoen completed at this tme ”

v, Drinking Water Stunduards
A, Brinking Water Advisory .

In certain situations, either the public’s concern aboul poteatial contamination, or water supply officrals’
concerns shount the faste and odor effects of MTHBE contamination, or both, hays affecied the ability of
lecal agthorities 1o rely on their waler supplies for drinking water. For example, South Lake Tahoe,
California water officials recently clased 13 welis due to the proximity of MTRE plumes to 15 drinking
water wells.

The U.5. Eaviroamental Protection Agency's Office of Water has established a drinking waler advisory®™
level of 20 te 40 ppb as a guidance for State «nd local authorities, hased on taste and pdor concerns. Thix
gutdance suggests control levels for taste and odor acceptability and also provides & lirge margin of
safety against any potential adverse health effects. The advisory levels enable water suppliers to easily
assess if their drinking water is likely to be scceptable to consumers. The advisory also recogaizes that
some members of the population may detect it below 1his yange. However, as indicated in table 3, states
have estublished different guidelines and standards based on differing interpretations of the data
concerning the taste and ador thresholds aad heslth effect studies for MTRE.

In addition, EPA has proposed a revised Unregaisigd Contaminant Monioring Rule, which would
require large wiuler systems (serving mote than 13,060 persons) and a representative sample of small- and
medium-sized water systems {serving fewer than 10,080 persons) to monitor and report MTRE levels.
This program is scheduled to take effect (o January 2001, Under this regulation, the majority of public

2Y.X., Corseuil 23 5., " The Influence of the Gasoling Oxygenate Bihano! on Agrobic and Anuerobic BTX
Bisdegrudution,” War, Res., 1995, 32, 28652072 C 8. Hust st al, "Effect of Ethanol on Aerabic BTX
Degradatinn Papers from the Fourth lnternational {s Strw and On-Site Hivrenundinuon Svmposium,” Bauelle Press,
April-May 1997, pp. 4%-34,

2 Michae! Kavanaogh and Andrew Stocking. “Evaluation of the Fate and Transport of Ethanol in the
Environment,” November, 1998, Presentation at the May 1999 MTRE Bilue Ribhes Fonel. [Based on Malcome
Pirnie, Inc. Eveluation of the Faw and Tranaport of Ethanal In the Envivonntent (Qakland, CA, 1998))]

“# X, Comeuil and P31 Alvirez, “Netonal Biveemedistion Perspective for BTX-Contaminated Groandwater
in Brozil” Was, Seb Tech,, 1998, 35, %16,

S EPA anatytical methads are lmited for ethanol anulysis providing only ppi range detection limits,

# 118, Enviranmenal Peotesting A gancy, Office of Water, Drinking Water Advisory: Conssmer Avcepahiiity
Advice and Health Effects Anaiysis on Methyl Tertiary-Butyl Ether (MTBE) December 1997,

P8
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groundwater supply wells will still not be monitored for MTBE.? The availability of Consumer
Confidence Reports will notify the public of what contaminants are Tound in drinking water. Increasing
numbers of consumners may find the water unacceptable if they are aware of MTBE's presence.

Private wells are not subject to monitoriog under the Safe Drinking Water Act, but are left to the
diseretion of the Stawe. Therefore, private well owners rarely have routine monitering for either bacterial
or chemical contamination, Private wells are typically moce valnerable than public wells due 10
differences in wellhead construction. Specifically, these wells typically draw from shallew groundwuter,
which 15 more valnerable to mmpacts from surface coptamination.

8. State Guidelines und Action Leveels

As Table 3 indicuwses, a number of Siztes have established drinking water guidelines and action levels,
Cusrently, four States have primary drinking water standards, three States have eaforceable guidelines,
amid |2 States either have an MTBE gawdeline ar sction level in place. Figure A, localed in Appendix A,

contuins 8 map ustrating these various Suae stundards,

Table 3. Staie Drinking Water Standords, Guidelines, and Aetion Levels

«  Khwine 35 pphy

Kiutes with Priasary Drinking Water Stundhurds +  Now Jersoy (71 oph)
$health-hued} »  Mow York {30 pphy

+  South Caroling {20-40 pah}

Stute with 8 Scoamdary Stndwrd  Gassthetic} * California {5 pphi; anforcesble

«  Michigan (240 ppb); health bused

Stutey with Enforceable Guidelines s West Vieginia (£20-40 ppbl: KA Advinnry

Avrizonz {35 ppbi Aeaith-based

Cotifoms 113 poby desithbeed

Conuecticut {71 ppby: heaftli-Bused

Tiianis {70 pob); seafthdaved

Kunzas (20-40 ppby. £ Advisory

Maryland (10 pphY, sestheticafly- bosed

Mussachasstis (H) ppbl heaithbased

Now Husnpsisine {18 ppb): sestiriieaily fsived

Penrsylvanis {2330 gpb) EFA Advisory

Rhode Island (20.30 ppb); EFA Advisory

Vermont (40 pphy, EFA Advisery
A Based

Reates with 2 Gaddeline or Action Level In Plhace

* # B & & # & & * B * W

Source: U5, Environmental Peoteciien Ageney,

T water suppliers ar¢ required 1o moniiar for volatile organie compounds and MTBE can be snalvzed by the
sume analyticsl methods and therefere could be insluded along with scheduied volatiie organic compound sampling.

Y



National Primary Drinking Water Standards, as defined by the Safe Drinking Water Act (SDWA), must
be health-bused. Although standards can be developed at the Federal level based on taste and odor, such
standards arc secondary and non-cnforceable. Currently, the Drinking Water Advisory serves only as a
national guidance level for acsthetic effects that EPA recommends for drinking water. Due 1o
uncertainties in the health effects datuabase, gaps in characterizing national occurrence, and significant
variability among health study methodologies, EPA does not have sufficient information to establish an
enforceable health-based standard at this time.
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B. Air Quality Benefits

| iniraduction

The Federal and California reformulated gasoline (RFG) programs have significantly improved alr
quality by reducing emissions of toxics and lowering the ozone forming potential through reductions in
volutile arganic compound {YOUC) and oxides of nlerogen (NG 3. In general, these programs huve
resulied in greater emission reductions than statutorily required,

iL Federst RFG Program: Reguirements and Beaelits

A, Spmmary of RFG Reguirements and Benefits

Ozone and air toxic levels in this nation have decreused substantially in recent years as & result of the
Clean Afr Act's implementation. There are over 30 arcas, however, that are still in nonattalmment with
the turrent ozone standard, The resulis of emissions texts, tunnel studies, and remute sensing of il pipe
exhaust indicate that RFG usage can cause & decrense in both the exhaust and ¢vaporative emissions frem
moior vehicles.” Based on separate cost effectiveness analyses conducted by both the U5,
Environmental Protection Agency (EPAY and the State of California, whea compared 1o all svailuble
control eplions, RFG is a cost-effective approach to reducing ozong precursors sueh as VOCs und NO P
Although there is ne National Ambient Air Quality Standard for toxics, a sumber of provisiong of the
Clean Afr Act require reductions in taxics emissions, and Federal RFG has contributed (o these
reductions.,.

The RFG progeam, mandated under the 1980 Clean Air Act Amendments, reguires changes in motor fuel
formujation which rexult in deereased vebicle omissions for wreas in the U.S. with sigatficant low-level
ozont pollution, stherwise known as smog. These sreas represent about 30 percent of U.S. gasoling
consempiion. The program requires reductions relative o a 1990 fuel baseline in levels of NO,, texics,
and VO emissions and also requires a minivtum level of oxygen and limits the maximum benzene level,
The emissions performance of fuels relative to 1990 is evaluated using a lincar regresston madel, referred
i ax the “complex model” which was developed using thausands of emissions tests relating Tuel
propertics to emissions performance. To certify a fuel as RFG. a fuel manufacturer meavures the vight
relevant phiysieal and chemical properties of the fuel, enters those resulis mte the complex model, and the
model determines the percent reduction in NO |, VOO, and wxiles, relative to 1990, Tor that fuel Phase |
of the program began in 1995, Phase il scheduled 1o begin on January 1, 2000, will inplement more
stringent NO,, VOC and toxics reduction stendards,

The bast availuble duta indicaie thal the RFG program has substaniially reduced emivsions of ozone
precursors and toxics {Sge Toble 13 Analysiv of fuel dats repoded by weiiners for 1995 through 1998
indicates that emizsion reduction benefits exceeded the stundards for VOUs, NO,, and toxics.™ Toxies

* National Research Covncll INRQ). Qrore-Forming Potential of Reformulated Gasoline, Muy 1999,

F1.8. Bavisamuental Prewclion Agency, Regulatory Impact Anatysis, 59 FR 7716, Docket No. A-92.12,
1993,

" Refinery Reporting Duta and RFG Survey Association Data, Date on gasoline properiles conininod in this
Fsxiee Suoemary are derived from twe peimary sources. The RFG reparting data repraseat duti submizied by the
universe of RFG producers or importers. The RFG survey datg ure derived from g carefully planned stativics!

{eontinued..)
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reductions in particular were substantially greater than the stundard {an over 33 percent reduction versus
a 17 perceat requirement). (Refer to Figures Bl through B2 in this fesue Summary's Appendix)’ In
additine, ambient monitoring data alsa suggest ibat the RFG program is working, The EPA s 1995 Axr
Quality Trends report, which coincides with the first year of the RFG program, shows a median redushon
of 38 percent in ambient benzene and significant decreases in other vehigle-relmted VOC concentrations
in RFG areas® No other control action conld have accounted for such a subsianiial decrease in benzene
levels.

In 1998, Noriheast Staties for Coordinated Alr Use Management INESCAUM ) conducied an ussessment
of the texisity of conventionsl gasoline (CGY versus RFG sold in the Northeast. This study™ focssed on
six toxic air pollutants thenzene, 1, 3-butadiens, acetaldehyde, polycyelic orgunic matter (POM),
formaldehyde, and MTRE], A modified version of the complex model, tncorporating MTBE emission
rates, was used 1o compare differences in predicied emissions between composited average RFG and
conventional fuel types sold in the Northeast, While emissions estimated by the complex model may nol
ascurately represent acal emissions from the motor vehicle fleet, ¥ does provide 3 means of
establishing relntive effocts of fuel compeosition op emissions, Relative cancer polencies were assigned
to the six sompunnds o compare cersinogenicity among fuel types. This study concluded that Phase |
REG €in 1996) “served to reduce cancer risk associated with gasoline vapors and automebile exhaust, ..
by 12 percent, . ..)” and that Phase H RFG would “reduce the public cancer risk .. - by 20 percent, .. .7
This report also noted that “since the cancer potency of MTBE is significantly less than that of benzene,
1 3-butadiene and FOM, i3 presence v RFG at 10 percent by volume tends 1o dilute other carcinogens. .
o7 The Nottonal Researeh Council (NRC) report alse siated that the most significant advantage of
axygenales in fuel appears o be displacement of somo air toxics {e.2., benzene from RFG). For
addittonal tinformation on typical fuels and standards, refer to Table B in Appendix B,

#1 continued)
sampling of rowil slations ia variouws RFG cities. The survey plan is designed to estimate average gasoline
propesiies for u ghven ares over & specific dme period with a high degree of statistical confidence,

The eateulstion of YOO, NOx, and toxics reductions is based vpon measired groportios froal these two data
seurces aad is calculated by the "complex model,” o regression model based apen thonsands of vehicls emissions
s, As with any madel, some uncerainty exists cegurding the calewlated emissions reductiong and their
applicability for any given flect in any given year,

Y48, Environmental Protection Agency bar chans refleet suevey duma collested from 19,000 samples doring
14998, Da from RFG Survey Assaciation,

1S, Bnvirnmental Protection Agency, Nusional Aly Quafity and Emissions Trends Repori, 1995,

P NESCAUM, Relative Cancer Risk of Reﬁ}m;u!‘arerf Gusohine and Conventional Gaseling Sald in the
Nopriheasi, August 1998,



Table B1. Typical Fuels and Stendards

Douventionsi Federal BF&m Federal RFG Fhasedl Caltfarnle RFG
T | e | gt | Somlr | s | st | acus | st
Reid Vapor
Prassuie {psi 8778 ER R B ay (6.7} 8.8 {6.8)
Saifur {ppm} 3 190 {285} {150} 20 3o
Gxygen wi%) 0.5 2.28 2.7 min 2.4 min 2.07 2.6}
Apmalios [voi%} 3z Z6 32) {25) 23 22
Digling {vol%) 13 10 {1¢) fti} 4 4
E200 (%) 44 49 {45) 149 51 145
£300 %) 83 83 {83) 167 8% 1913
Banzang {voi%) 1.8 0 &a 0.9% max 8§ max g.55 4.8
Fhase lf complex modal poeformance (% reduckon from 1988 beaseiine} of these fopis;

YU performance 280 2.1 8.8 253 236
NQzx perfarmanss 5.3 1.4 88 4.8 127
Toxics performance aks 147 284 a7 3.4

T s s s ———————

Agiual® Phags | symmar (V0L conrolied] BFG piopestiss ans pericimancs extimated bom 1888 RPQ Compliange Survaye,
'Prcperzies lisled urgss the Fedarel RFG "siardarnds” columes in 981‘3122?&38& #ih pol siandecds Sor 32 bul ndgicals the S¥2ragd DIoEArES A
symm s lugl mrusl hiave o masl the emiskions parformange standards. The ' ncicates "NonnSoul® soecdic vatres. Soul VDU Conimt Hagion

1) valuds wors ssoed i codoimance comparisens,

Asshown in Table 1, Phase 1 RFG, which takes effect on Jgnvary 1, 2000, requires additional emission

reductions, beyond those required is Phase I With the exception of air toxics and benzene, Phase If slso
reynires reductions that ure greator than the sotual reductions achieved in Phase 1 However, for both air
toxies und benzene, the Phase H requirements, unless changed, would allow the formalation of RFG that
does not maintain 1he current benelits {e.g. a 22 percent reduction in foxics versus a 33 percent actual

Phase [reduction)

Table |, Emission Redoctions Reyuired by the RFG Frograni

V6L NOx Toxies Benzene
. Naorthern Smies: |17%
’g;;;i’;;;’ L3% 7% 1% 20 wi%e
- Soutkein Staten: 7%
Norlzeorn Stales: 21.2%
1 {4.9% Averape, {3339 Averape;
Ayt 0.3 - 25.0% Ronge 1.3 - T.4% Y% .36.9%
Acizai REG! Phase ' Ran c" = ‘Ran Cl. .68 % 24 wik
{1993 Southern Simes; 39.4% Ee! ¢
Ay, 384+ 40.1% Range
RFUG Phasze [1
]
(2000) 7% 6.3% % t% 4w
Lak¥ts Ktandards 29.6% A7 154 6§ 8.18 %

* {approx.)

'199% RFG Compliznce Survey Dala (summer surveysh ¢ompleied by the BFOG Survey Assoniation.
YAv' = the average of the tndivideat ares resplis weighted by estimated paseline valomae In each ar2a.
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B. CaRFG Program

Also, as showa in Table 1, the Caltfornia REG program hag in place more stringent standards Tor its
Phase Il thun Federal RFG, in parveniar for NO,, air toxics, and boenzene, The secend phase in the
California RFG program (CaRFGH) is imended to ensare thal beneluts continne as the vehicle lechnclogy
advances and fleats turn over. CaRFGH helps automakers meet the Ingreasingly stringent emission
stundardy for new vohicles, Califonna’s program reqnires antomakers o cortify thaar vehicles on
CaRFGH, thur easuring that new vehicles will be designed o meet emeission standards on a fuel similar
to whut the vehicles will be operated with during daily use.

The CaRFG program is desigred (o ensure that different formulations of gaseline wilt meet the required
eminsions performance levels, This is sccomplished through the predictive model, which allows ang te
sompare the emissions performance of alternative fuel parameters against « standard set of paramerers
contuined in the CaRFG regulation, If the aliernative formulation provides smission beacfits equat ta ot
belter thun the stundard formulation, emission beneflits are preserved and the refiner {or fucl imporier) is
allowad o markat the fucl, To eosure the predictive model reflects the most recent dala on the
relationship between fuel properties and emissions, the Califernia Ay Resources Board {CARB) is o the
process of updating the model (o reflect ngwer technology vehicles. This will provide extra assurance
that the model will continue to be applicable as the vehicke fleet changes. In California, the predictive
model has baen used to produce and market fuels with no oxygenales while praserving the program’s hulf
air quality benefits,

C. EPA 1998 Ares by Avea Analysis

The EPA's Aren By Acca aoalysis of 1998 RFG Survey Daia indicates that the complex mode] entissions
perfurmance of RFG 1 Chicage and Milwaokee, while easily exceeding all Phase I performance (fe.,
emission redustion} roquirements, genevally ranks low compared to other RFG areas. In order to
investigate factory inflvoncing the performance of Chicago and Milwaukee RFG relative to RFG in other
areas, i is necessary fo censider the composition of the fuels. Table B2 and an secompanyiag
discussion, locaied tn the Appendix, discuss estimates of average values of the fuel preperties that are
complex model Inputs, The Chicago and Milwaukee properties are averages of the individual summer
survey property averages. The National Average properties were estimated by calonlating an averags for
each uf the RFFG areas surveyed during 1998, and then weighting these values by eatimates of fuel
voleme for 2ach area, The National Average Rewd vapor pressure {RY P} value was for VOU Contred
Region 2 (Nerthl, which inclodes Chicage and Milwaukee, Other values tnelude both regions,
{California oxygen-only surveys were not included in the exygenate computations,}

The higher sulfur levels ta Chicage and Milwaukee RFG areas sffected 15 relative complex model
performance for all three paliutants (VOC, RO, toxics). This analysis indicates that sullur was te
primary factor influsncing relative VOO and N, perfermance, and that suifur may have some influence
on taxics performance, The margin of sir taxies overcompliance was not as great in Chicago and
Mitwaukee as in other areas primarily due to higher benzene content, but other factors such as increased
aceialdehyde emixstons and sulfur levels also coniributed. Oxygenates had littie impuet on VOO or NO,
perforiance.
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Tuhle B2, Chicz

Nutien _
e Avemge  CTOR Miwauber

MTRE twith oxypen) .62 4418 .06
ETBE [wt% oxygen) tt 0 0

Edwnol {31% oxygom 8.51 238 339
TAME {(w1% vrygen) 4.2 ] iy

SULFUR (ppin) 190 255 2481
RVP {psi) region 2 1.4 79 AU
E300 {%) 49,4 511 509
B () w7 R1.8 822
ARDMATICS (val%®) 26.0 FANI 249
QLEFINS (val%e) HLA &7 7.0
BENZENE (volth) )08 (.94 165

HI.  The Impact en REG f Oxvgenates are Removed
A Introduction

MTBE provides about 76 percent of the vxygenate used in all RFG. and ethanol pravides shout 19
percent. The remaining 5 percentis made up of other sthers, fertiary-amyl methyl ether {TAME} and
ethyl tertiary butyl ether (ETBELY MTRBE and cibano] have beon the primury exvgenaes in RFG
becanse of their availability, blendubility, and gbility 1o deliver alr quality benefits while meeting
American Soctety for Testing and Materials (ASTM } specifications. {Refer to Table D in fasue
Summary D, Fuel Supply and Cest, for usapge data and referencon .}

As shown in Table I above, Phase I RFG correatly svercomplies with VOO, NOx, toxics, and benzene
requirements.  The key question is whether Uis curvent overcomplisnce with the Phase I RFG standards
will be maintained in Phuse 1 REG i axygenates are aot required, Because the Phase [ performance
siandaeds for VOCs and NO_ are sbove the carrent actual pecformance of Phase I RFG, all fuels will be
required 1o mainiain or exceed the current YOU and NOx barefins, whether or not they conlain
oxygenaies. Hewcever, since the Phase I performance standard Tor air toxdes (22 percent redaction is
below the current Phase [ actuzl reducions {average 33 percent reduction), there is no guarantee that the
current {Phase 13 level of air loxics benefits will be mamntned in all oases

The smpact of removing exygenates such as MTBE is not hikely 1o be identical for CsREG und Federal
R¥{. Federal RFG s subject to fewer caps on specific properties (e.g. aromatics) than CaRFG and
therefore is marg Hkely Lo show emissions impacts frow the removal of oxygenates. Specific fuel
paramcters (2.g. the CaRFG cap on aromatics) may provide extra assurance that gertain pollution
reductions occur, Allernatively, performance standards (such a8 1he current mass-hased requirements for
loxics and VO assure that pollution reductions will eceur, but whow the refiner more flexibility in
desermiring how o achieve those reductions,

M Estimate from {997 RFG Sprvey Data.
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8. Air Foxies

Current RFG ovar complies with both the Phase | and planped Phaze I toxics standards, With the daia
avpiluble the pancl could not determinge with precision all of the fucions which produce this
evercompliance. However, 85 s explained below, when blending guseline, i s ressonable o conclude
thus the use of sosne-rich oxygennies is one of the factors that affecis o selincy’s decision to use high-
octanc gromatics, 3 major contributoer 1o (he formation of toxie emissions.™

Decisiens about refinery bleading are complex and vary greatly over the range of U S, refineries.
Despite the variability in {uels lkely 1o resull {rom this complex system, however, certain trends can be
identified that may belp explain the larger-than-capecied abr toxies benefits,

. Firsi, it would be expected that ench refiner would incorporate 8 measurable degree of
svercampliance it order to ensure that thelr fuel aever Talls below the stundard,

v Second, no maner how refinees blead fuel to meer the air guality standards, fuels will also be
biended to maintain at least the minimum octane seguoired for current automabiles. Thus, one
would expect that with increased use of oxygenates (s high octane component} in RFG, one
would see, on average, reduced need for, und use of, other high-actane components such ps
aromalics. Conversely, eite would expeet that with reduced vse of oxygenaies, this oclune need
would be met, in part, with increased vse of aromatics and, in the Jonges term once capicily is
cupanded, alkylates,’®

. Third, altkeugh it is difficult to determine the precise role that axygenates play in
overcomplianee, and some fuels would likely be blended by some refiners with lower oxygen yet

" Ajr toxics emissians reductians result primarily from reductioas in BFG of aromatics 2nd henvzene {tself an
arsimatic} when eompured (o pre-REQ gosotne.

**The groduction of ectane quality s the primury perfarmance properiy considered by refingss in the
production of gaseline. All refiningtblending decisions are based, in part, 63 the need for u certuin minimum tevel
af octane quality in order that vehicles osing the fuel operate properly. There ace & Himied cumber of octans dch
sampanems (ot reliners can chaose to prodoce needed potane, Aromatics, slvvine, snd oxygenuies pre throe pf
the wost availabk sources of octane guality for U5, refiners. The mox! haporiant {and for mos retiners, the most
sconomical} gasoline upgrading process in US . refinories s catalytic reforming which produces sromatics and
increases the octane quality of the gusoline. {See. for example, Andsrson, Robent £, Fundamentals of the
Potroleum Industry, University of Oklashoma Press, 1984, p. 221} Reforming changes the shape of straight-chain
earhos melecules 1o high-octane ting-shaped molecules, Thee ring-shaped moleculos sre referred 0 35 aromatics
wird include benzene and benzene-like molecules, Since oxveennios are shw primurly used for votane enhancement
when producing gateling, for a refiner using theso iwo octane sonrces, thers exisis ¢ guseline balance duation
between the use of sromatics and the use of oxygenates. Although the increased use of alkylaies would alen be
exprewed as nxypenates are ceduced. U.S. reforming capacily 1o prodoce aromaties IS far greater than is the capaciy
to praduce alkylates.

Usnder the federal RFG program, the oxypesute reguizement resuls in & high love! of octane quahty and,
o7 the Tegsons mentioned abave, would be expected 1o push the use of sromatios and benzene from reformingin
downward dirsction. [Additen of sxygenate volumes would result in more than a 1 percent decresse in aromuties
aud heszene from dilution slone, even if the octane gualiy propertics are ignoced.) Refisers wauld sl be gxpesied
{o uiihize refinery eapacity (o produce aromatics that are not needed For cotane. Since oromatics (ineluding henzence)
are (he strongest coniributors to the lormation of toxies in the complex model, it is reasonable to conclude that the
use of vxygenates and the resuliing downward movemunt in aromatics and benzene is likely responsible fora
subsiantial amount of the overcompliance in toxic emission reductions,
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high air toxics benefitg, on average one would expect the presence of higher levels of oxygenate
in the fuel o lcad 1o reduced levels of aromatics, and thus greater air 1oxics benefits.

Although reasonable to assume thut exygenates thus contribuic o toxics overcompliance, it 1z difficult o
guantify this effect. The ideal date set would be able 1o compare fusls blended to meet current RFG
requircmenis with a fell range of oxygen levels (e, 0% 5%, 1.0%, 2%, 2ic.}, und zuch a data sct does
not exist. There is limited dats from the Sinte of Maine which recently implemented its awn fuel
program, atbeit with less stringent requirements than RFG, {o substantially reduoce the use of MTBE:! fuel
properiies reporied by Muaine’s gasobins suppliors and distribulors show a2 decrease in MTBE use by 50%
and a corrgsponding increuse B aromatics of 20% over the kevels of wrontatios prosent in RFG sold in
Maine in 19977, There is also data from Northern California (where 2.0% oxvges is not required) that
CaKFG sold o the Sun Franciseo ares conttined over 8% by volame MTBE in 1997 in part 1o meet the
maore stringent CARB requirements for CaRFG, although such data must be inerpreted carefully since
buth the RFG requirements and the market siwation in Californis are unique®™,

The only other availuble data sot is duts on actual RFG fuel properties coliecizd ax purt of the
implementation of the program. At the Panel's reguest, EPA analyzed availabie duta sn actug] RFG
propersiies in the marketplace and the relationship in that dats between MTBE ose, air toxics and
aromaties content. The EPA’S regulations allow producers of REG 1o meet the oxvgen content
requirgiment pn an averaged basis and to cmploy oxygen credits to meet the averaged standard of 2.4
percent by weight. Conscquently, the oxygen content in any given sample of RFG may vary to a Jimited
degree from the statutory 2.0 percent by weight per gallon requireiment. ln 1998 RFG fuel quality
surveys., the oxygen content of samples that did not contain ethanol but were oxygenated wholly or in
part with MTRE, varied between about 1.5 and 3.0 percent by weight, Even though the availability of
this data provides an opportunity to explore how aromatics content changes as oxygen fevels vary, mast
of the daty points clustered around the 2.1 percent average standard and the data set contains no data for
oxygen levels below the regulatory minimum of 1.5 percent. Therefore, althongh the analyses performed
for the Panct showed 1 weak positive correlation between oxygen levels and both toxies performance and
aromutics content, and more recent analyses by the Celorado School of Mines of the same daia found
seme stronger correintions,” the Panel concluded that this data is extremely Hmited and can not be ased
for the purpose of coming to any specific guantiative statistical conclusions,

in the ahsence of coeriainty on the ¢offects of removing oxygenates, the primary concern is that if the
oxygen mandate is romoved ead a significant amouet of RFG docs not cootain axygenuies, wse of
arepratics might vise o1 least in seme portion of the RFG fuel blends. Such a rive would likely decrease
the svercompliance now seen for toxies in Federsl RFG, Is Colifurnin, where CalFQ both roquirss
much lower sulfur levels and places # Hmit on the level of aromatics allowed in the fuel, such
gvergompliance is more likely to continne. In the absence of certainty around this issue, the only wav to
ensure that there is no less of current niv quality besefils 15 for EPA {0 seek mochuntsms for both e
BFG Phase I and Conventional Gosoline programs 1o define and maintain in RFG ke real world
perforaance sbserved in REG Phase I while preventing deterioration of the current uir guality
performance of conveniensal gasehne.

Y NESCAUM, RFG/MTEE Findings and Recommendutions, Boston, MA, Augost, 1999,

¥ University of Cafifornia, Health and Environmentat Assessment of MTBE, Yolume 1. Summary and
Recommendations, P16, November 1998,

" NESCAUM, RFG/MTBE Findings and Recommendations, Boston, MA, August, 1999,



There are several possible mechanisms to accomplish this, One gbvious way is 1o enhance the mass-
based performance requirements currently used in the program. At the samc time, the panel recognizes
that the different exhaust components pose differeatial risks to public health due in large degree 1o their
varinble potency. EPA should explore and implement mechanisms to achicve equivalent or improved
public health results that focus on reducing those compounds that pese the gremest risk,

C. Carbon Manoxide Benefiis

Although there 5 no carbon monoxide {CO) standard for REG. oxygenates affect CO emigsions so that
cussent RFG actually produces significant €O benefits. Esxtimutes show thut about une-fourih of the CO
benefits associated with exygenated RFG will divappear i axygenntes are on used *® Thus, if RFG
contains 0o oxygenstes, the CO reductions associated with RFG will be reduced by approximaiely 15
pereent. This will be less eritical in future years due to siricter wiipipe CO emission standards, Asthe
vehicle fleet terms pver, the oxypenate lmpact on CUF emigsions diminizhes (xge Table 33, 1 iy important
16 pote that there are now relatively fow CO nponalizinment greas {see discussion of Wintertime Oxyfuel
Program in Sectiva V., below).

I Puriienlute Matier Benefits

There are limied duta available on the effect of oxygenaies on emissions of purticulale matter (PM). The
Colorudo Department of Public Healih and Environment conducted a study o evaloate the effecis of
oxygenated fugls on motor vehicle emissions at Jow ambient iemperamres. ¥ The swedy, which analyzed
winter oxygenated fucls rather than REG, concluded thas there were stanidtically significam PM
emissions reductions associated with the use of an ethavo! cxygenuted fuel ™ Additional research is
necessary including use of ethanol-vxygenuted RFG and non-oxygenated RFG fuels in a variety of
climates, 1o better understand how different formulations of gasoline affect PM,

1v. Other Air Quality Consideralions for Oxygenates

M EPA estimate based on complex and MOBILE model calculations.

# Colorado Department of Public Health and Bnvirenment (Ken Nelson and Ren Ragazzi), The Impact of u 10
percent Eihanel Blended Fuel on the Exlaust Emissions of Tier 0 & Tier F Light Dty Gasoline Vehicles wt 35 F,
Murch 26, 1995,

T This study involived testing light duty velicles (LD V) and teueks (LDTe) ab 35 °F, Twelve Tier 0 and 12
Tier | vehicles {8 LB Vs, 4 LDTS). six kigh emlters, and one low emission vehiele {LEV ), were tesied sader three
deiving eycles {Federal Test Procedare {FTP), Usified, and REPOSYL Tha TP is hused an iyplead urhan driving
nptlerns. The Unified Cycle has higher specds gnd accelerstions than the FTP, snd the BEPOS is d very aggressive
driving excle. fn this program, the FTP was condusied from a cold start while the ather cyeles were canducted fron
a hot ruening siarl. The vehicles were tested with a non-oxygenated fuel and 5 10 percent eihanol oxypenated feel
The prograss measured emissions of hydrocarbons {HEY, CO, MO x, carbon dioxide {004} und fise purdenlsse
(PR LD and smallery,

The stady reporied that FTP pacticulaie emissions were reduced with the oxygenaed fuel, Forthe TR
mean abselute reduction of 3.31 milligrams per mile {mgfmi} or 36.0 peceont was achioved for the maln group of 24
Tier @ plus Tier § vohickes, The reduction for the Tier 0 vehicles was 3234 mpfmile, or 387 percent, and the
reduciion for the Tier | vehicles was 138 mgfmi, or 26.6 pereent. These sbaolote reductions were statistically
aignificant atthe 33 porcent cosfidence level. The nombers indisute that older velickes roceive greater PM benefin
frow the use of exygenated fuls thaw nower wehuology vehicles, No stutstically sigsifican differsaces were
detected for other driving cyeles. There were ap mtatisticslly signilicant chunges tn particolate emissions for the high
emitters. Beranse only one LEV was wested, statistical significance caanot be determined,
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A Orzane Repetivity of Allernutives {CQ Reduction)

Gne key question that has bees ratsed about the wir quality effects of RFG hus bren whether the ozone
reactivity of fuels with different oxygenates could be & better messure of vzone forming potential than
the correct mass-based measurement of VOCs,

A recently released report from the National Research Council (NRC), Ozone-Forming Paicntial of
Reformulated Gasoline, concluded that there s no compelling scientific basis st this time 1o recommend
that ozone forming potential or reactivity replace mass of emissions in the RFG program. A chaoge from
the mass of entissions approuch to a reactivity approach would not impuct the ehoice of ong fuel aver
another from the standpoint of air guality benefits,

The NRC report found that fuel oxygen vonient appears to have only & small effoct on the ozone forming
emissions of RFG with reduociions in €O emissions and in exhaust emissions of VOUs bul with some
evidence of incresses in NQ, emissions, The NEC did not examine the contribution of oxygennies 10 1he
emissions of air ioxics.

The NRC report found that the contribution of CO to ozone formation should be recognized in
assessments of the effects of BFG. The NRC compittes found thet CO emissions acceunt for 13 percent
to 28 percent of the reactivity of exhaost emissions from light duty vehicles and should be included in
reactivily assessments becaunse despite its low reactivity adjustment lactor, the large mass of CO
emissions contributes 1o ozene formation.

B. Ethanol Blend Commingling with MTBE and Hydrocarbon Blends

An RYP" increase of approximately vne ponad per square inch (psii ts caused by the additng of gthunol
1o a hydrocarbon base Tuel!* As 1 result, all cthanol blended RFG is now hieaded with base gagoline thu
hus had certain high RV P componens, such a8 pentanes and butanes, reduced in order 1o gasure tha
ethano! blended RFG meeis RVP requiremenis.™

Tradittenal thinking woeuld conclude that when aa ethanol blead is commingled with 8 nop-ethane! blend
in a consumers tank, one would see a resuliing RV P greater than would be expecied {rom a simple
volume-weighted hncar combination of the two Blends” RVPs, at least i a sufficient amount of the
ethano! blead were to be present. Thus, in g 3030 commingled Blend, where 10 percent cthanol gasoline
with an RVP of 8.0 psi Is added w an all-hydrocurhon gaseline wnh the sume 8.0 psi RVP, the resulting
blend has an RVE of about §.3 psi and not 2.4 psi av would be expecied when non-ethunol blends are
commingled.

" Reid vapor pressure is a measure of the gas pressure 2 liguidfgas system will spply 1o a closed system when
heated o 100 degrees Fabrenheit. As such, RVP is o measure of 2 liquid's velstility {f.e., U lendeney (o svaporatel

The size of increase in RVP is slearly affected by oiser facters, including the hiydrosarben mukeup wnd
origing] volatility characteristics of the blead into which the ethanol is added.

P EPA hus promulgaied 5 program conirolfing the RYP of conventional gasoline on 2 nationwide basix, {See
40 CFR 80,223 This progranmt allows for 2 1.0 psi exemption for 10 percens ethanel blends. Thos, i this program
requires that RV P not exceed 2.0 psi for a gives area, 10 percent sthane] blends are aliowed st RVPs af op 1o 48
pii. This exemption for ethanal blends does aol apply 1 the RFG program,

30
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Commingling these (wo blends is egaivalent o first combining the hydrocarbon portion of both blends
and then adding the ethanel from the first blend 1o the combined hydrocarbon components, The
hydrocachon gasoline by definition has an RVP of 8.0 psi. The hydrorarbon portion of the ethanal
gasoline had 1o bave an RVP of 7.0 psi (since the subsequent addition of the ethane] produced an ethanel
paseline with an RVP of 8.0 psi). The hydrocarhon componenis combine linearly producing a new
bydrocurben component having an RVP of about 7.5 psi (half way between 7.0 and 8.0 psi}.* Then,
adding in the vihanol component, whick would now be about § percent of the final blend, tacreases the
RVP of the finnd bleod 1o about 8.5 psi. It is importan io note that although the new $0-88 commingled
blend would have an cthano! level of around 5 percent, not 10 percent as in the sriginal ethaneo! blend,
the full 1.0 psi RV increase due 10 ethanol addition would s3] socus even at this lower sthagol fevet ™

Although this seenario does accurately deseribe the basic principlos involved (6 volatility chenges when
these types of gasolines are blended, the reality is somewhat more complicated. The presence of lesg
polar vxygenates like MTBE can decrease the volatitity bump to some degree when more palar
oxygenates like ethanol (e.g., as an ethano] biend) are added. This mechanism is called cosolvency®
Qune recent study on the impact of ethanol blend commingling concluded in part that an RVP bump of
shightly greater than one psi occors when ethanal is added a1 3 1wo volume percent level in an all-
hydrocarbon Blend, but Zhaz s bump of 6.7 psi occurs when ethano! s added o an MTBE biemj at the
sume origina]l RVP level”

In addition 1o the expecied RVP increase, many other {aciors are exiremely important in deternining the
eHeet of commingling, These include ethanol blend market share, stution/brand lovaity, and the
distribution of fuel ank Jevels before and afier a refuching event, Caffrey and Machicle sitempted to 1ake
thage varishles into account in modeling ibe effect of 2thanol blend commingling in a mixed fuel
marketplace. Their conclusions include the following:

{13 Brand lovalty and ethanol market share arc much more important variables than the
distribution of Tusl wak Jovels before and sfter o eefueling event,

{Z) Commingling effects can cause u significant increase in fuel RVP,

(3) Commingling effects are clearly more dramatic in a macket in which a significant portion of
the gasoling is ali-hydrocarbon {(i.e., non-oxygenaied}. Depending on the combination of
variables chosen (i.c.. especially ethanol market share), the RVP increase aver the entive gasoline
pool can range from around 0.1 10 .3 psi in a reformulated gasoling market (2., ethano] blends
commingled only with MTBE blends). Aaalogous invreases for s non-reformudated market {fe.,

4 The fing! RVP resuliing from the combination of these two hydsacarbon components would aciually be
slightly higher than 7.8 psi sice the volume of the hydrovarbon portion of 1he ethanol gasoling is loss than the
vohime ef the bydrocarbon gasoline by as amount equal 1o the velums of the sthanel componont.

# These are approximations in order fo demonstrte husic blending patteras. The volatility of bleads resulting
frony commingling sre oot aecassaeily exact Hacar interpolations of the volutlitles of the commingled bignids,

* Pater Caifrey and Paul Machiele, “In-Use Volatility Impact of Comeingling Bthanol and Non-Ethanal
Fuels,” SAE Technieal Paper 894063, February 29, (994, See zlso, "The Octamix Waiver,” 33 FR 3836, Fehryary
¥, 1488,

* Poter Cuffrey and Pas! Machiele, “In-Use Volaiifity Jmpact of Commingiing Ethanol and Non-Ethanal
Fuels.” SAE Tochnics! Paper 940635, Febroary 29, 1094,



ethaao! blends commingled only with all-hydrocarbon bleads) range from uader 0.1 psi to over
1.4 psi.

{4} The aifects of the increase in RYF comnungling approaches & maximuni when the cthanoed
markel share becomes 30 to 50 percont, and declines thereafter as ethanol takes ¢ larger marke:
share,

C. Fuel Quality in Conventional Guasoline

Conventional gasoline is contrelled uader EPA’s Anti-Dumping Program. When the reformalated
gasoling {RFQG) regulations were introduced, an snii-dumping program was also inyodaced. Refiners
{and importers) were required to provide iafnrmation on CG {0 show that its praperties become no worsg
thus they were in 1990, This program was meast 1o provent refiners from simply emoving "had”
blendsincks from RPG and dumping those inlo CG. I arder 10 show that properties of CG woeuld not
deterinrate, refiners estublisbed individual 1990 baselines for CG. which were independently audited und
zubmilied 1o the EPA. Refiners who could notestablish o baseline because of insufficient available
information were regutired W sdapt the Clean Ay Act baseling included in the statute, (Most parties
heliove that the Clean Air Act baseline is actoally more stringent than a typical individual refinery
huasaline.)

However, there is no assurunce that CG air toxics benefits gained since 19590 will be protecied. The
EPA’s 1997 refinery survey data indicates that 1997 €GO s0ld in the Noriheast was 12.8 percent Jess juxie
than 1990 levels. The data also indicate an additienal 3.8 porcent VOO reduction in the Northeast over
the 1990 levels™

Under the complex model, refiners must not exceed their 1990 baselines for exhaast toxies and NG,
Although EPA dees collect information on the quality of CG ., the first datz on complex model CG {from
{9981 were not required fo be submitted {o EPA umiil May 31, 1998, The analysis of that data will take
al teast several months, Thus, af this time the EPA doey nol bave current data on whether complex mode!
CG toxies 1 in overcomplisnge, The Agency has indicuted, however, that this analysis would be a
critical element of goaranteeing that future increase in emissions potential will not occur tn ©G. Once
the analysis is completed, EPA should review any regidatory ur administrative authorities svadiable fo
prevert deteriorstion of the current air quality petformanee of cenventionat geasating,

IfMTBE use was phased out, the antidumping program would prevent any increase in 0 from 19%0
NO, and toxics levels enly, Hawever, should MTRE be eliminaied and sthano! use increase io €O,
Department of Energy (DOE) modeling shows a & to 7 percent YOU increase in conventional gassline
due to the one pound waiver for cthanol use outside RFG arcas, Reparding MTHE vxe in CG. the Energy
Informstion Administration (EFA} data show that very little MTHE is actually used in conventiona)
casaline;’ estimates range, however, from 4,000 1w 25,000 barrels per day. 11 should be noied that the
anti-dusping program would not prevent increases in MTBE use in CG.

®NESCAUM, Relasive Cancer Risk of Reformulated Gaseline and Conventional Gasoline Seld in the
Nartheast, Avgust 1998,

T U8, Encrgy Information Administration (Ailesn Boha and Tancred Lidderdale}, Pemand and Price Outlook
Jur Phase 2 Reformulated Gasoline, 2000, April 1999, Daty isdicuts that 5 thousand barrels por day oxygenaie
demand for conventionad gasslive.
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EPA 3¢ slso pursuing other initiatives that are related to the quality of CG, EPA has proposed o gasoline
suifur program and, if any form of sulfur control pregram were adopted nationally, NO, levels in CG
wopld clearly be bevter than current fevels.” The Agency is also in the process of evaluating mobile
spgree aif loxicy and is expected 0 issuc a propoesal in early 2000, at which tome the Agency will further
address the issue of loxic emissions.

¥, Winieriime Oxyfuel Proagram
Al [utredustion

In addition to the RFG program, the CAAA of 1990 required the esiablishment of a Winteetime Oxyfuel
program, Under this program gasoline must contain 2.7 percent axygen by weight during the wintertime
in argas that are vat in attajament for the National Ambient Alr Quality Suandards for CO.

In 1992, when the oxypenated fuels program began, there were 36 areas impleomenting the program, The
1298-99 oxygenated Tuels scason had 17 areas implementing the program. Nineteen sreas were able 1o
redesignate 1o OO allainment due 1o the implementation of the sxygensted Tuels pragram along with
gther contro) measures. Of the remaining 17 areas, eight have daty to redesignate and are either working
on or have submitted redesignation requests 1o EPA| or they have chosen to contigue to implement the
program a5 8 0 control measure even though they have antained the standard, Six areas are classified as
“eerions” CO nonuitainment areas, and the remuining three areas are classificd av "moderate” CO
ponattainment sreas; all of these areax continue to lmplement the program in an effest w atun the CO
standard,

Most of the winwer oxygenatad {uel areas use ethanol. The only two areaz using MTRE for the winter
usygenuie program dre Loz Angeles and the New York City metropolitan area. 10is i possibility that
New York City, which includes metropolitan Connecticut, New Jersey, and New York, will leave the
program before the next winier season because they will demonstrate atainment with the CO standard,
l.os Angeles will need to phase-out MTBE use under the Governor's recent directive, Therefore, MTBE
use for winter oxygennted areas is not likely to be commeon in the future,

B The Fasel b aware of the curcent proposal Tor further changes to the sulfur levels of gasoling and recognizes
thit implomuniation of uny change resulting from the Parcl's recommendations will, of necessity, need 10 be
conrdinated with implementstion of these other chasges. However, 5 mujority of the Panel considered the
maintenance of current RFG air quality benefits as separate from any additions] benefits thar might accrue feom the
suffur changes currently sader consideraiion.
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8, Adr Quality Benefits

The most comprehensive study regarding oxygenated fuels wus completed in June 1997 by the Office of
Science and Technology Policy {OSTPLY The repori concluded that "analyses of ambient CO
MenSUrCHenin in sume Ccities with winter sxygenated fuels programs find g reduction in ambient CO
conceatrations of about 1§ percent.”™ The report also suggested “the need for a thorough, statistically
defensible analysis of ambient CO data In response to that suggestion, EPA initiated a study™ that
analyzed ambient CO data from about 300 monitoring sites, The study indicated a downward shift in
ambignt CO ranging from 6 percent to 13 percent for the six moenih winler senson in aress implementing
an oxyfuel program in 1992, This EPA study was further refined by Systems Applications International
{SAD.% The SAl study analyzed summer {June and July) and winter {December and fanuary) bimonthiy
means or maximum daily 8-hour CO concentrations from 1986 to 1995, The report concluded that there
wis 2 substantial (14 percent reduction) and siatistically significant association {2 4 percent with 93
percent confidence) between the use of oxyiuels and menitored CO concentrations,

O this point, the OSTP repor concluded:

Glder rechnolopy vehicies {carhurcied and oxidation catalysts) benefit more from the use
af oxygenated fuel. The amount of pollutant emissions s smaller (o newer technology
vehicles (fuel injecied and adaptive learning, closed loop three-way catulyst systeny),
Additionally, the percentage reductions in CO and bydrocarbon emissions from the use
of fuel orygenates are found to be smaller in the newer 1cchnology vehicles compared to
alder technology and higher emitting vehicles

Analysis by the EPA (MOBIL6 Model} alze indicuies that even with fleet turnover, a significant
covicihution to O reduction from the winter oxygenated program is expected until at least 2008
{Table 34

¥ Oftice of Schenee xnd Techanlogy Pelicy, Natenal Science and Technology Coungil, buteragency
Assessment of Oxygenated Fuels, hung 1997,

M Office of Science and Technotogy Policy, National Science und Technslogy Council, Inrrragency
Assessment of Oeypenated Fyels, Juse 1997, p.iv.

1.8, Environmental Protection Ageacy, Oifice of Mobile Sources, (R, Cosk), fmpuct of the Oxyfie!
Program on Ambiest C0 Levels, 1996,

® Systwms Application International, Regression Medeling of Ouxsfuel Effects On Ambilen CO Conceatratinns,
Fanuary 1997,

** Oifice of Science and Techaology Policy. Nutional Scignce ané Technology Conncil, fnteragency
Assessment of Qxygengiad Fuels, fune 1987, 3. iv.
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Tabie 3. Percent Reductlon in CO Emissions Resulting from 3.5 Percent Oxygen,
As Predictad by the MOBILE Mode®

S

Year  MOBILEG

1997 18% 10 20%
2800 3% o 15%
2605 0% to 10%

2811 0% to 2%
Sopree; U, Environmestal Profoction Agosty

Muost winter sxypenated areas use cthanol, which is typically blended 31 3.3 percent by weight.
Therefore the churt reflects aciual benefits rather thun the benelits that may ressll fram the regeletory
reguirement of 2.7 percent oxygen by weight. If 5 lower oxygen level s used, one would expect there to
be a lincar downward leend in benefiis,

The U5, Bnviroamental Protection Agency’s Area by Aren analysis of 1998 RFG Survey Dats indicaies
that the complex model emissions performance of RTG in Chicago and Malwaukee, while casily
exceeding all Phase T pecformance (e emission reduction) reguirements, generally ranks low compared
o other RFG areus. In order to investigate factors inflnencing the performance of Chicago and
Milwankee RFO relative 1o RFG in other areas. it is pecessary 1o consider the composition ef the fuels.
The Chicagoe and Milwankee property values were similar, and there were potable differences from the
National Average propenies, The sulfur and benzene levels for Chicago and Miwaukes were
substantially higher. These two areas had the highest and second highest levels of all areas for theze
parameters, Oxygenale type and oxygen content differed from the National Average. Ethasgl was the
Frimury osygenate used in these arens, Therefore, 1he 101} exygen sontent gnd the ethanc! contribution
to toig| oxygen were highest for these areas. Olefin content was lower than the National Averape REG,
and the olefin vontent for these two arcas was the lowcest of all areas surveyed.

The higher sulfur levels in the Chicago and Milwaskee RFG affected 3s relutive complex model
performance for all three polluiunts, This snalysis indicates that sulfuc was the primary facior
influencing retative VOO and NOx performance, and that it may have some influence on loxics
performance, Abthouph 1998 RFG Survey Data indicates that the complex model emissions performance
of REG in Chicago and Milwaukee, easily exceeded all Phuse | performanse (e, emission reducton)
requirsments, The margin of air toxics evercompliance was sof as groat there as in other aroux primarly
due o higher benzene content, but other {actors such as increased acetuldehyde emissions and sulfor
levels also contribuled. Gxygenates had little impact on YOU or NO, performunce.

B MOBILES effects are drafl anty. Gnly after MOBILES is firalized will actual and more accurate estimates
be available, These projecied MOBILES Oxy-0n-CO effecis are based on MOBIL Report #MEFUL D02, which &
posted on the MOBILES web site (hitpo/fwww eps pov/OMS/M6.him. )
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It is important to realize that this analysis was intended to identify factors which caused Chicago and
Milwaukee to rank lower than moest other RFG areas in complex model emissions performance. The
approach was to vary one property at a time and look at its effect on emissions performance. In reality,
fuel propertics ate not independent, und this “one a1 a time” analysis was not intended to answer more
complex questions such as “What would happen to fuel properties and emissions performance if Chicago
and Milwaukee RFG suppliers switched from ethanol to MTBE?"
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Appendix B

Figure Bl. RFG Survey Data, Summer 1998: Phase I VOC Reduction
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Figure B2. RFG Survey Data, Summer 1998: Phase I Toxics Reduction
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Figure B3, RFG Survey Data, Summer 1998: Phase I NOx Reduction
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., Prevention, Treatment, and Remediation
I Inireduction

This fssue Swmmitry reviews the technical and regulatory approsches to reducing the sources of
gaygensie Hnpacts on water resources; release preventton and detection; storage tank-refated issues:
Federal and $tate approaches to prolecting drinking water sources; the reatment of impacted drinking
walter; the remediation of oxygenate-impacicd gronad water; and funding sources. Beeause of recant
detections of methyl teriary butyl ether (MTBE) in deinking wuter supplics, MTBE s emphasized
throughout this suction, The body of saformation available o cvalunte impacis of ather gaseling
oxygenates on waler resourees is significantly siore Hinlted,

The water rexonrses described in this section are generally divided into wwo categories) sorface water
(streams, inkes, reservoirs, and siormwater): and ground water {water table and confined aquifers).
Drinking water refers 1o those waler resources currently used for public and private water supply
systems, Although a variety of sources of MTBE impacts to water guslhity have been identified, this
section focuscs primarily on relcases from underground storage tank {UST) systems, 3 3his population
eomprises the vast majority of the known potentinl poind saurees :nd hax heen stadicd in much greater
deiail than other potential sources of MTBE impact.

i1, Rources sad Trends of Water Quality tmpacts

As deseribed i fesue Summary A {Water Contamination), surface water and ground walcr resources are
impacted by both gasoline oxygenates and a variety of other natural and anthropomorphic seurces of
vontminaats, There are 2 numaber of primary sources that appear to be responsible for mest identificd
MTBE impacis:

. Underground storage tanks, other gasoline storage and distribution facilities,
sitch as bulk storage terminals, small houscholdarm gasoline tanks, and
abovegreund storage tanks;

’ Interstate and intrastate petroleum pipelines;

’ Sl releases {e.g.. gasolige tank ruptuces during car aceidenis or consumer
disposal of gasoline in buekyards) appear to bave been the souree of privawe well
contamination in Maine.™ These types of releases ure alss expecied to be a

gource of contamination 1o private wells in other Smtess

4 Engine exbaust and related releases {e.g., spillage} into lakes and reservoirs from
twa-siroke watercrafl and older four-stroke waterprafy

* Stwrmwater runafl

¥ Srate of Maine Burcsu of Health, Department of Homan Services, Bureau of Waste Management &
Remediation, Deparimeat of Environmesty] Protection, Maine Geological Survey, aad Depattment of Comservation,
Maine MTHE Drinking Water Study, The Presence of MTBE and other Gussline Compounds in Mudng's Drinking
Water--Prediminary Repart, 1998,
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AL Assessing Impacts and Trends

There are no comprehensive quality assessiments of pur nution’s wier resources that can provide clear
indications of the trend of MTBE impacts o6 water supplies, Further, it 18 unknows how freguently
gasoling compuunds are relgased from the corrent population of UST sysiems or the guaniity of gasoline
that is released. As suoch, itis unknown whether releases of gasoline and related impacis 1o water
TEROMTCES afe continuing to grow, wheiber increasing awareness of this issue has swabilived or reduced the
fresuency of such releases, or whether they are on the decline. Nt all States require monitoring Tor
MTBE at LUFT sites and 1 drinking water gquality sompling, further preventing 2 full characterization of
MTBE s current o potential future iinpacts,

New Federal and State UST rogulations promulgated i the 198U's have spurred comprehensive
assessinents and currective sotion programs af fagiliies with USTs. Ag of December 1998, many
currently cegalated UST fucilities cun be expecicd 1o bave had some type of site assessment conducted as
part of comphance activitics and property trunsfer information requirements in order to determine
whether there have beco any reieases. The sumbior of identified UST releases has grown steadily during
the last decade, aversging about 20,000 new known releases annually®™ Most releases have been
discovered with tunk removal during the ok upgrading process, raiber than being detected as part of a
gontinnous monitoring progaam. Thus, itls net possible 10 know when the release actaally occurred
{e.g., muny releases reported in 1998 vocurred in previous years, but were only discovered in 1998). The
rate nt which new reluase sites arg discovered iy expected o decrease in coming years, as most UST
fncilities being evaluated {or contamingtion were in the process of meeting the December 1998 upgrading
deadline, Because of limiiations inberont in current lesk doweiion techaologies, it is expected that
releases reporied in fulure years from the current population of upgraded facilities will net provide a
more accurate characterization of the occurrence of new releases.

Limited information Iy available regarding releases from other gasoling storage/distribution facilitics, and
vory Little dutn exist 1o churacterize the exient to which ather types of gasoline releases oceur.

B. Underground and Abuvegrounnd Storage Tanks

Undergroand storage tanks represent the largest population of potential point sourees of gaseline releuses
to ground water® Gasoline storage and distribution facilities are of particular imporunee as potential
sources of ground waler conlamination from MTHEE and other oxygenates, because shese facilittes can
release relatively large volumes of gascline {e.g., bundreds of gatlons to thousands of gallons). which
cun Tesnll in localized subsurface impacts with agueovs conceatrations in excess of 100,040 parts per
hillion (ppb) adjncent 1o the release sowrce, ss well as extensive dissolved plumes at jower
coreenirations, In California, MTBE (associated with gasoline releases throughout the Statel ic a
frequent and widespread contaminant in shallow grosndwater, Detections of MTBRE are roported 21 78
percent of sites where fuel hydrocarbons have tmpueted ground water. The minunum number of MTHE
point sources from leaking underground storage tank {LUST} sites in Califorsin is estimated at groutes
than 10,000, Musimum concentrations at these sies canged from several ppb to concenirations gresier
than 100,000 ppb. indicativg & wide range i the magmitude of MTBE hmpacts a1 these sites (Table 1)

.S, Environmental Protection A gency, Office of Underground Storage Tanks, “Corrective Action
Measures Archive,”™ httmifwerwenn soviswerus Hostoamaeshy him

LULS. Environmental Protection Ageasy, Office of Water, National Water {rality tnventory: 1996 Report o
Congress, 1996,
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Table 1. Comparison of Maximum MYBE Graung Water Concentrations Collacted hy the California
Regional Boards, January 1998

e

MTEE Conceniration Sheg Exhibiting Concentrotlon
{Parts Per Biliipn) Level {Parcent}
T ————
<5 2%
5-50 12%
56-260 , 1%
200-1,004 ' 17%
1,000-5,000 4%
5,000-20,00% 13%
20,060- +10,560 T

=100 000

Neto: Dats reprasent selipciinns irom 4,300 sites.

Sourca: Happe), Dachar, and Beckeabach, "Mathyl Tortiary Buly
Esher impaess to Calilernia Grundwains” proseninion st the Mach
1999 BTRE Jwe Bivhor Paas! maating.

There are currently an estimated 825,800 regolated USTs at approximately 400,000 facilities.® Of the
ngtion’ s approximately 182,008 retail gasolive outlets, the “major” ol companies own about 20 percent,
or about 36,008 [ucilitics.® On average, each of the nation’s retail cutles have about J storage tanks,
thus containing a o1al of approximately 550,600 USTs, 66 porcent of the nutional te1al. The rematnder
of the regelated UST populntion consists of state or federally owned facilities and noncetail fueling
facilities {e.g., on-site fucling for taxis. rental cars, delivery wrucks, e, Over the past 18 years,
agrroximstely 1.3 million Federally regulated USTs huve been closed, Lo removed or properly emptied,
cleaned, and buried in place™

There are approximately 3 million underground Juel storage tanks exempt from Federal regolations {e.g.,
certain farm and residential gasoline 1anks and home heating oil tanks).* Lurge abovegrouad storage
tanks {ASTs) at refineries and distribation terminals, however, are regulated uader both Siate aad Federad
laws. including the Spill Control and Countermessures (SPCC) regulations of the G Pollution Act
{OPA} of 1990, There are currently over 10,000 Tacilities with this type of bulk siorage of gasoline. Ax
compared with USTs, there is no comparable Federal regulatory program for ASTs, and thus curren:
relense statistios Tor ASTs are not available. A 1994 Amerigan Petrolesm Insdtnte {AP]) survey

%Y 8. Environmental Protection Agency, Office of Undergrouad Storage Tanks, bosed upon FY 1999 Semre
Annnal Acrivity Report - Firsy Half (unpublished).

 Nationz) Petroleum News, Marker Facis 1998 {Arlington Heighis, Hl.: Adams Business Media, 1993}, p.
124,

* There is no database that identifies the specific lncattnes of these federally regulated facilities or their
proximity 1o drinking wateo supply soerces, See U5, Envirvamental Prosction Agency, Offiee of Underground
Sterage Tanks, “Corrective Action Measures Arehive” Mitndhwwwens poviowensg Pestfonmurghe him,

® 11,8, Enviroumema! Protection Agency, Underground Heoting 04l And Muior Fuel Tanke Exempt From
Kegulation Under Subtitle } Of The Resource Conservation And Recavery Aot (May 1994},
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estimuted that ground water contamination had been identifted at approximately 48 percent of marketing
terminals with ASTs, 85 percent of refinery tank fields with ASTs. and 10 percent of transportation
fucilities with ASTs. Of these facilities, over 93 percent were engaged in corrective action under the
guidance of & State or Federa! authariiy™

C. Pigelines

Excluding inirastate pipelines and small gatheciny lines associnted with crude ol production fields, there
are approximately 160,000 miles of liquids pipelises in the United S1ates” These pipelines transpon
approximately 12.5 billton barrels of crode ol and sefined products annually. Over g rocent sixeyear
period {1993 10 19983, an average of 197 spills occurred annually, with ap average volume from all spills
totaling 140 500 harrels per yoar, OF the volume spilled during this period, crude oil accounted for 44
perient. whereas refined petroteum producis {e.g. gasoline, bome heating oil, jet fuel) accounted for 31
percent,  Alhough the specitic volume of gasoling spilicd cannot be readily identified. guseline
represents ine largest volume of refined producty trensporied. Additionally, there are hitle or no data on
the extentl of MTBE reloases from pipelines,

in California, pipaiine release dota are cuwsently being compiled by the Office of the State Fire Marshal,
which repulates approvimately 8300 miles of pipelines. Sinee 1981, there have been approximately 300
pipeline releases within the Sinte Fire Marshal's Jurisdiction.

The pipeline industry is working with pipeline tegulators and environmental trustee agencies to develop a
definition of aroax thal may bo upusually seagitive W environmenial damage from pipeling leaks o be
ssed in condacting future disk assessments along pipeline rights-ef-way. Included under the dralt
definition arg areas with drinking water resources, which are based on EPA’s standards for defining both
surface and sobsarface dunking water supplies. Onee work is completed both on drinking water and
bislogical resaurces thay may be unasuslly sensitive 10 environmental damage, OPS wiil make
information available for pipeline operators 10 use in conducting risk assessments slong pipeline rights-
of-way, The Office of Pipcline Safety may alse require increased pipeline integrity standards te prevent
releases 1o enusaally sensitive areas.®

In Califernia, the locations of foel pipelines and drinking water wells are being integrated inte o
geograpbic information systeor (GI8), which is discussed in greater dewail in Section ¥ of thix fyswe
Sumnrary. The Sate Fire Marshal Office is required at least once cvery two years to dolermine the
identty of each pipeline or pipeline segment that transports petrolaum products within 1,000 feet of
gublic drinking water well. Furthermore, these pipelings’ operators must be potified to prepare ¢ pipeline
wellhead protection plan for the State Fire Marshal's approval,

D. Small Releases

% American Petralowm tnstitnte. A Survey of APY Mewmbers' Aboveground Storage Tank Facllizies, July 1994,

“The U.S. Department of Transportation (DOTV g Office of Pipeling Safoty {OPS) oversees the safety und
environmemial repolation of interstate petrolesm pipeities. Peiraloum pipelines are aiso subject {0 eoonomic
regulation by the Federal Energy Regulatory Commission (FERCL

“ Development of the definition sad iis sebsequent application are sublect to notice and comment
reguirements under Federal culemaking peovedures,
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Small relenses from automobile aceidents, consumer disposal of “old” gasoline, or other backyard spills
during fueling operations have been identified by officials in Maine as sources of contamination of
private drinking water wells, For example, tn a 1998 study of over 900 privae hetsshold drinking water
wells in Maine, approximately 16 percent had detectable MTBE concentrations, and about | percent
contained concentrations exceeding the Stae of Maing's 35 ppb drinking water standard.” In one
incident in Maine, abow 7 to 12 pallons of gasoline spilted during a car sccident contaminating 24
nearby private wells instutled in o bedreck aquifer. Eleven of the wells had MTBE concentrations in
excess of 35 ppb. Following the excavation of the comaminmied soil, well monitoring at (his sie bas
indicated that MTBE levels are decreasing rapidly in all wells. Similarly, bome heating oil siorage tanks
have also been identifted as potential sources of MTHE contamination. as MTBE might be present from
mixing the heating oll with small volumes of gasoline in the bulk fuel distnbution o wank truck delivery
systems.’®

E. Watereraft

Gasolme-powered walereraft have contributed (o 1he contamination of jakes and reservoirs with MTBE.
Fhese impacts are primarnily auedbated wo exhanst discharges from swo-stroke engines, which arg the most
cemmonly used eagive type in such watereraft, The iwo-stroke engines discharge in their exhavst up to
) percent of eaeh gallos of gasoline as unburaed hydrocashons, In twe recent stadies examining MTBE
contamination ot Inkes gt which reformuiated gasoline {RFG) with MTBE was used, concentrations of
MTRE tn substantial portiens of the lakes” volume ranged from 10 ppb te 30 ppb after peak periods of
recreational wateroraft wsnge.” After the boating seasun ended, these concentrations decreased fairly
rupidiy (half-lifo of approximately 14 daysy o low background levels {approximaicly | ppbto 2 ppboor
fess). Volatilization i considered the dominant mecharism for this removal process.”™

¥ Starmwater Ranaff

Swormwater runoff iz considered g nonpoint source of MTBE contamination. Runoff becomes
comaminated with MTRE from both the dissolution of rexidual MTBE from parking lots (2.g., service

* Sz of Maine Bureav of Health, Deparcment of Human Services, Bureau of Waste Management &
Remediation, Department of Environmental Protection, Maine Geological Survey, and Department of Conservation,
Maing HTBE Drinking Water Study, The Presence of MTBE and Other Gazoline Compounds in Maine's Drinking
Water--Preliminary Report, 1998,

TEAL Robbins et al, “Byidence for MTRE in Heming OiL” Graund Waier and Remediation, Spoing 1999,
pp. 6548,

TM.S. Dale etal., "MTBE - Occurrence and Fate in Souree-Water Supplies,” in American Chemical Society
Division of Environmental Chemistry preprints of papers, 21 3th, San Fransisco, CTA: American Chemival Society,
v. 37, 000 £, 1997, pp. 376-377 LE. Reuwr et 2k, "Concentratlons, Sources, aad Pate of the Gusoling Qxygenste
Mazibyvi Tert-Butyl Ether (MTRE) in 2 Muoltiple-tise Lake.” Evvirenmenial Science & fechnology, 1998, v 32, moe.
23, pp. 3666.3672,

7 1R, Reuter et al,, “Concentrations, Saurces, snd Fate of the Gasoline Oxygenate Methy! Tert-Butyl Ether
(MTBE) in « Multiple-Use Lake.” Environmeniai Scicnee & Fechunlogy, 1398, v 32, mo. 23, pp. 38863672,
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stations and retail businesses) and roadways and from “atmospheric washout.,™™ MTBE contamination
from atmospheric washaut is thought to be small compared 1o that from paved surfaces.” The United
States Geological Survey (USGS) has characterized MTHE concensrations in runcff in many arcas and
hus typicaily found such contamioation to be lower than 2 ppb. Stormwater is dischurged both to surface
wator and to groumd water, and thus servey as 2 source of very tow-level MTBE contamination of these
potentiid drinking water sources. '

I Rulease Preventien and Defeetion
A Preventinn

Since the passage of Federal UST legisintion In 1984, improved velease prevention practices {e.g.,
carrosion protection, and compatibility botween the tank’s construction materials und ity contents) has
been reguired for all new USTs. Following o 10-year phase-n period front the promuigution of EPA
regulations in 1988, as of Doceinber 1992, all reguinied USTs are required 1o be protecied from
corrosion, small spills, and vverfills, and must also have releuse dotection equipmeant and progedures in
place. Muny States have additions! and more siringent standards, These regulntions arc intended o
prevent releases, and should 2 release ooour, to detect it promptly in order to minimize ground water
impacis. Presently, it is not possible to demonsirate the effectiveness of individual Swates” UST upgrade
programs o7 the Federal upgmde program i preventing releases of gazoline from dispensing/storags
facilities.

Even afler tank systems (anks aed piping) are in full compliznce with the 1998 regulations, however,
some relenses are expected Lo poour as ¢ result of Improper instaliation or upgrading, improper operation
and mpintenance, and accidents, Many of these releases may not be detected as intended due 1o the
inherent limitutions of release dewction wechnologies,

Anecdotal reporis from California, Maine, and Delaware indicate that upgraded USTs coniinue to have
releases. Efforts are underway by the EPA and in California to evaluate new and upgraded UST systems
to determine which factors may contribute to such releases. In California, for example, the Santa Clara
Valley Water District has completed a stndy evaluating release prevention and detection performance at
approximately 30 upgraded facilities.” The California Enviconmental Protection Ageney (CalEPA) is
planning to begin a similar study in 1999, Further studies will Lkely be required in order to investigate a
representative sampling of the UST population.

6L Deler ot 81, Geowrrence of the Gassling Oxvgende MTBE and BTEX Compounds iv Urbun
Stormwater in the Unired Sledes, 129125, U S, Gealogizal Survey Water Resonrces Investigation Report WRIR
Gh-4 145, 1994,

™ AL Bachr, PE. Stackelbecg, and R 1 Haker, “Evaluation of the Atmosphers a5 8 Source of Volatie
Organic Compounds in Shallow Goound Water,” Warer Resowrces Reyearch, Jan, 1998, v 3%, 0o, |, op. 127-136;
T.J. Lopes uné D.A. Bender, “Nonpowmt Sources of Volaile Grganic Compounds in Urbas Arpes - Relative
tmportance of Urbaa Land Suclhces and Al Envirssumente! Poliution, 1958, v, 1L pp. 235.230,

** Santa Clara Valley Water Distriet Groundwater Vulnersbility Pilot 31udy, "Investigation of MTHE

Ueeurrence Assoginled with Operating UST Systoms,” July 22, 1999, hupdfwwwsevwddstenos/wirgual
factmibe him. '
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Based on reports received to date from the States, EPA estimaies that approximately 80 percent of the
regulated universe of UST systems currently meet the December 1998 requirements.” By the end of
2000, EPA expects a1 least 96 percent of the regulated tanks will be in compliance, leaving
approximately 80000 tunks tbat have sot boen eppraded. States” UST programs are primarily
respansible for iniplenniing snd enforcing UST regulations. In augmenting and assisting States”
activities, BPA provides outreach, helps States trmis UST inspectors, and fosters the exchange of
information amang Maies reperding effective means of securing comphance, Upon 3 Stale’s request, or
acting independently when necessury, EPA will also take direcl action o enforpe the regulations.

Appreximately 20 States now prohibit deliveries to UST sysiems that are pot fully compliant with the
December 1998 rogulations, and soveral major gasobine supphiors have stopped fuel delivery to
red-compliant tanks, These sctions, along with the raditional enforcement actions 1uken by EPA and
States, have contributed to higher compliance raen”

The U.S. Environmoental Frotection Agency and the States also require that USTs that do nol meet the
technical standards are properly closed with thorough site assessments for potentinl releases. Through
December 29, 1999, non-compliant USTs can be temporanly closed, but must be permanently closed,
and any releases identified and remediated, thereafior if not brooght inie compliance,

Currently, there is an apparent tend toward using smal ASTs {ie., fewer than 20,000 gallons) to replace
repuinted USTS.® These ASTs ure generally not subject to the same release prevention and detection
reguirements 58 USTs, Releases from ASTs may alse rexult in MTBE contanunation, and sa it may be
aecessury to evaluaie the performance of such systems,

H
B, fretection

Existing reguiations require the use of release detcetion technigues that meet specific performance
criteria. Internal {e.g., sulomatic tank gauges) or external (e.g., ground water monitoring} approaches
12y be used in meeting these criterin. Although these regulations do net allow any detgcted relerscs is
go unreported, the regulations do permit severnl options of virying degrees of sensitivity in the detection
ol o refease, which can resultin smaller releases going andetecied for an exiended period of time.” The
regulations, promulgated in 1988, were constdered adequute and “best available technology” for typical
gasoline (and other fuels) formulations &t the ume becanse hydrocarbon plumes are generally self-
timiting (primarily due 10 intrinsic bioremediation} and thus small releases or slow chronic releases that

1.8, Enviconmental Protection Agency, Office of Undergrouné Storage Tanks, estiniate based upor data
submitted by States on February 28, 1999 and April 38, 1999 funpublished}

" Ellen Frye, “When Push Cames 1o Shove,” LUSTLine, Bupramber 1998,

™ Juan Sexton, Kansas $inte Department of Health & Bavironment, paper prosented 5t the 18 Anpual
UST/LUST Nettonal Conforense fLong Beorh, CA, Mareh 35, 1999 Wayae (ever, "Abave the Grounsd hut ant
the Law: ASTs on the Rise, Regulators in Hot Pussuit,” Petenlesm Equipment and Techaology, July 1998

P For example. under one aption. a ¢.2 gallon per hour release could go undetected in ap 10 § percent of all
cuses (e, tisdeiected in 93 of 100 instances) and unreported by compliant sysioms {in & worsi cuse scesario).
The same technelogy shosld not huve greater than 2 § percent occurrence of false alarms, Other types of feak
deigetion moy reve lower ar higher throshalds and still meet the BEPA guldelines. A 8.2 gullanftour release would
result in o velease of 1782 gallons  undetecied Tor one your, and could 2o ondetocted Tor soverad vears,
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remuin undetected have iypically not resulied in drinking water impacts. The reguiationx did not address
1he use of oxygenates although they were used as octane enhkuncers at this time, albeit at generally lower
levels thun in RFG and oxyfuet™

Changing existing UST release detection regulations to address the use of oxygenates in gasoline will
require EPA to analyze the risks, costs, and benefits of any regulatory changes. In the past, changing
such ¢ regulation has taken three to five years, The U.S. Environmental Protection Agency has inittated a
field verification study of UST release detection performance and expects initial resulty in early 2000,

I, Undergroand Sterage Tanks
A, Materials Compatibility

The use of pxypenutes in gasaline in the conventional gasoline supply was well estublished in the mid-
1980s when EPA hegen formulating the current Federal UST regularions {1998}, which formully
identified and addressed compatibility tssues. The regulations noted that standard specificetions for steel
and Jthergluss 1ank sysierm mauterinls had been esiablished 1o provide for compatibility with
gasolinc/oxygenals mixiyres containing up to 15 pereent by volewme MTBE, 10 percent by volume
ethanol, and 3 percent by velume mothansl, Industry standards formzterials compatibility have been in
pluce singe 1486,

A recent cvaluation coneluded that there are po known studies indicating that any significant
deterioration will occur in metal or fiberglass UST systems as a result of concentrations of MTBE or
other oxygenates in gasoling.” The same study indicated, however, that given the lack of existing “real
world” characterizations of the long-term performance of typical UST sysiem materisls, further
independent guantitative evaluation may be warranted, purticularly with regard 1o potential mestlic
corroston, fibergliss permeability, and the elastomer integrity of saskets and seals. Becuuse tank and
piping materials may be in contact both with gaseline vapors and water containing high concentrations of
dissolved gasolise caomponenty, compatibility wih the vapor or aguecus phase sf axygenated gasclines
may aise merl study, especially if there is potentiz! for the substantial covichment of oxygenates in gither
phase,

i. Fraining, Education, and Certification

H
it has long been rucognized that UST releases can be caused by the fadure o adeguntely perform ceriam
standard instullation and daily vperatonal and malsienance practices. Despite existing regalations tha
address many of these practices, owners, coniractors, and employees may not roulincly exercise
appropriate care o performing thase activities. The most frequently identified problem areus include

®The use of axygenaies in gasoline was well established by (he mid-19801%.

' Thomas M. Young and the U.S. Environmental Protection Agency, Field Evaluwtion of Leak Detection
Performance, National Leak Detection Pecformanee Study, 1999,

£ Kevin Couch and Thamas M, Young, “Leaking Underground Storage Tanks (USTs) as Point Sources of

MTBE to Grogndwater and Relnted MTBE-UST Computthility Lssves,” in University of Californin and € Toxic
Substances Rescarch & Touching Program, Heelth and Enviranmeniag! Assessment of MTBE, Yolhome IV, 1998,
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instaifation, fucl delivery und procedures, and routine maintenance of dispensers and release deteciion
equipment *

Federal UST law contains neither any requirement nor any authority for the eertification of owners.
opErators, inspecrors, or contrictors. In pragtice, most Federal, State, and local inspeciors are well
wratned. and many UST owners require fraining for their employees. There 15 often considerable turnover
af facility employees m State and local proprams, however, and constant raining is required. A few
States have third pusty inspeetion programs regeiring that factlity owness hire a certified inspecior fo
docoment a Dseidity's st of comphianes, although there is anecdotal evideoce that these programs are
not follawed.

States have taken the impetus ip certification and similar programs. For example. half of the States have
programs for Hoonsiog or centifying contractors who install, repair. and vemove USTa. A smaller
percentape of States {perhaps 28 percent) require certification or hicensing of wnk Wstets ~ primarily for
thase whe perfonn release dotection tosts, Finally, even a smaller percentage of Siates, probably around
20 percem, have segistration or centification programs for remedistion contraciors, Az these estimaies
indicale, Further progress could be mode in establishing such programs in additional Siates,

¥, Proiection of Drinking Wuater Sources and Water Quality Management
A. Federal Efforts

Section 1433 of the 1996 Safe Drinking Wates Act (SDWA), as amended 10 1996, reguires all States 1o
compiete assessmenty of thelr public drinking water supplies. By 2003, euch State and participating
Tribe must delineate the baunadaries of areas in the State {or on Tribal lands) that supply water for cuch
public drinkiog water sysiem; identify significant potential sources of coptamination] and determine cach
systemy’s susceptibilify o sourced of contamination, The assessments will synthesize existing
information abous the spurces of denking water zupplies in order to provide a naticaal baseline of the
potential contaminant throat and to guide Tuture watershed restoration and protection.

The assessment of drinking waler suurees is only one part of proteciing underground drinking water
sources® The Welthead Proweiion Program, which was esiablished under the 1986 5DWa
amendments, goes beyond assessment W add additional requirements for prevention within welihead
proteciion areas, tod (o cslablish contingency plans in the case of 2 release. Wellhead protection
programs are currently in place in 49 States and territories. Over 125,000 public drinking water systems
have community-level wellhead proteciion measures in place or under development.

To further identify those areas that may be impacted by MTBE and other contaminants associated with
gasoline, EPA is reviewing all State assessment program submitials 1o ensare that each program
fnventories gaseline service sintions, marinas, YSTy, and gasoline pipelies ta drinking water souce

 Cahforaia State Water Resourcss Conirel Board, “Are Leak Detection Methods Effective In Finding Leaks
In Underground Storage Taak Syswems? {Leaking Site Survey Reporty” Tanuary 1958,
HupHwww swich. oo govi-owphomefaatileak reportsfiades him.

¥4 8. Eaviroamentu! Protectien Agency, (ifice of Water, State Source Warer Assesument and Protoriing
Pragramy Guidance, BPA RIG-BU0004, Angest 1997, wwwepapov/OCWDWhwr/lvswnnbiml
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protection arcas, This will provide an oppostanity 1o csllect locational data for water sources and
contaminant sites as part of the State Source Water Assessnient Programs. Here, the challenge will be
threefold: (1) w collest information useful 10 muliple stakeholders; (2} 1o maintuin, update, and improve
the dati over time: and (3 mostUimportantly, o make this formation castly gooessible mmong agéncies

The .8, Eavironmental Protection Agency is alse reviseng its enreent Uoregulated Contwmiaam
Menitoring Rute, The revised rule, scheduled to take cffect in Japuary 2061, will require Inrge water
systems {serving more than 15000 persons) and o represgotative sampling of sgmall uod medium-sized
water systeras {serving fewer than 10,000 personsy to monitor and report MTBRE detections, a procedure
that should nar add substantially 1o monitoring costs due © the inclasion of MTBE gnplysis within
analytical tex(s used for menitormg of other VOUs, Although this wil] substantially increase the
monitering for MTBE, under this cegalavon, the majonity of public groondwater supply wells will sl
not he monitored for MTBE, For example, if this regulation were fo be enacted tuday, in California,
MTRE munitoring amd reporiing would be required for 2l 3,094 getive wells (within water systems
serving more than HLOUT persons) and & representative sample of the other 7,100 aclive wells (within
water systems serving fower than 10,008 persons). resulting in fewer than haif of the wtal number of
aclive wells being moniored,

B. State Efferis

Under California logisiation enucted in 1997, the Mate Water Resources Control Board (SWRCB) is
required Lo smplement o statewide GIS 1o wanage the risk ol MTBE contaminution to public ground
water sugplies. In the shortierm (by Tuly 19993, s preject weeks {1 to identify all underground storage
tanks and all koown releazes of motor vehicle fuel from underground storage tanks that are within 1,600
feet of o drinking water well; and {2) 10 Wenvly public wells within 1,000 feet of a petroleum product
pipelineg ¥

This GIS displays snd reposts detalied lnformation for both tunk release sitex and drinking water sources.
Most importanidy, e system streambines the integration of data from multiple agencies, f.e., the system
intogratex data for both contamuant sites and deioking water seurces. This GIS will be used by o varicty
uf Stute agencies o belier protect public drinking water wells and aquifers reasonably expected to be
used as drinking water fram both motor vehile fuel sowrces, incloding underground storage tanks
{operating sites and closed sites with existing contamination), and petroleum pipelines, Public access via
the fnternet will surve 1 overcome current limilations on obtaining and sharing data among malliple
regulaiory agencies, waler purveyors, the petrolenm indasiry, and other stakeholders. Furthermare, the
system gives all stakeholders access o on-line data analysis tools that can be uzed 10 estimaie
vuincrability.

Grther States are also developiog and implementing (IS capabilities, although not s comprebensively as
Califernia’s program.

 The GeoTracker report was 1 pilot stady that addressed the Santa Clara Valley and Santa Monica water
disiicts - not the entire state. Howaever, the GeoTracker approach is expecied to be used to got information for the
rest of the state compilted, For more information shoot this GI% refer 1o bupmfeoimekesinh oo/,
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Vi, Treatment of impacted Deinking Water®

When drinking water supplies become contaminated with MTHE, water suppliers mus: fake steps to freat
the waier s0 a8 (o restore it 1o potable condition. The MTBE Rescarch Parinership, which includes the
Asxeciation of California Water Agencies, the Western States Petrolenm Associatien (WSPA). and the
Cxygensicd Faels Association {OFA Y, resently pablished Tregrment Technalogies For Removal of MTBE
Fram Drinking Weter, 3 ceport reviewing and analyzing the eosts of three water treatment techaologies:
sir stripping: sctivaied carbon. and advanced oxidution,

. Tremiment of extracied air and waisr effluents 15 typieslly uccomplished using wir stripping, a
pracess i which contaminated waler Dowy down g column filled with pucking maternal while
upward-flowing sir volatilizes the contaminunt from the water. Althougd highly effective for
benzene, i less effective and somewhat wore costly fur MTBE {e g, 95 percent and higher
removal efficiency for benzene vs. 90 poreent and higher for MTRE)Y Commenly, air siripped
effivent is “polished” 1o Jower contaminant lovels by subseypent treatment with activated carbos,

v Activated caghog, or cothon adsorption, & also widely empluyed 10 remove Jow fevels of organic
compounds from water by pamping it through 3 bed of aciivated carbon. Additionally, many
individual homeowners use small carbon canisters 1o remove 3 variety of coniaminanis, incigding
MTBE, fiom impacted private wells, Again, this process is highly effective for benzene, but
much less so for MTBE, which requives greater volwoes of carbon per unit mass of MTBE
removed, oad thus is sigoificantly more expensive and less effective than benzene removal,

. Advanced oxidation technologies use approprinie combinations ef ultraviolet light, chemical
oxidanls, and cutalysis to transform contaminants, Oxidation tcehnologies have been
demonstrated to oxidize a wide range of erganic chemicals, including MTBE, These sume
technologics, especially ate stripping and granulur activated carbon {GAC), have been employed
sugcessfully for use at individual homes with impucted drinking water wells,”

"

The costs associated with these types of treatment for drinking water are summarized in Figure 1.

¥ This discussion refers specifically 1o the weanment of ground waters ar sorfave waters inlended for
distribution o consumers of to private well owners! remtedinting of pround water svsaciated with contaminant sites
is addressed in the following section,

¥ 3.9 Maliey, Jr.. P.A. Eliason, and L.L. Waglee, "Pointol-Entry Trestment of Pewrcleum Conteminated Water
Sepplies,” Waier Environmen: Research, 1963, v. 65,15, 2, pp. 115128,
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Figure 1

Annual MTBE Treatment Costs for a Family of Four
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Source: MTBE Rescarch Partnership {Western States Petroleam Association, Association of California
Water Agencies, and Quygenated Fuels Associstion). Treaument Technologies for Removal of Methyl
Tertiary Butyl Ether (MTBE) from Drinking Worer -- Alr Stripping, Advanced Oxidarion Process {AOP),
and Granulur Activated Carbon (GAL), Execuiive Summary, Sacramento, CA. December 1998,

Tertiary butyl alcohol (TBA) is another axypenate that has been found at oxygenated gasoline release
sites. Because TBA is a byproduct of some MTBE production processes, TBA is found in some fuel-
grade MTBE® TBA is also a metabolite of the biodegradation of MTBE.* Because TBA is infinitely
soluble in water, use of air stripping and activated carbon treatment methods are even more limited than
for treatment of MTBE. TBA's treatment by advanced oxidation may geaerate compounds potentially of
health and environmental concern. The presence of TBA will further limit the uselulness of the above
deseribed 1echnologies and increase treatment cosis,

¥ National Toxicology Pregram. Summary of Data For Chemivai Selection: Methyl Tere-Buiy! Ether,
htipifinip-db.niehsaih gov/INTP _Repar!NTP_Chem HESNTP_MSOSHE 1634044101

 }.P. Salanitro & al., "Perspectives on MTEE Biodegradation snd the Potential for in shiy Aquifer
Bigromediation,” proceedings af the Natienal Ground Water Associstion’s Seuthwest Foenused Graund Warer
Conference; Bisvussing the fssur of MTRE ond Perchivrare 11 Gronnd Water {Anghelm, CA, June 3-4, 1958), ap.
48-54.
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VIL Remediation
A MTRBE
i Risk Based Corrective Action

The following discussion focuses on the remediation of UST releases, as they are the predominant source
of higher levels of MTBE contamination and potential drinking water supply impacts. Releases from
other peint sources of gasoline (e.g.. ASTs and pipelines), however, would be managed in a similar
fashien.

Regulatory policies have evolved during the last decade toward the increasing use of risk-based
cuorrective action (RBCA) progrums. These programs serve us @ means through which the management
of petroleum releases is prioritized so that time and resources can be directed to those sites most likely to
tmpact public er environmental health and safety. These changes in policies and practices ure the result
of conclusive demonstrations of existing and innovative technologies’ limits in achieving complete
remediation of impacted ground water systems.”® The complex properties and interactions of gasoline
and hydrogeologic sysiems have been found to be substantial barriers to the effective removal of motor
fuel hydrocarbon masses released to ground water. The ascendancy of RBCA programs paralleled and
was assisted by an increased understanding of the role of natural attenuation and intrinsic bioremediation
in limiting the migration of dissolved hydrocarbon plumes. As a result, corrective action for many sites
now focuses first on removing any readily mobile hydrocarbon mass at the source, and then on managing
the dissolved plume using intrinsic bioremediation. Because MTBRE is generally recalcitrant, the
presence of MTBE is expected to limit the utilization of intrinsic bioremediation as a remediation option.
Although other natural attenuation processes may be used as deemed appropriate.

The American Society for Testing and Material’s (ASTM )} E 1739-95 Standard Guide for Risk Based
Correciive Action, developed during the early 1990's, forms the basis for most State risk-based programs.
This RBCA guidance focuscs on setting remedial goals based on health risks. MTBE also presents
aesthetic (i.e., taste and odor) problems at relatively low levels, which is currently not addressed by
ASTM RBCA. Alternative RBCA guidance would need 1o be developed to adequately address aesthetic
concerns.

Methyl tertiary butyl ether is included in this guide as a compound of concern when evaluating impacts
from gasoline releases. The use of a risk-based framework places the emphasis on decisions that balance
cost, resource value, and risk to human health and the environment. Risk-based approaches seck to
implement management sirategics that shift the focus of cleanup away from breadly defined cleanup
goals, which have been demonstrated to be technologically infeasible, and instead focus on a more
site-specific elimination or reduction of risk. It should be noted, however, that RBCA focuses on health
risks, and because MTBE has also been shown to present acsthetic (i.e., taste and odor) problems at
relatively low levels, alternative RBCA guidance may need teo be developed to adequately address those
types of environmental cencerns.

*U.S. Environmental Protection Agency, Office of Research and Development, Pump-and-Treat Ground-
Water Remediation: A Guide for Decision Makers and Practitioners, EPAI625/R 951005, 1996.
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During the Jast severs) vesrs, 31 has become an secepted practice at UST release sites to carefolly
evaivaic the powential for intrinsic remediation {1, bioremediation of the contaminam primarily by the
microbial popalation naturally present in the subsurface), and then to determioe whetber there is 2 need
for active remedintion. The presence of MTRE can complicate the utilization of inirinsic remediztion, as
although the BTEX™ plume may be shown to be contained satisfuctorily, adeyuutely demonstrating
stubitity andfor containment of sn MTBE plume may be much more difficull. Mcthyl tertiary butyl ether
is generally recaleitrant, and therelore intrinsic remediation will typicaily not be s {easible option,

Source control (e, removal of contuminant mass near the source of the release) is frequently employed
1o reduce long-ernt impacts to ground wuter and drinking water in situations where inirinsic remediation
is not viable. Afier a release, non-aquesus phuse liguid (NAPLY is fikely 1o be present in the vadose
rone, capillery fringe. and ground waler. The NAPL {e.g., gasoline) will act as a long-term source of
dissolved contaminants. Where praciical. delineation and removal of NAPL are eritical for complete
restoration of an impacied aquifer” In areas with shallow ground water, excavation of the NAPL-
contaminated source area (down 10 and below the water table) ¢an be an effective remediation approach,
This wehaique is less effective at sites with extensive areal contamination, subsurface structures, or
deeper water tables, The excavation and disposal of large volumes of contaminated soil or aguifer
sediments have also been discouraged @t many sites, in part because of limiled solid waste treatment and
disposal facilities,

2. Conventional and Innovative Technologies

Atthough the eonveatipnal and innovative lechonologies used for ground water remediation of
nenoxygenated gasoline releases are also applicable for MTBE remediation, their relative effectiveness
and cosis may vary depeading on site-speeific conditions ™ A remediation system typically employs air-
or witer-based approaches for removing costaminants from the subsurface, and one ar more ireaiment
wechnologies for removiag the cantuminant fram those agueous or vapor phase effluents,  Allernatively,
in-site technigues can be used to trea! or destroy contamnants without bringing them above the surface.
The applicationg of these wchnologies for MTRE and benzene are briclly campared helow.

s Pumpand bear s g matere, woll-anderstood wobnology e punps ground waler
to the surface for sibreguent teaiment and dischacge, Beeause of the relatively
tow soloblity of benzene, this technigae is more elfective as a benveac plume
migration control technolopy than for mass removal, MTBE s high solubiluny
and low soil sorption should enable MTBE to be more readily exiracted from an
aquifer than henzene. Az with all pump and treat, the elfluent will bave 1o be
trzated with iechnologies such as air stripping, advanced oxidatios, GAC oy
bigrescior

™ The compounds benzene, toluens, othyl benzene, and xylene are commonly knows a5 "BTEX "

418, Buvirenmental Protestion Agesey, Office of Research and Dovelopmont and Office of Sohd Waste &
Buergendy Ruspoase, Light Nonuguenus Phaze Liguids, BPA Grovnd Weater Insee Faper # BPAZR4DS-05/5080,
FURE

* Dualel N Creek and |, Davidson, "The Peeformance and Cosi of MTRE Remediztion,” National Grousd
Water Associntion, 1998 Potrelentn Hydroowrbans gud Organic Chamicals in Ground Waler, po. 560-56%;

Tam Peagrin, "Empirical Study of MTBE Benvene and Xviese Groundwater Remedintion Rstes,” National
Ground Water Assoiation, 1998 Peirolenm Hydrocarbons and Organic Chemivals in Gronad Waer, pp.S51-559.
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» Soil vapor egtractjon SV E) pulls air through the sotl to velatilize contaminants,
Becnuse MTBRE does not adsorb strongly 5 soils and hes a higher vapor pressore
than benzens. MTBE will readily volatilize from gasoling in soils, When MTBE
1y dissvulved in soil moisture, however, SVE will not remove MTBE, which i
highly soluble.

. Alr sparging injects air below the water table 1o volatitize contaminants from
grovnd water, Compared with BTEX, » much larger flow of gir is reguired ©
volatilize 4 similar mass of MTBE. This addition of asrfogygen also enhances
biodegradution of cantaminants that are acrobizaily degraded by autive
micreotganisms. Although air sparging will readily enhunce the biodegrudation
of honzene, studies to date have showa MTRE to be relutively recalciinant
Biodegradation by native populations of microbes in the subsurfuce. Therefere,
although air sparging s kaown o be an cffcctive technology for remodiating
benzene (increases volatilization and bivdegradation], itis expecied 1o be less
effeciive and more costly for MTBE remediation {i 2., dissoived phase does not
volatilize and may be relatively recaleitrant 1o native blodegradmion). Atr
sparging is frequently teamed with SYE o caplure the volatilized compovads,

. Dual phase exiraetion involves vapor extraction and ground waler extraction in
the same woll, This echrique is likely w be most effcctive in situations in
which the water table can be lowered, allowing for a larger ures of infiuence for
the vapor exiraction system, As discussed above, when MTBE s dissolved
soil moisiure, vapor extractian will not effectively remove MTRE, which is
highly soluble. Therefore, this technique is most effective for volatilizing
MTRBE from gasoline.

* Bioremediation of MTBE contamination is an incressiagly active aren of
resenrch, The biodegradability of MTBE is considered te be much slawer
reliive 1 the sbundan? nateral bloremediation of other gasoline constituests in
the subsurface (2.2, bearene], and MTRE generally bas been reculCitrant or
timited relative 1o beazcas biodegradution in field samples, although there iz
some ficld evidence to the contrary.™ Recent 1ab and field studies have

M R.C. Borden ot al. “Iniinsic Risdegradation of MTRBE and BTEX in a Gosoline-Contsminated Aquifer,”
Water Resoarcey Rerearch, 1997, ¢ 3, 00, 3, pp. VIBS-1HES A LM Happel, B, Boober, and EH. Beckenbach,
"Methyl Tertiary Buwyl Biher (MTEE] lmpucts to Californiz Groundwater,” prosentation at MTBE Blue Ribhon
Panel moeting {March 19990 A M. Huppel et gl Lawrsace Livermore National Laboraiory, An Evaleation of
MTRE tmpocts to Colifornia Grawndwaier Besources, UCR1L-AR-130897, 5,88 {Junz 199R), LE, Landmever et 2l
“Fate of MTBE Redative 10 Benzene in 2 Gasolise-Comaminned Aquifer {1993-98)," Graund Warer Monitoring &
Reniedigrion, Fall 1998, pp.B3-102; Mario Schirmer and JLE Buarker, A Swdy of Long-Term MTBE Atenuation in
the Borden Aquifer, Ontario, Canada,” Ground Water Monitoring & Remediation, Spring 1998, pp. [13-122; Reid,
1B etal, "A Comparative Assessmient of the Long-Term Bebavior of MTBE and Benzene Plumes in Florida." pp.
97-102 Narural Aneniation of Chlorinated Solvents, Petrolewm Hydrocarbon and Gther Organic Compounds
(1999 Hurt, K L., ¢t al., “Anaerobic Biodegradation of MTBE in a Contaminated Aguifer...” pp. 103-108, Narural
Anrenaaifon of Cllorinited Solvents, Perratenn Hydrocarhon and Other Organic Compoands (1999); Bradley,
M., etal., Aerobic Minerulization of MTBE aad tert-Butyl Alcohe! by Suweam-bed Sediment Microosganisms:

feontinued...
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indicated that biodegradation processex can be seceferated by avgmenting the
subsurface environmaent or microhial population {2 2., by the addion of oxygen,
microbes, ntrients, or bydrocachons thatstimulate MTBE comeiabalism).

. In-site oxidation relics on the capaenty of conain chomical mixtures {e.g..
hydrogen peroxide combined with iroa} to rapidly oxidize organic molecules
such as MTBE in water. Becanse MTHBE osidizes rapidiy, & will be removed
during the course of routine water woatment by this wehnique. Although current
use of this technology is Hmited, when subsurisce conditions and contaminem
distribation are favorable, it has becn domonstraied 1o effectively remove both
MTRE and conveational gassling componenis,

Tuma

Trequnent of Remediation Efftueni

Treasment of the nir and water effluents extracted from the above processes is typically acvomplished
using the sume processes described previously for deinking water treatment (sir stripping, aviivated
carbon, and oxidation}. Again, these processes are highly effective for benzene, but less so for MTRE.
The costs associnted with the treatment of effluents with MTRE are thus likely to be somewhat higher
than for BTEX.» Catalytic or thermal oxidation technologies are also commonty used for air phase
effluents, and MTBE again poses a more difficult and costly problem than benzene. Fluidized
biorenctors are less commonly employed, as they require somewhat more complex operation and
maintenance, They typically use activated carbon to support microbial growth so that contaminants are
ailsorhed ontw the carbon and destroyed by resident microbes as the contaminants pass through the unit,
This techrology is somewhat more elaborate than air stripping and carbon adsorption, but may grow in
aceepinhility i|f reliable MTBE treatiment cun be documented, [o general, MTBE-BTEX cffluents will be
maorg gostdy to treat and discharge thas BTEX alanc. Synibetic Resin Adsorbents, which exhibit @ much
higher adsorhent capacity for MTBE relutive to sctivated carben, are currently available, With additisngl
rexearch, thoy may become a viahle cast effective tregtment,

4. tncremental Costs for MTBE Remediction

A certain level of remediation activity/corrective action is required for almosi every release of gasoline,
with or without axvgenaies. Evatuaoon of the incremental romediation cosis of MTBE conizmination s
a difficult tusk beanuse of the numerous site-speeific variables to address. Four key variables include (1)
the cleanup target established for the site; (2} allowable MTBE discharge Jevels in the water and vapor
efflpcnts gencrated during the remediation process?™ (3} the size of the dissolved plume; and (4) the
potenial for using natural attenuation as the {reatment technology.

R contisued?
Envd, Sed, Feeh, v, Fino, |, pp. 18771897 (19493,
A
" Depending on the precise circumstunces, these costs can range frem moderately higher than BTEX relsted
poxts 1o significuntly higher.

* These levels are addressed in the permits issued by the appropriate regulatory authorities for these
discharges.



Clearly, it will be more expensive to reach an MTBE ground water cleanup goal of |5 ppb than a goal of
40 ppb or higher. Similarly, the related effluent treatment costs will be much higher if permitted water
discharge levels are 35 ppb as opposed 1o 300 ppb. and daity volatile organic compounds (VOC)
discharges 10 the atmosphere are limited o 2 pounds compared with 50 pounds. As there are no national
standards for MTBE, it ix not possible to estimate these incremensal costs,

The U.S. Environmental Proicction Agency has surveyed UST program managers 1o oblain some niial
estimate of increases iy remediation cost.” Although the survey data have a high degree of uncertainty
and should be viewed as preliminary, the EPA survey estimated that perhaps 73 percent of MTBE-
impacied UST siles wonld have remediation costs less than 130 percent of the epst of typica] BTEX sites,
and thut meny MTBE sites might have no additional cost. The Leaking Underground Storage Tank
{LUST} pregeam managers estimaied that the remaining 25 percent of sites would cost greater than 150
percent of representative BTEX sites, with perkaps § percent costing tn excess of 200 percent more than
typicat BTEX sties, The U4 study, Hoalth aad Bavireamenigd Assessment ¢f MTBE, evaluated casty of
remoediation of MTRE sites s Californis based on industry, reguluiory dats sad studics of MTBE impacts
o grovndwater in Culifornin, Overnll, this study concluded that on avernge MTBE contaminnied xites
may be 141 percent of the cott of comedinting conventiona] gasolive siex”

Remedisting MTBE plumes can be roughly comparable 1o the cont of conventiona] BTEX trestment for
eguiviient plume sizes, asswming the permitied MTBE offluent trestment and discharge Jovels allow
standard awr stripping and carbos adsorpBon approaches 1o be used, However, becasse an MTHBE plume
1s more likely to become larger than typical benzene plumes when releasc detection is delayed, if
dissolved MTHE source zonc concentrations are much higher than BTEX (as they might be from s .
release of an RFG), or if stringent MTBE eflluent discharge lovels are applied, remediution costs are
expecied {v intrease proportionstely. Absent active remedintion or sufficieni intrinsic hioremediaton 1o
prevent further migration, MTBE plumes are expected o extend fucber pechaps by o farge extent, than
the companior benzene plumes,

This potential difference between benzenc and MTBE plume lengihs may mfluence remediation cosls in
another way, Monitored natural attenuation {(MNA) is a widely accepted, cost effective approach to
managing benzene plumes. If MTBE plumes are expected to migrate further becavse of higher sovrce
aren dissolved concenirations and exhibit hmited biodegradation as compared fo benzene, then fewer
sites may bhe able to use MNA ax an accepiable remediation option {f.¢., active remediaiion would be
required, thus increasing cleanup costs). Only a limited cember of field studies have been conducted to

" Robert 13izig, Paul Kostecki, and Denise Leonard, “Study Reports LUST Programs are Feeling Bffscts of
MTBE Releases.” Soil & Groundwater Cleannp, Avgust-Seprember 1998, pp. 1519,

# The UC Study, Heaith and Environmental Assessment of MTBE, evaluated costs of remediation of MTBE
sites in Californiz bused an industry. regulatory data and studies of MTBE impacts to growadwarer in Celifornin,
Ovesull, this study concluded that on aversge MTRE costaminated sites may be L4 times more costly to remedia
than conventians) gaseline sites,

* U 8. Environmental Protection Agency, Draft Memocaadum from Timothy Fields, Ir, Acting Assistan
Administrator, Office of Solid Wasie and Emergency Rasponse, “Use of Monitored Natural Atiengation 1t
Superfund. RCRA Corrective Action, and Undecpround Siomze Tank Siws” June &, 1997
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evaluate MTBE natursl attenvation;’™ thus, it is dtff:z:;z]i te assess fully the poteniial fulure costs. A
recent study estimated that while over 80 percentof zma MTBE conventional gasoling siies might wiilize
MNA, few MTBE sites would be able 1o, resulting in wi’z%mmmi]y higher cleamip costs for MTBE
sites. '™

1. Ethaneol

The above discussions are focused on remediation issues identified for MTBE. It is difficult 1o make o
comparative assessment of MTBE versus ethunel gasoline releases, as there is relatively litte field data
chiracserizing the bebavior of ethanol guseline relenses™ Monitoring for eitbanel is oot reguired at UST
&ites, even in Midwestern States that use lurge volumes of ethanol, Additionally, standerd EPA methods
used to analyzs (el hydrocarban compounds are nat lechnically upproprisie for desetion und
quantification of cthunol below the 1 part per million (ppm) 1o 10 ppm range. Ethanol is known o be
nuch more biodegradable than benzene. Although ethanel is lkely t blodegrade rapidly in ground
water, because ethanol is infisitely soluble in water, much more ethano] will be dissotved into water thun
MTBE. It is ant keowa how lpeg it may ke to bz@degmée arge amounts of disselved ethanol
Laboratory research suggesis that microorganisms ;}(65&{ to biedegrade cthunol over other fucl
componests, 1o that ¢ihanol blodegradation consumes ;:23 svailable oxygen and depletes other eleciron
srenpiors nceded for biedegradaton, thus delaying the omez‘ and potennally slowing the rate, of BTEX
biodegradation, Although the magnnade of this effect z\ presently anknown, it iz expected o result in
semewhat longer BTEX plumes at pasolipe selease sz{csz % Because ethanol is most commonly Blended
ut diseribution terminals, releases of neat {pure) ethansl Ay accur at those facilitles, zequlrlng
remediagtion, The extent of any current possible ;}mi‘zic'z"l and cost associated with such clean up is
unknown,

C. Funding

FRR.EL Borden o 4l “inteinsie Biodegradation of M'Z'BE and BTEX in 2 Gusoline-Comtaminnted Aguifer,”
Water Hesouroes Resegrol, 1997, .33, no, 5, pp. THES-1HES, *! £, Landmeyer ot 5], “Fate of MTBE Relztiveto
Benzese iz Gusaline-Contamingied Aguifer {1993-98)7 wauf Waser Meniioring & Remediarinn, Fall 198958,
pp.93-103; Maria Schiemer and LF. Barker, “A Study of Lang-Term MTRE Atiesustian s itie Bordes Aguifer,
Optario, Canade” Ground Water Manitoring & Remediasion Spring 1998, np, 113,122,

H
N ¥ . " N .
 anare Keller, PhD . enal, Executive Summary, Recommendstions, Summary, “Health and Envirsnmental
Asseszmentof MTRE 1988, ;

R Mauleonie FMrnie, lne., Evelugtion of the Fate and }"r:‘;fz.r.pm-: of Ethauel in the Enviregmens, (Gaklund, CA:
Maloowe Pienie, Dne., 1998 H.X., Corsenil el al, “The Dnflugsce of 1he Gasoling Oxygenate Ethanol on Acrobic
iand Angtrobic BTX Blodegradanon,” Wat. Res.. 1}9& 32, 2%&2(%”2 C.5, Hunt et al,, "Hifeet of Ethanol o
Asrablc BTX Degeadation Puapery from the Fourzi‘ International In SHe aod On-Site Bioremediation Symposiom,”
Buttelle Press, ApribeMay 1987, np. 49-54, !

¥ Michael Kuvanavgh and Andrew Stocking, “Fate and Traasport of Ethanel in the Environment,”
presentation at the May 1999 MTBE Blue Ribbon Panel meeting. [Based an Malcome Pirnie, Inc. Evaluation of
the Fate and Transport of Ethanol in the Enviranment (Qakland, CA. 1998.)]
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i Staie and Federal Soirees'™

The primary sourses of funding for UST remediation are State UST cleanup funds.'™ State cleanup

funds raise and erpend about 31 bitlion asnually, by far the largest source of funding availabie 1o pay for
remediation of MTBE.«conmaminated soif and ground water. The second largest soerce of funding s
private insurance. Most owners and operators have the required financial assurance coverage provided
by State funds. Owoers and operators in States without State funds, or in those States in which State
funds are transitioning and not providing coverage for new releases, must meet their UST Fnanciui
responsibility requirements by other mechanisms, most commonly UST insurance provided by private
insurers, According to the insurance indusiry, roughiy [0 percent to |5 percent of USTs are currently
covered by private insurance. This percentage is likely to incrense as more Siates transition out of their
UST cleanup funds. :

The Federal LUST Trust Faod is supported through a 0.1 cent per gallon Federal tax on motor fuels that
expires after Mareh 30, 2005, Atthe ¢nd of fiscal year (FY) 1998, the Trust Fund had a balance of
approximately $1.2 bilkion. In FY 1998, the Fund received approximately $283 million in new monies -
$136 million from the Federal tax and 567 million in interest on the Pund’s balance. In FY 1999, new
recelpts are expecied to increase o $278 milllon ($212 mithon from the tax and $66 million in interest},
raising the Fund's balance w approximately 31.4 billion {after FY 1999 appropriations).'*™ Manies in
this fund are subject to appropriation, and Congress has been appropriating approximately $7{ million
annually in recont years,™ Approximately 83 percent of the sppropriated funds are given to the States 1o
adininister and enforce theie LUST programs and to nay for remedistion of elipgible releases. The States
psi appraximotely twosthirdy of the funds to sugport stff whoe aversee and enforge cleanups by
responsible purtizs, Approximately ono-thisd of the funds are vsed to pay for clzanups in which the
owner and aperstor are ankaown, uvawilling, or financinliy unable 18 underiake and to complete cleanuy

™ Ser BPA QUST s Publication on Sources of Fingaciel Assisignce for Underground Siwrage Tank Wark.
The docement entiiled "Financing Underground Stornge Task Work: Feders! ond State Assistance Programy” Bists
Fedoeal und Siate programy thel provide monzy 10 assist in apgrading or replacing underground storage tanks,
conduciing investigations, aad performing remediztion, This document provides information on financisl astistance
available to municipahities, Steie or local governmenss, son-profis, private UST owners or operstors, and {or tanks
on Native Americas or tribal laads, The sesistance iz availadble in the form of dicect loans, loan guurantees, prants,
of interest subsidics, The publication alse desceibes some of the available State financial assistance progoams,
Eighteon Siates have active fanncisl sssistonce programs for YST upgrades and replacement; some of these
programs also offor asshaance cleaning ap UST relenses, Alse, see the ASTSWMO Repory, “Siate Leaking
Undorgronad Storage Tenk Financis) Assurance Funds Ansual Servey Semmary.” June 1998,
Hugfrwww sstewmo orgfPublicatiose/pdf A8 visum pdfl

1S, Environmenta! Protection Aguney, Srete Assurance Funds: Stae Fundy in Transition Models for .
Laderground Strage Tank Assaranve Funds, 1997, EPA 316-B974042,
wivw.epn goviswernst atgesfundinfohun,

¥ Eaegutive Office of the Prexident of the United States, Badget of the Haired Stutes Goverament, Fiseal
Year 2600 « Appemdiz, 1989, 5, 937,

W Riscul yoar 1998 {actoal) and 1999 {eatimated) approprintions frem the LUST Trust Fund were $65 million
and 373 million, respretively. {Sec Bxecntve Office of the Presidem of the United $taes, Badger of the United
Srares Gavernmens, Fiseal Year 2000 - Appeadic, 1389, p, 9373
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of a contaminated site.'® The Yaw establishing the LUST Trast Fund places clear responsibility for
remediation on owners and operators and places significant eligibility requirements on the use of LUST
Funds Tor actual cleanup of comtaminated sites,

2. Recovery uf Funds from Pelenticlly Responsible Pariies

Water suppliees ¢an face substantizl expenditures for either replacement woater supplies or ireatment of
contaminmied waters, Forexample, the City of Santa Monica lost 58 percent of 15 existing water supply
in 1996 as the resuit of MTBE mpacts. The zasual costs of the required volume of replacement water
{rvorre thin 6 mitlion gallons per day) are estimated at approximately $4 million, Although these costs
are the full responsibiiity of the party shown to be Hable for the contamination, establishing such lability
may take months or yeurs. It bas been suggested that o funding mechunism should exist for covering
these unexpected casts.

g, State Warer Supply Revalving Funds

Other potentisd funding sourees for addressing MTRE contamination are the Clean Water State
Revolving Fund (CWEEF) and Drinking Water State Revolving Fund (DWSRF) programs. These
srogeams wore extablished 1o provide States with a conbinuing source of funding to address (1)
waslewsier reatment, unapoint sovrge, and estuary activities (CWSRF); and {2) drinking water
treafment, source water protection, and waler sysiem mapagemest activities (RWSRF). Funding
decisions for projects and setivities are made by each Swte, purseant 0 cligibility guidelioes provided by
EPA.

The CWSRF can be used {ory site mitigation efforis 10 address MTBE refeases to the extent that such
aetivitios are included (s an EPAapproved Diate nonpoint source management program. To daie, three
States {Delaware, Nebraska, and Wyoming} bave provided 2 tota) of approximately $48 milion in
CWARF loans o about 1,200 sates for removing underground tanks and purchasing release detection
systems. In these three Stntes, the CWSRE program works in partnership with the Stare’s Leaking
Underground Siorage Loan Pragram to provide techaical assistance and funding support to potential foan
reciplonts, Funds available to address probiems related w MTBE may tncreuse as Statey expand use of
their CWARF programs 1o address nonpoint saurce problems.

Although the DWSRF cannot be used to fund remediation efforts, Statexs can loan DWSRF monies to
publie waler syntems for the installation of treatment eguipment (o address contamninved sosrce wates
enlering the reatnent pland. In addition to providing loan assistance 10 public water systems for eligible
projects, the DWARF ulse allows cach State to reserve ap to 31 pereent of Hs grant o fund programs and
activizies that enhance source water protection and water systems management, Severat of the aotivities
sfigible under the reserves could address protection and management issues axsoeiated with MTBE,

" 1f the owner or operstor is financially able. but otherwise vnwilling 1o cleannp the site, the Implementing
ugency is responsible for recovering the costs of remedising the sie.
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4. Alrernative Warer Supply Funding Mechanism

The above discussion has reviewed a variety of existing potential sources of funds available to replace or
treat public and private water systems. Should these sources not meet existing needs adequately, an
alternative funding approach may be required. To simultaneously provide a source of funding for
emergency alternative supplies and treatment of impacted public water systems, and to act as a gradual
disincentive for use of MTBE, a tax/surcharge could be levied on MTBE production for use in gasoline,
These levied monies could then be made readily accessible by public and private water suppliers to
reimburse incurred expenses associated with addressing MTBE contamination incidents. The economic
viability and amount of this surcharge would need to be determined, but would likely range from §
percent to 50 percent of the price of each gallon of MTBE sold. For example, a 10 percent surcharge
with an MTBE price of $0.70 per gallon and RFG with 11 percent by volume MTBE would add about |
cent to the per gullon-price of RFG and would accumulate about $300 millien annually with current
MTBE usage. This surtax could also be structured to increase over time to further discourage MTBE
use.
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D. Fuel Supply and Cost
L Intrafuciion

The current U.S. fucl supply system is a finely balanced network that depends on crude oil supply,
refincry produciion, notmpeded pipeline and marine movements, and strategically sited commercial
stocks to protect agninst market volanlity. Recent necidents and weather-related refinery and pipeline
outages {e.g. incidents in California and Washington State) demonsicate the sysiem s delicate nature.

As such, changes in fuel regulatory requicements, with their sitendant capital investmeny needs and
infrastrociure chanyes, must be implemented without lairoducing verecessary volatility, Disruptions fo
the nation’s foel supply sysiew resuldt in price volatility and creased costs 1o consumers, Therefore, any
proposed changes 1o U.S. forl requiremcnts should consider the following:

» The time roquired w implement capital investments in both refineries and infrasiruciure,
which eatails raising capital, obtaining permits, and construeting uaits and
infrastructure.’”

. The need for regulatury certainty to provide industry with sufficient lead time to make all

necessary changes. Repolatory uncertaioty increnses fnvestment risks and forees
indusiry to postpane investments to the last minute.

. The necd for regulatory flexibility in achieving targeted goals, The peurclenm ndustry is
diverse, and what is optims] for one sector may not be optimal for another

. The need for Tungibility in the system. AL presens, tie U8 fuel supply system works
well, ax mast reguiremuents tend fa be nationsl {e.g., low sulfur en-road digsel} or
regional {e.g.. reformulated gasoling or Catifornia reformataied gasoling), Once small
arcas begin reguiring wnigque fuels, bowever, the sysiem operates gt sub-aptimal
eificiency. vosts io consomers fncrease, nnd fuel supphcs are more vulnerzble o
volatility,

This combinulion of sulficient tine, regulatory cortiinty and flexibility, sod fungibiliny will faciliate 2
smooth transition, thus avoiding excessive cost ingreases driven by unpeopssary sirest (o the sysiem.

An imporiant consideration tn this discussion Is the regulatory status of methy! tertinry butyi ether
(MTBE}. [ the use of MTBE {and other cthers} is redoced substannally or phased sut, but the oxygenate
requirement is mumntained, cthunal {und possibly oiber alcohols) will romain as the enly alternatives. Ay
present, however, ethanol is produced prusarily in the Midwest and is o0) manufaciured i sufficiens
volpme to meet national demand, Although new ¢thanol production capacily cen be brought en-line in
twao years, the permitting and construction of nocessary infrastrocture will be g eritical determinant of
ethanol’s availability and cost

| Moreover, if all refineries and wominals require capital upgrades, the construetion indusiry may become
straiped.
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I1. Industry Overview
A. Consmgrtion
i Consumption of Gasoline and Oxypenates

Current consumpsion of gasaling in the United States 15 approximately 8.3 million barrels per day {b/d},
or apptoximately 126.3 billion gatlons aronually.”® Based on Federal fuel supply data, total U.S.
oxygensie demand was approximasiely 370,080 bid in 1997 (refer 10 Tabie Dl i this seetion’s
Appendix}.tt! Excluding the volume of oxygenate used oaly for octane purposes, the average 1997
demand for oxygenates in reformulated gasoling {RFG and oxygenated gasoline m cavironmental
vantrel arcas was approaximately 165,600 b/, 41,600 bAd, and 17,0006 b/d per day for MTBE, ¢thunol, and
other ethers, respactively, Thus, although making up Jess than § percent of tal national gusoling
camumption, MTBE and other cthers met approximately 87 pergent of the oxygenute voline
requirement in 1997,

2. Meating California’s Ethanol Bamand

A recent study funded by the Renewable Fuels Associmtion (RFAL The Use of Ethano! in Californin
Clean Burning Gaseline, cstimates that f MTBE was banned, California would demand 41 000 bid of
cthanol in order to meet the oxygenate volume in the mandated arees plos 30 percent penetrution jnto the
non-mundated arcas. A study by the Califorpis Energy Commissian (CEC), boweverestimates 75,060
b/d in demand for similar requirements.’? According 1o the RFA repart, California’s demand could be
met from currently undorutilized produaction, which eyuatos to 29,0060 b/d with 100 poreent ntilization,
and new plant start-ups. The balusce would be made up by ethano! redirected From the setang
enhancement markels and increaved imports.'

HOU.S. Energy Information Administration, Petraleunt Supply Annuat 1998, Votume 1, Fable $4.p, 17, June
1999,

M 3.5, Encrgy [nformation Administration {T. Linerdale and A, Bohn], Demand and Price Qutlook for
Phaze 2 Reformulared Gasoline, 2000, Aptit 1399, pp. 78,

FCaliTarsia Encegy Commission, Supply and Cost Alivraatives to MTBE in Gasoline, Getner 1998,

I Downstream Alizratives. Ethannl Supply, Demand. and Logistics: California and Other REG Markers,
Muay 1999,
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B. Ethans! Preduction

Current U.S. cthane! production capacity is estmated at 120000 bid'™, which is equivalent in oxygen
content o approximately 230,000 b of MTBE. In order for ethanel glone to fulfi] the nationwide
oxygen reguirement in all RFG and oxygenated fuels areas, the U5, Environmental Protection Agency
{EPA} extimutes that approximatety {87,000 bid of ethanel would be needed, assuming that no ethanel is
ased for economiz vetane blending.’¥ Thus, in a scenario of complete MTBE removal, an estimated
additiona] 67,800 b/d of ethano] wouid be needed to fulfill the required oxygenate volume aationwids,
Ethunol supply could be fulfilled by o combination of imports and additienal production eapacity created
by removing bottlenecks at existing plants and by building new fucilitics, The ethunol industry catimntex
that the current expansion of existing ethanol-from-corn production facilities may increase preduction
capucity by as much as 40,000 bid. Additionally, new ethanol productioa facilities currently being
planned could provide another 25,000 bid {new ethang! plunts may 1ake iwo or more yeurs W build),"?
The U.S. Department of Agricuiture (USDA) estimates that § percent of the 1o} corn utilized in 199788
was for fuel ethano! production.'”

Ethanol production from bivmass precessing is currently about 60 million gallons per year {equivalentto
approximately 4,040 BAdy, Estimaies from the U8DA indicate that assuming favorable coonomics, the
resource base for ethans! from Momass could reach approximately 10 billion gallons annually
{approximately 650,000 bid} after 20257 Recently, on August 12, 1999, Prexident Clinton issued an
executive order to inftate 3 government cffort 1o develop a blomass research program. The goal of the
program is 1o triple the use of Biognergy and bivprodects by 2010, which includes the production of clean
fuels such as ethane! and sther products,

Bazed on 1otal gasoline regulated properties, ethano] used at 5.7 percent by volume to mect the 2.0
pervenl by weight {(wt.%) oxygen requirement in REG will not be able to reglace all of the 11 pereent by
volume of MTBE in RFG. In California, some refincrs have siated that they must remove some volume
of putancs/pentanes from California Phase 2 RFG (o order 10 accommoedate the increase in gusoling’s
Reid vapor pressure (RVP) with the addition of cthanol, and thus must sigaificantly expand their crude

" Roger Conway, “Ethare! and Ins Impheations for Fuel Supply,” presentation at the Apvil 1995 MTBE Blue
Ribbos Funel meciing; Downsirsam Aheraatives, Erhanel Supply, Demand, aud Loglaties: Celtfornia ond Other
RFG Murkewrs, May 1999,

> This figure is the resul of the fullowing caleufations: (1) Calcutulg the total ether supply for RFG and
oxypenated fuels in 1997 265 000 bad 4 17,008 bid = 282 D08 bAd: (2) Moltiply 282,000 bid by .52 10 adjust [y
the oxygen equivaieacy of ethonol = 16 840 540 and (3) Add 41,040 b/d o include the current volume af ethanol
wtiized for RFG aad sxypenaied fucls, thos reavhing a totad of 187,630 b/d (refer 10 Table D1 in the Appendix).

# 1ack Haggins, Submuted weitten commenis on behalf of the Renewable Fuels Association at the April 1969
MTRE Bive Ribhon Pancl mecting,

¥ Roger Conway, “Ethanol and {15 Implications for Fue! Supply,” preseatation at the April 1999 MTBE Blue
fibbonr Panel meeting; Downstream Alternatives, Ethonol Supply, Pemand, and Logivtivy: Catifornia and t3her
REG Markets, May 1999,

¥ Stephen Gatta, presentatian on BC Intermational Corporation at the April 1999 Blue Ribbon Panel mesting;
Roger Conway "Eihano! and [ts Implraiions for Feel Supply.” presentation s the April 19998 MTBE Hiue Ribbon
Panel meeting.



oil-based RFG production capacity by the full 11 percant by volume Jost by remsving MTBE."
Although this Panel did not investigate the eifect that the loss of MTBE would have on refineries outside
of Culifornia, there are some similariiies and 2 numbey of dilferences in reflinery processes that, oa
balence, result in similar velume shortfalis in blending component capacities during the sunumer seasons,

A sinsilar analysis by the U8, Departinent of Energy (DOE) sise concluded tha additions] supply would
he necessary undey an ether ban in the Neortheust, requiring increased domestic supply or foreign
imports.’

C. Ethanel Infrastructure/Transsportation

Because ethanol is saluble in water, which is commonly found in pipelines and storage tanks associated
with the gascline distribution system, and will separate from gasoline, ethano! is gsually blended at the
disteibution erminal ™ Therefore, because most of the nation’s ethanol is produced in the Midwest, the
ethanol would huve to be transported Lo terminals for blending through s dedicated {ethanel-only)
pipeling, by rail, by marine shipping. or by some combination of these methods. Transporiation from the
Midwest to the Northeast and the West is challenging and will likely be costly and transportation-facility
intensive,

A study'** estimales that approximately 1,982 rail cars (30,000-gallons'" each) would be nccessary to

supply the California market with ethancl for RFG purposes, assuming only rail transport. Given the
range in ethanol demand projected by the CEC study (35,000 b/d 10 92,000 bid}, this rail car estimate
could actually be more than deuble. The existing fcet of 20,00G-gallon rail cars is beiween 8,008 and
10,080, nearly atl of which are currently ynavaiiebie for ethanol tanspornt dug to prior loasing
gommitments, With existing manufactucing capability, 10 iy estimated that approximately 1,800
additional {30, 000-gallen) rait cars could be built per yeur™

In California, marine transport has been found to cost approximately the same as vail transport, although
in certzin instances maring shipping can be shightly cheaper. Surveys of termingl operators in California
have tndignted that a large portion of prodac {mast hRely af Jeast 30 percent) would be shipped as
waterborne carge. Some California operaters have stated that the large size of murine cargoes makes i
prefornble (o spoiting, inspecting, and unlosding numercus rail cars. Moreover, in the Northeast, newrly

"% At Jessel, Chevron Products Company, “Fuels Regulations and Emissions Technology,” presentation at the
March 1999 MTHE Blue Ribbon Panel mecling. See also, Duane Bordeiek, Toseo Corparation, “Perspective» op
Gasoline Blendiag for Cleus Ain” presentaiins at the March 1999 MTBE Blue Ribbas Fanel meeting.

U848, Depariment of Encrgy, Estimaring the Refining Impocts of Revised Oxygenare Requiremanis for
Guspling, Summary Findings. May 1999,

1 A1 Jessel, Chevron Products Company, “Foels Regulations and Emissions Technakgy,” presentation at the
March 1999 MTRE Bluee Ribhon Panel meeting.

D pwnsircam Alternatives, Ethanol Supply. Demand, and Logistics: Califortin and Other RFG Markets,
May 1999,

142 gallons = | harrel

B Rased on APY confidential communications with rail car lessors, 1999,
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gvery terminal [ocation ts uccessible by water, whereas only a few can be accessed by rail. As such,
same estimate that 88 percent of the Nartheast's il demand would be me: through ship and ocean-
going barge transport.’¥

These will alse be cited 1o develop the nocessary bleading and distrthanon infresteucture o deliver
ethanol-based RFG to retuil outlcts. Ethanol requires blending much further down the distribetion
chanael {at the truck-loading point} than does MTBE {at the refinery tormuinaly, The infrastructure 1o
support such biending on & wide scale does not currently exist.”™

3. Producing Nen-Ovypenate Alternatives

In the event of an MTBE phase down with oxygenate Hoxibility, refiners have a number of blending
uptions b meet RFG periformance giandards, including increased use of alkylates, gromatics, and perhaps
¢ther fuel blending swreams detived from petrolevm.’ Bach refinery has » aniguely optimal mode of
operation, facility selection, and size. all of which are currentiy halanced for MTRE vse, Without
MTBE. refiners wouid huve 1o determine their most cconomic mode of eperation and also determine
which aew facilities and technologies would provide the cconomic return on investment thai shareholders
regnire for continoed investment, The strategy of to1ad alkylate replacement is expensive (posaibly
exceeding 31 billion), may not fully meet octane necds, and demands other operational trade-offs in the
refinery andfor additiona supply of isebhutane and olefin feedstocks. Although aromaties can also be
produced in greater volume and will provide higher octane, higher aromaticy vse will alse increase toxics
emissions so that aromatics cannot likely fulfill all nen-oxygenate needs. Nevertheless, oxygenate
flexibflity is an important component of the solution to removing MTBE from the system tn a timely
manner sinee it increases refiner flexibility in mecting RFG performance standards, The Panel could not
conduct a comprehensive evaluation of the technologies, facilities, and strateyies necessary to achieve a
new, eeonamically optimal fuets refining sndustry withont MTBE, and with or without the corrent
axygenale requirements, b sather chose to rely on analyses by others to estimate likely effects on
supply and cost, as discussed in Section I belaw,

' Letter to Daniel Greenbasm from Raben £ Reynolds, Presidens, Dowastream Alieratives, Inc, June 24,
1599, Sepalbse. Downstream Aliernatives, Ethanol Swpply, Demand, and Laglstics: Catiforsin and fther RFG
Markets, May 1999,

3 0 and Gas Journal, California refiners anticipate broad effects of possible siare MTRE ban, Januzry 13,
1499,

" [rexter Miller, “Alkyates, Key Comporenis in Clean-Burning Gasoline.” presentation ut the May 1999
MTBE Blue Ribbon Pane} Mecting.
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111 fmpact of Fucl Requirement Changes on Supply
A, Overview

The impact of a change in fuel requirements {e.g.. reduction in the use of oxygenaies or of a particular
oxygenale} on luet wvaitubility and cost will depend primarily on the follewing factors:

. The thme available for a transition and the availability of adequale and sustained
supplies of any new component, and the time required for permitiing and
echieving compliance with applicable reguliutions,

’ Regulntory cerfainty and flexibility regarding fucl specifications;

» The degree o which fuel changes are national, regional, or siate-by-siate in
scope, Lo, fungihility;

- Additional capiial cosis {a.g., new refisery fucilitics) andfor aperating costs {e.g..
transportation and distnbution costs}; and

. The cost of replacing octane while continuing compliance with environmmentyl
standards,

B. Time

Government agencies snd fuel refingrs/murketers have siated that without adeguate lead time, rapid
reduciiogs in the volume of MTBE allowed bt the gasoline supply strexm will have an immediate and
negative effect on regional markets 25 well as the nation’s ubility 10 meet gasoline demang. ¥

In general, refineries must ondergo a stepwise process to implement major changes in fuel processing,
such av desulfurization or oxygenate reduction. A summary of Suneco’s recent analysis of the process
time required to comply with future sulfur nits s show in Table | as a general guide to such cupial
projects.'” {Acwal time reguirements will vary from refinery o refinery.)

RULS. Department of Energy, Exiimating the Refining Impacts of Revised Oxygenase Reguirements for

Gaseline: Suwinmary Fladings, March 1999 Catifornia Breegy Commtission, Supply and Cosi Alternutives (o MTBE

in Gasoline, Qctaber [99%; Robert Cunniagham, "Costs of Potentind Bas of MTBE Is Gusolings,” proseniation o
the March 1999 MTBE Blue Ribbon Pancl mesting,

2 Sunace, Fime Required to Complere Desulfurizatinn, persons! communisstion,

66



Tabie 1. Sampis Process Timetlable tor Compiving with Fulure Suityr Limits in the Refining

industry
i.  Concepiual/Process Feasibility
« e s , ; i
ify purpnae, ‘scop‘s and parrils requdned 7 months
»  Produce cost estimates
+  Managemen! approval
. ProcessiProiecl Scope Definilion
+  Davelop scope, squipment requirements,
ject milestones, and construction sirategies
prol 9 8 months
»  Produca more accurate budget estimatas
»  Management approval
it Prefiminary Enginesring
+  Balect enginasring coniractor
«  Bubmit permit lications
perm dplc 12 months
o Conduct dasign rendaw
»  igsue masier sthwduls
<« Submit Cosis for approval
¥, Dstalipd Proisct Exsculion
s Procurs matetials
= Hgcelve 3l permils
+«  Award coniracts
21 monihs
+  (onstruction
= TJashng .
+  Training
«  Btartup
Total 48 months

Bousce: Suneso

Should ethers, particularly MTRE, be phased out in California, the CEC estimates that in three years
California refineries wonld require as much as 75,000 bid of ethanot and ap to 142,000 bid of additionat
gasoling imporis 10 meet demand M

The .S, Bepattment of Encrgy estimates that if regulation changes are finalized. fous years wounld be
needed 1w ellow for pew construction of refineries and for othanol production, trassportation, loading and
unlowding capacities to increase. Under thiv assumption, & scensrio of an ether phase-out should aot

B Califarsia Energy Commission, Supply and Cost Alternatives Iy MTBE in Gassline, October 1998, This
stndy did not unulyze the likely fuel supply impacts 10 arpas outside of Cobifurals i MTBE use were w be phased
autin Dalifornin,



cause supply problems in Petrolenm Adminisiration for Defease Distriet (PADDY 1 the East Copst.™
This analysis did not censider effects on regional supplios in the event of & nutionul MTBE ban or other
changes in fuel properties {4.e,, sulfur roductions),

Helative to Califorais refiners, the transition 10 & non-ether RFG would bo more 4ificult and reguire

srre timg for non-California refiners, Implementation of the propused sulfur rules {TIER I} wil] have

iess impact on California refiners, as all California REG {CaRPGY is slraady at asulfur level of 3 paris
per millon {ppm) or lower. Other refiners will need adduions] iime fo build adequuie desulforization
urnits, as well as other fucilities needed to generate the petane Jost through desvlfurization. The Siate of
California belteves that with o repeal of the Fodern] vaygen mandate, MTHE should be phased out in

ihree and one-hall years.'™?

b Certainty

Refmers/marketers have stated that regaiatory certainly is pecessary to insure fow.risk capital invesiment
in alternatives 1o our current Tael supply system. FPor esample, whether the carrent oxygenate mandate
will remain or be removed will be a critical factor in future refinery, product transportanon, and
narketing terminal construction decision making. Refiners/marketers believe thut the removal of the
oxygenate mandate wounld provide maximum flexibility for the individual decizions necessary for each
refiner to meet all Federal und State RFG performance standards.

D, Fungihility

Refinersfmarketess have mdicated that to meet consumer fuel demand and fo minimize sapply shoriages,
the scope of any future fue! changes should be national ee regional, Permitting state-specific fuel
changes (e.2., low RVP low sulfurd may ead 1o greater wnceriainty in fuel supply and may cause
potiodic shorfages untess there is a mechuntam 1o cosute consistenty across siale baundaries.

Although ethanol bleaded gasoline can be blended 1o mainmin low vopor pressure, reflormulaed gasoline
made with ethanol will ikely increase evaporative emissions when commingled with other fuels in
markets where ethanol occupies 30 percent 1o S0 percent of the market.™ (Refer to fssue Summare B,
*Asr Quality Benefils™). In order to minimize commingling, refiners in these markeigs will need to
dovelop and use infrasiructure (storage. trucks, ewe ) dadicuted to fuels comaining cthanol. In aroas of the
country {e.g., the Midwest} where ethanal has been the predominant {ue! additive, thiswillnot be g
problem, However arews of the country that have not iradihionally used ethunol {pels, bot would likely
de so for a part of their supply to the future, will need to make infrastructure fnvestments to avoid losses
i air guolity as & result of comminghing, Bven thor, some compringling of fucls will kely veour when
tonsumers mix ethunol biended gasoling with non-cthanol blended gusoline in their vehicles tanks {sge
discussion i Alr Quallty Saction B3,

YIS, Depariment of Energy, Extimating the Refining Impacis of Revised Qxygenare Reguirements for
Gusaline: Ssmumary Findings, March 1999; Downstream Alwernatives, Ethanol Sapply, Demund, und Logistics;
Californiv and Qther REG Markets, May 1999,

W Califarnia Bnergy Commission, Supply und Cost Alternatives to MTRE in Gasotine, October 1998,

M Office of Seienee and Technology Policy, Natienal Scienee and Technology Covncil, lnteragency

Axsessment of Qxygenaled Fuels, June 1997,

6%



IV. Cost Impacts of Changing Fucl Reformulations
A. Cost Impsauts

The vost of gexoline is inflyenced by 5 wide mﬁgé af factors, including crude oil prices, refining costs,
the geade und type of the gasoling, taxes, svailable supplies (oventory), scusenal and regional market
demand, weather, transporiation costa, and specific areas” relative coxis of hiving. Each additional cent
per gatlon incraase in average gusoline price is cyuivalont 10 annual costs of bowwenn 81 billion 10 §1.3
billion, borne ultimaiely by consamers,

Hoth ethanol and off receive some subsidy from the goversment. Al fucl ethacol receives a 30.54 per
gatlon subsidy, while approximately 6.7 pescent of gusoling receives a cost henefif from the crude oil
depletion allowance. In both cuses these government subsidies are supported by Congress because it is
seen to expand domestic indostry; increase commerce and employment; improve the nation’s balunce of
trude {i.¢., reduce imports and increase exporisy; and generate additional personyd and corporate incomes
and the 1axes acciuing from these ipcomes. Analysis has snggested that the read cost w the government is
# net benefit. For example, replucing the 282,008 b/d of ethers osed in RFG in 1997 would require
approximately 146,000 bAd of cthanol on an oxvgen equivalent basis. The U.8. Environmental Protection
Agency estimates that the incremental asnual cosi 1o the Federal government (le., to taxpayers}) for new
fuel ethano! production of 146,000 b/d {approgimately 2.2 billion gallons per year) would be
approximately $1.2 billion™ The Swte of Nebraska Ethanol Board estimates that the ethano! subsidy
resulted in 33.5 billion in net savings for the Federal government in 1997,

Table 2 shows recent information from the U.S. Energy Information Administration (EIAJ regarding the
price differences amung CaRFG, Federal RFG, conventional gasoline, and the national average price for
gasoline. These prices reflect the various factors that influence the cost of gaseline, For example. after
reaching their lowest point in 25 years (adjusted for inflation) at the ond of 1998, werld crude oil prices
began recovering during the spring of 1999, In addition, April represents the begianing of the summer
driving season, which Jeads to higher gasoline demamd; Cabifornia is regivnally influenced by the summer
driving demand before much of the rest of the nation. Finally, California prices huve heen influenced in
1980 by fires and shutdowns at several major refineries, Thus, due o regional and ssasona] demand
variation, the volutility of world crode ofl prices and wnforeseen supply shoringes, consumers may s¢¢
swings in gusaline prices of as much a5 $.50 per gallan,

™ This figure 15 the resvit of the following coloulatons: (11 Csloulate the 1ol cibier xupply for RYG snd
cxygenated fuels in 1997: 265,000 b4 + 17,000 vid = 282 000 bAd; {2} Multiply 282,000 b/d by 0.52 to adjust for
the oxygen equivaleney of ethanol = 146,640 5/d, or 2.2 billion gallons sanually {3) Muluply by the $4.54 por
gallon subsidy = $1.2 billion per vear {refer to Table D1 In the Appendiz for tenl ather volumes),

P State of Nebraska Ethuno! Board, “Beonomic Improw of Eihana! Production in the United Siates,” Apsil,
I59E,
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Table 2. Gasoline Prices, February 1999 and April 1999
{per gallon, including State and Federal taxes)

February 1999 April 1999

California RFG $1.101 $1.568
Federal RFG $0.987 $1 229
Conventicnal $0.901 $1.088
Average $0.927 $1.131

Source: U.5. Energy Information Administration

Nevertheless, the real cost of gasoline, although quite variable, increases with higher refining costs,
which are associated with environmental quality restrictions and local or regional differences in gasoline
specifications. Fuel refiners/marketers kave commented that with (1) adequate lead time to make
refinery investments and modifications; (2) regulatory certainty regarding specific fuel requirements; and
(3) fuel fungibility on a regional or national scope, increases in fue) prices due to regulatory changes may
not cause substantiat and unnecessary volatility in prices beyond the normal scusonal fluctuations,

Economic impacts will not be shared equally among petroleum refiners/marketers. Refineries each
process different 1ypes of crude, supply different mixes of products (e.g.. some refineries do not
manufaciure any RFG), and use widely varying technologies. For example, the State of California
currently requires low levels of sulfur in CaRFG. As such, the economic impact of lowering sulfur levels
would not be as great for some California refineries that manufacture mostly CaRFG as it might be for
some other refiners, and in other markets where refinerics would require capital invesiments for
desulfurization fucilities. Similarly, areas of the country that rely heavily on oxygenates such as MTBE
will experience a moere pronounced economic effect in the event of a exygenate replacement or removal
(e.g.. Texas, California, and Northeast RFG markets use MTBE, whereas the Chicago and Milwaukee
RFG markets use ethanol).

B, Muodeling

Modeling fuel price increases is a relatively effective technique with which to examine the direction of
the impucts of regional fuel formulation choices on gasoline costs, Such predictions are instructive in
assessing the relative impacts of different options assuming constant assumptions. Models should not be
used, however, 1o predict exact outcomes. With the exception of precipitous transition times and a major
increase in cthanol use, which would require significant new infrastructure, all other modeled scenarios
add cost to gasoline of 2 magnitude similar to the typical variability of gasoline prices. The results of
three such models are summarized below (also refer 10 Table D2 in the Appendix):

. The California Energy Commission estimated that the intermediate-term (three years)
change in the price of California RFG could range from a decrease of 0.2 cents per
gallon to an increase of 8.8 cents per gallon depending on the type of oxygenate used (if
oxygenates are used at all), the lead time to implement the changes, and flexibility
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regarding the type and amount of oxygenate allowed.” This study did not analyze the
likely economic impacts to areas outside of California if MTBE use were to be phased
out in California or naticnally (i.e., increased market volatility from dependence on
imporied blendstocks 1o replace MTBE, with or without ethanol use).

. A Chevron/Tosco analysis estimates that if refiners were given flexibility in oxygenate
use, a California ban on MTBE would increase the cost of CaRFG 2.7 cents per gallon
within a three year-period. Without oxygenate flexibiiity, the price would increase 6.1
cents per gallon.'”?

. An analysis by Pace Consultants found that 1t would cost an additional 0.7 10 24 cents
per gallon to make reformulated gasoline blendstock that is suitable for use with ethanel
(rather thun MTBE) in the summer during the RFG Phase Il program, For refiners
already using cthanol in RFG (less than 10 percent of the RFG market), the Pace study
indicated that the additional cost of using ethanol in Phase 11 RFG would be Tess than one
cent per gallon. In general, the cost of RVP reduction differs among refiners and
depends on refinery process configuration, product and raw material slates, and ability to
dispose of streams displaced in RVP reduction,'™

. A recent DOE analysis shows that under the scenario of an ether ban, assuming at least
four yecars for refinery investment, and with a continuation of the oxygenate requirement
for RFG, the increased cost for RFG per gallen in PADD I ranges from 2.4 cents to 3.9
cents, with the cost most sensitive 1o the price of ethanol."® This analysis, however, was
not national ir scope.

C. Conclusinns

Assuming that changes in oxygenate requirements occur. the limited modeling analyses to date have
shown that for California and PADD I:

. Once regulations are finalized, a range of three 10 six years is necessary to develop the
infrastructure necessary 1o substantially alter the regional, possibly national, fuel
formulation and supply infrastructure without serious market volatility.

. The estimated costs of implementing these changes will range from a slight savings
under a scenario of oxygenate-use flexibility and continued MTBE use, 10 a cost of about
8.8 cents per gallon under a scenario of no oxygenate use (no mandate). (See Table D2 in
the Appendix). ‘

B Culifornia Energy Commission, Supply and Cost Alternatives to MTRE in Gasoline, October 1998,
W MathPro, Potentiat Economic Benefits of the Feinstein-Bilbray Bilf, March 18, 1699,

" PACE Consultants, Inc., Analysis and Refinery Implications of Ethanol-Based RFG Blends Under the
Complex Model Phuye H, November 1998.

¥ U.S. Department of Energy, Estimating the Refining Impacts of Revised Oxygenate Requirements for
Gusoline: Follow-up Findings, May 1999.
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Because no studies have been national n scope. the prediciions of cost impacts are
unceriain, In addition, mos siudies were conducted on the sssumption of meeling only
the current regulatory minimum emission redoctions.

The likely exygenate replacement for MTBE is ethanol. Current and pear {uure ethansl
preduction {ie.. on-line in Jess than two years), bowever, i not adegeate fo meet the
volume of oxygenate required nadonally. Transponling ethano! from the Midwest, where
it is primarily produced. 10 Northeast and California markets will require significant
cfforis 10 upgrade and build new pipehine (o0 use segregated shipmems through existing
pipzlines), rail, marine, and truck wransponiaiion nfrasiruciere,
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Appendix D

Table D1. Oxygenate Demand in Reformulated and Oxygenated Gasoline Control

Areas, 1697

(thousands of barrgls per day}

Estimated 1997

Estimaled Oxygenate Volume

Region Gasofine Demand in in Control Arez Gasocline

Control Areas BMTBE ETBE or TAME Ethanol
Reformulated Gasaling
PACID 1 (East Coust) 1,054 1382 8.1 1.6
FADD 2 (Midwest) 270 4.0 84 2418
PADLY 8 (Gulf Coast} 282 274 3z 0.0
PADLY 4 (Rocky Maouniaing G 4.0 04 6.6
PADD & (Wast Coast) 834 1068 34 2.4
Subtotal 2,974 259.5 15.7 24.7
Oxygenated Gasoling
PACID 1 (East Const) & 6.0 80 Go
PACD % (Midwest) 79 0.0 0.0 6.7
PACD 3 (Gl Coast) 18 8.0 HEH 1.4
PALIEY 4 (Hocky Mourtain} 38 ., B3 1.1 27
PAGD 5 (West Qoast) T3 3.1 .0 4.7
Subtotal 204 0.5 1.1 15.5
Oxygenated-Heformulated Gasoling
PADCE 1 (East Const) 137 4B 0.c 0.4
PAD0Y S (Wast Doty 13 3.1 .G 0.7
Subtotal 147 4.8 0.0 1.1
Avgrage 1587 Cxygenaste Demand for BFG and
Oxygenatad Gascline Blending 268 17 41
Imputed Oxygenate Demand for Conventional Gascline
{e.g, octane and gasohol} 4 - M
Tatal 1997 Oxyganal 288 17 82

*Cthar souress have estimated this numbsr o be 2% high ag 25.000 b/ (Bunoco) and 28,000 bid {TeWilt) for ethers in the
sanvantional pont, wiS 2 sEghlly wes volume in the RFG post,
Bowrgsr U8, Energy Information Adminigimtion {1 LMardaie and A, Bohn), Demand and Prige Outlook for Phase 2
Aeformylater Gasofne, 2008 Apdi 1888, pp. 71

Ruote 7 gionifing "Nof Applioatis”
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Table D2. Summary of Modeling Results

(cents per gallon})

Results {cents per gallon)

Report Scenario Intermediate Term Long Term
{3 years) {6 Years)
MTBE allowed - no -0.210-0.8 -0.3t0-1.5
oxygenale requirement
No oxygenales allowed - 43t08.8 091037
CEC Analysis: no oxygen requirement
California Only
Ethanol only - oxygen
requirement maintained
6.1t0 6.7 191025
No elhers - no oxygen 2.7 1.2
Chevron{Tosco requirement
Analysis: California
Only Elhanol only - oxygen 6.1 1.9
requirement mainlainad
Near Term Long Term
{less than 2 years, no {at least 4 years,
investment) investment allowed)
MTBE allowed - no -0.3 Not Invesligaled
oxygenale requirement
DOE Analysls: )
Y No elhars - no oxygen Not Investigated 1.9
PADD | Gnly requirement
Ethanol only - oxygen
y - oxvg 6.0 241039

requirement maintained

Source: U.8. Environmental Protection Agency
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E. Comparing the Fuel Additives
(N Intraduction

th compuring various alternatives to the current use of automotive fuel additives (primarily oxygenates),
the relative impuct of these alternative compounds on the environment as a whole must be considered.
More specifically, one must assess how changes 10 fuels or fuel additives impact:’

v Atr quality and fuel blending characteristics:

» Fuel or tucl sdditive behavior and fate under various water and soif conditions;
e

. Potential health eifects resulting from exposure 1o the additives or their

combustion producis.

Healh effects research is curremtly underway by industry? and EPA’ to undersuind more fully the
comparaitve risks asseeiated with exposure to fuels both with and without axygenates. inclnding methy!
writary butyl ether (MTBE}, cthenol, ethyl tertiary buty] ether (ETBE}, tentiary-amy! methyl ether
{TAME). and tortiary butyl aleobol (TBAY' Alihough the majority of this research is focused on
inhalation-reduted heahth effects, the results should help in our understanding of the human health risks
associgled with exposure o fuels {rom any route of exposure. Currently, there s not eavugh mformation
1o fully characterize potentie] bealth risks of ol the oxygenates or their aliernatives.

il MTBE

A, Alr Quality and Fuedl

Blending serves o8 3 costeeffoctive oxygeoaie for bleading in refvrmulnted gasoline {RFG), enubling
fuels to meet hoth Californig and Fedaral BEG air guality requiremonis while preserving octune
cnpncement, ow YOU omissions, and drivealility. Analysox bave shown thul even withoot an oaygen

PRefer o Jsue Summaries A and B, *Water Contamiantion”™ and “Adr Quality Beaelis" respectively. for
detailed discussions of thsse lopies,

*11.5. Enviroumental Pratection Agency, Federal Regisier Vol. 63, No, 236, December 9, 1998, p. 67877,
Final Notification of Health Effects Testing Requirements for Baseline Gaseline snd Oxygenated Nonbaseline
Gasoling and Approval of an Aliernative Emissions Generator,

* Jim Prah of the U.S. Environmental Protection Agency is surrently conducting studies on pharmacokinetics
of MTBE,

*Refer 1o Tahle BN in this sectien’s Appendiz for detailed data on the chemica) properties of these and related
compounds,
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mandate, MTBE use Iv economically suited 1o meet air quality and gasoline performunce goals”’
However, i should be nowed ibat emissions of formaldebyde {a probable carcinogen), resulting from the
mcomplote combustion of fuels, increase by about 13 (3 63 povcont with the use of 2.0 poreest by weight
(w1} MTBE oxygenaied gasoline®

B. Behaviar in Water

MTBE, an ether. is more seleble in water than other gaéolimx somponenis and appears recalcitrant 1o
bigdegradation relative to pther components of concern in gaseling, such as benzene, toluene,
cthythenzene, and xylencs (collectively referred to as “BTEX"). In general, compared to the slow
migration of BTEX cumpounds in subsurface soil and ground water, MTBE moves at nearly the same
velocity as the ground water Hsell. This is due to MTBE s high water solubility and low soil sorption.
Grven sufficient time and distance, MTRE would be expecied 10 be at the leading edge of a gusoline
contunination plume or could become completely separated from the rest of the plume if the original
source of oxygenaie were eliminated

Tert-buty) alcohol {TBA} is the primary mefabolite of MTBE resulting feom bivdegradation, butis also s
commat bypraduct in the production of MTBE and oftes present with MTBE in the fuel supply. Thas,

detection of THA in ground water is not necessarily evidence of MTBE biodegrmdation, By itself, TBA,
Jike ethanol, is infinitely (miscible) soluble in water and ix seporied 1o be recaleitrent o bledegradation.®

L. Health Effects

In torms of nearsipxigity and reproduciive effects, inhalation KOty watlng o dule generally has nol
shown MTBE 1 be any more toxic than other components of guseline, At high doses, MTHRE has caused
tumors 1n two spegies of rat and one species of mouse at a variety of sited: 3118 uncerlain, hawaver,
whether these offects can be extrapolaied (o humans. The Intemationsl Agency for Rescarch on Cancer

LS. Depariment of Energy, Estimating the Refining Impacts of Revised Oxypenate Requirements for
Gagoline: Summary Findings, March 1999, Californiz Energy Commission, Supply and Cost Alternatives 1o MTHE
in Gasoline, October 1999: Robert Cunningham, “Costs of Petenitul Ban of MTHE in Gasolines,"” presestation at
the March 1999 M'TEE Blue Ribbon Panel meeting.

ST W, Kirchstetier, st al, "Impact of Oxygenared Guseline Use on California Light-Duty Vehicke
Braissions,” Enviran, o And Teck., 1996,

LS. Bavirennentat Protection A gency, Gffice of Resesrch and Development, Qaypenates iy Water: Critical
infarmatios ord Raxparel Needs, Decomber 199K,

®AM. Happel ot ol 46 Evalvation of MTBE Impacis 1o Catifnrnia Groundwaier Resources, Lawreage
Livermore Navional Laboratory Report, HORL-AR-138897, June 1998,

* 3 ifice of Science and Technology PoBicy, National Science and Technology Covndil. Jareragency
Assprament of Dxygengred Fuels, June 19970 Steffan, R et ol., Bindegradution of the Gusoline Oxygenuivs
Mothy! terv-Buryl Hthor (IMTBESL Ethyl tert-Busyl Erker (ETBEY and terbAmyl Methvl Ethor ITAME ] by Prapane
Gaidizing Bacterin, Appl, Boviven. Microbiol, 83111 14216.4222],
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(IARC) and the National Institute of Environmentul Health Sciences (NIEHS) have indicated that at this
time there are not adequate data to consider MTBE a prabable or known human carcinogen.”

There are imited dala on homan populations that may be sensitive to MTEE, Although there is some
evidence that fuels contuintng MTBE could icritute the eyes, as well as cause headaches and rashes,
cffects attribisted 1o MTBE alone have yet 1o be proven. Limited epidemiviogical data sugpest greater
attention shonid be piven to the potential for increased symptom reporting among highly exposed
workers."

There have been no human or animal health effects studies perfornned for MTRBE ia drinking water,
Howoever, bumaen and animal studies are corrently anderway at the .5, Eovirenmental Protecticn
Agency (EPAJ Heslth Effecis Instinwie (HEI} and the Chemical indusiry Instituie of Toxicology {(CHT)
we address some of these research reeds. Animal ingestion studies using “bolus” {all at once} dosing of
MTBE in olive vl have showsn carcinogenic effcets at high levels of exposore {230,000 microgrums per
kilogram animal body weight and highen) B ¥

Drinking water comaining MTBE at or below the taste and odor levels idemified in the EPAs Drinking
Water Advisory {28 1o 40 microgramy por Bierd ix not expected to cause adverse health concerns for the
majerity of the popolution.” The nipeatine-like toste and odor of MTBE, howevsr, can make such
drinking water unsscepiabie o consumers,

TBA is 2 major meotabolite of MTBE, regardless of the route of pxposure, Ammalsesting of TBA in
drinking water preduced carcinogenic effects at high fevels of exposure {1.250.000 micrograms per liter
and higher).” Additionally, formaldehyde, also 2 metabolite of MTBE, is a respiratory irritant at high

® Bffice of Suience and Technalogy Palicy. Nutiens) Seience and Technology Council, Jnteragency
Asseszment of Oxygenored Fuels, June 1997,

T Office of Seience and Technology Policy, National Science and Technology Council, Interagency
Assexsment of Oxygenunied Fuels, June 1997,

2 Correspondence with the Health Effects Institute, Chemical tadusery Institate of Toxicology, and EPA verify
cucrently an-going studies on animat aod human healih effects frem MTBE exposare,

Y U.S. Environmenta) Protection Agency, Office of Water, Drinking Waier Advisory: Consumer
Acceptabitity Advice and Health Effecis Analvsis orn Methet Tertinry-Butyl Ether {MTBE). December 1897,

“ It should be noted that the National Rescareh Covneil kas cautioned agasinst the wse of this study untila
thoreugh review has bees accomplished, ischuding an objective third-party review of (he patholapy. {Texieelogies
ard Performance Aspeets of Grygenated Mofor Yehicle Fuels, Nattonal Ressueeh Councll, Washingion, DL, 1998,
page 153

.S, Enviranmental Protection A gency, Office of Wuer, Drinking Water Advisery: Canmmer
Aceeprabilisy Advive and Health Effeciz Analvsis on Mehyl Toriigry Burylt Ether (MTBE ] December 1997,

P U .S, Eaviresmeatal Pratection Ageney, Office of Watee, Drinking Water Advisory: Consumer
Acveptability Advice and Health Effecis Annlysis on Methyf Tertiary-Butyl Ether (MTHE ), December 1997,
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levels of human exposure and is currenily considered by EPA 10 be a probable human carcinogen by the
inhalation route, with less certainty via ingestion.”

HI. Ethanel
A Air Quality and Fucl Blending

Ethunol is commondy used as an octane enbanser in conventions] gasoline, as well as serving as an
exygenate for blending in Foderal RFG and oxvgenated gasoline in o aumber of loeahons (primarily in
the Midwesi1'™ Because of 115 unique physica) and chemical properties, ethanol raises the volatilisy of
gascline with whick it iy blended, thus additional refinery processing of blendsiocks is performed prior to
eihane! blending in order to meet the air quality performance standaeds in reformulated fuels.”” Ethanol
is solable In the water communly found in pipelines and storupe tanks associzied with the gasoling
distribotion systen, wid vuce mixed whth water will sepacate feom the gaseline, Due o this potentidd
phase separztion, which can occwr when cihanol end gasoling blands are transported throngh pipelines,
etharol v asunlly blended ot the terminal, rather than the refinery. :

A Nationsl Research Couocil swdy™ did not support using ozone foeming poteatial or reactivity {as
oppased to mass emission reduclions) 1o assess the relative effoctiveness of MTBE or eibanol in the RFG
program. However, the report did find that the comribution of the reduction of carboo mosaxide (€O}
and itx effect on ozone formation should be recogmived in assessments of the gffecs of ethanol in RFG.
{Refer to Jssue Summary B Al Quality Benefis™)

In markets where ethano! bleaded fusls make up 30 percent 1o 30 percent of the marker, the posuibility of
comningling of cthanol fucly with non-cthanol fuels i the fuel supply system will reginire sepuration of
vthano! fuel infrastreciure, and commingling o the gas tank can result In an morease o hoth vupor
pressure and evaporative emissions.” (Refer to Jssue Sammary B, “Air Quality Benefits.”)

Vehicle exhaust emissions data have shown that acetaldehyde (prisciple metabolite of sthunol} ¢imnissionps
can increase by as mach as 1)) percent with the ase of 2.0 wit% cthanol oxygenated gasoline, pan of
which undergoes photochemical reactions in the atmosphere (o make peroxyacety! nitrate (PANLY

" Office of Science and Technology Policy, Nutional Science nnd Technology Cowncil, lnteragency
Assesament of Cuygenated Fuels, Jone 1997,

"® Refer 1o fssue Summary £, "Fuel Supply and Cost,” for 4 more detailed discussion of this topie.
" California Energy Commission, Supply and Cost Aliernatives ro MTBE in Gasoline, Ociober 1999,

D Office of Science and Technolagy Policy, National Science and Technology Council, Interagency
Assessment of Oxygenaied Fuels, June 1997,

? Office of Seience and Technalogy Policy, National Science and Technelogy Councll, nferagency
Assessment of Gxygenared Fuels, lune 1997,

2 ). Freives et al., Henlth and Enviconmental Assessment of MYBE, Vol 11, November, 1998 AP, Altshaller,

“PANS in the Atmasphere” J Alr Wasre Manag. Assoc, 1993, 430, 122112230 L, Milgrom, “Clean Car Fughs
Run Duto Trouble,” Mew Scientisy, 1988, 122 (1836}, M.
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B, Behavier in Waier

“Neat” {pure) cthanel is infinitely scluble in water. Laboratory data and hypothetical modeling indicate
that based on physical, chemicsl. and biological properties, cthanol will likely prefereatially biodegrade
in ground water compared with other gascline components with the potential te extend BTEX plumes
further than they would be without ethanol present.®

Although ethanol has been shown to retard BTEX biodegradation under certain laboratory cenditions,
evidence of cthanol's effect on the migration of BTEX plumes under various conditions, ie,
kydrogeoiogy: field concentrations; nature of release scenurto (for example, large sudden release versus
slow continzons release) has not been collected and compiled ™ A more comprehensive review is ziill
reeded jo inveptigate and determine the nature and extent of figll expericnces reparding ethanol’s effect
{including behavier and Tute propertics) on BTEX plume migration, squifer remediation, and drinking
wilter reatment,

¢, Health Effects

The heahh effects of ingested ethanol have been extensively investigated. Given that ethanol s formed
naturally in the body st low levels, inhalation exposure to ethanal a1 the Jow levels that humans are Jikely
10 e exposed are generally not expecied 1o result in adverse healih effecs™ Health effects questions
have been raised, hawever, about potentially seasitive subpopuistions. In addition, increased use of
ethanol may result in increases of certain atmoszpheric transformation prodacts, such as PAN and
acetaldehyde, although the extent of such increase is unknown,”® PAN, which has been shown 1o be
mutagenic in celtular reseatch, s 4 knows 10xin te piant life and a respiratory irsitant to humans ¥
Combustion bypruducts of ethanol may alse cause adverse bealth effects, Acgiaidehyde is a respiratory
ircitant at high levels of human exposure and is corrently classified by EPA as @ probable buman
earcinogen.

¥ Michuel Kavasnugh and Andrew Stocking, “Fate and Transpon of Ethanot i the Eavironment,”
presentation at the May 1990 MTHE Blue Rikbon Panel meeting, {Bused on Melvome Bimnie, Inc, Evaluation of
the Faw and Feansport of Ethasol in the Enviroament {Qabland, CA, 19983

* Michael Kavanaugh and Andssw Stocking, “Pate and Transport of Ethanol in the Environment,”
aresentation at the May 1999 MYBE Blue Ribloa Pasel meating. [Based on Malcome Pinie, Inc. Evelnalion of
the Fate and Transpert of Ethanat in the Environmens (Oakiand, CA, 1998

# Heahth Bffeos Insiltate, The Potential Health Effeeis of Oxygenarcs Added 1o Gassiing, April 1996,

* Henlth Bfteew lositote, The Porentinl Health Effevts of Oxyernates Addeid 1o Gusaline, April 1996,

L, Milgrom, "Cless Cur Fuels Run Into Trouble.” Now Sedensies, 1989, 122 £1856), 30.
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IV.  Other Ethers®
. AL Adr Quality and Yuel Blending

Oiher cthers bave been shown to provide the sama emissions benclits a8 MTBE or ethanel. Alternaiive
eihers (except wrtiary-mmyl methyl ethey - TAME) have found only limited ase, however, becuuse they
are egonomicaily less competitive 1o manufacture,

K. Brhavior in Waler

Other cthers are Jikely to he simibar, slthough sotUidentica] 1o, MTBE, i, highly soluble in ground water,
paerly sorhed o soil, and degruded more slowly thun BTEX chemicals. Behavior in ground water is a
tunction of solubility, soil sorption, and the ability 1 biodegrade. All oxygenates are significantly more
soluble thae bengene und gvidence 1o date demonstrates thal in situ biodegradation of these compounds is
fumited as compared to benvene. Differences may exist between solubility and degradability of ethers.
Accelerated studies gre necessasy ip order 1w make this determination.

C. Health Effecty

Although toxielly testing of these substances ts underway, there is less current knowledge regarding the
inhalation or ingestion health elfects associnted with these compounds thun [0y ¢thunol and MTBE.

V. Otlier Alfernatives
A, Air Quadity and Fuel Blending

in addnion to cthanol, the most likely alternatives to replace the current volume of MTBE and other
ethers in REG are increased use of eelinery streams such as adkylates, reformates, wromatics, and sther
streams resulting from the fluid satalytic eracking (FOCC) processes.

Alkylates are a mix of high octang, tow vapor pressure hranched chain paraffinic hydrocarbons that can
be made from crude cil through well established refinery processes, nsiog the outpud from an FCC unit.
Becavse of these desirable properties, alkylates are highly favored as sireams for blending into gasoline.™
In general, an inctaase in the amount of alkyistes uxed in fuels will bave np adverse effect on oversl
vehicle performance.” Aroamatics are hydrocarbons charascterized by unsaturated ring structures of
carben atoms {i.e. beazene, toluene. snd xylene}, and increased use of aromaties would be likely to

* Ethers are organic compounds consisting of carbon, hydrogen, snd oxvgen, Often used us gusoline
blendstacks und as oxygenstes, ethers include; MTRE; ETBE; TAME: and dilsopropyl ether (DIPE),

P Dexter Miller, "Alkylutes, Key Components in Clean-Boraing Gasoline,” presemation ai the May 1999
MTRE Rlue Ribhorn Pavel meciing.

* Duzne Berdvick, Tosco Corporation, "Perspectives on Gasoline Bleading for Clean Afn” presentation al the

March 1999 MTEE Blus Ribhen Paucl mesting: Al Jessel, Cheveon Products Company, “R emoving MTBE From
Gusetine,” presentation of the Mureh 1599 MTBE Blue Ribbos Panel mesting.
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increase toxic smissions when used in high quantitics, Refiners in California have produced non-
oxygenated fuels using lower sulfur, alkylates nnd aromatics, 1that meet or exceed all California RFG air
quality reguitements !

B, Behavior in Water

Alkylates are nenpolar and have 2 much lower {over FO0 thmes fgs3) solubility in water than aromalics
such ns BTEX compounds. Based on alkylates” physical, chemical, and biological properties, dissolution
from the gasoliae source srea, blodegradation, and mavement in ground water., are all expected 10 be
significantly slower than BTEX compouads.

Water-related environmenial faie research should include studies in the following areas:

> Water salability, dissolution behavior, and sorption fendency to soif and aguifer material;
» Effects of hiodegradation on the gasoline confaminated plume’s overall movement
. Transformation siudies to determing i the compound breaks down insotl or

surfacefground water; and
. W nether inlermediates andfor finad products pose either s grester or lesyer risk,

C. Healih Effeels

Alkylates have fong heen u comnoen ingrediest in Diels, and thus o modest increase i alkylate content
would not be expected 1o cause additional kuman health risks above these already associated with buman
expasure 1o fuels. However, the human and aguatic iy risk data associated with exposure 1o
atkylales are limited. Aromatics huve also fong been used in foel, and contain compounds (e.p. benzene
and toluene) which are kKnows (0 have a range of potentind health effects; any substantial increase in thedr
use should be carefully evaluated. Ata mintmum, testing for non oxygenated fuel aliarnatives should
incinde sufficient dais to develop an adeguate nsk assessment. These tesis should seek inhalation and
ingestion data through animal toxtcity and buman microenvironmental exposure studies using both the
additives themselves, and the gassling mixiurcs of which they are a part.

 MuthPro, Patentiel Econemic Honefiss of the Febnstein-Bitbray Bith, March 18, 1999,



Appendix E

Table E1. Chemical Properties of Selected Compounds®

Berrene’ MTBE?
Molaculas Weight igfm ol 78.1 BE.Z
Boifing Paint £ a4.1 §8.2
¥apor Frazaue
fmm Hg a1 20503 [ 240
Dansily fgi) o83 4.74
Qetane Nomber 84 EH
Neoat Solbility (/100 R4l §.478 4.8
Soiubility into H0 fram
Gasoling {97100 M0} <G 8,58
Tasts Thrashaid
in Water fugll} 560 QW
Odor Theeshold tpom) 05 5453

Ethangl?

44

8.7%
ith

miscihis

334
.74

11¢

Atkylates

TBA®  (Isoociane}

Lo 74,1 114.2

28,3 g2.4 85,2

748 4t 72

8.17 574 .85

105 50 He:H
misgibl

1.2 & < .81

.24 2.5 . -

128 - -

2-53 - 2-51 of the Naiienal Science ans Tachnology Covnzil, dveragency Assessmeant of Qxygasared Fuels {June 1837,

Sources:

Environment - A Review of ihe Literslure iPort Arhor, Texas, 1985),

Key:

* - “ signifias “Not Applicable.”

pimat = Grams Pat Mole
G 2 Degress Celsius

mm Hg = Hilimetars of Margury

oft = 3ramg Per Lisr

gH1G8g 8,0 - Grams Par 190 Grams of Waler
UL = Micrograms Fers Lisr

opm = Paris Per Miien

* Thne waler oiubBiias of the aisohols are ¢siimaiss basaed on paritioning proparies.

'0.L. Cenrad, Texace Fesearch and Sevelopmont Dapanment, The impacts of Gasofing Oxygenate Reoloases o the

* ddapied from USGS. For g deigied discussion of the solubifity in waler rom gesuiine mixiure cuntainiag 2% oxygen, see o

P Ooneld Mackay, W.Y. Shiv, ang K.C. Mz, #lusiraled Handbook of Physical-Chemizal Froperties and Favironmenial Fate for
Qrganic Chemicals: Vol W, Volalide Drganic Gompounds 8ok Raton, FL: Lewis Publishers, Ine, 1983) p. 916,

* Donald Mackay, W.Y. Shiu, and K.C. Ma, #usirated Handbook of PhysicabChamingi Properiies and Environmenial Fate for
Crganic Chemicals: Vel It Volaiile Organie Compounds (Boca Ralon, FL: Lewis Publishers, Inc, 1993) p. 962,
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CHAPTER 3. FINDINGS AND RECOMMENDATIONS OF THE
BLUE RIBBON PANEL

Findings
Based on s review of the issues, the Panel made the following overall findings

. The distrihution, use, and combustion of gasoline poses risks to our environment and
public Bealth.

. RFG provides considerable air quality improvements and benefits for millions of US
citizens,
. The use of MTBE has ralsed the issye of the effecis of hoth MTRE alone and MTRE in

gaxoline. This Punel was not constiteied o perform an independent comprehensive
healh assessment and hias chosen 10 rely on recent reports by 2 number of state, national,
and internationa! henith agencies. What seems clear, however, is that MTBE dus e its
persistence and mebilty in water, i more likely o contaminate ground and surface water
thun the other comporents of guseiise,

v MTBE has been found in a number of water supplics nationwide, primarily causing
consumer odor and taste concerns that have led water suppliers 1o reduce use of those
supplies. Incidents of MTBE in drinking water supplics at levels well above EPA and
state guidelines and standards have occurred, but are rare. The Panel believes that the
occurrence of MTBE in drinking water supplies can and should be substantially reduced.

» MTBE is currently an integral component of the U.S. gasoline supply both in terms of
volume and octane, Assuch. changes in its use, with the stiendant capital construction
and infrastruciure modifications, must be Implemented with sufficient time, certainty,
angd flexibility to mointain the stability of both the complex U, §. fuel supply system and
gasoling prices.

The following recommendations are intended 1o be implemented a3 ¢ single package of actions Jesigned
te simultancously maintain air quality benelits while enhancing water quality protection and assuringa
stable fucl supply a1 reasonable cost. The majority of these recommendations conld be tmplemented by
federal and state covironmental agencies without furiher legislative action, and we would urge their rapid
ieplementation. We wourld, as well, urge all parties o work with Congross 1o implement those 6f sur
recommendations that require legisdative sctioa.

Recommendations ta Enhance Water Profection

Based on its review of the existing federal, stare and local programs fu protoct, {reat. and remedinte water
supplies, the Blue Ribbon Panel makes the following recommendations o onhance, sceelerste, and -
expund existing programs to improve protection of drinking waler supplios from contamination,
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Pravenio

1. EPA, warkisg with the states, should take the following actions o enhance significantly
the Federal and State Underground Storage Tank programs:

a. Accelerate enforcement of the replacement of existing tank systems to conform
with the federallyvequired December 22, 1998 deadline lor upgrade, inclading,
gl g minimum, woving 1o have all states prohibii fuel deliveries tv aon-upgraded
tenks, and adding enforcement and compliance resourees o ensure promp:
enforcement action, especiaily in arcas using RFG und Wintertime Oxyfuel.

b, Evaluate the field pacformance of current system design requirements and
technology and, based on that evaluation, hnprove system requirementy 1o
minimize leaks/seleases, particolarly in velnerable sreas (oo rocommendations
p0 Welthead Protection Program in 2, below},

¢. Strengthen relesse delection requirements {o enhanee sarly dotection,
particutacty in veloerable areas, and (o casure rapid repsir and remediation.

d. Reguire monitoring aod reporting of MTBE and other cthers In grovndwaier at
oll UST release siies.

g, Enconrage siates 1o require that the proximity to drinking water supplies, and the
potential 10 impact these supplies, be considered in land-use planning and
permiting decisions for siting of new UST facilities and petroleum pipelines.

f, Implement and/or expand programs to train and license UST syaiem insiallers
and maintenance personnel.

£ Work with Congress to examine and, i oeeded, expand the universe of reguinted
tanks (o jachude undesground and aboveground fuel storuge sysiems thal are sol
currently regulated yot pose substantial risk 1o deinking water supplics.

2. EPA should work with ity stute and local water supply panners {o gnbange
implementation of the Federal and State Safe Drinking Water Act programs (o

#. Accelerate, particularly in those sreas where RFG-or Oxygenated Fuel is used,
the assexsments of drinking water source protection arcas reguired in Section
1453 of the Safe Danking Water Act, as amended in 1996,

.

5. Coordimate the Source Water Assessment program in each state with feders! and
siate Underground Storage Tank Programs using geographic information snd
other advanced data systems to determing the location of deinking water sourees
and 1o idemify UST sites within source protection zenes.
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c.

Accelerate currently-planned implementation of testing for and reporting of
MTBE in public drinking water supplies to eccur befere 2001,

Increase ongoing federal, state, and Jocal efforts in Wellhead Protection Arcas
including:

- erhanced permitting, design, and system installation requirements for

USTs and pipelines in these areay,

- strengthened efforis to ensurs that noen-aperating USTs are progerly
elosed:”

- snhanced UST release prevention and detection; and
- improved inventory management of fucks.

EFA should work with sigics and localities 1o enhapce thelr efforis o protect lakes and
reservairs that serve as drinking water supplies by restricting use of recreational waler
craft, parbcularly these with slder motors.

EPA should work with other federal agencies, the states, and  private sector partners o
impiement expanded programs 1o profect private well users, incinding, bot not limited o

=3

¥

A nationwide assessment of the incidence of contamination of private wells by
components of gasoline as well as by other common contaminants in shallow
groundwater:

Broad-based outreach angd pubhe education programs for owners and wsers uf
private wells on preventing, deteeting, and tzeating contamination; uad

Programs o encourage and Tacilitate regaisr waier guality esting of priva
walls,

Implement, through public-private partnerships, expanded Public Education programs ol
the federal, siate, and local levels on the proper handling and dispossl of gasaline.

Develop and implement an integrated ficld research program into the groundwater
behavior of gasoline and oxygenates, including:

Tdentifying and inhiuting rescarch at a popuiation of UST relense sites and
ncarby drinking water supphies including sites with MTBE, sites with ¢thunol,
and sites using co oxygenate; and

Conducting broader, camparative studies of levels of MTBE, cthanol, benzene,
and other gasoline compounds in drinking water supplies in areas using primanily
MTRE, areas using primarily cthanol, and areas using no of lower levels of
axygenate,



Treatment and Remediation

1. EPA chould work with Congress to expand resources available for the up-front funding
of the treatinent of drinking water capplies contaminated with MTBE and other gasoline
components o ensure that affected supplies can be rapidly reated and returned to
service, or thal an altesnative water supply can be provided. This could take a aumber of
forms, wncluding bui not Lwmited o

4. Enbancing the existiog Federal Leaking Underground Storege Tank Trust Fund
by fully appropristing the annual available ameant in the Fund, ensuring that
treatment of conaminated deinking water suppltes van be funded, zad
streamiining the procedures for obtaining funding:

b, Esteblishing another form of funding mochanism which ties the funding more
dircetly to the source of contamination; and

z. Encoursging siales to congider turgeting State Revslving Punds (SRF} 1o help
aceelerate Heatment and romediation in high priority areas.

8. Given the differend behavior of MTBE in groundwater when compured 1o other
components of gasoline, sintes in KEC and Oxyluel areas should reexaming and erhance
state andd federal “riuge” procedures for prioritizing remedintion efforts a1 UST sites
based on their proxhnity to drinking waler supplies,

4. Accelerale laburatory and field research, and pilt projects, for the development and
implementation of cost-gffective water supply teatinent and remedintion technalogy, and
harmonize these efforis with other public/private efforis underway.

Recommendations for Blending ¥uel for Clean Alr and Water

Based on its review of the current water protection programs, and the likely progress that can be made in
tightening and strengthening those programs by implementing Recommendations 1 - 9 above, the Panel
agreed broadly, although not unantmousty, that even enhanced protection programs will not give
adequate assurance that water supplies will be protected, and that changes need to be mude to the RFG
program to reduce the smount of MTBE being used, while easuring that the air quality benefits of RFG,
and fuel supply and price stability, arc maintained.

Given the complexity of the national fuel sysiem, the advantages und disadvaniages of each of the fue!
blending options the Panel considered {see Appendix AL und the need (o maintain the air quality bensfin
of the current program, the Parel recommends a0 Iegrarsd pockage of actions by both Congress and
EPA that should be implemented ar guickly as possible. The key clements of thet puckuge, deseribed in
wore detail below, sre;

. Action sgreed to broadly by the Panel to reduce the use of MTBE subsiantially {with
some members sapporting us complete phase-out), and action by Congress to clacify
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Tederal und siate suthority 1o regalsie and/ar chimingio the use of gasoline additives tha
threaten drinking water supplies;

Action by Congress o remove the current 2 percent oxygen requirenment to ensuvre that
adeguniz fuel supplics can be blondad in g cost-offective manner while guickly reducing
usage of MTBE; and

Action by EPA 1o ensure that there is no foss of corrent air quality benefits,

The Qxypen Reguirement

H),

The current Clear Air Act requirement to require 2 percent oxygen, by weight, in RFG
must be removed in order to provide flexitility to blend adeguate fuel supplics in a cost-
effective manner while quickly reducing usage of MTBE and maintaining zir quality
benefits.

The Panel recognizes that Congress, when adopting the oxygen requirement, sought to
advance several national policy goals (encegy security and diversity, agricultural policy,
¢te) that are beyond the scope of our expertise and deliberations,

The Panet further recognizes that of Congress acts on the recommendation 1o remove the
requirement, Congress will fikely seek other logislative mechanisms io fulfiil these other
naticaoal policy interasts,

Maintaining Air Benefits

il

Present toxic emission performunce of RFU can be wifributed, o some degree. to a
combination of three primary factors: {1} mass emission performance requirements; {2}
the uxe of oxygenaies; and {3} a neccssary complisnoe murgin with w per gallon stuadard,
in Cal RFG, caps on specific components of fuel is an additienad fucior to which toxics
emission reductions can be atiribuled.

CGutside of California, Iiftisg the vxygon requirement ax recommunded shove oy lead 1o
Fuel reformulations that achicve the mininnim performance standards regoired onder the
1990 Act, rather than the Iarger air quality beazfis currenily observed. In addition,
changex in the RFG program could have adverse consequences for conventivnal gasuline
as well,

Within California, lifting the oxygen requirement will resultin greaser flexibiinty 1o
maintain and enhance emission reductions, particularly as Califorais pursses new
formulation requirements for gasoline,

1 order ta ensure that there is no loss of current air quality benefits, BPA should seek
appropriate mechanisms for both the RFG Phase 1 and Conventional Gasoling programs
io define and maintain in RFG [T the real world performance ohserved in RFG Phuse

e
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while preventing deleriaralion of the current air quality performance of conventional
ansoling,”

There are several possible mochanisms o accomplish this. One obvious way is to
eshance the mass-based performance reqoirements currently used in the program, Atthe
same time, the Panel recognizes that the different exhaust compoenents pose differential
risks to public haalth due in Jarge degree to their varizble potency. The Panel urges EPA
to cxplore and implement mechanisms w achicve equivalent ar improved public health
resuits that focus on reducing those compounds that pose the greatest risk.

Reducing the Use of MTRE

12, The Panci agreed broadly that, in order to minimize current and future threats to drinking
waier, the use of MTBE thould be reduced substantially. Several mombers believed that
the use of MTBE sheuld be phased oot completely, The Panel recommends thig
Congress act quickly to clarify federal and state authority to regelate andfor climinate the
usc of gasoline additives that pose a threat to deinking waler supplies.”™

2The Panel is aware of the current proposal for farihar changes 1o the sulfur levels of gaseling snd recognizes
that implementation of any chacge resuliiag feam the Panel's recommendsations will, of secessity, need o he
eoardinated with implementation of these other changes. However s malority of the Punel considered the
mahmienunce of curreatl RFG air quality henefits gs ceparate from any additionsd benefits that might acerue from the
suifur chaspes carrpntly vader coasidesstion,

¥ nder §211 of the 1990 Clean Al Act, Congress pravided BPA with authority to regulate Tuel Tormulation
ta improve air quaiity, In addition o BPA’s national anthoriy: in §2 Hie¥d) Congress sought o baunce the desice for
masima antfonnisy in our aation™s fuel supply with the abligalion (© tpower sHECN 16 adop] MEIENIES DECTERSITY 160 Mt
wationasd air quality standands, Usder §271 HoH4), stutes may adopt regulations on the sompangms of fuel, bt imust demonstrate
thut 11 thetr proposed reguintions are needed to adkiress 3 viokation of the NAAQS aud 12 i1is nol possible i achicve the desired
opteame without such changes.

The Paacl secommends that Feders! law be amended 1o clardfy EPA and state suthionity to regulite andfor climinate
gascline udkditives thas threaton water supplies. B is expecied that this would be done inidully oo a nuttonal Tovel to maintain
aniformity in e fuel supply. For further action by the states, the granting of such authority should be based upon u siinilar iwo
part sy

13 stutes must demenvirate thit their wates resonrees arc ot risk from MTBE ase, above and beyond ihe sisk posed by
aahur gasoline componenis af fovels of MTBE use present ot the time of te regoest,

2} states have ken necessary measures o restrict/eliminate the presence of gasoline in the wates resource,
To muxhnize the usiformity with which any changes are implemented and minintize mpacis oa gostuad
Biel supply, the Panel recommends that EPA establish erttertn for sfale waiver reguasis malading bat aad
limited

i, Vater quality metrics necessary to demonsiraie the risk 1o water resoures sngd aly qualiiy metries
{o ensure no loss of benefits from the federal RFG program,

Compliance with federal ecquirements o preven: laaking snd spitling of gusoline,

Frograms for remedintion and response,

A consisient schedule far sizie demoasirations, EPA review, aad any resulting regulution of the
volume of gasaliie components it aeder fo annimize disruption 1 the Tuel supply system,

. 2 or
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Initial etforts to reduce shoold begin immediately, with substantial reductions to begin as
saod a¢ Reconumendation 10 shove - the removal of the 2 peroent oxygen requirement -
is tnplemented™. Accomplishing say such major change in the gasoline supply withou
disraptions ta foel supply and prce will reguoire wdequate lead time - vp to 4 yoars if the
use of MTBE is eliminated, sooner in the cave of 2 substantial reduction (e.g, refurning
1o himtarizal levels of MTHE gsel,

The fanel recommends, as well, that any reduction should be dexigned 50 as to not result
in an increase in MTBE vse in Conveononal Gasoline areas.

il The other others {o.g, ETRE, TAME, and DIPE) have been less widely used and less
widely studied than MTHBE. To the extent that they bave heen studied, they appear (o
have similar, but aut identics], chemical and hydrogeologic characteristics, The Panel

" recommends aceelerated study of the health effects and groundwater characteristics of
these compounds befere they we gllowed to be placed in widespread use.

In sddition, EPA and others should accelerate ongoing research cfforts into the
inhalation and lsgestion health effects, air emission transformation byproducts, and
cavironmental behavior of il oxygenates and other components likely to increase in the
ahsence of MTHE. This should jnclude rescarch on gthunol, alkylates, and arcmatics, as
well ug of gasoline compositions containing those compenents,

4, To ensure that any reduction is adequate to protect water supplics, the Panel recommends
ihat EPAL o conjunction with USGS, the Departments of Agricullure and Energy,
industry, and water suppliers, shouvld move quickly to:

a. Conduct short-term modeling analyses and viher reserrch bused on existing data
1o estimate current and Hkely foture threats of contamination;

b. Establish routine systems to collect and publish, at least aonpally, all availuble
maniloring data on:

- gse of MTBE, other cthers, and Ethanol

- levels of MTRE, Ethanol, and petrolenm hydrucarboas found i groond,
surfase and drinking water;

- trendy in detactions sad levels of MTRE, Hihunel, and petroloum
hydracarbons in ground and dnnking water;

g Identtiy and begin to colleot additions! daty nocewsary 1o adequately assess the
current and potential future state of contamination,

The Winieriime Oxviuel Prozram

** Although a raphd, substamisl redoction will require removal of the oxygen requirement, EPA should, in
arder to enshle inhial reductions to oecur 3t woun us possible, review administrative Oexibility under existing law to
atlow refiners who desire to make reductions o begin doing 5o,
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The Wintertime Oxyluel Propras continues 1o provide 3 mcans for some areas of the country w
casne (ato, oF makntain, compliznce with the Carbon Monoaide standard, Gnly a few
metropolitan wreas cantinue (o use MTBE in this program. In most arcas today, ethanol can and
is meeling these winlertime necds for oxygen without ratsing volatliy congerns given the

EPubUH,

13

The Panel recommends that the Wintertime Oxyfuel program be continued (a} for as
fong 48 it provides ¢ useful compliance and/or mainlenance ol for the affecied siates
and metropsinan areas. snd (b} assuming that the clarification of state and federal
autharity described above is enacted 10 enable states, where necessury, 1o repulate andior
eliminate the use of gasoline additives that threaten drinking wuter supplies.

Recommendations Tor Evaluating and Learning From Expericnce

The introduction of reformulated gasoline hays had substantisl air quality benefits, but hag ul the same
time raised signiticant issues shoat the questions that should be asked before widespread sniroduciion of
a new, broadly-uscd praduct, The unanticipated effects of RFG on groundwater highlight the importance
of exploriag the potential tor adverse effects in all media {air. soil, snd water}, and oo human and
gcasystem health, before widespread inroduction of any aew, broadly-used. praduoct,

6.

In order 1o prevent future such incidents, and to evaluate of the effectiveness and the
impacis of the RFG program, EPA should:

a.

b.

Conduet a full, multi=-media assessment (of ¢lfects on aly soil, and water of any
major new additive 10 gasoling prior to its introduction;

Estublish routine and statistically valid methods tor assexsing the actual
composition of RFG and its air quality bencfits, including the development, 1o
the muximum extent possible, of ficld mooiaeing and emissivos characterization
techniques to assess “real world” effects of different blonds on emissions:

Establish a reutine process, perhups as o part of the Anound Alr Quality rends
reposting process, for reporting on the air gqualny resulis from e KFG program;
andd

Butld on exizting public healih yurveillance syvtems 1o megsure the brosder
impact {(both boseficial and adverse) of changes in gaseline formolations on
public health and the environment.
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Appendix A

In reviewing the REG program, the Pancl identificd three main optivas {MTBE and other ¢thers, ethanel,
and a combination of alkylates and aromatics) for blending fo meet air quality requirements. They
identified strength and weaknesses of gach option:

MTBE/other ethers

A cost-effoctive fugl blending component that provides high octane, 2arbon
monoxide und exhuust VOLs emissions benefits, and appears o conirtbute 1o
reduction of the uxe of aromatics with relaled toxics and other alr quallly
benefits; has high solubility and low biodegradability in groundwater, leading to
increased detections tn drinking water, particelarly in high MTBE use areas.
Other ethers, such a3 ETBE, appear 1o have similarn, but not identical, behavior in
water. sugposting that more needs w be learned belore widespread use.

Ethanol An effective foel-blending component, made from domestic grain and poteatially from
reeyeled blomass, that provides high octane, curbon monoxide emission benelits, and
appeurs 1a contribyie to reduction of the use of wromnaties with relaled toxics and other
air quality benefits; can be blended to maiatain low Tuel volulility; could raisc possibility
of increased ozone precursor eoissions as @ result of commingling in gas tanks if ethanol
is not present in 2 majority of fuels: is produced currently primarily in Midwest,
reguiring enhancement of infrastructire (o meet broader demand: because of high
bicdegradability, may retard blodegradation and incrense movement of benzene and
othor hydrocurboss around loaking anks,

Blends of Alkylates
aned Arvomstiox

Effective fued bluading components made from crude oil; alkylates

provide lower octane than oxygenates; increased use of aromatics will likely
resplt in higher aic foxics emsssions than current RFG: would require
gohancement of infrastruciure to meet invreased demand; have groundwater
choracteristics similar, but not identicul, 1o other components of gasoline (ie.
low soiubility ond intgrmediage biodegradability),



CHAPTER 4. DISSENTING OPINIONS

State of Nebraska, Nebraska Ethane! Baard

Oxygen Standard Sheunld Be Maintained
Tesufficient Evidence o Support Recommendation to Remaove Qxygen Sandard
Biue Ribbon Panel Dissenting Opinion
Rubmitted [or the Record By
Tadd €. Sneller, Panel Member

I fts report regarding the use of oxygenaies in gasoline, a majority of the Blue Ribbon Panel on
Cxygenates in Gasoline {BRP) has based its recommendation 10 support removal of the oxygen standard
on spveral conclasions which | believe 1o be fnaccorne:

£3. That sromatics can be used as a safe and effective replacement for oxygenstes withon
resudting in deterioration in VOU and air toxic emissions. In fact, a review of the legislative
history behind the passage of the Clean Afr Act Amendmaents of 1996 slearly shows thut Congress
found the increased use of aromatics w be hurmful fo human health and intended tattheir use in
gasoline be reduced as mush as rechuicsily feasible,

23 Thut vaygenates fall to provide averwheiming air quality beaelis aszociated with thelr
required use in gasoline. The BRP recommendations do not accuraiely reflect the benefits
provided by the use of oxygenares in reformulated gassiine. Congress correctly saw & minimum
oxygenste requirsment as a cost offective means to both reduce fevels of harmful aromatics and
help rid the atr we breathe of harmful pollutants,

33, That the BRP recommendation to wrge removal of the oxygen standard dees not fylly wke
into goeounl other public policy objectives specifically tdentified dunng Cengrossionsl debate on
the 1990 CAAA. While projected benefits related to public heslth were ¢ focal potat during the
debate tn 1990, energy sccurity, astional security, the environment and cconomin impaots of the
Amendments were clearly part of the rationale tor sdopting such amendments, I is my belief thut
the rutionale behind gdaption of the Amendmants {n 1990 is equally valid, if not more su, today,

Az Congresy debated the Reformuluted Gasoline {(RFG) provisives of the Clean Air Acr Amendments of
1990, it become clear that aromatics {e.g. beazene, xyiens, snd loluene) added (o gasoline were extremely
wrxie, and fead o the further deterioration of U8, air quality. To spacifically reduce aromatic levels in
RFG - uud help romove harmiul @ir toxics from the air - an overwhelming bi-partisan majority of
Congress specifically requived the addition of ¢luaner burning oxygenates to gasoline. Ax stated i the
recerd, a primary purpose behind the addition of oxygenates 1o gasoline was the reduction in carbon
moenoxide emivsions in winter, ozone fermation in summer, #nd air toxic emissions year-round.

Recognizing the harmful effects increased aromatic use has on public health, Senate Democratic Leader
Tom Daschic {D-3D), a primary sponsor of the RFG provisien, smid on Mureh 29, 1990;
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“The primary aromaties used in gasoline are benzane, wluene and xylene, all of which
are EPA-listed hazardons chemicals. The amount of benzeone emitted from the tailpipe (s
directly related to the amount of benzene found in gasoline. However, a gasoline can
have no benzene and still produce benzene exhaust because of the chemical
sransformation that tulwene and xylene underga during the combustion process.” ... The
mrest sipnificant single step that can be waken i improve urban air guality is 1o Uma
aromadic conteat in gaseline” {Emphasiz added)

Echuoing that Congressional sentiment, Senator Tom Harkin (DA} said:

“The wromatic hydrocarboas in gasoline include beazene, toluene, and xylene. Benzene
is 9 known carcinogen, one of the worst air toxies. Eighty-five percent of all benzene in
the air we breuthe comes from motor vehicle exhaust. Xylene., another aromatic, is
highly photoreactive - meaning shat it forms ozone very rapidly i sualight, Xylene fron
awtemobile exhaust in the morning rush hour forms czone in sunlight o choke our lungs
by the afiernoon trip home, Toluene, snother aromatic, asuully forms benzene during the
combustion process, and thus becomes carcinogenic along with benzene in the gasoline.
Tadsy, about 33 percent of gusoling ¥ composed of sromatios by velume.., Waorse yey,
the aremstics 1end to reduce the effectiveness of camalytic converiers, . By reducing the
amount of aromatics by volome, you sebstentially reduce the umount of carbon
monuxide, hydrocarboens, and sitroges oxide emitted inte the atmosphere.. Fortunalely,
there gre other choices than aromalics fo maintain vctane level (n gasoline. Guess whal
they are? The oxygenared fued additives.”

... Fuels high in aromatics cause depuosits in the combustion chamber interfering with
combustion and increasing c\nissions, Aromutics have higher carbon content than the
rest of pasoling, so gasoling high In acomatics contributes more o global warming,
Aromutics were only shout 20 percent of fuel in 1970, but percentages have increased
substuntisHy hecause the arematics huve been used to replace the ociane that was loxt a8
# riesult of the icad phase-down.” {emphasis added)

The refining industry has informed the BRP thatit will, in fact, incrense use of aromatics in gasoline if
the oxygenate provisions of the RFG program are removed. The BRP recommendations further siate that,
in most instances. oxygenates ean be “effectively” replaced by aromatics. This position is directly
connier 1o the vast weight of evidenee on the harmful effects of aromatics and the positive air quality
effects of oxygenates. Further, it iy in direet conilict with the clear intent of Congress to improve LS, air
quakity by restriciing use of arematics,

The BEP has not beard evidence supporting the “safe and effective” use of increased levels of aromutics
i gasoline, In fagn according 1o evidence presented 10 the BRP on March 1-2, 1999, by Willlam J. Picl
Technical Director of the Clean Fuels Development Coalitisn (CFDC), increased use of aromatics witl
lead direcily (o increases in air Wxic emissions, exhaust VOC emissions, combusiion chamber deposits,
carbon monexide emissions, and worsen fuel factors contributing to vehicle performance (i.e. the
driveability index), Use of aromatics will also fnerease VOC emissions at both stationary and mobile
SOUICCH,

In fact, the BRP mujority’s apporent willingness 0 accep! higher aromatic levels runs directly counter 1o
Congressiona] intent. In his Cotober 27, 1990 stalement in support of the CAAA Canference report,
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Senate Environment and Public Works Conmmitice member David Durenberger stated that the
performance standard for post-2000 RPG should logically lead 10 2 25 parcent or lower cap on aromatics.

According to Durenbergen;

“The so-valled formuls gasoline which containg 4 cap on benzenc at one percent and a
cap oft aromaiios 21 23 percent should achieve subistantial reductionys in the aggregate
amounts of the five [texic] pollutanis... After the year 2000, the situation is different
beeause the Adminisirator is to choose the performance standard for toxics which
reflects the maximum reduction in toxic emissions that is feasible wking cost into
account., The formula gaseline muy well achieve a reduction in toxics which exceeds 24
percent, and if 56, whatever it does achieve wounld be a flovr for the performance
standards after the year 2000 (emphasis added). I this Senator's view, conirols on
nenvene and aromaiics more stringent than those in the formula gasciiae are contatnly
feasible... The performance standards and the formule stated explicitly in the legisiation
are oply minimum requirsinents,”

As a Nebraska state official and Punel member, § find it troubling that the majority of the BRP mombers
have chosen to ignore such evidence -- as well a8 the clear intent of Congress - In 8% recommendation (o
remove the oxygenate standard from BFG. [t also concerss me thut the BRP recommendation regarding
the oxygenute standard will hikely load directly 1o the isereusud pse of arsmaties - compounds
universally condemned foc theie harmiul effects on alr qualiy, ‘

Finally, the legislative hustory clearly shows that Congress specifically required the use of exygenates m
snsaling for other imperniant public policy goals: national energy sccurity through the reductien in oil
tmpors; and, stimulating dowestically produced renewable fuels made from agriculivral products.

As Sen, Hawrkin stated;

“se of oxygenates] will reduce our boalth carc costs. We can have reduged farm
sapport costs. And reduced ofl importe. By lowering reformer severity und eromatics
content ax & means of achicving octane, and replacing #t with high octane oxygenates,
you consarve large quantities of il in two ways - first, savings in gasoline becsuse of
the lowet severity of the relining oporation of the base gusoline; und second, straight
physical displacement of gassline by cxygenates. This amendment will save millioas of
barvels of oil every vear”

And ina May 2, 1990 “Dear Colleague” fetter, Representatives Bill Richardson (now Energy Seoretaryd
and Ed Madigan arged their colleagucs to support the House version of the Daschle-Dole RFG provision.
They wrote:

“Cleaner gasoline also slashes foreign imports. Teduy's gasoline relies on imported
aromatic compounds. When we replaee these compounds with domostically praduced
alcohols and ethers made from corn, wheat, barley and other crops, we shift trade from
OPEC to our farmers. Aceording to the GA®Q, this new marke! could save axpayers over
$1.2 billion that is now spent annually on faem price supperis.”
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These and other references make it clear that Congress thoughtfully considered and debated the benefits
of reducing aromatics and requiring the use of oxygenates in RFG. Based on the weight of evidence
presented 10 the BRP, 1 remain convinced that maintenance of the oxygenate standard ts necessary 1o
ensure cleaner air and a healthier environment. | am also convinced that water quality must be better
protected through significant improvements to gasoline storage tanks and containment facilities.
Therefore, becanse it is directly counter 1o the weight of the vast majority of scientific and technical
evidence and the cleur intent of Congress, I must respectfully disagree with the BRP
recommendation that the oxygenate provisions of the RFG Program be removed. [ also request that
the final report from the BRP include a recommendation to place a cap on the use of aromatics in
gasoline at 25 percent by volume, in keeping with the Panel’s commitment to preserve air quality
improvements.

Todd Sneller serves as Administrator of the Nebraska Ethanol Board, a state agency. He is the pust
chairman aof the Clean Fuels Development Coalition, and currently serves as the Nebraska
representative of the 22 state Governors' Ethanol Coalition, Mr. Sneller was appointed to the EPA
Blue Ribhon Panel in December 1998,
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Lyondell Chemical Company's Dissenting Report

Sunimary

While the Panel is to be commended on a number of good recommendations to improve the current
underground storage tank regulations and reduce the improper nse of gasoline, the Panel’s
recommendations to limit the use of MTBRE are not justified,

Unforiunately, there appears o be an emotional rush 1o judgement regarding the use of MTBE. The
recommendation o reduce the use of MTBE substantially is unwarranted for the following four reasons:

Firsily. the Panel was charged Lo review pablic heaith offecis posed by the use of exygenates, particularly
with respect to water contanunation. The Panci did not identify any increased public heslth risk
assoaciated with MTBE use in gasciine,

Secendly, nu guantifisble evidence was provided (o show the eovironmenial risk to drinking weter from
leaking underground storage tanks {LUST) will not be reduced o manpugeabie Jevels once the {958
LUST regutasions are fully implemented and enforced. The water contamination dauta retied upon by the
Puael is largely mislesding because it prodates the implementation of the LUST regalations.

Thirdly, the recommaendations will nol preserve the air gualify beoefits schieved with exygensic use in
the existing RFG program. The air quality benefils achieved by the BFG program will be degraded
becnuse they fall ouiside the contral of EPA’s Complex Model used for RFG regulations and beoause the
alteroatives do not match all of MTBES emission and gasoline quality improvements.

Lastiy, the Panel’y toccommendation opbons depend upos the use of alicenatives that have not been
adeqguately studied for alr qualily and bealth risk impscts. These slternatives will also Impose an
unpecessary sdditional cost of 1 1o 3 bidlion dolars per vear {3 - 7 ¢fgal. BTG on consumers and socicly
without guantifiable offsetting social benefits or avelded cosis with respect 1o water guality in the future.

IHscussion af lasucs

No increuse in publie health visk associated with the use of MTBE has been identified,

Buased on the Tanel’s review of the svailabic health studies, the Panel did not identify any increased
health risk assgeiated with MTBE's normal use in gasoline and the Pancl's review is best summarized by
ihe Jollowing paragraph from the bsae Swmmary E, "Compuring the Foel Additives”

“In 1erms of neurotoxicity and reproductive effects, inhalation toxicity testing to date generally has not
shown MTBE o be any more toxic than other components of gasoline, At very high doses, MTBE bas
caused tumors in two species of rat and one species of mouse at a variety of sites; it is uncertain,
however, whether these effects can be extrapolated to humans. The International Agency for Research
on Cancer (FARC) and the National Institute of Environmental Health Sciences (NIEHS) have indieated
that at this tume there are not adequate data 1o constder MTBE u probable or known human carcinogen.”
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No quantifinhle evidence has been provided to shew that Tull com pliance with the 1998 LUST
regulations will not achivve its purpose of substantiolly redncing the relense of gasoline, and
therehy MTBE, from UST systems today and in the feture.

The Punel states that enhanced UST programs will not give adequate assurance that water supplies will
be protected. However, this statement is made without any quantifiable analysis or support. The facts
are that most MTBE detests are very tow level concentrations and bave occurred prior 1o UST systems
being upgraded 1o meet the 1998 deadlines. The MTBE detection data presented to the Panel by the
USGS was collected between 1988 and 1998 when most UST systems were still out of compliance. In
addition. data summanzed by the Association of State and Terrtiortal Solid Waste Masagement Gfficials
{ASTSWMO) shows thas less than 30 percent of all UST s were in compliance prior 1o 1998 and that as
recent a5 1996 ondy 30 percent were in compliance.” Thescfore, the detection duls reflects a time period
before most of the undergroand tanks were upgraded.

[n sdkdition, the risk of deinking water contamingtion by MTEE and viher pusoling constituents hus heen
grewdy reduced with the enset of LUST regulation compliance. The UC Davis study™ which was
presenied 10 the PANEL estimates that tank {ailure rtes {feak socurrences) decrease by over §5 percent
{from 2.6 percent failures per year for non-upgraded taeks 1 0.07 percent per year for upgraded tanks)
once UST systems are npgraded o meentbe current LUST rogulations. Also, with the requered
instalintion of carly leak deloction monitoning, the time beiween when 7 leak occurs and when it is
detecied will now be rigaificantly reduced. Ag g result, the amount of gasoline retessed from a new
leaking site before # hax heen remediated i substantinlly minimized, Both of these effecis combined
should lead to substantin] reductions {orders nf magniinde) ta the amount of gasuling and MTBE tha
escapes undetedtad from the UST population which therefore mokes #a much more munageable situation
for protecting dricking water sunplies, ‘

The recommendations fall to recegnize the full emission benefits from using MTBE and sxygenates
in RFG, and thai the aliernatives do not egual the emission reductions und combustion enhancing
blending propertics of MTHE in gasoline. Therefore, s reduction in MTHE ose will resull in 3 net
loss in air quality. ’

Although the Panel was charged with "examining the rale of oxygenates in meeting the nation’s goul of
clens air” and “evaluating each product’s efficiency in providing clean air benelits and the existence of
zlerratives.” the Pancl did aot idenufy and guantify all the emission henelis realived when oxygenates
are used 1o make cleancer burning and low polluting gasolines. Neither was ibe Panel able to identily
combinations of alternatives that could match both the emission reductions and the combustion
enhancing blending propenics of MTBE in gasoline. The Pasel did not recognize the fact that the simple
use of oxygenates along with a vapor pressure reduction were the only requirements used to achieve the
ozone precursor reduction goals in the first three years of a very successiu} RFG program.”’ Since ail
other alternatives have onc or more inferior propertics as compared to MTBE in gasoline, it would be
difficult if not nearly impossible 10 achieve the same real air quality efficiency provided by MTBE. Apd

M Suusville, Paul, Dale Murx and Steve Crimaudo: A Preliminary State Survey with Estinites based on a
Survev of 17 State datahases o 1999 ASTSWMO UST Task Foree, 1™ Annual EPA UST/LUST National
Conference. March 15-17, 19993, Daytona Beach, Florida,

W g elter. Artnro, eb. 1l Heslth & Envirormenial Asses et af M IBE, Rehort |
Lepislature of the Siate of California ag Snansored by S8 November 1998

4 Overview of Fuel Oxygenare Development”, Willium 1. Piel For Lyondell Chemical Co., Presentation to
ke EPA's Blae Ribbon Parel, Jancary 22, Arlinglon VA,
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since sulfur reductions are also expected to occur under other fuel regulations, it would be a double-
accounting of emissions benefits if suifur reductions in RFG are to be used to campensate or make-up for
any increase of emissions resulting from reduced oxygenate use in RFG,

Beyond reducing VOC's, NO, aod toxics, improving gasoeline properties through the use of oxygenates
reduce many other vehicles pollutants such as CO (carbon monoxide), PM (particulate matter) and CO2
{curbon dioxide) as well as the ozone reactivity of VOC's. Also, gasoline property changes assoeiated
with oxygenate vse in RFG provide additional emitssion reductions of VO, NO_, toxics and CO (an
azone precursor) over the life of the vehicle by lowering combastion chamber deposiis and therefore the
vehicle's emissions deterioration rates over time. Since none of these additional emisston reductions are
reflected or controlied 1 EPA's Complex Emissions Model wsed for RFG, reducing MTBE in RFG will
tesult in a toss of these extra emission benefits,™

Unfortunstely, the Pancl reconvmendations limit themselves to saly meeting the regalatnry reguirements
estublished in BPA's existing RPG rules and did not foens on capturing all the rzal world emissien
benefits sssociated with MTBES use tn REG, Thoogh the Panel recommends reducing the use of
vrygenates in RFG, they failed to explain bow gquivalent air guality is 1o be maintwined when the only
wentifishie fael aliemutives cannot mach sll of MTBE s emission seductions and combusiion enhancing
bleading properties in gasoline. Therefore, roplacing MTBE with the aliernatives under the current
recommendations will contribuie 1o 4 net loss in ady guality with regards to Peak Ouzone levels, PM | toxics
and CO2 {greenhouse gas} in addition o higher costs,

Alternatives have nof boen adequately studied for thelr health risk impaets, availability or their
cost effectiveness in RFL

From a scientific, policy, and political perspective, no one should rush fo judgement on MTHE withouta
thorough evalaation of the altersatives. The Pandd cannot afford 10 be wrong about MTBE s benglits or
deficiencies. As a maiter of sound public policy, any alicrnalive needs to be held up 1o the xame sigorous
examination as MTBE, whilc adhering (o the following critenia.

. To assure the public that any alternative will prodoce the same real alr guality bepefits as MTBE,
. That any allernutive will be abundantly and evonomically avalable.
v That any alternautive will mot be & probabic or known koman carcinogen norincrease the risks to

hurman health.

These criteria are consisient with the Panel's recommiendation o investigate more Tully any major new
additives 10 gasoline prior to 118 intreduction and therefore should equally apply te the aligrnatives
wlready identified by the Panel, namely Ethanol, Alkviates, and Aromatics. The mp:mdl:d use of these
aliernatives should not accur without &8 more nigorous analysis of the 1mpac1% on health, air guality, and
water quality as well as their availability and costs.

®"Staff Report: Propessd Amendmenis to the California Regulation Reguiring Beposit Contro? Additives in
the Motor Vehicle Gasoline” Calif. Environ. Proteciion Ageney, Air Resources Board, Aug 7, 1998, "Benefits of

the Federal RFG Progeam And Clean Burning Fuels with Oxygeantes”, William 1. Piel of Lyondell Chemical Co.,
Presentation 10 EPA Blue Ribbon Panch March 1, 1999, Bostos,
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GLOSSARY OF TERMS

ACRONYMS

AOMD
AR
ART
ASTM
AWWARF
BTEX
Ry
CAA
CAAA
CAFE
CalEPA
CARE
CaR¥PG
CEC
CG
CHT
O
€O,
CWSRY
DIPE
HOR
poT
DWSRF
El1A
EPA
EPACT
ETBE
i
FCC
HC
HEI
IARC
[LEV
LEY
LLRL
LIST
MNA
MTBE
NAAQS
NAPL

Air Quality Muanagement Distris

Alr Spacging

Aboveground Storage Tank

American Socicty for Testing & Maleriul

American Water Works Association Research Foundation
Benzeneg, Toluene, Ethylbenzene, and Xylene

British Thermal Unit

Clean Alr Act

Clean Ay Act Amendments of 1996

Corporaic Average Fuel Ecanomy

Caisfornis Environmental Profeelion Agency

Californiz Air Rosources Board

California Reformulnied Gaseline
Laliforn Enerpy Commission
Conventiunal Gasoline

Chemical tadusiry lastitete of Toxicalogy
Carbon Monoxide

Curbon INoxide

Clean Water Suate Revolving Fund
Di-isoprupyl Ether

U.S. Department of Boergy

U.S. Department of Transpertation
Drinking Water State Revolving Fund
U.5. Ercrgy Information Administration
U.S. Environmenial Projcction Agency
Energy Policy Actof 1992

Ethy! Tertiary Butyl Ether

Hi% Ethanel/30% Gusoline by volume
Fluid Catalvtic Cracked

Hydrocarhons

Hezlth Eifccis Institute

International Agency for Rescarch on Cancer
Inherentty Low Emission Vehicle

Low Emission Vehicle

Lawrence Livermore National Laboratory
Leaking Underground Sterage Tank
Monitored Natural Attenuation

Methyl Tertinry Butyl Giher

National Ambtent Al Quality Standards
Non-Aquenus Phase Ligud
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RMOG
NG,
RRC
OMS
O8TP
OUST
OxXy
FADD
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'™
PFOM
ppb
ppm
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REG
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SDWA
Sip
SPCC
SULEY
SVE
TAME
TBA
TLEVY
ULEY
Usha
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USGS
Tse

Tos
UsT
VO
YARY

Nationz] Water Quoulily Assessment Program

Northeast Stzies for Coordinated Alr Use Munagement
Non-Methane Organic Gases

Guides of Nitrogen

National Resesreh Counneil

U.8. Environmental Protection Agency, Office of Mobile Sousces

White House Office of Science and Fechnology

U.S. Eavironmenta! Proweetion Ageney, Office of Underground Storage Tanks

Winter Oxyfuel Program

Petroleum Adminisieation for Defense DHstriots

Peroxyaceyl Nitrivie

Particulate Matter

Polyevelic Organic Manter

Basts Per Billton

Parts Per Million

Pounds Per Sguure inch {pressure)

Kisk-Buased Corrective Action

Reformulated Gaseling

Reid Vapor Pressyrs

Safe Drinking Waler At

State implementation Plun

Saill Control and Counter Contrel

Super Ulira Low Emission Vehicle

Seoil Vapor Exuraction

Tertiary Amy! Mathy! Ether

Tertiary Butyi Alcohol

Transitionsl Law Emission Vehicle

Ultra Low Emission Yehicle

U.8. Department of Agriculture

U.8. Envirenmental Protection Agency

United States Geological Survey

50% Distillation Temperature

Y0% Distillation Tempersiurs

Underground Storage Tank

Volatite Organic Compeund

Zero Emission Vehicle



TERMS

Additives: Chemicals added to fuel (o improve and maintain fuel guality. Deterpents and corrosion
inhibitors are examples of gusoline sdditives,

Adr Toxics: Toxic air pollutants defincd under Titie 1 of the LA A, incluading benzene, formaldehyde,
agctaidehyde. 1.3 butadizne, and polyeyelic organic mattzr (POM). Benzene is a canstituent of
motor vebicle exhuost, evaporative, and refueling emissions. The other compounds are exhaust
poliutants.

Aleahols: Orgapic compounds that arc distingnished from hydrocarbons by the tnclusion of o hydroxl
group. The two simplest alcohols are methanol and ethanol.

Aldchydes: A class of organic compounds derived by removing the hydrogen atoms from an alechol.
Aldehydes can be produced {rom the vxidation of an alcohol,

Alkanes: Sce Pataffins.

Alkylate: The product of an atkylation reaction. [t ysunlly refers to the high octane produet from
alkylation units. Thiv alkylate is used in bleading high sctane gaschine.

Aromatics: Hydrocarbons bascd on the ringed six-carbon benzene series or relpled organiv groups.
Benzene, toluene, ethylbenzene, and xylcae are the principal aromatics, conpnenly reforred to o
the BTEX group. They represent one of the heaviest fractions in gasoline.

Atfenustion: The redection or lessening in amount {e.g., 8 reduction in the amoeunt of contaminants in a
plume as it migrates away from the seorce), Atlonsation oocurs a5 g result of in-sily precesses
{including Modegradation, dispession, dilution, sorpiion, veintthization), and chemicad or
bivlogical suabilization, transformation, or destructon of contaminanis,

Benzene: Beazene iy a six-carhon aromatic that ix common gaseline component. Benzene has been
identified as toxic and is 3 known carcinogen,

Risdegradation: A process by which microbial organisms transform or alter (through metabolic or
cazymatic action) the sirecture of chemiculy introduced into the envitunment.

Biomass: Rencwable arganic matter, such as agricoltural crops, crop-waste restducs, wood, enlamad and
municipal wistes, ageatic plants, or fungal growth, used for the production of energy.

British Thermal Unit {Btu): A standard unit for measuring heat eacrgy, One Blu represents the
armuunt of heat required 10 raise one pound of water one degree Fohrenheit (af sea leveld,

Butane: An casily liquefied gus recovered from natoral gas. Used as o low-volatility componcst of

motor gasoline, processed further for a high-cctane gasoline component, used in LPG for
domestic and industrial applications, und used as a raw material for peicochemical synthesds,
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Butyl dlcohal: Alcohel derived from butone that e wsed in erganic synthesis and as a solvent.

CAA: Theoriginal Clzan Air Act war signed in 1983 setting emissions siandards [or stationary suprces,
The CAA was amended severs! thmes, mast receatly in 1998, The Amendments of 1970
introduced motor vebicle emission standards. Criterla pollutunty included lesd, vzone, CO, SO,
NGy, and PM, sz well as air toxics, In 1990, reformulated gasoline {RFG) and oxygenated
gaxoling {OXY ] provisiond were added. The RFQ provision requirey wse of RFG all yearin
certain areas, The OXY provision requires the use of oxygenated pasoline during certain
months, when CO and ozone pollution wre most seripus, The regulations also requite cerlain
ficet operators (o use clean-fuel vehicles in 27 cities,

Culifornia Low Emissions Vehicle Program: 3iate requirement for awemakers g produce vehicles
with fewer emissions than current EPA standards. The five categories of the Program, from least
to most stringenl ure us fTollows: TLEY; LEV, ULEV: SULEV: and ZEVY,

Curcinogens: Chemicals and other substances known to cause cnacer,

Distillation Curve: The percentages of gasoline that ¢vaporate at various temperatures, The distillation
curve is an important indicator for fuel standards soch us volatility (vaporization).

Ethanol: Can be produced chemically from ethylene or biolegically from the fermentation of varicus
sugacs of from carbohydrates found in agricultaral crops and cellulosic residucs from crops or
wood. Ethanol iz used in the United States as » gaseline octane enhancer and oxygenate, It
increases octane 2.5 o 3.0 numbers 8t 16 peroent conceatration. Bthanol asu can be uied in
higher cancentrations ta alternative-fuel vehicies oprimized for s use.

Ethers: & family of organic compounds composed of carbop, hydrogen, and axygen. Ether molecules
consist of two alkyl groups linked 10 one oxygen atoey, Light ethers such ax ETBE, MTRE,
TAME, and DIPE have desirable properiies as gaseline blandxoeks and are used as uxygenates
i gasoline.

Ethyl Tertiury Hotyl Ether (ETBEY Anp aliphatic otbor simiar to MTRE, This foel oxygesute is
manviactared by reacting iscbutylens with ethanol, Having high ootane and Jow volatlity
characteristics, ETBE can be added to gasoline up 1o a level of approximately 17 percent by
volume.

E18: Ehunol/gaseline mixwure containing 10 percent denntured ethanol and 90 percent gasoline, by
yolume.

Evapoerative Emissions: Hydrocarbon vapors that escape from o fuel storage 1ank, a vebicle Tuel tank,
ar vehicle fuel system,

Exhaust Emissions: Matertals that enter the atmosphere through the exhauost, ot wilpipe, of a vehicle,
Exhaust emissions tnclude carbon dioxide {and water vapord, carbon monoxide, unburned fuel,
products of incomplete cembustion, fuel contaminants, and the combustion products of
fubricating oils.



Fecdstock: Any materisf converied 1o another form of fuel or cnorgy product,

Fungible: A teon ssed within the ol refising industry 1o denote products that are suitable for
ransmission by pipriing,

Grouad Waler: The waler contained in the pore spaces of salurated geologic media, Ground water can
be confined by overlyinyg less permeable strata {confined aquifer) or open to the atmesphere
{waser 1able or unconfined aguifers).

In-sits: In ity ariginad place: uamoved: unexcavated: remaining i the subsurface,

Methyl Tertinrey Butyl Bther (MTBE): An cther manufactured by reacting methanol and isshuiviens.
The resulting ether has high sctane and lew volatility, MTBE is & fuel oxygesate sad is
permitied in unleaded gasoling up to a levet of 15 percent by volume.

National Ambient Air Quality Standards: Ambient stendards For eriteris wir pollutanis specifically
regutated under the CAA, These pollutant include ozone, particulale multer, curbon monaxide,
mitrogen diexide, sulfur doxide. aad lead,

Nent Fuck: Bycl that is frae fram admixiure or dilution with other fagls.

Neat Alvohal Fuel: Struight or 100 percent sloobol {not blended with gasoline), wsnally in the form of
either cthanol or methansl

Nonsttzinmen! Area: A region, dotermined by popujation density in accorduance with the 4.5, Census
Burean, which exceeds minimum acceptable NAAQS for one or more “eriteria paliutams.” Sech
areus ate required 10 seek modifications to their State Implementation Plans (8175, setting forth
aveasonable timetable using EPA-approved means to achieve aftwnment of NAAQS for these
criteriz poliatants by a certain date. Under the CA A, if 2 nonattainment area ails (o sttain
NAAQS. EPA may superimpose a FIP with stricter requirements or impose fines, canstruction
bans, cutoffs in Federad grant reveaues, etc., untid the srea achioves the applicable NAAQS.

Octane Enhancer; Any subsiance such as MTBE, ETBE, 1oluene, xylene and alkylates that is added 1u
gascline to increase netane and reduce engine knock.

Oxyfuel Program: Nanaitninment areas for garbon monogide are requlred 1o use oxygenated fuel
during the winter season.

Oxygenale: A form uxed is the petraloum indasiry to denote fuel additives containing hydrogen, carbon,
and oxygen in thelr molecular structure, Includes ethers such as MTBE and ETBE and alcohols
such as ethano! and methanol,

Oxygenated Gasoline: Gasoline containing an oxygenate such as MTBE or ethanol. The increased

oxygen content may promote more complete combustion, thereby reducing tailpipe cmissions of
CO.
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Paraffins: Also refersed to as Alkanes, a group of chain saturated aliphutic hydrocarbons, including .
methane, ethare, propane, butane, and alkuncs (not including eycloaikanes),

Particulate Matter (PM ) A generic term for a broad cluss of chemically and physicaily diverse
substances thut exist as discrete particles (Hguid dropleis or golids) sver o wide range of xizes; »
NAAQS poliutant.

Recaleitrant: Unreactive, nondegradable; refractory. Slowly degraded compuunds.

Reformulited Gaseline (RFG): Gasolings that have had their compositions andfor characienisiics
altered 10 reduce vehicular emissions of pollutants, particularly pursoant o EPA regulations
under the CAA,

Reid Vapor Pressore {RYP): A stundard measarement of a Bguid's vaper pressure in psi at 100 degroes
Fahrenheil. It is an indication of the propeosily of the Jiguid jo evaporate,

State lmplementution Plan (SIP) Plun thot o state must submit 10 EPA under the CAA 1o demonstrate
compliznce 15 NAAQS.

Terthury Amyl Methyl Ether {TAME®: An cther bused on reaction of Cy olefing and methanol,

Toluene, Basic aromuic compound derived from petroleum and used 1o increase octane, A
hydrocarben commonly purchased for use in ingreasing oclane,

Toxic Emission: Any pollutant emitied from 2 source that can negatively affoct human health or the
environment, _

TPaxies: Pollwiuniy defined by the CAAA, including benzene, formaldehyde, acetaldebyde. 1.3 butadiene,
and polycyelic organic material, Benzene is emitted both in exbaus) and evaporative emissions:
the other componnds are exhaust emissions.

Volatile Organic Compounds (VOCs): Reactive gases released during combustion or evaparation of
fuel and regulated by BPA, VOCs react with NG, in the presence of sunlight and form szone,

Volatilization: The pracess of transfer of a chemical from the aguecus or liguid phase to the pas phase.
solubility, molecuiar weight, vaper pressure, mixing of the liguid, and the nature of the gas-

tguid intesface affect the rare of velutilization,

Vapar Pressuve ar Valutility: The endency of a liguid to pass inte the vapor state 512 gives
termperature, Weth autometive fuels, volutility is delermined by measuring RVP

Wellhead: The sren immediately zurvounding the top of a well, or the top of the well casing,

Welthiead Protestion Ares: The recharge area surrounding a drinking water well or wellfield, which is
profocted 16 prevent contaosipation of a well.
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