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CHAPTER 1. EXECUTIVE SUMMARY 


The Federal Ri'formulnted Ga~,jlinc Program (RFG) c$.tablished in the CII!<ln Air Act Amendments nf 
1~9(l. and implcmcrr,cc in 1995. hus provided substantial reductions In the emi~sio:1s ()f a number of air 
flP!lutanlli from motor \'chiclc~, most rw!ahly volatile organk C!lmpmHlUS (prccuf~or~ of ozone). t:arbon 
;noral.!(idc, and mobile-source :lir Ioxics (benzene, I ,3·buttldicnc. (lnd others}, in mo~! cases rcsulti:1g in 
c:nissl0os rcuu{;lions that exceed those required by law. To address i:., unique air pollution cnallengc". 
California has adopted ~imilar, but more ~trin£cnt requirements f(}r California RFG. In additiun. areas in 
both California and elsewhere in the nation that have not aHainccl the Malion ..1 Ambient Air Quality 
Standard for carbon monoxide .He required in the Act to implemcnllhe Wintcnime Oxyfuel program. 

The Clean Air Act requires thaI RFG con1ain 2 percent oxygen by weight Over 85 percent of RFG 
c(lntains Ihc o.xygenale meth.yl tcninry bUlyl ether {MTBE) and approxim:.nely 8 percent contains ethanol 
.. Hd(lmc~tk hld·b;cnJing s10ck made from grain and pOlentiaily frum rccyded biomass waste. The Ad 

rcql1lf(,'!\ Wintertime OxyftLcllO ci),Hain 2-7 percent oxygen hy weight 

T~ere is di;.agr<!cmenl abo:lt the rrecise rule of oxygenates in uttuining the RFG air quality henefits. 
although there is evidence frum the existing program thai increased usc of oxygenatc;; rcsult~ in reduced 
c:.:rbon monoxide emissions, and it appears that additives, eonlribulc 10 reuuctions in aromatics in f;JCls 
lUIt) rdated air benefits, It is po);siblc to formulate ga'\olinc with{)ut oxygenates lhat ean lJ.l1ilin ~imilur air 
to:dcs reductions, but it is less ccrtain that giveo current Federal RrG requirements all fuel blends 
cfcalcd withQut oxygenates could mainlain the benefits provided Hlday by oxygenated RFG. 

Allhc lIamc time.lne UliC of MTBE in the program has rClIulh,l(j in growing dcte(.:tions of MTBE in 
drinkin~ wa!er, with belwec1l 5 percen: and Itl percent of ~{)1l\mu(ji!y drinking water suppllc-s in high 
uxygcn:l1e uc-e an:as l ~~nw:ng al least detecl(jJle amounts of MTBE. The great majority of !he~e 
dCh.!t:l:(ln1. w date hav..:: bccn wd: helm·\! lc~cls -of public health concern, with appnlxim'Hc!y (IOU perci'n! 
ri\l!1!; to k·ve[j.. above 20 P<Ht~ per billion (ppb). Detections all(lwcr levels have, however, raised 
C()n~lIlOer lu;-.fe and odor cuncerns tbat have caused water !'upplierll 10 stop u~ing some wafcr supplies and 
10 irH.:ur co~t~ of lre.atment and remediation. Private wells have also been contaminated. and theM; wells 
me less protect~d lb1l0 public drinking water supplies and nul mOllitored for chemical conll1minlltion. 
There is aho evidence of contamination of surface waters, parlicularly Juring summer boating seasons, 

Tbe major source of groundwater contamina1ion appears m he releases from underground gasoline 
~t()r<1gc sygtems. These systems hnvc be.en upgraded over the las I decade., likely re:whing in rcduced ri:;k 
of Icllk~. However, approximate:), 20 percent of lhc ~torage ~y\{cm~ hhve oot yet been upgflHh:d, llod 
then.: continue to b.' ro.:ports of re;!,),p.!!;; frum :-ome upgraded sy\tems. due to inadequate design, 
installation, main1enance, anu/or OPCf<llioo. 111 addilil):'\, nliloy fud storage systems {e,g, fmms, ;lmall 
ahove-ground tanks) arc not currently regulated by the U,S. Environmental Protection Asene)'. Be)'nnd 
groundwnlcr contaminalion from untlerground storage tank (UST) lImnces, the other major so:!rces or 
water contamination appear lO be smull and large gasoline spills ttl gtbUl1d and surface waters, nnd 
recreational water craf: w. particularly those with older mown;·· releasing unburned fuel to $urfncc 
WIllen;. 

I Arcus GS1:lg RFG (2% 'Y weight o.\ygea) llndior Oxyfucl (2.7% by weight O)(ygen) 



The Blue Ribbon IJanel 

In respomc to lhc growing concerns from State and localo(fkials and the public. U,S, EPA 
AdministratorCaro; M Browner appointed u Blue Ribbon Panel in November 1 99lL to investigate the air 
quality bencnt~ and water quality concerns associated with oxygenates in gasoline, and to provide 
independellt advice and recommendations 011 ways to maintain air quality while protec1ing waler quality. 
The Panel f11embef~ con~isted oi leading exp-em from the publie health and ~dentific communities. 
automotive fuels industry, water utilities, ar.d local and Stille gnvernmenls. The Panei was charged 10: 

(I) examine thl! role of oxygen:i:\!s in meeting the n,:linrr's gnu; of clean an; (2) {;vlllualc ellch producl's 
clTicie:ncy in pmviding clean air bC:Jcfl:.' and :he eXlstcncc of alternatives; (3) asses> Ihe behaVior of 
oxygenates in Ine cnvironmcn:: {4} review any known health effecls; and (5) compare the cost of 
production and use and each product's availability ~~ both at present and in the future. Further. the Panel 
studied :hc Cau.,cS ()f ground water and drinking water contamination from motor yehide fuels, and 
cxplored prevenlion and cleanup technologies for water and soil. The Panel was established under 
EPA 'l[ Federal Advisory Co:nmince ACl's Clean Air A{;l Advisory Committee, a p-olicy commil1ee 
eSlablb:hed t() advise :he U.S. EPA Oll issues related to implementing Inc CAAA of 1990. It met six 
time., fmm J,IIl\lary - June. J999, hcard prc!-cntations in W:hhingtor., the NortheasL anu C<lJlfnrnl<l about 
the benefit;; nnd 1.:Of!cerns related to RFG and :he oxygenates: gathered tbe beSI i\vtlllab\e information on 
the program anti its effects: identified key da:a gap;;; and evaluated a series of alternative 
recommendations: based on their effects on: 

;'Ilr quality 
wHlef quality 
"'h"~i1ity of fuel SeiPp!)' :ind co~t 

ThL, repvrt con .ist.~ of fl ve issue sum maries: water con tarn 1natio»; air gu ality benefits; prcyc ntton: 
trealment and n!mcdiation; f\Jel.~lIpply and cost; and comparing the fuel additives. In addition, this 
repofl conlaills tbe filllJings and recommendation;; of the- ?:wcl, dissenting opinions, li~t of Rallel 
members. rcfen:nce!>, and gltJ~~ary of terms. 

'flle Findinjls lind Recommendations uf the Blue Ribbon l)ancJ 

Fiudin!!.s 

Based Oil its rcview of lne issues, the Pane! made Ihe following overall finding!>: 

• The dimibution, use, and combuslion of gasoliue poses rish 10 our environment and 
puhlic heallh. 

.. RFG rru\'ide~ considerable air quality impnn'cmcn(S and bcncfi!.~ fvr millions of US 
citlzells. 

.. The u~e of MTBE Zias raised Ihe issue or 1he effects of both MTBE alone and MTBE in 
gaf.oline This Pime! wu~ nil! con~titutcd to perform an independent comprehensive 
health as:-;c:-;<;menl and has chosen to rely on recent reports by a numher of ~tulc, national. 
and illierr.ationa! bcallh agcr:cies. What ~ecms clear, however, is thilt MTRE, due 10 its 
per!>isfcfl!:e and fllQbiiit)' in waler, is more likely 10 contaminalC ground and surface w;lter 
thun the Qther comp{lncnl~ of gasoline. 
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" 	 MTBE has been found in a number nf water supp:ies nationwi;:le, pri:nurily causing 
con.sumer odor and taste conccrn~ that have led water supp:ier., to reduce use of those 
supplies. Incidents of r.,'lTBE in drinking w<llcr ~upplies allevels weB anove" EP,\ and 
s\al(" gl,lidelinc~ und ~tandards bave occurred, bUI are rare. Tbe Panel oelie\'cs that the 
occurrence of MTRE in drif}king walef supplies can and should be substantially reduced. 

e 	 MTBE i~ currently an Integr!!1 cllmpunenl nftne U.S, gil.:wllne :;upply htlth in term:; of 
volume and octane. As :;uch. changes in it:; use, with the atlendant cupital construction 
and infri.l~tructure modlflC'l.iinn~, must be impiemented with sufficient time, certainty, 
and flexihility to maintain the ~t<lbility of both the complex U. S. fuel supply spIel'll and 
gasoline prices, 

The following rt;cnt11nH'nd,!\illn~ are in(el1(lcd hl he implemented a,. t./ single package of actions dc ..lgned 
to sim uIt;meou sly main \;lin air q u:t:ity benefi ts while en hancing water quality protection and assuring a 
stable fuel supply at rea:>on,lo!e cost The majority oftnese recommendations could be implemented by 
federal aod stulc enviroomcnlnl agencies withoUl further legislative action, and we w{luJd urge their rapid 
implementlltlon, We would, a" well, urge all parties 10 work with Congresslo implement those of our 
rcc()mmcudutions that re(juirc legi!'lalive aetinu, 

Recnmmcndlttinns to Enhance Water Protection 

Based on its review of the eJ..istiug federal. state ltnd local programs to protect. Heat, and remedialc waler 
supplles.the Rlue Ribbon Panel makes the followmg recommendations to ennance. accelerate, and 
cxpand cxi,,[ing programi' to improve protection of drinking waler :;upp1ie~ from cunlarninatioo. 

l'rcvcnli<Jn 

L 	 EPA, working with the Slates, should take the fol1owin.g actions 10 enh.1nce sigoificanlly 
Inc Federal and State Underground Storage Tank programs: 

H. 	 A,,;.:clennc enfon:cllwnl of the repliu;:elllcn! of c:tis;ing lililk ~ys,ems I() conform 
with lhe federallYMrcquired December 22.1998 deadline fOf upgrade, including, 
at a mltllmum, moving!O h:t ....e all ~t<\tes prohibit fue! deliveries to non-upgraded 
tank;;, and addillg enfmcement and compliance reSOllrcc~ 10 cnsure prompt 
enforccmcrll uelloo, especially in areU$ using RFG and Winterlime OxyfueL 

tvul\ll\:e the fleid pcrfnnuance of currcn: ,"y~tcr:l dc~igll fI;ljuirements and 
technology and, h,l.'Cti un that eViI;Jati<ln, imprmc system requirements to 
minirni:t:e leaks{n:leasel1, particulady in vu!ncr.abll!: nrcas (scc rccommcndalions 
on Wellhead Protection Program in 2. below). 

c StrenGtben releasc delcction requirements 10 enhance carly detection, 
pnrticli!arly in vulnerahle areas, and to ensure rapid rcpalt and rerncdialinn, 

d, 	 Require moni:oring and reporting of MTBE and other ethers in groundwater nt 
:tIl UST release sites. 

c. 	 Encourage states w require that the pro;;.imilY to drinking. Willer S;Jpplic)•. anulhe 
poten:ial to impu\;t those surp!ie.~. be considered in land~t!.~e planr.ins a:ld 
pcr:niuing deci~it)ns for siting of new US'!' fac)lltie~ aud pClwlculll pipeline;., 
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f. 	 implement Jfu.l!or expand pf{)gram<; IU [rain and license UST sY!'lcm instalh:rs 
(Jot! maintenuoct: persor:ncl. 

g. 	 Work with Congress to examine anu, if needed, c .... pand the univcrs.e of regula1ed 
tanKS to include underground and aboveground fuel storage sy!'!erns thaI are not 
currently regulated yet pose ~uhstantil\J ri"k to drinking waltr \upplies. 

2. 	 EPA should work with it:. state and local walcr .<;upply partners to enhllm:e 
implementation of the Federal and Slale Safe Drinking Waler Ac! progrllffi;, \Q; 

a. 	 Accelerate. partrculnrly in lho!>e arcas where RPG or Oxygenatcd Fllcl is used, 
the assessments of drinking water source protection areas required in Sccti{lll 
1453 of thc Safe Drinking. Water Act. as amended in 1996, 

b, 	 Coordinate the SOJrce Water Assessment program in ench statc with federal and 
state Underground SlOftige Tnnk Program.;; using gC{lgrapbic information and 
other advanced data s]'!'lems Hl determine the location of drinking water "Sources 
and to identify liST sites wit:'lin so:!rcc protection wnes. 

c. 	 Accelerate currently-planned implementation of testing for and reporting (~f 
MTBE in public drinking w!llcr supplies to occur before 2001, 

d. 	 Increase 0ngoing federal, state, und local efforts in Wellhead Prolection Areas 
including: 

enhanced permitting. de"tgn, and sy;;;tc:n installation rcqairemenl1i for 
USTs Hnd pipelines in these lIrcas; 
strengthened efforts 10 ensure that non-operating USTs are properly 
clo~ed; 

enhanced UST release prevention and dClCclion; ao,1 
improved invcntnry manugement of fuch, 

3, 	 EPA should work with states antll{leaiitles to enhance their efforts \() protect lakcs lind 
reservoirs thai serve as drinking wa\:;r ;;upplics by reqriciing use of recreational w;ltcr 
craft, partkular!y 1I1Ol>C with older rtlOIOf5. 

4, 	 EPA should work wito other federal agencies, Ih(: states, !lnd private sector par:ncrs to 

implemen: e.x;landed progrnms 10 prolect privute well u.'crs, including, but not limiled to: 

a. 	 A nilllonwiJe assessmenl of the incidence of contamination of private wells by 
components of gasoline as well as by other corn mOil contaminants in shallow 
gr()UndW~Her: 

b. 	 Brnad·bascd ou:teach and public education programs for owners. and users of 
privale wells on prevcnling, detecling, and !rcnting contaminalion; and 

c. 	 Probfilms 10 entourage nnd facilitate regular wal.;;r qaalily tes:lng of privu;c 
wells. 
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5. 	 Implement. through public-private pa.rtnershlps, expanded Public Educnlion programs at 
th(~ f(~deral. state. and local level., on the proper handling and disposal of gasoline. 

6, 	 D0Vdop and implement l\n integrated field research program into the groundwater 
behuvior of gasoline and o,\ygenates, including: 

,L 	 Identtfying and initialing research at n pOp'ulation of UST release sites and 
nearby drinking w,Her supplies including :;11C:; with MTBE. sites with ethanol. 
and sites using!lo oxygenale: ilnu 

h. 	 Cnnducting brolH.kr. cnl~l~arative sledies of level); of MTBE. cl~anoL b~nLene, 
and other gnsoline compf)unds in drinking water supplies in ,He:!s u:;ing primarily 
MTE E, arcus using primarily ethanol. and <lreas using no or lower levels of 
oxygenate, 

Treatmcnl and Remediation 

7. 	 EPA should work with Cnngress to expand re;;ourccs available for the up-front funding 
of the treatment of drinking wlIler ~uppHes coalamillllted with MTg E and nlher gasoline 
components to ensure Ihill affected supplie;; clIn be rapidly treated and relurned to 
service:. or tbat an ahemal!vewatersnpplycanbepmvided.This could take a number of 
fnfm~, including but nOI limited !I;.; 

11. 	 Enhancing the existing Federal Leaking Underground Slorage Tank Trust Fund 
by f'J!ly appropriating the anlltlaJ llV:lliar.h: amount in the Fund. cn .. uring that 
trc.atmcn; of cOlltuminaled drinking water '~Ipplies Ciln he funded, ;1I1d 
mcamlining the JlfP\;cdurc;; for ohlailling funding; 

b. 	 Establisbing anothef form of funding mechanism which Lies the funding more 
directly to the souree of contamination; :md 

c. 	 Encouraging stal{!S 10 consider targeting State Revo1ving Funds (SRF) t() !JeJp 
accclerate trcntmcn~ nnd remediation in high primity ureliS. 

8. 	 Given Ihe different behllviur of MTBE in groundwater WhCl1 compUTed to other 
components of gasoline, states in RFG Hnd Oxyfuel areas should recxamine und enhance 
stnte and fcderul "triage" procedures for prioriti:dng remediation efforts at lJST sites 
based on their proximity to drinking water supplics. 

9. 	 Aecclerule laboratory and ficld re;;careh. and pliO! projects, for Ihe development and 
implementation of cost-effective water supply treatment nnd remediation technology. and 
hurmonize lhese cffufls wilh nlhcr public/private cffor:~ underway, 

Recommendations for Blendine f'ul'i for Clean Air and \Vllter 

Ba.<.ed nn liS review (If the current waler protection programs, nnd the likely progress Ihat can be made in 
tightening and :;1reng.thcning cho-se programs by lmplcmenling Reconul1endaiiQns 1 ~ 9 ah(tye. the Panel 
agreed broadly. <llthough not 'Jnanimously. tnnt even enhanced protl!cliol1 programs will not give 
adcquate aSSllrance tbal water suppUes will he protected, and lhal chunges need \0 be made to tbe RFG 

j 
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program to reduce the amount Qf MTBE being used, while ensuring that the air quality benefits of RFG, 
and fuel supply and price stability, arc maintained. 

Given the complexity of the national fuel system. the advantages and disudvuntages of each of the fuel 
blending options the Panel coo~iJercd (.'iec Appendix A), and the need to maintain the air quality bendils 
of the current program, the Panel recommends an ill/egraled package of actions hy both Congress and 
EPA thai should be impfemcllicd a~ iluiekly as possibie. The key elements of thaI package, described in 
more delHi; be;ow, arc; 

• Ac!iQl1 ag!eed to broadly by t~e Panel 10 rcdut:c \he use of MTBE sub:\lanlially (with 
!tome members s4pponing lIS eomp1erc I"nMc-out). and action by Congre;;s to clarify 
federal and stale alllhorilY to regulale andlor eli'minnte ihe u:.:.e of gasoline additives thaI 
ihrell!en drinking wnler Fupplic,,; 

.. Aclion by Congress 10 remove the current 2 percent oxygen re4uiremcIlllH cn~ure thai 
adequate fuel supplies: can be blended in a co\t·effcctive manner whllc qUickly rcducing 
u;;age of MTBE: and 

• AClion by EPA 10 ensure ;hat there L" no IQSS of current nir quality benefits, 

The Oxygen Requirement 

10. 	 The currenl Clean Atr Acl requirement 10 require 2 percent oxygen, by w!!ighl. in RPG 
must he removed in order w provide ilcxibility to blend adequale fuel i>upplk,;; in a CO~I~ 
effective In'lnner while quickly r!!ducing usage of MTBE and maintaining air qunli:y 
benefit;;, 

The PMel recognize.; that Congre,;~, when ;,Jopling Inc o.>.ygen requirement "ought to 
adVll:1Ce several nullon..1po:ity goals (energy secun:y and diversity, agrkuhural pOlicy, 
ele) that arc beyond the scope of our expertise and deliberations. 

The Pane! funher recognize); that if Congress acts: on thc recommcndation to remove lhc 
requlremcnt, Congress wHllikely seek olher legislatiVe mechani;;m;; 10 fulftll thc~c olher 
national policy intcfl.:)(ts, 

Maintaining Ai! Benefit:;. 

11. 	 Presenl toxic emission performance of R Fa can be :mriuuled, to some degree, to a 
combination of three primary fai."tor~; (1) m:rss emissi()n p:;rformunce requirements; {2) 
the USe of oxygenates; and (3) a ncct,':$sary compliunce margin with a per gallon standurd. 
In Cal Rra, caps Of) specific eotllpotlent~ of fuel is an auditional faclOr (() which \uxics 
emissiorl reductions CUll be uurihulcu. 

Out.,ide ufCaHflJrlliu, lifting the oxygen requirement us recommended ahove may lead to 
fucl ret'ormulation.~ lhul achieve the minimum performance standards rC(llIircd under the 
1990 Act, ralher than the larger air quali1y benefits currently ob!.crvcd. In addition, 
t:h:lI!gc~ in Ihc RFG program cO:J:d have adverse consequences for conver.lionul saso\luc 
as welL 
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Within California, lifting tbe oxygen requirement will result in greater flexibility to 
Illuintain ilHU enhance emission reductions, parl1cuiarly as Californii! p!UfiUeS new 
formulation reljuirement~ for gasoline. 

]1: order to ensure t!:al IhN':; is no !o~$ '.lr current air ql:.1Iity ncncfits, EPA sboJ;d seek 
uppropria:c mechani.sm~ for both the RFG Phase II and Conventional Gasoline prugrams 
10 define and :nailltain in RFG 11 the rea! world pcrfonnnncc Ilnserved in RFG Phase f 
while preven ting deteri oration of thc curren I ;lir q lIali!y perrorm ao-ce of (0 nYelliiollul 
grtso!ine,' 

There are several possible mechanisms to accomplish this. One obvious wuy is to 
ennuoce the mas~·ba$ed performunce rcquiremenl~ currently used in Ine program. AI the 
s(Ht1~ time. the Panel recognizes {hat the different exhaust t:nt11ponenl~ pose uiffc-rentia! 
risks 10 p"ublic hea~\h Jue in large degree to their variable potency, The Panel urges EPA 
\Il explore nnd implcmer.t mechanism" 10 nehieve equivulcnl nr im;Hovcd public healt!: 
rcsulls that focm on reducing those compounds loat pose the greutesl ri!.k 

RcdllClflg :hc the or MTBE 

12. 	 The Panel agreed broadly thai, in order to minimize curren! and future 1hreat;; to drinking 
walcr, the use of MTBE should be redw.:cd substantially, Several members believed that 
toe use of MTBE should be ph::sed out completely. The Panel recommends toat 
Congress lIet quickly to clarify fcderallllHl taal~ authorilY 10 regulale andfor eliminate the 
use Qf gasuline additives that posc a threat to drinking waler supplies") 

'Tbe P;JlJel i~ aW;Jre of Ihe currenl pro-iHl'ial frn further change,; in Ihe ~ulf1Jr levels (Jf g;J\oli:le and re~ogHill!s 
tlhl! ill";;lemlJll!4:i~-'11 <If any dnmge rCiluhing ff(Hn the P,u:el's n.:c;)nmentl~tl()n .. Will, of nc(e,~\i(J, need w be 
courdiealcd wilh implcl:lcnlation of these 91her char:gcs, HOWCVtt, a majorilY of Ibe Panel eon ,joeted the 
maintenance of current RFG air quali!y benefi~., a~ .'>(!parate from an)' llddi1ionol benefits that migh~ ;JCCHI(! fro::n the 
sulfur chan&l!~ ~urfen!ly under considl!r~t;O:1. 

'Under ~211 of the 1990 Cle:!H Air Act, Congress provided EPA with authority tu regulate f\lt:l foonulotillil III 
improve air quality. In additIOn to EPA's nati0nal authority, in §211 (c)(4) Congrc!>:; sOllght to balunee thedl'"irc fOf 
maximum unifurmity in nur nation's fuel ~lIpply with the obligation til empower ~Iale~ In adopt measure~ nccc~~ary to meet 
llatim\~I) mr quality ~r;lm!md~. Uml...:r *2! I tc)(4). ~1ate~ mlly :Idopt regltt;,llt\n~ on the comptll1l'1lts of f\~cl, hut InU,t demlm~lratll 
tlmt I) their proposl:d rq;'!lla!;nn~ arc nce~kd III addres~ a viola!;nn of the KAAQS and 2) it i~ no! p()~sjb!c IU .tChieyc Iht desireil 
outcmnc wit!!\J\!1 such ~hungc\. 

111... PiIIlci rc~\Hl1m,.mds th':'l Federal law he aml,'n\kd 10 cl;lfify EPA :.tml ~llItc aUI~lIlrilY to rcgul:~le 1!udJnr dimim.ltc 
1:lll\nliat udtlitiYes tlut tnrc:.tlCtl water ~uppLi~. [t i;. cxp<xlcd [Mtthis ;<,.ould be done inilially tlI'f iI tMli()tl:.t1 Icvc:l !O m:.tintliin 
lmi(0tmity in the fud supply. Pnr further lIelian by the <;tales. the gr:Ull:!I!; ,,( MIen ",uthmity \h"ui<.1 W: ha~d \tpon II ~imil:lr Iwo 
pnrt (e"l: 

I) ~!~lcs m\t~! dCfl'l!)lI~!wlC' Iha( their W"lcr n~g)Uf\!\!;\ .. rc al rislo; fmm MTBE 1It.C. atmn: .lIul beyPlw the risk p(j~cd by 
,.Ihcr gil"'!!;,,;: <;"mr('n~·m;. l\l kvell> oj MTUE u'& p:-c'>Cnt ;tIthe time ;,f the P.:\jucl>!. 

2) Sla!r, have taken necessliry rnellSllfCs, {O feslrielfefirnillale the pn:scnee of &ll\jj}jrw In thl! w!;tler feS(i\lrce. 

Tn lI1uximue !he Ilniformity wiih which aJY challge.\ are implemented and minimilC irnpliclS OJ COst And 
fuel s,upply, Iht PaM} recommends .hat EPA c~lablil>h criteria for stalc waiver rtqlles\), lnclllding bill nnl 
limited 10' 

il" Water quality rnelric$ nece!i~ary to demonstrate the risk to water resotJ rees lIlld air qllalit)' me!rjc~ 
(c\)ntinued .. } 
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Initial cffo!!s 10 redu\;¢ .. hould begin immediately. wi:h substa(Hi,d reductions to begin a~ 
soon as RecommendatiQn )0 above· the removal of the 2 percent {lxygen requirement ­
is implcmcntcd4

• Accomplishing any such major challge in Ihe gasoline supply without 
disruptions:o fuel supply ,and price will require adequate lead time - up to 4 yelJ.r~ if the 
usc of MTBE is eliminated, ~ooncr in the case of n ~ub.qantinl reduction (e,g. returning. 
Ii} hiswri..:nlleveb Qf MTRE use). 

The Pand recommends, lIS well, that any reduction should bc designed so as to 001 result 
in an increase in MTBE use in Conventional Gasoline. nreas. 

13. 	 The nthl.'f ether~ IC.g, ETBE, TAM 13., und DIPE} h.we been lh\ widely u~ed and less 
widely studied :han ~1TBE" To the extent thaI Ihey have been ,audicd, they appear to 

have simi}nf. but not identical. chemical.aad hydrogeologic characteristics. The Panel 
rec-u-mmends accelerated study of the hcal1h effects and groundwater characteristic!: of 
these compoundl> berore they afC 1I1lowed to be placed in widcl>prelio usc. 

In lIddition, EPA ano olhers should acceler;)te ongoing research efforts into the 
inhalation .and ingcstinn health effect;;, air emission transfonnati()n byproducts, and 
environmental behavior of all ,n.ygemiles and Qther C()mponents likely to increa~e in \he 
lIbscnec of '\iTBE. Thi;; should include re~elirch on ethanol, alkylmcll, and aromatics,;ls 
wlOl: 1\5 ·0 f gaso: ifie com p{l.,ition~ conl:ti tl ing th o~c co rnponenls. 

14, 	 Tn ensure that any reduction is adequate to protect water supplies.. the Panel recommends 
that EPA, in conjunction with USGS. the Departments of Agriculture and Energy, 
industry, and water ~upplicrs, shuuld move quickly w: 

n. 	 Conduct ;;bor!-lerm modeling t:naly:;es and other research based on cxbling data 
to eSiimatc .:urrcnt and likely futurc threats of contamination; 

b. 	 E~tab!ish wUlinc system\ to collc.:t and publi;;;h. at least annua!:y, an available 
monitoring dnla on: 

use of MTBE. other ethers, and Ethnnol; 
levels of MTRE, Etbanol, and petroleum hydrocarbon$ found in ground. 
suriatc and drinking water; 
trends in deteclioll~ and kvcf~ of MTBE, Ethanu:, uml petroleunl 
hydrocarbons in ground and drinking water; 

.1 C.continued) 
10 eflsure !H] 1055 of bencf~lS fref!! the fe-deral RFG prQgrall1. 

h. 	 Complian~e with federal requireme!il~ to prevent leaking and spilling of gasoline. 
c. 	 Pro&rams f;::f remediation and rcsfmnse. 
C. 	 A con!>i:.!cnt schedolc f(lf slate demo("Uilti"n\, EPA revie\\-, and any t<:s~lljng t!:gulalion of the 

-:Dlumc of gasoline componcnts in order It) mJnimilC diHUptiQll 10 the fllc! s~lrply ~y~tell1. 

~ Ahhough a rapid, suhstantial reduction will require removal of t:~e oxygen requirement, EPA should, in nrder 
10 enable initial reductions In occur as soon as possible, review adminis!rath'e ilexibility under ('.~i5Iing law to allot\' 
rcfiner~ who de-sire 10 make reductions t~l begin doillS ,{). 



c, 	 Identify aod begin ti.) c\)J1ect additlonul data nccc;';sary to adequ<ltcly assess the 
current and potential flllure ~tate of contamination. 

The Wintertimc Oxyfuel Progr;::m 

Th~ Wintertime Oxyfuel Program continues \0 provide a means for some areas of the country to 
I,.:nme in:n, Of mnin:!tin, cOll1pli:mce witb thc Caroon Mnn!lxidc standard. Only II few 
mctf\)pt"Ii~<1Il <.ITC<lS continue to use MTBE in this program. In most areas today, cthunol can lind 
is mf,'cting thci'e wintertime needs for Qxygen without rai~ing volatility concerns given the 
~c;json. 

15. 	 Thc Panel rec{)mmends that the Wintertime Oxyfuel program be continued (a) for ns 
long ;1," it f1rovidc~ a useful compliance and/or maintenance tool for thc affcc:ed sta:c\ 
and mctropu!i:un l\rct\~, and (b) assuming that the c\[,rification of state and [cdera~ 
authority described above is cnacted 10 enable states. where ncces:.ary. to regulate and/or 
eliminate the \l~e of gasoline additives that threaten d['inkin~ waleI' "upplie~. 

Rc~ommt'ndatio"$ for El'aluating and LClIrning From Experience 

The introduction of reformulated g<1s(lHne has hnd sunslunliill >llr qua:ily bcnefit~, but ~as lltthc same 
~imc ruiscd significant issues about the questions that snould be asked before widespread inuoductiou of 
a new. bf()adly~used product. The unanticipated effects of R FG nn groundwater highlig)t the importance 
of explonng the pOlenlial for adverse effe,('(s in all mcditl (air, mil, and w'li:!r), and un haman and 
ceQSy~lCm healL)l, before widespread introduction of any new. broadly-used. product. 

I{). 	 In order ttl prevent fnlUre sHch iucidcn:.•. 1l0d:o cva:;!a!C of the eff\!ctlvenc.s.\ and the 
impacts of Lhe RFG progmrn, EPA should: 

ii, 	 Conduct ,I full, mul!i·'mdia a~'+cssmcnl (of cffcct~ on air, lioil, ::;nd w,\ter) of any 
mlljor new lldditivt" h) gasoline j}rior 10 ils in:rodut:tion; 

h. 	 ES!!lblish routine lind slatisticully valid methods flir fls:;e~slng Ihe aCluaJ 
COlllj'Hlsition of RFG and it~ qlr quality hcnefit~. including the ,kvelopment. to 
the llI11ximum eXlent possible, of fie.ld monitoring and e.missions charaCleri7.utioll 
techniqoes to aSSCliS "rca: vdrdd" effecl;; nf different blends nn emissions; 

(', 	 E~iablish a rouline proceg, perhaps as a pan of the Annual Air Quality trenOli 
reporting process, for reponing on the air qualify results from the RFG prugrum; 
111ld 

d. 	 Build on exi~!inJ; public health surveillance syslcms to measure the broader 
impact (bn;h heneficil1l llOd adverse) of chaJlges in gaso!ine formulillion", OIl 

punli,c health and the environmeJlt­
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Summary of Dis'icnting Opinion 

By Todd C. SneIJcr, ~1emh('r 


I.<:PA mue Rihbon rune! 


,
The complete text of Mr. SII dll·r's dis~'enting opinio/l Oil II! e P allei's reCOin melldariofl 10 
i!iiminMe Ih~ federal (Jlyg!~ll ,'il(J./Jdard in,. reformulated gasoline is ir!duded ill Ch!J}Jtr.f 4 oj this 
report. 

In its report regarding the U.q: of oxygenales in gasoline. a majoriry of the Blue Rihhon Panel on 
Oxygenates in Gasoline recommends thai !lclion be laken to eliminate Ihe current oxygen 
~lilndard for reformulated gasoline. Based on Ic&ishl1ivc hi~lory, public policy oojccllves, and 
information prc~cntcd to the Pane:.l do nol concur with this spccific rccQrnmcfuja!ion, The basis 
for my position follow,,: 

The Punel's ~ej1url concludc\ that aromatics CJrt be used JS a safe Jnd effectlvc rcplaccll1crn fur 
oxygC'n,,:es. wilhout resulting in deterioratioll in voe amI toxi;; emission~, In fact,:l review of 
the legislative hi!>tOfY behind the pl.l~sage of the Clean Mr Acl AmendmeJllS of 1990 ciC;lrly 
shows {hal Congresl> found the increased usc of aromalks 10 be harmful to human heahh und 
inlended that their u~e in ga~()line be reduced as milch as lechnically feasible. 

The Panel's report concludes that oxygeJ\ate~ fail \() provide overwhelming air quality benefits 
a~"od'Hetl ".. ilh their required usc in ga~uljne. The Punel recommendations, in my opinion. du no 
accurately :dlccllhe benefils provided by the use of oxygenates in reformulated gasoline, 
C\):!gr~ss correclly ,'inw ;t minimum oxygcn,rtc rcquiremcnl a~ a cos 1 efft'clive mean;,; In (H.ltn 
rcuucc levels of harmful a!'Omatic~ und hclp- rjJ lhe air wc breatJe of harmful pnllultHlIs, 

The Panel's recom mcndlltlon to urge removal of Ihe oxygen standard doe~ not fulty take into 
account 0Ih(~r public policy nbjcclives !+pecificaHy idenlified during Congressional dehatc on the 
J990 C/(!flll Air Act Amclltimeills, White projected benefit.s related to public health were a focal 
poin! during the debate jn 1990. energy security, nalional security, the environment ami 
econom ic im pacl of the MII/'llrlmSlIfS were cleatl y parl of the rationale fM adopting: such 
<lll)cndme:HS. It is my helief that the rationale behind adoption of the Amendment.1 in 1990 i~ 

cljually valid. if not more so, today. 

Congres\ thoughtfully consiacf...:d and debated Ihe hencfl1.- nfreducing umlnutlt's uno requirin~ 
thc usc of Q~ ygenatcs ill reformulated gasoline before adopting the oxygenate pf()vi.,ions in !990, 
Unsell on lh{; wcighlDf eviden-ce presented 10 the Panel, I remain convinced that maifHcllllnr.;c of 
the oxygenate standard is necessary to ensure cleaner air and a healtbier environmc()(, Jam alsG 
convinced tbut water qualilY mU:lI be better protected through significant impr(Jvcmcnls to 

gasQ][ne slOIagc tanks and cOlltainment facilities. Therefore. becau~e it is dire-ctly counter 10 lhe 
w¢ight of the VJ~I majority of scientific and technical cviJcm:e and the dear inteat of Congress, I 
respectfully disagree wilh the Panel recommendation :0(111ile oxygena;e pnlVisiiHl\ of the federal 
reformu].ated gasolinc program be rClUnve.d fm::n curren: law. 
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LYONDELL CHEMICAL COMPANY 

SUMMARY OF DISSENTING REPORT 


The complelc text of Lyol/del/'s di.r.rclliing report is;'1 Chapler 4 of lhis report. 

While the Panel is 10 be commended on a number of good recommendations 10 improve the 
current underground storage lank regulations and reduce thc improper usc of gasoline, thc 
Panel's recommendations to limit thc usc of MTBE are nol justified. 

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

Secondly. no quantifiable evidence was provided to show thc environmental risk to drinking 
water from leaking underground storage tanb (LUST) will not be reduccd to mllllllgellble levels 
once the 19~18 LUST reguilltions arc fully implemented and enforced. The water contamination 
data relied upon by the panel is largely misleading because it predates the implementation of the 
LUST regulations. 

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

Lastly; the feeommendations will impose an unnecessary additional cost of I to 3 billion dollars 
per year (3 -7 clgal. RFG) on consumers and society without quantifiable offsetting social 
benefits Of avoided costs with respect to water quality in the future. 

Unfortunately, there appears to he an emotional rush to judgement to limit the use of MTBE. For 
the forgoing reasons, Lyondell dissents from the Panel report regarding the following 
recommendations: 

• 	 The recommendation to reduce the usc of r-.rrnE substantially is unwarranted 
~hcn that no increased public health risk assuciated with its usc has heen identified 
by the I'anel, 

The recommendation to maintain air quality henefits of RFG is narrowly limited to 
the use of EPA's RFG Complex ~'fodel which does not reflect many of the "ehicle 
emission benefits realized with oxygenates as identified in the sUllporting pancl 
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. 
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CHAPTER 2. ISSUE SUMMARIES 


In the course of its deliberations, the Blue Ribbon Panel heard from a number of experts in the field. and 
reviewed a large number of analyses and reports compiled by a range of organizations and individuab on 
the topics of air quality. waler contamination. prevention and remediation, fuel supply and price, and 
health effects (sec Referellc/~,\' below), In order \0 guide its development and evaluation of the range of 
options, and the selection of ils recommended option, the Panel worked with its own staff. staff of a 
number of federal agencies, and consultants assigned to it from [CF Consulting to compile the following 
Issue Summarie:-.. 

These Issue Summaries arc /lot 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 to conduci an entire ill' 
novo review of all of the evidence on anyone topic (e.g. health effects). Rather, these summaries arc 
designed 10 summarize all of the available information in a relatively neutral manner, capturing those 
areas where the :;cientific and technical community have corne to 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 proviJe.~ in Issue A. Wall'r CO/llamiIlIJlion. the firsl systematic summary of water 
contamination data from the states of Maine and California and from the U.S. Geological Survey. This 
data, which emerged beginning late last year, was augmented substantially by analyses completed by 
USGS, and a summary of the relevant data was presented to the Panel in April. The Panel did not, 
however. conduct a detailed review of the analytic techniques. assumptions. and methods of each study, 
bUI rather accepted them as valid efforts to attempt to characterize an emerging situation, and refers the 
readers to the original studies for further detail. . 
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A. Water Contamination 

I. Intrndoction 

There hZlve been increasing detections of methyl tertiary butyl ether (MTBE) in ground waters and in 
rc~crvoils< Overall, appro.\imalely 90 percent of tesled waters have- no detects, with remaining waler); 
gencndly exhibiting relatively low level conlllminatinn. As SOllrces of water conlamination are 
identified, thL' b.)h.;tvlor of oxygcnute~ in ground water needs {o be analyzed in order to unocr...tanil the 
extt:n! of (.;ontamination, The folillwing [s a ~ummary of what i~ known touay concerning water 
corHamination, 

II. Contamination 

A. Concentration Levels in I'uhlic lind I'rlva!e Wclls 

The usc of MTBE ill the RFG program has res~lted in grow ing detections of MTBE in drinking water, 
with betwecn 5 percent and )0 perc..:ntof community drinking waler supplies in high uxygenate usc 
arcas J showing HI least dctcctilhlc ulnoun!s ur MTRE" Trw great majority of these detections: to date have 
been weI! below levels of public health concern, with belween 0.3 percent to 1.5 percent rising to levels 
above 20 parts per billion (ppb)" Delections at lower levels have. however, raised consumer taste and 
odor conccrn~ Ihn! have eau~cd water suppliers 10 SlOp using some water supplies and to incur costs of 
tn:al:ncnt and rCltlcdiatlor .. Priv,\:c weH~ It<lVC al"o been cuntaminated and thcs;.' wells arc less prntcc:eu 
than public drinking wa:cr $UppJics and not monitored for cnemical conlaminatlon. There is al50 
evidence of con!aminalio-n of surface waters, particularly during summer boating seasons. A variety of 
s:udits, summarized in Table I, have soughl to determine the extent of MTBE contamination of drinking 
waler sources. In addition, :hc USGS 12 Northeastern Stale Study haii compiled data for MTBE !evels in 
COm!1lUnily drinking water. 

Although there are no nalion~wide drink!n& waler data iiCg fmm which to fully chllfa;;terizc MTBE 
delcctions in :hc United Slatc', a re{;cnt Uniled Stales Geologica! Survey {USGS) report cumines this 
is.'lIc with respecllO ambient ground water. Thl\ report ;;t5Se1:>!\CU ;;tudics t;OndlH.:!ed httwcer.. 19(1) lind 
1995 by USGS~NAWQA (National Water Quality Assessment Program), local. State, and Federal 
agencies: by c)'nlmning sampling datU from 2.948 urban & rural. drinking WJlter. and non-drinking Willer 
wC'lI~. l"rojeciions from these daii! sets: ;;ugge~! tha! up 10 7 percent of the oation'~ ground water resources 
COllI;! ?olcottnlly cuntn!n tI vulatile organ!c cumpo:mQ (VOe) such as MTBE at concentrations of at leas! 
0.2 ppb" Al tni;, tim;; il is: difficult to project future trends of contaminatit.ln due to the lack of time-series 
data. 

~ Area>; u\ing RFO (2% by weighl oxygen) and JM Oxyfuel (4.7% by weighl Oxygen). 
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TaMe I. Summuy or Studh'~ f;xnmining MTBF. Can lam inulinn (If nrinkiog \Vater Sources 

Concentration 
Ihnl\f (ppb) 

CaJif~'fnt~ 
J'ubltc Wdlu 

S"Ul'tt,' (lI-dJ,j 

, ,,,,,,, 

~h!ll~ 

I'~hlli' Wukr 
1'\nurri"'r' \I'! ell,i 

"hlnt 
I'rhak WatH 

!i"urN-~' (well,,' 

VS(;SfNAWQA 
Studies' (lI-eU~1 

\JS(;SIEVA 12 
N"rlbelblffH Sill!.. 

Study' (,plfm~l 

i'bS,llf~ 

MnL..~ r~h 

,, 
",.71f) 

MOl.dLl pro 
"'.<)41> :'Wi CI) 
M:1I."O.; pr" 

"",2.143 
MUL~IU!,pb 
kenw! Ie.ell 

N_J,IW 
MOL>olI'PI>' 

N\\I,·llelcm ~"9q. ~d4.J'f ~¥O'k ~'fV'k -n,g'ff 

MDL.5.ppb tHAI -1,Ui% -)H~ -45,,*, -S.tl'k 

~·2!) prl1 ~:JJ'+ ~OJ1% ~ J.$% -:JA% -1.3'" 

:> -l!ll\r~ -o.n ~().~'); -1,5% -() 4':t -O.~'ft; 

'Caliiornia j)~pM!l1JeO( ul Huhb St:t;CCl, A;;ril 12, lIN? i www.Jh~_til_gO.(f!wd\lw.:mkhemkillqMTfUilml ..... sUmm..i)·.Il\mj. l!ccau~e tht 
Slmf snUfce may be ({,umed mUfe tban once It.g., as bND ~fI'" ~ aod Hl!taltd~, n "11th a ftlefvQir),JaJa from a ~ingle ~QJ:Tee h.ne bce~ 
conlr.!idllrd fur rn;>r.srj (If cuuntiog 'wu"es ~ 
:AI~bullg~ lherf rJH ~fcn (k\¢~1< I>dr.\!< .5 p;>l! .•;;~ de({c(luu< Ute f"! rqvlml \(11): f;rOHe,l 
',\.H $:oil", A\!<~lp.,,, MTH F cat.: "I!,,""!;" a;d 1',;vAc wUI~' pmff' Q'1ll'leu 4< p~,j of lh )-'h'Jlc MTHE il,i"kiul W~lcr Sti dy-­

l'(~hminf) Rep"'!. (kh,bn ; 3-, 1<;4.8: wri\!tfl COj'!lrHII!'~l"'U In 1,),S, EPA, M~y ~jj, J9'1'<. 
'Dala Ult dvailtMe In olher ,"Ut«< it',R,. (I'riogi J!H.! ~Jlf~H' water), 
lpJ. S'l1lilbce, D.A.l:luder.l.S. ZOIP'>nl.,. Auly'!'~ flf USGS ,btJ <lfI MTlIE lfi wd!, ~lUll'kd u Pll~ oflbe ~al;OMI W~,~rQlalily 

A~)e~imrfll Program, 1'193-1998: Wriltt, COl:louo,cahlln Iflll.S. EPA. May 23, 1999. 
','.J r,-auy, Andy;-" '" Inc Pr:'inmafY hru,,!>, af Ire 12·Sj~!e MTfiEIVOC j)ri"ling Wiler Sidy. j 9'l~.1 ')')11: Cf;mmnoi, ... i"n In LJ ,S. 

::i'A, :':~y :0, lif'H 
'~"mc 1.1ml,k' "':I! h'l:htf n:pmting 'heh tnt a"l t(fll 'flte/ltd ()ijl. 

N"It! S"me $,l-Itn~ ba.ltt rnuihpit \UUI'", 3Mllhf tm~l1lijml!tl 01 tnU!~f\ IS fuLnowo. S).\ltm~ willi m~ lliplf dflftlions ire counled in lbe 
higbts! >trorltu tootttHi4Hllll .a4tt, 
"\lDL"::: Millim~m Otlttlir.n Ltl-llL 

MTBE W<l5. the ~cconJ mo;;t cQmmonly detected VOC in water from urban we:1.~6. Due 10 Ihe inadequacy 
of l()ng~term monitoring data, the extent and trends of ground ant! surfacc water contamination in the 
nation ace 'ilillnoi well known A;; such. rcsearch is underway to obtain more conHimination occurrence 
d,lla fm ground nnd surfnce WlI!e!"s, An American Water Works AS,'iO~iati{)n Rt!search Fount!;uion 
(AWWARF) study of the nationnl occurreHce of MiB E in sources of drinking water (i.e., fivers, 
reservoir,,_ ground water, etc,) bcg3n in May 1999 atHI will CQntlflllc for two years. This type uf dona will 
document near-term impact< and provide important input for analysis to predict fu!Urc cont;'l.lnination 
trend". 

n, RFG/OXY Arca$ Versus Non·RFG/OXY Arcas 

D<l;jJ from tbe jOin I USGS and U,S. Environmental Protect inn Agcncy (EPA) 12 N<>rthc;:stcrn S:<lIC 

sludyl and thl.! C'~WS1NAWQA study Cfable I) were analyzcd to evaluate tlte fre,!uel":)' of MTHE 
deicc:inns in drinking Winer in RFGIOXY versus non·RFG/OXY areas. Res:.!:!!> from tbe USGS/EPA 
Norlhe-astern State study indicate that MTBE is detected len limes more oftcn In drinking water from 
community wlttcr;;ystc!TIS in arellS thaI usc reformulated gasoline (RFG1 or oxygenated fuels (OXY} than 

I> Palll Squllilce. et at, "Occurrence of the Gasoline Additive MTBF. in Shallow Ground Water in Urban and 
A gdcllitural A feas; Fact Sheet FS-114-95; U.S. Geologkal SUf\'l!y: Rapid C ilY. DS, 1995; P.alll Squillace, et.al., 
Preliminary a~.,e~sl11enl of the occurrence and pnssib!e soorce\ ofMTBE ill gmuadwater in :he United States, 1993­
!994.Envir0n. Sci. Tech. 30 (5i 1721-1730, 19-96. 

1 V.S. Ell ~'lrollmental Pro:eetiOR A geney and United: Stales Geological Survey, Preliminary Finding of the 12­
SWU' MTBE/~'OC Drinking WaIn ke{rO.fpCCliH!, 1999. 
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ill lloll~RrG/O)i Y areas.£ Likewise. uata from USGS/NAWQ A indicates a similar dejection frequency in 
RFG/OX Y areas (Table 2). Tbc USGSfNAWQA study also indicates that higher levels uf MTBE (>20 
ppb) are J9 times more likely to be detected in RFG/OXY areas tban In flon-RFG/OXY areas,s MTBE 
detccllons 3fe clearly elevated ill RPGIOXY areas as compared 10 BTEX (benlene. toluene. 
cthylheflzene. and xylene) detections. 

Tallie 2.•\·ITBE and BiKX Detrctillll. RFGJOXY \'5. Non·RfG/OXY Arcas lO 

HFG/OXY Areas Using MTSE 
(480 Wclh) 

, 
,, 
, 
, 

MTUE Dctection 
(0.2 ppb) 

21% 

,,,, 
, 
,,,,, 

BTEX Detectinn 
(O,2 pph) 

4% 

Non-RFG/OXY Area~ in Ihe 
United States (2,263) 2% I 

I 2'.:'" 

Af!er Ilormalizing for faelors Ihal affect detection frequency (i.e., gasoline stations, commercia! and 
industria: lund USc, etc.). MTBE i~ four!n ~i'\ times more likely to be detecied in RFG!OXY are:.ts th:.tfi 
non·RFG/OXYarcas, In RFGiOXY areas. of the 50 million people dependent on ground w;lier, 20 
million use an 31juifer cQn1aining at le-ast one voe, indicaling potential vulnerahililY to MTBE_II 

C. Co~O;;currenl;c of 1\,1T8R and Other Galtulinc Cumponents 

For co-uccurring components in gasollnc, preliminary d;:\u ffUm bOlh tbe USGSiEPA J2 Nonheaslcrn 
St;lle ;;\\ltly und the USGSINAWQA 5!udy shows lhat MTRE is generally dcleclCd in groundwater 
samplcii lhal contain another VDe, hut is not associated with BTEX deteclloOli. In USGS/EPA drinking 
water foamplcs conlalning MTBE. BTEX co-occurrence were only 0.3 percent. even though 
:lPl'fUXim:llcly.H percent of the s<!F.l;>lcs contained one or more other VOCs.); Similar results arc 
exhibited fQf USGS/!' AWQA ground willer sampies containIng MTB E. \Y 11h only 13 percent of the 
samples: with .\1TBE also detct:ting BTEX.!l 

~ Stephen Grady "nd Michael O$in~ki. "Preliminary Findings of lhe 12·St.ale MTBE/VOC Drinking Waler 
I{elfo~pcctive," pn~~en[ation at the April 1999 MTBE Blue Rihbon Pancllllceling. 

'J Paul SquillaC(:, "MTBE in the Nalion 's Ground Waler, National Wuter-Quulity A~ses.snten{ (N AWQA} 
Program ResU)f~." pmenfalion at the April 1999 MTBE Blue Ribbon Pand meeting. 

10 PillIl Squi1!._cc, "M TBE ;n tf:e !':l![iO!1's Ground WJter, N;;tio;)l'.l Wata-QU<ihIY As~e!>sn1el1t (N AWQA) 
Program Results." presentation at the April 1999 MTBE Blue Rlbbon P"nd meeting. 

11 P11II1 Squillace. '·Vobt:le Organic CW1lpound in Un~realcd Am bienl Grounuw:!lcr of the 1: niled Stale.~, 1985 
·1)195," pre,\entalhlll.Althe Apr:: 1999 ."lTf~E Blue Ribbon Panel meeli:1g" 

II Stepnen GrJdy and MkhaeJ Osinski, "Preiimir,ary Findings 1)f Ihe !2·State MTBE/VOC Drinking Walcr 
RetrospeCllvc" pre:,c:ot:llioll a! Ihc April 1999 MTBE Blue Rlbhno Panel:nc:e:ing" 

!1 Paul Squillace, "Volatiie Organic Compound in Untrealetl Ambient Groundwater 1)f the United $1;IJes, i 985 
~ 1995," prC:M!rnalil'u at Ihc April 1999 MTBE Blne Ribbon Panel meeling, 
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HI. S(lUrc<!5 

The, most fre'luefn sources of higher level. .. of ground Walcr eon!amin:ltlon (grea(er :hun 20 ppb}1t appear 
to be releases from gasoline storage and distribution systems, although there have been repor:." (e.g., 
!vi"ine) :ha: wOldJ suggest other s()un:c~ of {.:[)ntuminatJon. sllch us smull spills and improper disposuL In 
reservoirs iillU hIkes. MTBE detections, w~,ich vnry sc:lsonJJlly. appear to be fttlm recfcatiim;d watercraft. 
pilrtklllnrly 11H!~e with older motors. More general con!aminalion of ground :md surface walcrsllt lower 
1eve]s (llsu:tlly l<.:ss thun 5 ppb) arc primarily from HOrn) Waler runoff and to a lesser degree, air 
dcp{)sition. U~ well as from leaking tanks and accidental spills. 

Specific examples. of recent findings. regarding the ;.;ources. of groulld water cQ!ltalmnalion include the 
following: 

,L Santa Monica, California!'! 

Gfo~md W,'\tCf contamination fn)m LUST;; h.a\ rc~uhcd in :he cQntuminaiion 
and c!tJ\ure nfY high volume production drillking water wells (daily water 
demand at approximately 6.5 million gallon;; pcr day) 1Jt levels up to 610 ppb 
in the production wells. up to 17,000 ppb in rcgioOll! mOllitoring wells, und 
IIp to 230,000 ppb in LUST s.ource~site mOllitorillg well$, 

An automobiic gasoline leak contaminated a supply well lOt} feet away to a 
level of 900 ppb, 

c, U niversitv of California, Davis Donner L:tk~ St;ldv" 

The Ilse of motorized watercraft yielded concentration levels from 0,1 ppb to 
12 ppb, 

!4 Office of Scicnce allC Techllology Pohey, Nationll} $c:rflce and Tcc1l1lology Couneli, Interagency 
:1SU.tltlUfH oJ Oxygelldred Fllels. JUlle 1997, 

1$ Komex Hi!) SCIence, Draft Im'fHigatioll Repan a/MTBE CVllf(lmillilliOIl: Ciry of Sallro MClllirtl, CIWffWck 
WeU Field, Los Angeles, CalifOfilia, March 21. 1991; Geomntflx C(lnsultanls, Illc .. Summary ofMrRI:' 
GfOU116Wmf{ M(mifMing lktulu, f'flliffh Quaner 1998, Charnock \YelJ Field Regional AHcssmelll, Los Angela. 
Califofnia. April 1, 1999. 

j" B, H unler et .11 .. hl111 paci (II Sm,1I1 Ozso Ijllc Spills (In Grou nd walcr.- prel im ina!)' reror! ab~tr"cl llfc;..cllied al 
the Mailie WJ:er Confcrcllc;; Meeting, April 1999. 

n LE. Re:lt..:r et aI., "Cllilcelltration,~, Source!> alld Pale of the G~"o:jnc Oxyger:alt Me-ft.)'1 Tcr:·tSutyl Hther 
(MTBE) In a Multiple·the Lake," £lImollmentai Science (flU! TalwuloKY 32. 3666·3672, 199if­
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d. Metropolitan Water District of Southern California Monitoring Program i~ 

A monthly monitoring program (January 199710 present) at six sUfface 
watt!r T<!servoirs resulted in concentrations as high as. 29 f>pb d~!fing summer 
houting ::nonths. 

e. osrr RCVQrtl~ 
Storm waler r~noff exhibited cuncelHratinll~ of 0.2 . It? ppb in? 
percent of ~amples :e"ted in to citic~ from 1991 10 1995, Based 
on modeled air (oncentrations, concen1rations in rainwater are 
pre-dieted to range from tess than 1 (}pb 10 3 ppb, 

IV. Helluvior 

A. MISE 

In !;rnulld water. MTRE is more soluble, does no: <ldsorb as readily to soil p<lr~icles, bkll.lcgrudes less 
rapidly. and thos moves more quickly than oilier componcnh of g::1wlinc (fe" HTEX),:11 [n surfilCC 
wn!er. vollltHiznllon of MTSE at the air~walcr lnlCrface i.~ a \ignifkunt contribl\tor.o dccf\.':1.\!.;ed 
concenlrattons of MTBE.21 . 

Much of MTBif;; bchavim is dependent upon the nature of the release, whether the release ~uurce is 
pOlnl or fnm-poinl, its geologic ~ctting', and environmental and microbial ral.!tors. In .'itudills tn date, ill 
siw biodegradatl{lfl of MTBE !ins been minimal or limited at best, which is significunt!y le~s (by "t lcust 
one order of ma,gnitude) when compared to benzene. 

U. IWlanol 

Etbanol iii extremely s()luble in water and. based on theory. should lravel at ubout the samc rate as 
MTS E. Ethanol is not expected. nowever. 10 persi.st in gwund water due to ctnanol's ability to 
biodegrade easil:l. In fael, laboratory research findings suggest :hal ethanol may inhibit Inc 

I~ M~lro;)fliL:n \Valer Di'lricl. Met!,yl Tertiary UllI)'! Ether M"llliuring Pmgrlilll Uf ti;f' Mefmpo1itrll! Water 
lJimin a/Soullh'!!! Cali/omid, moni\ndng program update, Aptil1999 

1'1 Office of Sdence llad Technology Poliey. National Science and technology Cou ndl. j'lIerogf.'flf)' 
.4.H{'SSIIIf'r1l uJ Oxy,<rlllltl'd furls, june 1997, pp, 2·33 - 2·3), 

l{) A ,M, H :lppe! e! aI" A'I Eva/uri/ior, oj M nu; {lIil'fi(f.1 ti· Calij(lr/lu! (hOtdltiwUf('f H,',fill/ r('(l,\', L;\ 1\1 fI.'nee 
Llvcnn,)t!; Ndt!lHlal Lilhuratory Repor!, UCRL-AR-130!i97, June 1998: A.M, Happel, B, Dooner, and E,H. 
Beckellt.aeh, "Methyl Tertiary Butyl Ethe. (MTBE) Irnpartslo Califurnia Groundwater:· prescnlalinn at the March 
1999 MrSE Blue Ribbon Pallel meeling: Salanilru, J.p.. "Understanding Ihe Limitations of Microbial M etnbol15m 
of Elhen U~ed a~ F~eJ Octane Enhancers," Curf. Opin. Bi{)lechI1ol. 6: 337·340, 1995. 

11 Paul Squillace et (II.. "Re.... iew 'If the Environmental Behnvinr nnd FUle of Melhyi Ternary-Butyl Elher," 
EnViron, Tox. Chem, 1997: UC Davis Report, Trunsport and Fate Modeling of MTBfl. in Luke~ and Re~ervoiH," 
Stephen A. McCord anti Geoffrey S., Schladow. 
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biodcgn\da:h)n of BTEX because the microbes rrcfcremln!ly metaholize ethanul before BTEX,~! 
QJalitallvt!- :ltId quanti:ative characterizations of cthanol biodegradali,)1l under field cO!lditiolls have aot 
been done to dale. In one hypothetical analysis presented:o the Panel, the addition of ethanol to g,asolinc 
was estimated to exlend BTEX plumes by 25 percent to 40 perceaL ll Additionally. a study in Br:ll.il 
indicaled ina!. high cthanol concentrations in grouod water (greater than 2 perc;:nt) enhanced the 
solubiliF,<llton aad migration of BTEX H No alllinnul mflnliOrlllg uf ethanol in gruund waLer, surface 
\Yaler or drinking wafer ha~ heen completed at thl:> limeY 

V. Drinking Water Standllrds 

A. Drinking Water Ad\'isory 

In certain SilUal)On:>. either the public's concern ab(lliL potcolia! cJ.lnwrnination, or water supply officials' 
;,;oncerns <lhollt the I3:ste and uuor effect" of MTBE contamination. or bUlb. hus affected the <lhilil)' of 
local aU!tmrilic:: 10 rely on ihcir water supplicl' for drinking water. For example, South Lake Tahoe, 
California water of(iciah recenlly closed 13 wei is due 10 the proxim ity of MTS E plumes 10 its drinking 
water wells, 

The 1] .5, Environmental Protection AgencY'1i Office of Water has estahlisbed a l.hinklng water advjsory2~ 
level of 20 II> 40 ppb as a guidnn;:c ftJr Staw undlocal authorities, hascd un taste and ndor cuncerns, Thi:> 
g~idance ~lI~,a;c.qS {,Dntrollcve1.~ fur taste and odor ,ll:ceptablli:y and ;d:;o provides a large margin of 
safety against any potential adverse health effects, The advisory levels enable water suppliers to easily 
assess ii their drinking water is likely to be lIcceplabte 10 consumers.. The advisory aiso recognizes that 
some members of the population may detect il helow Ihis range. Howevef, as indicated in table 3. slates 
have eli[ilbli~hcd different guideline!> nnd stanunrds ba~ed un differing interpretations of the daia 
concerning the Laslt: and odor thrc,~ho:ds and healtb effect studies for MTBE. 

In addition, EPA hus proPllM:d a revised Unregulated Con!aminanl Monitoring Rule. which would 
require large waler systems (serving more than 10.000 persons) and a representative liample of small- and 
medium-sized wuter systems (serving !ewer than 10,000 persons) iO monitor and report MTflE levels. 
This program is 'icheduled w take effect in January 2001" Under this regulation. the majority of pub:ic 

n H .X., Cur~eull el aI" "The tnflucnce of the Gal-oline Oxygenate 8ltwno! {lU Aefllbi.c lin!: A naerobir BTX 
Bi{)ucgradalion," Waf, Res., !998, }2, 2065·2012.; C.$. Hunl et a1., "Ef!ce! of Eln:lllOJ or; Aemo:c BTX 
Degrmhtinr. PlI;Jcn frum the Fourth Internallorallu SilU aud Ou·Si!e Rkremedin::o:'l Symposi~lrn," B~t!e!!<: Prl.'~~, 
Apr:!-May 1997, pp. 49-54. 

1.1 Michael K;l\'anaDgh and Andrew Sweking. "I'haluatinn of lite Fale and Transporl of Elhanol in the 
Environmen!," November, 1991t Preseul:ttion ilt the May 1999 MTBE Blue Ribbou Pune!. IBn~ed on Malcorne 
Pirnie. Inc. Ewlil1alil!lJ of flu FaIf and "rllllJporJ of t:tlw!to/ in ttlt CII ~irfUll'I('ljf (OaklanJ, CA. 1Q9R.) 1 

Z~ H ,x. ConeDil and PJJ, Alvarez, "N t~u:aJ Bir,eli1eJi;;t:o:l ?er,.,perLive for RTX ·ConLal11il1Jtcd Groundwater 
in Br:l7,ii," \Va:. Sci. TeciL. 1996, 35,9·;6, 

15 EPA analytical mClh{}ds ate limited fOi ethanol analy,i~ providing ouly ppm range detection limits. 

29 U.$. En vlmnmemaJ Pn:tcc\i()r.: Ageney, Office of Water. D tillkil18 Warn Advj,lIJry: Coltsl1m er ;\ccfplaiJifilY 
Adria and llNlllh Effecu Anaiy,I'iJ ill! IH~:hyl Tertiary-lilll}i filler (MTlH:), December 1991. 
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groundwater supply wells will still not bc monilmcd for MTBE!' The availability of COTlsumer 
Confidence Reports will notify the public of what contaminants arc found in drinking water. Increasing 
numher~ ofcoosumers may find the waler unacceptablc if they arc aware of MTBE's presence. 

Prlvatc wells are not 5ubjecllo monitoring under the Sufe Drinking Water Act. but ure left to the 
discretion of the Slate. Therefore, private well owners rarely have routine monitoring for either bacterial 
ur chl)mical c<)1l1nminalion, Private well~ are Iypically more vulnerable than public wells due 10 

differences;n wdlhead con)ltruclion, Spcdfical!y, these wells Iypically draw from shallow !:\roundwa:er, 
which is mOrt' vulnerable to impacts from ~urface conl,tmination. 

IL Slate Guidelines and Action Levels 

A;. Table 3 indicate.,. a number of Slate:; have eSlablished drinking water guidclinl!s :.Ind action :C'leJ3. 
Currently, four States have j}rimary drinking water .<;Iandard;;, l!tree Slates have enforceable guidelines, 
and 12 States eitner have an MTBE guideline o-r action level in place. Figure A I, located in Appendix A, 
cmll;dn~ fI nl:lI) illu\wuing these various Slate $1;mclttrds, 

Table 3, State Drinking Water Standard", Guidelines, and ACliftfJ Levels 

· Mamc (35 prill 
Siatl'S with I'rillmry Orinklllj.! Wat{'!'" Standards • New Jcf,~Cy (70 pro) 
HH'alth-ba..i>d; • New Ymk (SH ppb) 

• Soulh Camlina aO-40 ppb} 

Stuh: with u S~TUndbry Stundard (at';\tfwtit:) • CU\ifUHlia (5 ppb); cnfnn:cablc 

,,, • Midligun (240 ppb); health·b,lsed
Stlltl'S with l~nr6tt"CaWe Guidelines , •, Wcsl Virgmia (:lOAO ppb); tiPA Ad"iwry 

• Aril.mm 05 pph}; hl'ol{h'oos{'d 
• C~lllfflrnill f 1.1 ppb}; flt<:li{i;,I"·l.l'l'd 

• CHom:dh,:u! (70 pph): hf!"lIh.bmrd 
• lHinoi;. (70 ppb); h<:'tllth.b(lr.'d 

• Kan\>a\ (20·40 ppb): EPA Ad!'imry 

• Maryland {I{) pjID): (lI!S!JlFlfmJly./wsed
$!all'~ witll a GlIldclhw or Al'd(m Lew:lln 1~llIl'C 

Ma!>-\achU~elh (70 ppo); /J('al!iI./wsed• 
• New Hump'h;lc {!!i pphJ: U<':;:iwfil'aiiy !1mI'd 

• Pcnn:<y]v"ni,1 (20 .. m ppb): Em Ad!'i~f)I}' 
• Rhode Istand (U.I.40 ppb); £/~'1 Addsrrry 

• Vcnnonl (40 ppb): EPA Adl'iwT), 

• Wbcnnsin (on oob); hea{r/j./m,n,ti 

SQum:: U.S, En~'j:unmtnlaj Pfl11C~UO::l Agency, 

2! Waler Hlp'pliers are required l(r llIooilar for vn!atlle organic compou:ld1l. and MTBE C<l:n be analyzed by the 
~al;l: analyt:ciil Jac:ho;h ",;;0 :hcrcfore cO'Jld he included ,lhlng with ,~ehedu:ed vcla:Jlc ar~anic c(JI:1pmmd 'iamp!hg. 
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Ntltiona! Primary Drinking Water SttlnJards, as defined by the Safe Drinking Water Act (SDWA), must 
be health-bused. Although .~tanJards can be developed at the Federalleve! based on taste llnd odor. such 
standards are secondary lind non-enforcellblc. Currently, the Drinking Wllter Advisory serves only as a 
national guidance level for aesthetic effects that EPA recommends for drinking water. Due to 
uncertainties in the health effects database, gaps in characterizing national occurrence, and significant 
variability among health study methodologies, EPA docs no! have sufficicllt information to cstablish till 
enforceable health-based standard at this time. 
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B, Air Quality Benefits 

I. Introduction 

The Fedcrlll <lod California reformulated gnsolinc (RfG) programs nave ::;ignificantly impmved air 
quality by reducing emissions 01 loxics and lowering tlle ozone forming pOlentiallhwugh reductions in 
volatile (Hgunic compound (VOC) and oxidc~ ofnlnogen (NOJ. In general, these program:; have 
re,~ulled in gn:at!!f emis::.ion rcd,Jctions lhan statutorily rc(!uircd. 

11. t'cdcral RFG Program: Requirements and ncncfits 

:\. Summary i,f RFG Rcquirements nod Ucncfit.<;: 

Ozone and air toxic levels in this nation have tlccreu~cJ substantially in recent years as 11 result of the 
Clean Air Act's implcmcntali,)n. There arc over 30 arcas, however, that are still in nonattainmcnt with 
the current OWfll: standanl. Tne resulls ,,( cmis"ions h),~tS. tunnel studies. and femllle sensing of :ail pipe 
cxhllUS! indkalC that RFG usage can cause II decrease in both tbe e.\hl!u~t and evaporative emissions from 
mmor vchicJc,,,,H Based Oil scpnratc cost effectiveness analyses conducted by both the U,S. 
Environmental Protection Agency (EPA) and the State of California. when compared to all avaHable 
conlrol options, RFG is a cost-effective approach to reducing ozone precursors such as VOCs and NO}' 
Although there i~; no National Ambient Air Quall:y Slandard for \oxics, a number or provi!.iuns <.If Ih!! 
Clc,m Air Act require reduc!inns In taxies emissions, and Federal RFG has contributed!O Ihese 
reductions .. 

The RFG prog.ram, mandated under the 1990 Clean Air Aet Amendments, reyuires ch:mge~ in motor t\lCl 
formu;alion which result in decreased vehicle emission" ftlf areas in the U.S. with Significant low-level 
0•.000 pullution. otherwise known as smog. Theie areas represellt nbout 30 percent of U .5. gasQline 
consumption. The program requires reductions relative to a 1990 fuel baseline in levels oi NO" loxic,.. 
and VOC emi.s~iilns and also requires J minimum 1en':1 \If oxygen and limits Ihe maximum benl,cne level 
The cmLislOns performance of fuels relative til 1990 is evaluated u,~ing a linear regressio:1 model, ft!fcrred 
to a~ lhc "cumplex model." which was developed using thousands or emissions test:.: rc1illLng fud 
properties 10 cm[,sions performance. To certify a fuel us RFG. a fuel manufacturer measure;;. tnt' eight 
relevunl physi.:a! and chemic:l1 properties (}f the fuel, enters !hose resulls intO the contplex model. and thc 
nlode; deler!lline:; the perCell! reduction in NO" VOC, and :O'.;[c~, relative to 1990, fil( {hal fJeL I)hllse I 
(If the program began in 1995. Phase 1I. scjcduletl to begin on January 1,2000, will implement more 
stringent NO" VOC and toxies reduction ~tnildard$. 

The best avnilabh: data indicate Ihal the RFG program hall suhstantially reduced emissions of ozone 
pwcurso:s Hr.dlo~i(.~ (See T,\hle I). Al\alysi~ of fuel dlll;l reported by refiner'> for 1995 :h.rough 199R 
indic:ltes that emillsion reduction benefilll exceeded the lIlandards for VQCs, XO" and t('Jxics. JO Toxics 

l'>U"S. EnvinHllllcnlal Protcction Agcncy, Regulatory Impan Analysis. 59 FR 7716. Docket NCL A·92·12. 
1993. 

.111 Refinery Rep(l:ling Data and RFG Survey A~s(lcja!io!l Oa1a. Data on gasoline propcrt:e~ CDlIla!ncu in thIS 
IJ.lI/( Snmmary :Ire derived fn:lIn two primary sources. The RPG reporting data represenl duta submitted by the 
univC(se of RFG producers or importer~. The RFO survey data ure deriH~d from u carefully planned stllllMlcul 

(continued .") 
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rcductions in pnrticular were substantially gtC'tllCr lhan the SI:JllCilH} (an over 33 percent reduction versus 
a 17 percent r-cqllircmcnl). (Refer to Figures B 1 thrnugh R3 in thi" /i;,ue SumlliClry'x Appcndix)Y In 
aUUllion, ambicnt monitoring data alsn :;uggc~t thilt tbe RFG program is working. The EPA's 1995 Air 
Quality Trends report, which coincides with tlte firs! year of Ihe RFG program, shows a median reduction 
(If 38 pereent in ambient benzene and significant decreases in other vchicle-related VOC concentration;; 
in RFG areas,ll No other control action could have accounted for such a subswnlial decrea~e in benzene 
levels. 

[n 1998, NOr!hcm;t Stutes fOT Coordinated Air Usc fvlanagemcnt (NESCAUM) conducted un assesi-mcnl 
of th~ W;l.icily of u)nvcn!ion<ll glHllinc (CG) vcrsu:; RFG sold inlhe NorthcllSL Thil' :;:uJyH fm,:u;iC(! nn 
SIX tox ic air po llutants Ibe nzene, I ,3-patddlenc, ace:aldchydc, polycyclic orgal1 it: maHer (PO M), 
formaldehyde. und MTBEj, A modified version of the complex modcl, Incorporating MTBE e:nlsslon 
ralt'.s, was used to comparc differences 111 prcdiclerl emissions hetweel1 compositeJ average RFG and 
cOl1ventiomd fuel types. sold iflthe Northeast While emissions estimated by the complex model may not 
accurately reprci>cm aema! emissions from the motor vehicle fleet, it does provide a means of 
establishing rdutive effects of fuel composition on emissions. Relative cancer pDlencies were assigned 
fU the ~ix comjHlund~ to compare carcifwgcoicity mnong faell}pcs. This sr.uly concluded that Pha.\c I 
RrG (in 1996) ";ervcd to reu4ce cancer ri.~k Jlssm:tated with gus1)line vapors and aulomobile exhausl, , , 
by 12 percenL .. :' aod that Pbase!1 RFG would '"reduce the public caOl.;er risk., _by 20 percent. ..." 
'fbi;; repon also nuted that "since the cancer potency {)f MTBE is significantly le;;~ than Ihat of benzene, 
1 ,3-butadienc and POM .lts presence in RFG at 10 percent by volume tends to dilute olher carcinogens, . 
, ," The Nalional Research Council (NRC) reporl also slaled Iha! the most significant advantage of 
(lxy&enatcs In fud appear.. \0 be displacement of some air toxics (e,g .• benzene frmn RFG). For 
additional infnrmation on lYPlcal fuels and Ntandards, refer:o Tuble B! in Ailpcndix B. 

>tI ("xof!tinued) 

samp:ing ofretllil :,[allor.s In va:iou~ RFG cilies. The 'iurvey plall is dc~igncd to estimate averag.e gasoline 

jlfOpertle~ for l ghcll area over a ~pecifk time period with a high degree llf ,tatistical confidence, 


The cak:li1ti'jn ,jf vae, NOx, ;tnd to,ic~ rcdu('(ion.~ is bMi~d upon meas~!red pn1pz:tic:s :'(\)1\1 thl;,e [Wi) uula 
source, lIod I, (:JIc~I!~tcd by the "compler. nHl~cl:' u regression mlldel ba~ed upou thous,ands of Vehicle cmi5sic-ns 
UHK As with any modd, some uncertainlY e"i~ls regarding the cillculated emissions reductions and their 
applicability for any given flectln any givcn year, 

11 U.S, Ell viron mental Protection Ageney bar cham reflect survey data coJJected from 19,000 ~amp!es dndng 
1998. Dal;! frum RF'G Survey A~o;ociatiol1. 

1l US Ell viwn mental Protenio 11 Agcney, Nariol/ul Mr Qilllft:)' IIlId Emfs.riom; Tre!uiJ RcporJ, !995, 
, 

J] NESCA U~I, 1?elalil'l! Cancer Rj.tk of Refufmulawi GI/wlille and C(Jfll.'enticn(ll Gasoline Sdlil ill the 
,/-"'f)fC!/CIW, AugU\t 1998. 
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Table B1. Typical Fuels and Standards 

Fue! Parameter 
Conventlo!\l'!1 

Gasoline 
Pte·RFG 

F1l'dttel AFG Phne j federal RFG fllne II Callforl'lla RFG 

Aclu-al l Complex 
ISummer) Avl'l. SId. 

AuuglngAclual 
Standard 

I Averaging
Actual , Standard 

RCid Vapor 

P'essure (psi) 8.7/1.8 1.9/1.0 (6,0/1,1), (6.7) 6.' j6.3) 


S;l!u (ppm) 33' (285) (niIJ) 20 3D'" Oxygen (w!%j <0.5 2.26 2.1 min 2.\ min 2.1)] 12.0) 

A'omalic${vol%1 " (32) 125) 23 "" Olclirs \vcl%) 10 (10) [11) 4 4" E2C:'J(%: (45) :49) 51 14&;" " E3DO (':'oj ;, 1831 iS7) {9;)"" _£L~nze~£ {voi%j 1.5 0.68 0.95 '!lax ,9~ rna;.; 0,55 0.' 

Phase II complex model ptJ(/()rmlltH:& (% reductloll ffom 19911 IJ/Jullne) of these fuels,' 

voe p!lIformance 26.1 22.1 29.8 29.9 29.6 

NOl performanCe 5.3 6.' 14.5 14.7" 
Toxics performance 31): 19.7 28.4 3H 34,4 

'"AClu;;l" Phan: I ~~rnn"sr iVOC·Co~::oIMal RFG ?'ij!l"~i al'.O pIHf01m1lJlCtl utroat/HIII¢!!'! I$Sa RrG Camphane. SUfWJ)," 
'Plsper!ies 1~!IJd y/'JdIJr mil" FlldG~al RFG "$lamlanu" wlumtts In !l4fattll1ulI$ aft rol Gtardaml pefse, 001 indlGlIl&!M 1IY!tfll!l1l" ;;'IIl"P~rt'H a 

$vmm.r lusl mus! have» -.e&11h8 &miu,o"" panorma",ee $t8'ndllfdS Th¢" mcielll&$ "NOI!*"IS¢JIIi' ,,&cAle vall.lu Sovth {Vee Co~!fol AaSlol: 
I) v.lulI!> wflre u6-ed ir :••!f,,'m8"'CII eomlll!'i'(l,.~. 

As shown in Tahle 1, Phase II RFG. which takes tHeelOIl Jalluary 1. 2000, requires additional cmissi<ln 
rcullclions, beyond those required in Phase I. With the exception of air tQx.ics anil benzcne, Phasc II also 
rC(jllires reduclinn~ IhM are grealer than the aCillal reductiolls achieved in Pha~c L l"Iowever, for hoth air 
lodes and benzene, ihe Phase 11 requirements, t!nles~ changed, wO'J:d allow the f(lrmuialion of RFG lhal 
docli not maintain the current benefits (e.g. a 22 percent reduction in toxics versus a 33 percent actual 
Phase I reduction) . 

Tahle L •~mi~siilll Reductions R~(juired by Iltt RFG Program 

\'oe. NQ.~ Tnln UfnlfUt ()~W" 

un; FIII'>t I 
(/"15.19'19) 

:-: ...fil<'rn SlaIn, 

S~UI·::U -SW;;,: 

17'1­

~1'l> 

U'k ,,% I< 2.0".1% 

,\{tlul RfC' Fhlllt 
I 1'9911 

Nnn;,.crn Staln, :1.1% 
.01.. 1,20.3 - 25.04 R~ngc 

Southrn Stal~$: 39 411· 

j4.Q% Average; 
3.8'* ·1.4% 

Range) 

(33.11 A.mllt; 
Z':Ui- ·J('.9% 

Rant.~) 
1l.6$ % :,,0 wl'il 

A", J~.4. 4()j% R~ngc 

un; l'hur [I 
(2000) 

". 6.s\£> mt 1% 2.0 Wl/J 

<;~'U'(; Standard! 
29.&'k :4.1 ?44 '" 1l.1,nwl%

(~eprox.) 

'I'J~~ Rf(J (;(n\)rIiJn~e S~fVCy Ddld (.ut1m~' "unc)"j, tnm~-I(:(!l6y I.H RFG S~rvcy At;()(uuo•. 
I'M" '" (be ~Vera!~ III dlc in~hid!!.al U~;; r(HI!~ ..eig6lcd by t!iimat:il "He!ir.: .elumt in tlt(!I nt;L 
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B. CaRFG Pl'ogram 

A!!>tl. :l!> sb>wn in Table!, the Caltfomin RFG program has in place more slringellt iaa:Jdan:l, for its 
Ph;\~e H :0<1.:1 federal RFG, if. partlcular for NO" nir toxics, and benlene, The . .;econd phase In the 
Ca:ifornia RFG program (CuRFGII) is intended to ensure thflt beneflE continue a~ L1C vehicle technology 
advan;;es ,lnd ilee{~ tum ovcr. CaRFGlI helps automaken meet the increasing:y stringent emission 
,\t;::ldard~ for new vehieies, California's progf<lO requires au!nmaker,,; to certify tbelr vehicles on 
CaRFGIl, lhus; ensuring thlH new vehicles w:U be designed to meet en:ission stnndards on a fLle! bimilar 
:0 what the vchidcs will be oper:l;d with "bring daily use. 

The CaRfG progrnm is dc"igceJ to enS-Jre that different formulations of gasoline will meet the rc,!uircd 
cmlHsimb perfm:nnoce leve.l:;, T:1tS is acc{)mplisneJ through the predictive model. which a:],)ws one to 
comp::re t;,e e:niss:ons performance of alternative fuel parameters agaitm a standard set of pafiHtlCWrS 
con:aincd ir the CaRFO regulation, If the nhcrnative formulation prt!Ytdes cml%ion benef:ts equid III or 
belter than the sl;1ndard formulation, emission benefits are presened and lne renner (or f;}c1 imptlftcr) 1;; 

al;owcd tv mark.:t the fueL To ensure the preJictive mouel rcfleeh the most reeent data on the 
relationshIp between fuel properties and emis~ions, the Ca~ifurnia .1\,r Resources Board (CARB) is til the 
proccs5 of updating the model [0 reflect newer technology vehicles. This will provide extra assurance 
that the model will continue 10 be applicable as the vehicle fleet changes, In Caltfornia, the predictive 
mode! h,L~ been used to produce and' market fueh with flO oxygenates while preserving the pwgrdr.l'S full 
air quality bcncfl:~, 

C. EI)A 19!~g Area by Area Analysis 

The EPA's ArclI by Area iHlaly~i; of 1998 RFG Survey Datn indic,1tc~ tha! the complex mode'! emi~siom 
performance of RFG In Chicago and Milwaukee, while easHy exceed;ng al: Phase f pcrformnnce (i.e., 
emission reduction) requirements, generally ranks 1O',i,' ;:ompared to other RFG areas. tn order to 
investigate fachm influencing the perf{lflnan;:e ofChicag-o and Milwaukee RFG relative to RFG in other 
arellS, it is necessary 10 consider the ,:omposition of tbe fuels. Table B2 and an accompanying 
discus;.;ion, located in thc Appendix, discuss estimates ,If average vullles of thc fue! propcf1ics that are 
complex model inpu:;;, The Chicugo at:d M ihvaukcc properties are aver;;,ges of the individunl S:lmmer 
su:-vey property averages. The Nu!;of)<ll Average properties were estimated by calculnling an ,l\-crage fm 
ezch of the RFG areas surveyed during 1998. and then weighting these vai'Jes by e:l!imutes: of fuel 
volume for e,ich aren. The Nfltionr.! Average ReId vapor p-res\un~ (RVP) \'aJuc wa~ for voe Control 
Region 2 (Nonh). which includes Chicago and Milwaukee. Other value" include !)(){h regIOns. 
(California oxygen-only survey~ were not included in the oxygenate tomput:ttiufi!,.J 

The higher sulfur levels tn Chicago and Milwaukee RFG area~ affected its relative complex model 
performance for all three po;Jtltan:, (VOC, NO" taxies). This analysis indicates th:!t sulfur was t~e 
primary factnr influencing rd~:ive VOC and NO, performance. and that sulfur may have .wme influence 
on :oxics performance. The margin of air tuxics Qvercompliaflcc was nOl as great in Cbi::ago and 
:>'1 ijwaukee <1"- in other [lfem, primarily due to higher bcnzene content, bUI other f~lC!Or' SJ.:n as increased 
<J.c~;aJdehyde emissions aod HIlfuf levels ai;;o contributed Oxygenates h~{\ little impac; un voe or NO, 
performance. 
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Tabl, HZ, Chiengn nod Milwuukee Duta 
fliutiunul 
",crage 

ChkaltQ Mlluaukee 

MTHE (W1% ,j\ygcn) Lfl2 lI,ns 0.06 

51'BE !\~t% m:.ygell} () 0 0 

Elh,mo\ (\H% oxygen) 0.51 3.38 139 
TAM8 1,>\1% U);y~clt) 0,12 0 0 
SULFUR (ppm) [1)0 255 261 
RVP (p"i) rrginll 2 7,1) 7.9 7.9 

E20{) (%) <lilA 50.7 50_9 
1~300 ('!hi 82,7 RL8 1'2.2 
AROMATICS (\,(11%) 26,0 25.l 2.1,9 

OLEHNS (\'01%) HU 6.7 7.0 
BENZENE (vul'Yf!) 0.68 (1,90 I),I)!)­

lit. The Impact on RFG if Oxygenates ute Rcmnvcd 

t\. Jntrodudion 

MTBE provides. abou: 76 percenl "fthe uxygcnaie uwJ in all RFG, and e1hanol provides about 19' 
percen!. The remaining 5 percent is made up of other eHters, Icrtiary~amyl methyl ether (TA ME} and 
ethyllcrtiary butyl et~er (ETBE}>H MTBE lmu elhmwi have heen the primury iJxygefla:c~ in RFG 
hccau~c of their availability, blendability, and ability to deliver air qaality benefil" while meeting 
American S(}CtCly for Testing and Materials (ASTM) specifications" (Refer 10 Table D I in Issue 
Summar), D, F'Jc: Supply and Cost. fur usage data and references} 

As shown in Table I above, Phase I RFG currently tH'ercomplies with VOC. NO,.. \o;des, and benl,cne 
requirements, The key tjuestion is whetber thi;; current overcompHance with the Phase! R FG standards 
will be maintained In Phase II RFG if uxygenates arc nol rcquird. Because tn~ Phllse It performance 
s1andards fur VOCs and NO, are ab{)ve the curren: actual perrormance or Pbase I RFO, all fuels will be 
requircd to maintain or eHccd the currcnt VOC and t\Ox benefils, whether or not they conluin 
oxygenlllel>. Huwever, since the PIUlf.C 11 pcrfMmanc(: stilndard for air toxks (22 percent reductiun) is 
below the current {'hase I actual reductions (average 33 percent reduction), there is no guarantee that the 
currenl (Phase I) level of air Inxics bencfits will be maintained in ,,11 cases 

The impnet of removing oxygenates such iU MTBE is not likely 10 be identical for CaRFG and Federal 
RFG. Fc-dcral RFG is ;'\ubjeci 10 fewer caps on .~peciflc properties (e.g. aromatics) than CaRrG and 
therefore is more like:y to ~hllW Cl1lission.~ impHclS fruIl) the rCll)ovp.l0f uxygenates. Specidc fuel 
parameters (e.,g.lhc CilRFG cap on llfomatics) mll)' provide extra assurance that cCrl<lin pollution 
reduclj()l1~ occur. Alternatively, performance standards (such tiS the currenll11ass~b"sed requirement!' for 
toxics and VOC~) as.'\urc thnt pollution reductions will occur, but allow the refiner :nore flexihility ill 
determining hQW I,) achieve those redUCli(}n~. 
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B. 	 Air Toxin; 

Current RF'G 0\'1:r complies with both lne Pha~e 1and planned Pha~c II toxie~ !:tandank With the data 
av;\Jahk Ihe panel c,I:I;d nol dc:ermine \V ith precision an of lhe Llelors which produce thts 
ovcfcampliancc, lIowcvcr, us is o,;xplatned below. when blending gasoline. it I;; rc::sonablc to conclude 
:hallhe use of ott~nc-rich oxygenate;; is olle ofthc factors that affccts a refiner's decision to use high­
oc!aac aromatics. a major contributor 10 the formalinn of lOX ic cmissions,)S 

Dcci;;ions about refinery blending arc compJex and vory greatly over the nlllSc of U,So refineries. 
Dc,;pilc the variability in fuels likely to resu!: fmm lhis complex system, however, certainlfcnds can bc 
identified that m,l]' help explain the larger-than-expected air toxic) benefits. 

• 	 First it would he expected that enen refinCf would incorporale u measurable degree of 
overcmnpliance in order !O ensure thall!Jelr fucl never falh below Ine standard. 

, 	 Second, no maner how rcfinCL~ blend fuel to meet thc air qunlity s~aodll.rds. fuels will also be 
blended to mainlain at least the minimum octane required for current autmnobiles. Thus, one 
would expect that wIlh increased use ()f oxygenates (a high octane cnmpoflen:) ill RPQ, Oll~ 
would sec, ()!l average, reduced need for. and usc of, o:ncr high~octanc components such j\~ 

aromaL!". Conversely, one would expect that with reduced lJ~e of oxygenates. Ihis octane need 

would be mel. in part. with increased use of aromatics anti, in the longer lerm onc~ tapacil}' is 
c.l'.panoeti. alkylates. j6 

, 	 Third, although it is difficult to determine the prcci~c role that o~ygcnatcs pluy in 
ovcfcomplianl:e. and some fuels would likely be blended by ~ome refiners with lower oxygen yet 

'~Ai~ to~ic~ emi"ions reductions re~ult primarily from reducti()n'; in RFG nf ammalic~ and hennae {it,elf .HI 
nrnr:1a:ic) when compared !o pre-RfG g.~«(}:ille. 

~$The pro\Juclion of octane qllalily;s the primary performance properly con~jdered by refine,), in Inc 
fHOdutlion of g:llo\ine, All refininglhknding detis-len,.; are ba:;ed, in pan, on lne need for a certain miointum level 
of octalle qUlllily ill order Iha! yehides IIsing the fuel operate prope.rly. tllere are a limited numher nf uctane rieh 
com;wncnts th:.! retiner( can cho\l(e 10 prodllce r:eeded OClnne. Awmallcs, nli;:yl;ne~, and oxygennlcs are ;nfl:C of 
Ihe moq ;;vailable :;OUfCes 0;- octune q:lality for U .5. refillef");. The !!lOS: impor!an: (;md for most refiners, th!! mo~t 
economical) ga,~Qline upgmding process in U.$. refineries it cllialyti;; refurmillg which prodilce~ (lromatio and 
in'cn:4$CS lhe oelall'.! quality of the gawline. {See. for e~nmple, Anderson, Robert 0., Fundamentah of lne 
Petroleum illdumy, Uniyersity of Oklahnma Press, 19&4, p. 221,J Reforming changes Ihe Sohape af straigtll.chain 
earo{ljj molecIlles t,) high.nc!ane ring-shaped molecule\. The~e ring-shaped molecules axe referred ItI 4~ 4romatics 
ami iHcillc;; benzenc and benzene-dke molecules. Since oxygen ale); ate .tho primarily u\eu fM ocLme cnh4llccnH:n[ 
whtn produtJng ga~olinc, {er a refiner u!>illg these {wo octalle SOilfces, there e\i,,;~ J gu:wline balance "ituallon 
between the U5e of Jlromulics and tbe use of oxygenales. Allhough the inat'lsed uSe of nn:.ylil!!~$ would ahu be 
expected a __ l'xygenllfe'i are reduced. U.S. reformillg capadly 10 produce aromatics is (ar greater In an i;;; the capachy 
to proJuce alkylmi. 

Under \he federal RFG pro,,;:;:am, l!le oxyget:alt rcc:ui:emcnt re~!I:ls in J high l.cve: vf Delane q,l~b!y n:1d, 
for Ihe ~ea~on_.; men!ioncd nbove, wOllld be e~pected to pu~h the usc of aromalics and henzene from reforming in a 
downward direction. (Addition of o),ygenale VO!UllltS would re5u!! in more Ihan -a 10 pereenl decrease til aromaties 
and bell7elle from dilulion -alone, even if the oelalle qIJality pmpertles are ignored.) Refiner)' W{lUltlllHt b~' In,pecled 
try utHil.C rcfmery c;)pacity to produce ammatic10 Ih,lt are 111)\ needed f(lf{lCllne, Sincc ommaties (ir:dudi:Jg henzene) 
afe Ihe qrflllgest eor:lrihuiOf!; 10 the forn,aIion o:-tuxic~ in the c(Jmpl~!i model, it j~ reasonable Ie concluile that the 
use of o~yg-cnate~ >lod lhe resulting downward movement in aromntic~ anil oenzene jslikely responsible fOf.a 
substantial amount of the overcompliance in to.tic en1i~"ion reduction~. 
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high air t(};tic!'i benefi:s., on average one would eX})eel tne presence of hlghcr levels of oxygenate 
in Ihe fuel 10 lc.ad 10 reduccd Icvels of aromatics, and lnUS greater air 10xics henefil!'i. 

Although rem.unahle In a\~umc t!J;.'.t (}!\ygenatci- thus conaihule to ioxic$ Qvcrcompliance, it is diffkul1 to 
qu.mtify this eff(·ct. The ideal daw set would be able jo compare fuch blcndt~d to meet currcnt RFG 
rcquircmcuts with a full range of oxygen levels (Lc. 0%, .5%, I.U%, 2%, etc.), and such a d;lta set does 
n01 exist. There is limited data from the State of Maine which recently implemenled its own fuel 
program. albeit with less stringent requirements than RFG, to substantially reduce the usc of MTBE: fuel 
pmperties reported by Maille's gasuline suppliers and di;;tribulOrs show a decrease in MTBE use hy 50% 
and <l Gorn:;;pondiog illcrease in M(\matic~ of 211% oVer the level, Hf ltwntatics pn::SCfH in RFG s~dd in 
Maine in 199737. There is also data from Northern California (wbere 2.0% oxygen is not required) that 
CnRFG sold in the San Francisco area contained uver R% by volomc MTBE in 1~97 in part to meet the 
more ~tringenr CARB req'Jiremenls for CaRPG, allhough such data must be intefpreted carefully since 
bUlb {he RPG requiremenls and the m,1rkct si1U!llion 10 California arc uniqueH. 

The only other <1'Iailahle dnta set is duta 00 actual RFG fuel pmpertie.\ cullected a.\ part of the 
imple!llentation of the program. At tht Panel's request, EPA analyzeu available dafa on actual RFG 
properties in the marketplace and the relatklflsbip in that data between MTSE! usc, air toxics al1d 
afOn1tltjc~ content. The EPA's regulations allow prouucers of RFG 10 meet the oxygen content 
requirement on an <lveraged b<lsi~ and to employ oxygen crcdit~ to meet the av\)ragcJ standard o( 2.1 
pen,:ent by weight. Consequently. the oxygen conrcnt in any given ~ample of RFG may vary toll limited 
degree from the ~tatutory 2.0 percent by weight per gallon requirement. In J998 RFG fuel quality 
survcy~, the oxygen content of samples that did oot contain ethanol but were oxygenated wholly or in 
part with MTBE, varied between ahout 1.5 and 3.0 percent by weight. Even th()ugh the availahility of 
this data provide:, an opportunity to cxpl!Jfe how aromHtics coutent changes us oxygen levels vary, most 
of lhc datu point!) dU,'lcrcu around the 2,! percent average standard anu the data sec r:ontain~ no daw for 
oxygcn levels. below the regulatory minimum of 1.5 percent. Therefore, although Ihc ;ma!yscs performed 
for the Panel showed a weak positive correlation between oxygen leveh and both toxics perfofmance and 
aromutics content, and more recent analy"es by the Colorado School of Mines of the same daHl found 
:;nme wnnger CO~rc-:l;li!)nfi,3: the Pllilel concluded that thi" dalll i~ c);\rcmely :11:1Ilc<l and caa no! he used 
fOf the purpose of coming to any specific quantitative slatistinil c(inc1usions. 

In the absence oJ ;;crminty on the effects of removing oxygenates, the primary concern is tbat if lhc 
oxygen mandllle is removed and li significllm amouot of RFG doc\ not contain o);ygenates, l!~e (If 
arom;,llu might list.: alle;llll in some porI ion oftht RFG fuel blends. Such J ri"e woultllikcly decrease 
the ovcrcompliance now seen for tnxic~ in Federal RFG. In Culiforai;!. where CaRFG bOlh re(tuin)s ' 
much lower sulfur levels and places J limit on tile level of aromatics allowed 11l the (uel. such 
overco!lljlliance is more likely to continue. In the ah$ence of certainty arouad this i~sue, the only way to 
easure that there is no loss of corrent air quality benefits is for EPA to seek mechanh;ms fOf both the 
RFG Phlll<e II and Cl)Ilveniional Gllholine program:. 10 define :lnd ma!nwin in RFG 11 the real world 
performance ObSt'fVeu in RfG Ph'lse I while preventing deterioration of the current air quulity 
performlmcc of conventional gasoline. 

v NESCA UM, RFGtMTB E Findings nnd R.:c()rrtn1(:ndu!ion~, 8oston, M A, AugUl<I, (991). 

l~ UnlversilY (of Calif(lrnia, Health and Environmental Assessmem of M TB E, Volume I. Sum m.ar)' and 
RCC(lmmcndalioTI\, P.16, November 1998 . 

.H NESCAUM. RFGIMTB E Findings and RecommcndatioT1~, 8uston, M A, Augu,q, 199'1. 
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There :lfe sevl!ral po!>sible mecharlbms: to accomplish this. One obvious way i~ to enhance the mass­
bascd performance rcquirements currently used in the program, At the samc time. the panel recognize;: 
that the diffotrenl exhaust components pose differential risks to public health due in large degree 10 1heir 
variahle pmcncy, EPA $hou!d explore and implement mcehanbrns to achievc cqllivalent or improved 
puhlk health rC~.IIt.~ that focus on red~eing tho~c compo~nth lhut pose (;Ie gr":illest risk. 

C. Carhon Monuxide- ncncfits 

Allhout;h there i~ na. carbnn monoxide (CO) slandard for RFG, oxygenates affcCl CO emissions su that 
curren: RFG a~tuall)' produces significant CO benefits. E~tunate;; shuw tha\ :Ibou! one-fourth of the CO 
benefits associated whh oXjgennteJ RFO wiU disappear if (lxygenate~ are on used,·Q Thus, if RFG 
contains no oxygenates. the CO reductions associated with RFG will be reduced by approximalCly 25 
percen!. This will be less crilical in fUlUre yeah Juc to stricter tailpipe CO emission standards, As the 
vchide Ocet rums over. the oxygenate impact on CO emis~lOlis diminishes (:.:ce Table 3), 11 is important 
In aote Ihat Ihere arc nnw relal!vcly few CO nOllllllainment arcas (see discussion of Winter lime Oxyfucl 
Program in Se~lioll V. below). 

D. I'artknlate 1\1 aiter Benefit.. 

There aie limited da:a av<:!i1ahle 011 the effect of oxygenates 011 emissions of parlku!a~e mailer (PM). The 
Colorado Dep:Hlmcnt of Public Hcalih and Environment conducted a study to evaluate the effects of 
Qxygen,ned fuels 011 mmor vebicle emissions at low ambient tempennures: 1 The study. which analYled 
winter nxygertaled f'Jeb: rather tl1M1 RFG, con91utlcd tha: there were $Intl~ti::ally ~ignificallt P~1 
erni."siulls red·JctiilllS a~s0ciatcd wif:1 the USc of uo c:harltll oXjg>,;natcd fueV! Addi:lull<11 re~earc]l ;s 
Ilccc"sary including usc of ethanol-oxygenated RFG and nOh-oxygenated RFG fuels in a variety of 
climates, to beller undersland how different [unnulations of gasoline affect PM. 

IV, Olher Air Quality Considerations f{Jr Oxygenates 

41) EPA estimate b,IS~t1 on complex and MOB ILE model calc\llJltolls. 

~I Colorado Department ofPuhlic HC3lth and Bnvir(!nmellt (Ken Nebon und Rnn Rugal.zi), 1'11<' Inrpaci olu fO 
pacml Elhallol Blellded fllel 0/1 111l' f.'xfuwsl Emis,I'ifilu t~fTier 0 & Tia I Ughl [JUlY (/(I,I(Jiine Vchirll's III _15 F. 
)'1an:h 26, t999. 

~l This study in.olved le~ling light duty vehicle$. (LDVs) and trucks (L[}T~) at 35 QP. Twelve Tier 0 and 12 
Tier L vehicles (S LDVs.4 LDTs). ,ix high emillers, and /}nc-low emission vehicle (LEV). were tested Ilndc_rthrec 
dr:ving cycle, !Federal Test Procedure (FiFl, Uniflctl, and REP051, The rTf> j, :'ased on typical ur!lan driv:ng 
p;~ttems. The Lnificc CFle !lli., hig!lcr sflt'cus and a~cc-Ic-tlilio!l~ lh;:m the F'TP, and the [{EP05 i, J vc::r Jbgrc"ive 
driving cycle. III thi,- program, the FiP w~s conduCled fro:l1 ;j eQld start while the olher cycles were e,]nuucted f~ol1l 
a hot fllnning ~lar1. The \'ehicles were tested with a non-01iygeoated fuel and a H} percent tlhanol oxygenaled flle!. 
The program mUMlred emi_Hion~ of hydrocarbon:. (HC), CO, NOA, carbon dio:\ide (COr! and fine panrculale 
(PM tQ ant!. smaller), 

The \tudy reported that FTP partlcu!ale emissio:l.~ were redllcelJ 'kirh the oxygenated fueL Por the FTP,j 
meuu absolute reduction of 331 milligrams per mile (rug/mi) Of 36.0 rucen! was achieved for the main group 0: 24 
Tier 0 pillS Tier I \'chicJcs. The reduction for the Tier 0 vehicles W,H 5.14 mglmlle, or 311,1 pcrtent, and the 
reduclion for the Tier 1 vchicles wa~ 1.38 mglmi. or 26.6 perunt. Thc$c ansolote retlJc!iHn~ were s!athtically 
\ignifiuln! Ilt the 95 pcrccat confidence levet The nnmhers Irdle,ttu thaI oMer ve!!ieJc~ receive greater PM bencfih 
fwm the Uhe Df m:ygenaled fnels thau newer tecnnt1lngy vehide&, Nu ~!ntislically sigaifiCilll1 diffcrCIJI.:es were 
detected for other IJriviag cycles. There wcre uo ~Iatis(ically signifJcant Changes In pJrticulate emlllsiQn~ for the high 
emiUerll. Because Hnly one LEV was tested, stnlistical significance e:ltll'lOi be determined. 
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A. Ozone R~uctjvity of AUernutives (CO Rtduction} 

One key IIUChlioll that has heen raiscd ahQut the air quality eif..:cts uf RFG has been whether the ol:one 
reactivity of fucl~ with different Qxygcnatcs could be" het::er measure of ol:one forming potential than 
Ihe correct mass-bllscd mca$urement of VOCs. 

A recently released rCpoft from the National Research Council (NRC). OWllc-F()rmiflg PQ/c!1tiai pi 
Rcflmnulared Gasolille, concluded that there i~ no compelling scientific ba"is III this jime 10 recommend 
that ozone forming potential or reactivity replace muss of emissions in the RFG program. A change from 
the mas~ of eTIlis,ioTIs approach to a reaelivity npproacn wO"J~d nol impacllhe thnice of I,loe fuclllvcr 
:I:lother from the standpoint of at: quality bcncJb. 

The NRC report found that fuel oxygen !;onlenl appears: to have only a small effecl on lhe ozone forming 
cmis"ions of RFG with reductions in CO emissions and in exhaust cmtssions of voe" bUI with some 
evidence of increases in ~O, emissions. The NRC did not examine the contribution of oxygenatcs to the 
emissions of air loxles. 

The. NRC report found lnal the contrihUllon of CO to ozone formation shuu;d be reci)gni~,cJ in 
ultSCssmCnlS of the effeds of RFG The NRC committee found thai CO emission:; aCC(lunt filr 15 percent 
to 25 pcrcent oftne reactivity of exha:u(t cmi$slons from ligbt duty vehicles and should be included in 
reactivity assessmcnH because despite its !vw re;tctivity adjustment factor, the large mass of CO 
emissions contributes to ozone formation, 

Il. Ethanol U1end Commingling with MTBE and Hydrocarbon Blends 

An RVpH increase of approximately one pound per ~quure inch (psi) is caused by the aJdidnn of ethanol 
10 II hydrocarbon hase fuc1. H As a result. all eth.nnol blended RFG is nnw blended with hase gasoline that 
hus hni.! eert:.lin high RVr componer.l~, such ,IS pentanes and hutancs, reduccd in order to ensure that 
clnnnol blended !{FG meets RVP requircrncnls.H 

Traditional thinking would conclude that wh.en an ethanol blend is commingled with a non-ethanol blend 
in a cnnsumers tank, onc would sec a resulting RVP greater than would be expecled from a simple 
volume-weighted linear co-mbinatlOn of the two blends' RVPs. alleast if a sufficient amount of the 
elhano: blend were to he present Thus, in a 50·50 commingled blend, where 10 percent ethanol gasoline 
with lin RVP of8,0 psi is added to an all-hydrocurhoo ga~oline witb :he same R.O psi RVP, the resulting 
hlend has an RVI' of ahout 8 5 plii and nol 8.0 p~i a~ would !Je C,~Pl!ctcJ when !lo!l-ethanill hlcnds <lfC 

commingled. 

u Reid \'~por pressure is a meaSure of the gas pressure a liquid/sas '-Y"leTI'. will liP ply 10 a dosed system when 
heated to 100 uegrt'cs Fahrenheit. As .'[Jeh, RVP is a measure of a liquid'), vn:alility (i.e" its lendency II) evapnfateL 

~,j Th,; size of lll..:-rea~e in ltV!' IS c1ca~ly atTcctcJ b)' ol:ltr facto:;, il:cluttng the hydroc:uhun makeup alld 
nrigindl volatility ch<lfacle~i~lics 0; :he blend !nlO which the e:har.ol i\ added, 

4~ EPA has pmmulgaled:l program cannolling the RVp of cOl'ive/lilonal gasolille on a. natIOnwide ba~i\, {Sfe 
40 CFR 8027.} This ,lfogram allows for a LO psi (;:\cmption for 10 pw;enl ethanol blends. Tbu5, If !his program 
reqc:ires thai RVP oot cHced 9J) psi for a given area, 10 percelll ethanol blellds are allowed at RVPs nf uJl!!) 10 
p"L This eumption for elhanoJ blends does nOl apply Ii) thc RFG program. 
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Commingling these two blends is equivalent to rim combining the hydrocarbon portion of both blends 
and Ihen adding the ethanol rr{lm the firs; blend to the combined bydrocarbon components. The 
hydmcnrbon gllsoline by definition has an RV P or 8,0 psi, The hydrocarbon portion of the ethanol 
gasoline had 10 have an RVP of 7.0 psi (since the subsequent ad-dition of the ethanol produced an elllaaol 
g.Holine witb an RVP of 8.0 psi). The hydr{)cnrbon componcnls combine linearly producing a new 
hydrocurbon component having an RVP of about 7.5 psi (half way between 7.0 and 8.0 pSi}.l~ Then, 
adding in the ethanol componelli, which would now be about 5 percent of the final blend, rncre:l5CS Inc 
RVP uf the finrd blend 10 IIbout 8.5 psi. It is importanl 10 no:t 1hal although the new 50-50 commingled 
hlend W()u)J have an ethanol level of around 5 percent. not 10 percent as ill the original elhanol blend, 
Ihe full 1.0 psi RVP inCfl!<lSe due 10 t~lhanol uddi~ioJl wlluld .~liIl occur even a\ this lower clhanoll<:vcL 47 

A ithou gil Ih is sel:n ario' doe., m:curatcJy de~cribc the husic principle!> in volvcd in volat! lily chang,); w hcn 
these lypes of gU';olincs are blended, lhe reality i;; S\)I:1CWh:ll tltlre complicated The pre:>.cnec of le:;s 
polar oxygenates liKe MTBE can decrease the \'olaIHilY bump h) some degree when more pn!ar 
oxygen,lle~ like tlhllnol (e.g., a~ an ethanol blend) are added. This mechanism is called co:;olvcncy.H 
One recent study on the lmp.acr of ethanol blend commingling conduded in part that an RVr bump of 
slightly grc.alcr than one psi o-ccurs when ethanol is added alalWO volame percent level in an all­
hydrocurlmn blend, bullhal.a bump of 0.7 psi occurs when etb.anul is ;ldded to;ln MTBE blend at the 
same original RV P leveLJ'J 

la additinn to the expcc;cd RVP increase. many other factors are extremel), tmpo!:ant in determining the 
effcci of commingling. These Include ethanol blend markel ~hare, station/brand loyalty, and the 
distrihutiofl of fuel lank levels before aad afler a refueling even;. Caffrey an'll M achirle liltempted to lake 
thesc variahte:; into account in modeling the effect of ethanol hlend eomming1ing in a mixed fuel 
mark~ipJaee, Thdr conclu:;ions include the following: 

(I) iktntlloy:tlty and etha:lol market share lIfC mu;:h more important vuriables than the 
dj~trioution ,)f fud tunk lcvcl~ before ;iIl!l after a rcfu<.::ling eyent 

(2) Commingling eff~cls {';,11l C<lUiiC II significant incrca~c in fuel RVP. 

(3) Commingling effects are clearly more dramatic in a market in which a significant portiun of 
the g<.\~olinc is all-hydrocarbon (Lr., non-oxygennled). Oepending on the combinntion of 
v,iTiables chosen (i.e" especially ethanol market xhare), tne RVI· increase Qver [he cmirc gasoline 
poot can fun.gc from "found 0.110 0.3 psi in a refnrmuhlcd gasoline market (i. It., elbanol blends 
commingled only with MTBE blends). Ar~:llog.ous- increases for a ncn-reformulated markcl {i.t'., 

.u, The filn!! RVP rC\\lltin& rrom the combiniliioCl of lhese two hydrocarhon el)ftlponeni~ would actually be 
hHgh:ly hiJiher than 7.5 psi since (he "dume of lhe r.ydrocarbon ronior. of lhe elhanol gasoline is Ie}'}' than Ihe 
'1ohllnc cf t~.e hydrocarJ0n g:holinc by a~ amount equ:l1 to the volume of the ethanol cnftlponenC 

41 The"e ilre ap;1rtnimnlicn~ in order to demonstrate hasic hlcntling pauern~. The '1olat)}:I: nf bleed}, rc}'ulling 
j'ron: cnf1ming ling, ;:n: no! lIece:;~ad;y eXilct iincar interplliatinn~ of thc 'Iolatilitie~ 01 the comming;eJ bien ,1\, 

~~ Peter C;:lfn!y and P,\U1 MachieJe, "In-U se VolatililY lmpiln of Cnnll:) ingling Etl:ano I untl Non·E thuilol 
FlleL~," SA E Technicnl Pnper #94065, February 19, 1994. Sce aL'Ie, "The Oclamix Waiver," 53 FR J!iJti, Fcbnmy 
g,1988, 

~9 Peter Caffrey and Paul Macbie!e, "In-usc Volalility lmp-aci of Commingling ethanol anti NOfl-Ethnn(J1 
Fuels." SA E Technien1 Paper #94065, Febroary 29. 1994. 
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ethanol blends commingled only with all-hydrocarbon blends) range from under 0,1 psi to nver 
OA pst 

(4) Tce dfeet· (If:he Increase in RVr commingling appro(lche~ a mu;..imu!l1 when the cllt;ln(}; 
markc! s;,arc b.:t:nme., ~o to 50 percent. and declines thtn::.:.fter a" cthannlwkc$ a larger ffinrkc: 
Sh'lTe, 

c. Fuel Quality in Connntional Gasuline 

Conventional gasoline is control ltd under EPA '5 Anli~Dumping Program. When Ibe rerormulated 
gasoline (RFG) regu!alion., were introduced, an nnli.dumping program wa5 also introduced. RefiIlCrs 
(and j;1)pnrt('r~) <;jere required to provide infnrlTlutioll on CG 10 show that its propenic5 become no wor~c 
than they Were in 1990. This program was meaot to prevent refiners from simp:y removing "had" 
hlccdstocks from RrG and dumping these into CO. In order:o sh\)w :h<lt [!rop{:rties 'Ill' CO would nut 
deleriorate, rt:fincrs t:slablisbd individual 1990 btt'C;lnt:S for CG. which were ind(:pet~dcntly audited und 
;;ubmiued to Ihe EPA. Rdiner" who c(Hlld n()l e"tablL~h a ba.~cline bec<luse uf insufficient uvailuble 
information were requir{:tl ttl adopt fhe Clean Air Aet baseline included in the statute, (Most panies 
believe Ihat the Clean Air Act baseline is <lctually more stringent than a typical individual refinery 
baseline,) 

However, there it no assurance that CG air lOxics bcnefils gained SLnce 1990 will he protcctcd, Tbe 
EPA's 19!)7 refinery survey data indica:es. that 1997 CO sold in the Northea5t wali 12.8 percent le% hndc 
Ihan 1990 levels, The datil illsn indicale ar. additional 3.5 percent VOC reduction In the Nortbcast over 
the 19l)O lcvebc10 

Under :he complex model. refiners mUlil nnt exceed their 1990 baselines for exhaust WXICS and r-;O.> 
Although EPA does coHect information on the qualilY of CG, tbe fir.~1 data on {:OJll(lICA model CO (from 
1998) were aot required 10 he ;;ubmiued to EPA until May 31. 1999. The aouly.~is (If that data wi111akc 
at least several monlhs. Thus, at this time the EPA does not have current data on whether complex model 
CG toxics is in oven:ompliuncc. The Agency has iadicatcd. however. that this analysis would be a 
cri:kal c:emenl of g:mranlecing that futuTe lt1CTea;>c in emissions potential will not occur in CG. Once 
the ana!ym is t:omplclcd, EPA $hlluld review any regulatury llf administrative authoritieS: llllaihtble to 
prevent Jclcrionltiull tlf thl.l.,;urrent air qu~1i(y perform,mcl) of nlilventiona! g;~sn!jnc, 

If MTBE use wu~ ph!lscd oul, Ihe antidumping program would prevent any increase in CO from J990 
NO, and toxics levels only. However, should MTBE be eliminated and ethanol Ulie increase in CG, 
Departmenl of Energy (DOE) modeling shows a () to 7 percent voe incrcase in conventional gasoline 
due to lite one pound waiver for ethanol use outside RFG areas, Regarding MTBE l.ue in CG. lhe Energy 
Information Administration (EIA} data show Ina! very little MTBE is actually used in c{)nvenlional 
gasoline;:': e~timilie" nmge, however. from 4,000 to 25,000 barrels per day. II ~Iwuld be noted (Jat the 
anu~dumping program w0uld not prevent increflsc~ in MTBE usc in CG. 

50 NESCA U M. R datil'!.' CWlcef Risk of Reformula/eei Glualillt' and Com'clltinnal G a.m/ft/I" Said til the 
Nurrhca.H, t\ugu'Sl 1998, 

~! U.S. Energy Inform alion Adm ini~:ra6f1n (A ilcc:l Bohn a"d Tancred Liddcrdale), Demand and Pria Olltlool; 
for I'h/1,\'I' 2 Rl.'jormu/alrd GII,wli'Jc. 200a. :\pril 1999. Datu jndic<tl~ !hat:; thQu;.;md hands rtf day oxygenate 
demand for conventional ga;.!):ir.c. 



EPA is ulso pursuing other initiatives that arc rehned to the quality of CO. EPA hu~ proposed a gasoline 
sulfur program and. if any furm of sulfur control program were adopted nationally. NO, levels in CG 
would clearly be better tban current Ii.'vcls.~l The Agency is also in the proces~ of evaluating mobile 
smm:t air t(lxi;.:s amI is expected to iS5ue a proposal in early 2000, at which time the Agenry wiJ further 
nddres5 the issue of toxk cmL~sions. 

V, Wiol"timc Oxyfucll''''gram 

A. Iutrodut:tion 

In addition to the RFG program, tbe CAAA of 1990 required the eSinblishment of a Wintertime Oxyfuel 
program. Under this program g<lsolinc must contain 2J percent oxygen by weight during Ihc wintertime 
in areas that <HC tlot in iltta!nnlCnt for :hc :.Ialional Ambienl Air Quality Swndhfd;; for CO, 

In 1992, when 1h..:: oxygenated fuels program began, there were 36 arcus implemcmillg the program, The 
1991':·99 oxygenated f'.lds sca"on had 17 areas implemendng the program, Nineteen areas were able to 

rede'''ignalc to CO aauinmenl due to :hc hnp!cmentation uflfte oxygenated fuell. pwgram along \kilh 
Dlher t!(}ntro1mcnsurcs, Of the remaining 17 areas, cight have data to rede;.;ignatc and are eilher working 
on or h3vc suhmitted redesignation reque!>ts to EPA, or they have chosen \0 conlinue 10 implcmcnllhc 
program as a CO control measure even though they have .iltained Ihe standard, Six areas are classified a;.; 
"~eri(!u~" CO Ilonaltainmenl areas, and the remaining three areas arc c:u,';sified a~ "moderate' CO 
ltonattuinmerH umas; all of these areas co:1l1nae !o implement tbe progrnm in an cffofl to attain the CO 
standard, 

Most ufthe winter oxygenated fuel areas use ethanol. The only tW{l orca" using MTBE ror the winter 
uxygenale pmgram <Ire Los Atlgcle.' an.u :he Ne ..... York CiLY metropolitan area IL is 1\ possihility chat 
New York City, which includes metropolitan Connecticut, New Jersey, and New Y()rk, will leave the 
program before the next winter season because they will dCIl\OflSlr!ltc attainmen1 with !ht:' CO s(:mdurd, 
Los Ange:e:; will need to phase-ou: ~1TBE use under the G()vernor'~ recent directive. Therefort;, MTBE 
usc fer winlcl oxygenated j\reil~ i.'i not likely to he common in thl' future, 

51Th.: Pand j" aWare of the curren! proposal for iurther chilnge;; to Ike .• lJlftlr leveh of ga~o1ine lInd recognize, 
Hut imp!cmc!!latinn of any CbHlgc rc~u!lillg from the Par.d's reefHl1)l1cnd)IJ(lJ1!; will, ()i :l~cc",ity, need 10 be 
ccoromated with implementation of these ether cnJ.r.ges, H(lWCl'er, .a mujority of the Panel considered the 
ffiuinleMncc of current RFG air quality bellefi~s a~ separate from any additional benefits thut might ueerue fcom lhe 
sulfur change::. cUfH'nlly uoder consideraijon. 



11, Air Quality Benefits 

The mOM comprehensive study regarding {)\ygenllwd fuels was completed in June 1997 by the Office of 
Science and Tcclmology Policy (OSTP),~l The rcpofl concluded that "analyses of ambient CO 
mCUSl.lfCI:Jcnts in somc cit:es with winter oxygel1<J!cd fuels programs find a redudon in a:nhicnt CO 
coneenlrations ofubou~ 10 perccnt.·~~ The report ttl~o suggested "the need for a thorough. statistically 
dcfcmib1c nnaly~is of nmbienl CO claw: In response to that suggestion. EPA initialed a 5Iudy~~ lnal 
ftrlnlyzed ambient CO dala from ahout 300 Jnonlwring sites. The study indicated a downward shift [n 
amhient CO ranging from 6 perccnt 10 13 percen1 (or the six monlh winter season in meas imr:cmenting 
nn nxyfucl program in 1992. This EPA study was: further refined by Syslelni. AppHctl.linns [ntcrntttional 
(SAI)Y The SAl study analyzed summer (June and July) and winler (December nnd Juouary} bimonthly 
means or maximum daily 8·hour CO cOnCClHflltiollS from 1986 to J995, The repQrt concluded that there 
W.llS II .~ubstantinl (14 percent reduction) and slali~lically significant assnciation (:t 4 percent witb 95 
percent confiden!:\!) bc:ween the use of ox/fuels .md monitored CO conceotraltUnS, 

00 this point. the OSTP rcpon concluded: 

Older tc.c~oology vehicles (carburctcd rmd oxidation calnlysls) benefit morc from the use 
of oxygenated fue!. The amount of pollutant emissions IS smaHer ill newer techn{llogy 
vt:hidcli (fuel injected and adaptive learning, closed loop three~way catalyst sy~tennj, 
AdditionallY, the percentage redoctions in CO and hydrocarbon emisBlons from the \lse 
of f\le! o}.ygenates are foond to be smaller in tbe newer technology vehicles compared to 
older technology and higher emitting vehiclcs,ll 

An<llysis by the EPA {MOBIL6 Model} also indicafes tont eyen \¥ ith fleet tunwvcr. a slgnificunt 
comdbotion to CO reduction frum tbe wimer oxygenated program is expected until at lenst 2005 
(Table 3). 

~) 0 nice of Sdence and Tcchnn:nby Policy, K"t:o:1al Scieoe..: il:1G Ttenonlngy Cmlilci! , IfI!cnlxrllry 
ASWHlllt'()/ of OI}8!!lIated FlleJ.~, JI;.:lC 1997. 

;\<\ Office of Science and Techno!ogy Policy, National Science and Technology COllod!, lntrragou'y 
A,\,~rHlllrll! OfOfy[;<:II{lfed fllefS. Ju:)e 1997. p. iv. 

,'~ U,S. En vironmenlal Prolecti()n Agency, Office of M ohile Sourcet, (R. Coo}.:), llfl{Jdcl ol filC Oxyfilcl 
Proltfl1m on Ambicilf CO Levd;, 199&. 

N! Sy:.tem<; Application lntemalionaL Regres.don Modeling a/DAyfile! E}rf(.f,~ 011 AmY/eM CO C(JI)Ct'lHralifllu. 

January 1997. 

!? Offire of Selence and Techaology Policy. NatkHlal Science ant! TechtoJogy COllllC!!. Inluagcllc)" 
Assessment ofOxygellatetl Fuels. luoe J991. p. iv_ 



Table 3. Pi!reent Reducllon in CO Emissions Ruultlng from 3.5 Percent Oxygen, 

As Predicted by tne MOBILE Model'! 


Yt., MOl!ILE6 

1997 10% \0 2()% 

2000 5% to 15% 

2005 0% \0 10% 

2010 0% to 2% 

Mos: winter oxy~enaled area... u...e ethanol, which is typically blemleu at 35 percen:. by weight 
Therefore the ehurt reflec:s aetual benefits: ralher th:tn tlie benefits llial may resuit from the regula10ry 
requirement or 2.7 percent oxygen by wclghL If It lower oxygen level is used, one would expect tliere to 
be a lincar downward trend in benefits. 

The U.S. Enviwnmenlal Protection Agency';, Arell hy Are;) nnnlysb of 1998 RFG Survey Data indic:llcS 
that the complex mouel emissions performance of RrG ill Chicugo <lnd Mliwuukce, while eus!ly 
exceeding all Phase (performance (i.e" emission reduction) requircments, generally ranks low compared 
to other RFG ureas. In order to lnvestigate fac[or~ influencing the perfmmance of Chicago and 
Milwaukee RFG relative to RPG in other arcils. if IS nccessary 10 consider the composition of the fuels. 
The Chlcngo ..nd Mi!waukec pmpcrty value;; were similar, lind there were notahle diffcrcilt:c.' from tlie 
National Averngc properties. The sulfur and benZCIlC levels for Chicugo and Milwaukee were 
substantially higber. Thc$c two areas had the highest and second highest levels of all arell~ for these 
paramelers. Oxygenate type and i)Xygen content differed from the Nalioaa! AVerage" EthalHll was. the 
primary oxygcnalc used in thcse <lfeas, Therefore, the lOtlll oxygen content and the dwn(1; cnnlribulinn 
:tl hlW! oxygen were highest for these areas. Olefin content wa~ lower than the l\ational Avefilgc RFG, 
and the olefin i.:ontent for these two areas was the lowest of all areas surveyed. 

Thl~ higher l>ulfur levels in lhc Chicago and :tl ilwauKcc RFG affel'ted ilS relalive l,;o:nplex model 
performance I'M all three pnllu:ants_ This nnal),s!!> i:Hlicales Ih:J1 sulfu( WlI' the prim:ny f;lctor 
influencing relative voe and NOx performance, and [hut it may have some influence on loxics 
perfunnance. Ahhough J998 RFG Survey Data indicates thallbc cmnplex model emissions performance 
of RFG in Chicago and ~1ilwaukce. cusHy exceeded aU Phase 1 perrormance (i.e., emm;ion reduction} 
rClluiremenl\ The margin of air (Oxics 1lVcn:ompliancc was 1101 til> greAt thef<: as in othc: MCU/i primarily 
due to higher bcn£cne C(}Olcnt, bu: other factors such. as increased acelaJdehydc <:mi!>sions und sulfur 
level:; also contributed, Oxygenates had little impact on VOC Or NO. performance, 

~ M081LE6 effeel~ are dra!t only. Only afler MOBILE6 is finalized will actual and more accurate e'J.tim;He>;. 
be available, These projected MOBILE6 Oxy·on·CO tHem are ba~ed on MOBIL Rel)0rt #M 6.FUU)02, which is 
pns:ctl cn thc )'10B ILE6 wet. ~1!c (hHr:ilwww.L.Qa.gov/OMS/Mt.).111Ju.) 
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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 most 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 properties :IIC not independent, and this "one <It 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'?" 

36 



Appendix B 

Figure 81. RFG SurYe~' Data, Summer 1998: Phase I VOC Reduction 
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Figure B2. RFG Sun:ey Data, Summer 1998: Phase I Taxies Reduction 
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Figure 83. RFG Survey Data, Summer 1998: Phase I NOx Reduction 
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C. PreYention, Treatment, and Remediation 

1. Introductlun 

This Issue Summllry reviews the technical :Jnd regulatory approaches (0 reducing the sources of 
oxygen::lI!! impacts on water resources; release prevention find detection; storage tank-re!uled issues: 
Federal and State approaches to protecting. drinking waler sources; lite treatment of impacted drinking 
waler; the remediation of oxygenate-impac1ed ground water; and funding :.ources. Bccuusc of recent 
detections of methyltcnia!'y butyl ether (MTBE) in drinking waler supplies, MTBE is emphasized 
throughout this ~(:clion, The body of lnfnrmalinn available to (:valln:!c impnc!:> of other gmw!:nc 
ox.ygenates on water rCSi1'-lrccs is sigmftcan:Jy more limited, 

The water re~(H][j;eS de~crlbed in this. section are generllHy divided Into tWO cll.tegnrics' ,;urface wllter 
(streams. Inkes. n:scr\'oirs. and slormwater): and ground water (waler table aod confined aquiicrs). 
Drinking walcr refers to thO$C waler resource;.; currently used for puhllc and private water supply 
syslem;" A!though a variety of sources of MTBE tmpaels to water qualily ha"e been idcntified. this 
section focuses primarily on releases from underground storage tank (UST} sy~le!m, a~ ihi~ population 
c.ompri~es :hc va:>t majority of the known pillen!ial poinl sourcc~ and ha~ been ~tlldied in mlJch greater 
detail than other I)!){enlial sources oi MTBE impacL 

II. Sources .IIud Trends of Waier Quality Impacts 

As described in Issue Summary A (Water Contamination), surface water "nd ground waleT resources are 
Impacted by both gasoline oxygc1utes and II variety of other natural (lna anthropomorphic source~ of 
tonlaminan!s, There are a number of primary sources that appear to be responsihle for most identified 
,\1TBE irnpu('[~; 

Underground storage tanks. other gasoline stOTIIgC ,Hid dislribu:ion lacilitics. 
silch liS bulk ~torage terminals, small houscnold/far:n gasoline tank:.. and 
ab{)veground storage tanks; 

Illterstate and intrastate pcrwic\'lm pipelines; 

Sltl ~;l! releases (e, g" g:lsolille :ank ruplure,s during car a;;tidents Of consumer 
dispoS;ll Qf gasoline in batkyards) appear In have heen the iiOurce of privale well 
cnntamination in Mnine.5

'1 These types of releases :Ire also expecied to he a 
source. of c"!HI'Huination 10 private wells in other State:;; 

Engine exhaust and reinted releases (e.g., spillage) into lakes and reservoirs from 
tWiH,lwke watercraft and older four-stroke watercraft: 

ShmnWiller runoff. 

'~State of Maille RUfcau of Health. Department of Humall Services. Bumau of W;!ste Management &. 
R<::nedial1oll. Dep.trtmcnt {If Eli vironmelliall'rottctiun. Maine Geological Su rvey, and Dej)a! lOlenl of Conservalion. 
Maine MTtJE lJnn(in,l; WtJ!n Study, The flri"'ent.'c Ilf MTRE alld oilier G{I,wline Compounds £11 Milin!!'s lJrinkill9 
Wl1tl'f·,Prtli'llw(lry RI,'!1wt. 1998. 
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A. Assessing Impacts and Trends 

Thcre llrC no comprchensive '!l!ality as!-.e~!>menls uf Bur natinn';. waler reS(lurce~ that can provide denT 
indicali(}n~ of the trend of MTBE impacts on waler supp!ics~ Fur1her, it is unknown how frequently 
g<L,olinc c()mpoJulld~ arc rele'lsed from the curren! population of UST :;ys!ems Qr the quantity of gas\llinc 
that is released. As ~ueh, it is unknown whether releases of gasoline and reluted impacts to wntcr 
resuurces are continuing to grow, whether inerea;:ing awareness of this is~ue has stabilized or reduced the 
frcqueney of such releases, or whether they are on Ihe decline. NtH all Slates require monitoring for 
MTBE at LUFT site;.; find in drinking water quality sampling. further preventing a full characterization of 
MTBE's c'JrrcntlH pOlential future impacts, 

Nc'W Federal and Slate UST regulations pwmulgatcd in the J980's have spurrcd 'l)mprehen~ive 
;I:(.'cs\menls :ind ;:u(feen\'e action pfogrllln~ at flH:i!ilies with USTs, AI' of Dct.:cmbcr 1998, :nany 
,:ufren:ly regt:.lated LIST fadhtie;, can he ex peeled to have had some type of ~itc assessment conducted :lS 

pml of complii\Oce activilies and propeny tr\lnlifcr infnnnation fequiremcll15 III order to determine 
whether there have been \lny releases. The numhcr nf identified UST releasc$ has gruwn stcadily Juring 
the illS! decade, averaging about 2(1,000 new known releases annually.60 Most relcases have becn 
discovered with tank rcmoval during the Ifmk upgrading proccss, rather Ihan being uetecle<l as part of a 
continuous mOtlilOring program, Thus. it is not flOq,ib!e to know when the release -actually occurred 
(l!.g., many releases reported in 1998 occurred in previous years, but were only discovered in ! 998). The 
rate at whIch neW release "ite" afe di&cuvcrcd is expct:!cu to decrease in c,lll)lng years, OIl' most UST 
facilities being evaluatcd (orcDntamina:i.ln were in Ihc rrocC$~ of meeting the December 199H upgrading 
deadline. Becau:.e of limitations inherent in c'Jrrenlleuk de!~clion technologic;-, it IS expe!.:ted that 
reJeases reported in future years from {he cum.:n! population ofupgraJeJ facilities will not provide a 
more accurate characterization of tne (lccurrencc of new reit'ases, 

Limitcd information is available rcgarding releases from other gasoline storage/distribution facilities. and 
very little diHa exilO!!O chatatlerirc the ex:ent to which other !ype~ of ga~nlil)c release;;. occur. 

II. Undergl'uutld mid Ahu\,t:ground StOfUl:C Tanks 

Underground storage lanks represcnt the large~t pupulation of potelltla! polnt SOJrces of gasoline relcase\ 
to gmunu waler. 61 Ga$ol1ne storage and distribution facilities are of particular importance as potential 
sources of ground water c(mfaminalion from MTS E and other ox ygenates, because :hesc faeilltte:! can 
release rclatively large volumes of gasoline (e.g" hundreds nf gallons to thousands of gallons), whieh 
can result in lo;::alized subsurface impacts with aqueous coneentralio!\s in cxecs~ of 100,000 parti> per 
billion (ppb) adjacent !O the release source, as well as extensive dissolved plJ:nes at lower 
{:{)IlCell\rlltiOllli. III California, MTBE (associated wilh ga!\oline relcaiie.'llhroughnut the State) i.<. a 
frequent and w itlcspread cotHam inan! in shallow grounJwater. DeteCtions of MTBI3 are rcpor:cd al 75 
pcr..:elll of ~ite~ where fuel hydrocarbon!> huve impacted gm~nJ wateL The minimam number of MTHE 
point ~()urccs from leaking undergrounu storage lanK (LUST) site~ in California i~ e;;timated ai greater 
Ihall 1 0,000. Ma.~ im U JJl concentrations at these ;;lles: ranged from several rph to concentrations greater 
Ihall 100,000 ppb, indicating a wide range in the nlugnitude of MTBE impuc!::' at the!'e l'iles (Tahle 1). 

60 u.s, En',' iron mental Protectior. Ageney, 0 ffice of U ndcrgrou:ld StDragc Ta:lK~, "Corrective AClion 
Mca~urc,'; Arc hive, ht1!l;/Jwww.cpa.gov!..>WCnl;;ll/....~Jlchlna(chv.htm.n 

f! U,5. En vlronmental Ptctectlon Agent J' 0 me:; of Water, National Waler Qutllil: Inl'i'nflJry: llJ9,1 Re,'U1{l (II 

CUJlgfi'SS, 1996. 
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Table 1. Comparison of Maximum MTaE GrQund Water CQncentratlol'ls Collected by the California 
Regional Boards, January 1999 

M1BE Coni:enlralion Sites Exhlbltlllg COlleenlrollon 
(Paffs Per Billion! Level (Percent) 

" 
5-50 

50·200 

20il· 1,000 

1,000·5,000 

5,000·20,000 

2:0,OOO·loo,MO 

,.:00,000 

23% 

"% 

11% 

17% 

1'% 

13% 

1% 

'" 

Nc.!o: Deta fepfes~nl (c.llecliolis Irom 4,300 $I{{)$. 

SOL'fce: Happel, Dnohnr, and Sod,e'lbaCII, "Met'lyj Tel!i4lY 8Ulyl 

Ether Impa":$. to Calilomht GroaMwlller: pms;:ntllden at Ihe Mawr 

1999 MTBE. 81ue Rllbcr Pane! meeling. 


There nrc currently an esllmalcu 825,000 rcgu1alcd USTs at approximately 40n,{lOO facilities.'>' Of the 
nation's appwximately 182,000 retail gasoline outlets, Ihe "major" oil companlc3 own abom 20 percent, 
or about 36.000 racilitics./iJ On average, each of the nation's retail outlet\ have about J storagc lanKs, 
Ihu> containing a 101al of approximately 550.000 UST;-., 66 percent of the IHlIionallOlaL The remainder 
of Ine regulated UST popu!ation consists: of stale or federally owned racili1ies and nonrctail fueling 
facilities (e.g., on·site fueling ror taxis. rental can., delivery trJcks, e1c.). Over the past 10 years, 
approximately L3 million Federally regulated usn bave been closed. i.e .. rem{lvcd or properly cmptied. 
de'lnet!, ant! buried in placc.H 

There are approximately 3 million underground fuel storage tank_" exempt fmm Federai regulation~ {e.g .. 
certain farm and residenlial gasoline tanks and hunie heating 011 tanks):} LlHgC aboveg.round sltlfagc 
tanks (ASTs) at r('riIlCfic~ and distrib!ltlon terminals, however, tire regulaled under botl! Slate and Federal 
laws, Including the Spill Control and Countermcasures (SpeC) regulations or the Oil Pollution Act 
(OPA) {If 1990. There arc currcntly over 10,000 facilitic~ with tllis type of bulk storage of gasoline. As 
compared wilh USTs, thcre is no comparable Feueral regulatory program for AST\. and Ihus curren: 
relca~e statistic;.; for ASTs Me not available. A 1994 American Petroleum In:<.lllule (AI'1) survey 

~l U.S. En\'ironmcnta) Protection Agency, o rEte of Undcrgrol.:.~d Storage Tanl;~, r,a\ed upon F't' !999 Srmi· 
An/lual ActivilY R ('port - F ir.lf H tiff (u npub) ished). 

6\ Nationlll Petroleum New~> Marker FoClS. 1998 {A rLinglon Heights. II.; Adams Business Media. 1998), p. 
124, 

IN There j~ no dalaha~c. Ina: idenliEe, ~he specific j(lcatif:lcs of the\c federally regulated f3dliiie~ or their 
pmximity 1O drinking Wale: '>tlpply 'I)llrces. See U.S. Envimllmel1tJl P,OltClllHl Agency, Offlcc of Undcrgro:IIHI 
Stor~\gc Tank&, "Cnrrcc:ivc Aclinn Measu;e~ Archive.'· hur;fIWwwt;;mlJ;mrlilwcn;~t!/c;!l!cHm:m.:hv.htm. 

,,1 U.$. Envi,nn:nclllJ! Protection A!;ellcy, UndngrriUmJ Heurill/? Oil And Motor Fuei Tanks Exempl from 
Regl/lation Ullder Subtitle I DfThe Resource ConufVtJtion And Rerol't'ry A (I (M ay I 99{i). 

42 



c)(tim::!ted th::!t ground water contamination had been identifted at approximatcly 68 percent of markeiing 
terminals with ASTs. 85 percent of refinery tank lleJds with ASTs, and 10 pcrce'nt of transportation 
f:lcilitics with ASTs, Of these facilities, ovcr 95 perccnl were engaged in correcllve action unuer the 
guiJann: of u St<lle or Federal UUlh,lrlty,M 

Excluding intrastate pipelines and small gathtdng liaes associaled with crude oil produ<.:lion fields, there 
arc approximalcly 160,000 miles ofliquids pipelines inlhc Uniled State:L61 These pipelines transport 
npproximalely 12.5 billion barrels of crudc oil and refined products annually, Over a recent six-year 
period (l993 to 1')98), an averagc fif I91 spills occurred :mnua!1y, with an average volu:ne from all spills 
jnlaling 140,i)O(} harrels per yellr. Of lhe volume spilled durillg [his perind. crlluc uil accounled for 44 
percent. wherea~ refined petroleum products le,}i., gu;>;nline, borne heating oil, jet fHe:) acc{)'Jn!':u for 31 
percelJt, A;tlwufh the llpecifie volume of gasoline Hpi11cd CMinO! bc readily identified, g:I.'iolinc 
represents {he largest volume of refined product;>; transportctL Audi!ional:y, Ihere are lillIe or no data on 
the e~:en: of MTBE relcalies from pipelines, 

In California, pipeiinc release data an:: currently beillg compiled by the Office of the State Fire Marshal, 
which regulate, approximatcly 8.500 miles of Vipellnes. Since 1981, therc have been approximatcly 300 
pipeline releases with.in the Slate Fire Marshal's Jurisdiction. 

The pipeline industry is working with pipeline rcglllll!nr~ and environmental tru~tee agencic~ to develop a 
definilion of "fell> inll! mlly he wnwsw,lIly sensitive 1lJ environ menial damagc from pipeline leaks to be 
llsed in conducting fUHlfe risk llSSeSsments along pipeline righls-of-way. Ineluded under the drilft 
definition arc areas with drinking water resources, which ·arc ballcd on EPA's standards f(}r defining both 
!iurface and .wbsurface drinking water supplies. Once work i" completed both on drinking water and 
biological re$outee~ th1l1 may be unusually sensitive to environmental damage, OPS will make 
information avaiJabJe for pipeline opefatof~ to use in conducting risk assessments along pipeline rigbts­
of-way. The Office of Pipciine SafelY may also require increased pipeline integrity standards to prC\'Cni 
releases in unu.wally sensitive arcas.bS 

In Ca:if..,rnia. th::: lot:a!iom (If fuel pipelines and drinking wuler wcll~ are being integrated intI} a 
gcographL:: inf,lfmatiUll system (GIS), which is disclls~ed in greater detail in Section V of Ihis hsue 
Summar),. The Stale Fire M'lrshal Office is requited at least once every two years to delermine Ihe 
idcnti:y of each pipeline or pipeline segment that transports pctrule'Jm products within! ,000 feet of a 
public drinking water well. Furthermore, these pipelines' opcnllors must be nOlificd 10 prepare it pipeline 
wcBhcatl proletti,)n plan for the State Fire Marshal's; approvaL 

U, Small Releases 

1>6 Amcrkafl PI~tn:dcum Ins1 jluhU\ Su rvl')' vf A PI M !!1I,bl'n' A hU:'l'gm!lluJ Storage rllnK F'adfilif.,\. July 1994. 

~'The U.S. DepanmeIlll)( Ttan!'j')ottation (DOT)'~ Office of Pipeline Safety (OPS) n¥Cf!,ce;>; the safety und 
environmental regulation ot intersla:e: pCl:oLeum pipe;ine,. Pe!mleum pipelines are al~o ~ubjeei 10 economic 
regulation by the Federal E.nergy Regulalo.), Commiuion (FER C). 

6$ De\'clopmer.t of chc defmition nnd ils ~ubsequent application are subjecl to notice and comment 
requirements under Federal tulernaklng pmcedure\, 
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Small releases from automobile accidents, consumer disposal of "old" gasoline. or olher backyard spins 
«uring fueling operations have been identified by official); in Maine as sources of contamination of 
privinc drinking water \vclls, FN example. in a 1998 sludy of over 900 priVtllc household dtinking waler 
wellli in Maine, upprox imatcl), 16 percent had detectable MTHE conceniratlons, and ahout 1 percent 
CiJllt,lincd eonccntnu;ons exceeding !he Sta:c of Maine's 35 ppb drinking water s!andard,f~ In one 
incident in Maine. nboul 7 to 12 g<lnon~ of gasoline spilled during a car accident contaminating 24 
n(:arby privute welLs in~talled in ~ bedrock: aquifer. Eleven of the wells had MTBE concentrations in 
excess of 3S ppb. Following the excavation of thc contaminated soil. well monitoring at this site has 
il)dicated that MTSE levels arc decreasing rapidly ifi all wclls. Similarly, home healing {iii storage tanks 
havc also hecn identified as pntential sources of MTBE contamination. as MTHE mighl be prescnt from 
mixing the nealing oil wilh smaU volumes of gasoline: in the hulk fuel distribution or :ank truck delivery 
~Y~lcms,1C 

E. Walcrcruft 

G:llwlincw powered wlHcrcraft have contributed to the contamination (if lakes <lnd reservoirs with M TBE. 
These impacts are pdmarH}' audhuted to e;thallA! discharges from ,wo-slrokc c1lgines. which are the most 
commonly used engine type ill slIch watercraft The lwtH;troke engines discharge in their exhaust up to 
30 percent of ettch gallon of gasoline a:. unborneu hyurocarhons, In two rccenl studies examining MTB E 
contamtnation ttl lakc~ at which reformulated gasoline (RFG) with MTBE was u~ed, concenlratiollS of 
MTBE lit ~UhsllUltial portions of the lakes' volume rangeJ from 10 ppb to 30 ppb af;cr peak periods of 
recreational watclcraft usage,'1 Aftcr the boa:ing j;cn~un cndeu, these c()nccnlrali(~ns decreased fairly 
rllpidly (half-life of approximatcly 14 daj's) to juw h;:ckgm'.lnJ levels (apprn.~i!l1alely I ppb to 2 ppb Of 

nIes!01. VOlatiliZation {..: ci)!).;ldered the tlomimwl mcchiwi.'im for this removlIl proccss. 

r. Stonnualcr Runurr 

Swrmwater runoff is considered a n<mpoint source of M TBE contamination. Rllnllff hccomes 
contaminaled widl M TfiE from both the dissolution of re~idu1l1 MTB E from parking loIs (e.g., service 

IW Sunc of Maine Bureau of Healdl, Department or Human Services, Bureau of Waste Mi1nagement & 
Remediation, Depanmenl of Environmental PtoleClion, Maine Geologica! Survey, and Department Qf Conservation. 
Milillf' MTB£ DrillAillg WarN Slur/y, The Presencc (lfMT8E afld Olhrr CaUllifle Compounds ill Maine's Drinking 
Wl1IrT·-Prelim intir)' R rpMI, 199R. 

7!!G.A. Robhlt,\ tt ill" "EviJc)1C'c r(lr MTRE in Hca:ing Oil," Gf!'ulld Wattrwul /?ulll'dia!irm, Spring J999, 
pr. :1S-68. 

71 M.S. Dale: et aL, "MTBn .• Occumnce and Fale: in Source-Waler Supplie~," In America» Chemical Socicty 
Diri~ion of EnYironmental Chemistry pre prints of paper~, 213th. San francisco, CA: American Chemical Society. 
v. 37. no. L 1997. pp. 376·Ji7; 1.E. Reuu:r et:lL "Concenlralion", Sources, and Fate of the Ga:'<(lline Oxygenate 
Methyl Ten·Buty! Ether (M TB fl) in aM ultipJe-Us-.e Lake:' i:.'l1vfrollmCfflai Sdcllc( &: Trcfuw/agy. 1993, v. 32, mo. 
2l, pp, 3666·3672. 

n 1,E, Reuler r,t ::11 '. "Concentrations, Scurcu, and Fale uf Ine Gu,aline Oxygenate Methyl Tcrt-Butyl Ether 
(MTBE) in a ,M ultiplc·U'ic Lake," £/1 I'IrOl/IIW1W I SCIClI( j~ &: rU:!lIIoio8Y, 1998, v 32, mo. 23, rr $660-$072. 
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stations and retail businesses) and roadway~ and from "atmospheric washout."7J MIBE contamination 
from atmospheric washout ;~ thought to be small compared to that from paved surfaces,?4 The United 
Statc.~ Geological Survey (USGS) has chutnc!eril,ed f1.HBE concen:rations in r~noff in many areas nr.u 
has :ypicully fuund such conta:ninntion to be lower than 2 ppb. SIOmlwH!er is dis::harged both to ~urface 
W,i,cr and to ground waler. and thus scrve~ as a sour.:c of vc~y low-level MTBE ("Qflt<imln('.;ion of these 
potential drinking water SOllrces, 

Ill. Release Prev-entioll and Dclcctlim 

A. Prcvcntion 

Since the passage of Federal UST legislalion in 19R4, Improved release prevention praclit:ex (e.g., 
cormxion protection, <I!lll compatibility between the tank';; construction material;; :Hld its contenls) has 
been required [or ,Ill new USTs. Follow jng a JO~year pha:';;>in peflod from Ihe promulgation of EPA 
regulations in 19r;}L as nfDecember 199&, nil regulated USTs are required 10 be protected from 
corrosion, sma!l:;pills, and overfills, and must also nllve release detedion equipment lind procedures in 
pbcc. Many Stales hllve additional and more stringent standards. These regulations arc intended to 
prevent rdeases, J.jd \hoelo II reled.sr. occur,:o detect it promptly in order to minimize gro:.lnd water 
imp2ch. Presently, it is not po~sible to denwnslra1e the effectivelles~ of individual Stales' !.JST 'JpJ;:rade 
p:ogrllIDs or lne Federal upgrade program in preventing releases of gasolinc from dispensing!storage 
f<lcilities_ 

E~en niter tank systems {:anks end piping; are in f'Jll t:o:nplill:1ce will-! 1be 1998 regula~kms, ho\\,cver, 
,;;ome releases arc cxpeetcJ to OCCJr as;1 re:.ult of improper in~tallZ\~ion or upgrading, i:nproper operation 
llnd fr..ilintenunce. and ::..:cidellb. Many of the~e fI:lea~es Jllay n('lt be detected as intended du..:: 10 lhe 
inherent limitations of release de:ection technologies. 

Anecdotal reporb from California. Maine, and Delaware indicate that upgraded USTl:i continue tv have 
fe!C()~e~. Efforts afe underway by thr EPA and in California to evaluate new and upgraded UST systems 
to determine which factors may contribute to ~uch releases. In California, for example, the Santa Clara 
Valley Waler Di~lrict has completed a study evaluating release prevention :md detection performance at 
approximately 30 upgraded facilities.'5 The California Environmental Protection Ag.cncy (CaIEPA) j~ 
planning to hegin a similar .qudy in 199'9. Further studies wilt likely be l'equired in order to investigate a 
representative <;ampling of the UST population. 

J! G_c. Deh.cret Ill, 01:curre.!Ice :,f!/!e Ca,I:;jj'lc OXYRtI!illt MTHE «'Id !JTEX CII'Jl{JnHtdl.l ill Urhl)fI 
SwrHiW!lfN in rfle U'lirr~'- SUlles, .H)9,'·YS. Ii,S, Gco!Ggical SlIfVCY Water Resource, Inve,.tig.alion RC:PQf{ WRTR 
9(;-4!45.1996. 

1{ AL. Baehr, P.E.Slackelb.:rg. a3d 1<.1 Baker, "Evu\uulloU of the Atmosphere :v; Il Souree uf Vola:i:e 
Orgar,ic Con:p:n:nds in Shallow Ground Water:' iVafer R':S(J(,rers Hesear,!!, Jan. i 999, \'. 35, no.!, pp. t27- :36; 
TJ. Lopes anc D .A. Bender, "NonpolIll SOUrCc" of Volatile Orgau!.;. C!)mpound~ in Urban Areas -- Relalive 
lmpor!;mce ofUrbau Laud Surfaces and Air," Envirm;menltti foUl/timl, IlJ98, v" luI, PI'. 221·231i. 

i' Santa Clara Valley Wrtter Districl GromhlWaler VolncrubililY Pilot SltIdy, "lnves!lgatl,HI of MTBE 
Oct;'uHence Associa!ed with Operatiag eST SYI'!cms:· July 22,1999. hl!p:i/www.¥tvwd.aSi.C;l..Ils!wtrqual! 
fuctrnloe"hun. 
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B<I!icd on reportS reeelyed to lhnc from Ihc States, EPA Cy,timaH:s thaT approximately 80 percent of the 
regulated universe of UST systems c'Jrrcntly meel the December 1998 requircmenls"1b By the end of 
2()OO, EPA expel:ts ,II h~,\~l 90 percent uf the regulated tanky, will be in compliance, leaving 
approximately 80,OO(} tauk~ that have r,ot been upgraded. Slatc~' UST programs arc primarily 
respunsible for inlplemcnling and enforcing UST regulatiou;.;. 10 augmenting and assisting States' 
activilies, EPA provides outreach. htlps ShHCS Irnin UST in\pectofs, and fOl-fers the exchange of 
illforrn:l.t!ull :lftlong 51;HC~ reg:mHng effecllve meaa:.; of iiecuring compliance, Upon a State's requf-:';t, or 
acting independently when neccS>.uy. EPA will also take direct action io enforce the regulations. 

Approxima;eJy 2H S:ates now prohibil deliveries 10 UST spllcms that arc not fully compliant witb the 
December 1998 r~gulati()ns, and ~cveral major gasoline suppliers haVe stopped flJcl delivery 10 
tWIHompliant tank!;. These actlons, along with the lraditional enforcement actiolls taken by EPA and 
S:,lles, have conlrihulcd 10 higher complillOcC n\!c;:.'; 

The U.S. EnvilOllmcntal PlOteelion Agency and tbe Stules als0 require tbat CST~ that do nill meet the 
technical standards are properly closed with th{lfough site as!!e:.;£ments for poten~ia! releases. Through 
December 29.19:99. non·eompliant USTs can be Icmp{)raril, closed, bUI must be permanently closed, 
and any releases identified and remediated, thereafler if nm brought into eornplianJ;e, 

CUHClitly, tbere L .. an appuren! :rend rowanl uiling smull AST~ (i.e .. fewer th,tn 20,QO() gallons) to replace 
regulated UST~,7i Thes:: AS1\: arc generally not s'Jhjec! to the same re!ca~c preventiun and detection 
requirements as USTs. Rclcnsc~ from ASTs may ab() re~uh in MT8E cOJ1I:lIninali()n. and so it ;nay be 
neces:.;lIf)' to evaluafo the perrm::nance of such systems. 

I 
n. Detection 

Existing regu!ll~i{lns require the u~e of release detecti()n lechniques that meet ~peclfje perfvrmance 
criteria" Internal (e,g" autorn:nLc tank gauges) or external (e.g" ground w~lcr munituring) approuches 
Hl::)' be used iii meeting tbese critcria. Although these regulations do not llHow any dc:c<.:tcd rclc;;::-:cs to 
go unreported, the Tcguhltiom Jo permit several ()rt;()n~ of varying deg,rec~ of scn ..i:ivity in :he de:ectlon 
llf a relel1se, which Can rc_\uh in small!:'f reh:al'e.' going undetcCl{:d for an eXlcnded period oftime.P The 
rcgu lations, prom ulgated in 19 g8, were c{)n~idered atJcqu ate <lnd "best availuble tl!eltnology" for typicll! 
guso!inc (and other fuels) fonnuJalions alIne lime b¢cnu~e hydrocarh()I1 plume.;; are generally sclf­
limiting (primarily due \0 intrinsic bioremedialion) and Ihus small releases or slow chronic releases that 

16 U,S. Environmental Protee-IIon Agency, Office of U ndergrouna Storage Tanks, estimate I>a~ed uIK.n data 
~llhmjt!ed by St~te1 Ill! Fc-b~u~IrY 28, 19"99 and A;:HU 30, t991} {uapubli:.hed). 

71 Ellen Frjc, "WI:!C:-I Pli~h Cnmes 10 Shove," UJ$T/.iI'I" Seplcm':ier 19\)\oL 

11 Juan Sexlon, KJ.n~J.~ Slate lJepa;lme'l! of Hea:th & nnvirOllment, paper pre\":lltec 4t Ihe lil'" A:lnua! 
UST/LlJST :-':-z.(~O:1a: Con:"erence (Long Bcach, CA, March 31), 1999); WJyne Geyer. "Above thc G;ound hut not 
the Law: ASTs on t!'le Rise, Regulator" ia HOt PUfstli!," Petrolellm Equipment and Tcehnl>logy, lilly 1999. 

1Y For example. under Qnt' option. a 02 gallon per hour release cOllld go undetected in up 10 S percent of 411 
c~ses (i.e., it j" de1ected in 95 of 100 inHilinces) and nnreportcd by compliant "y~lcm" (in J wom Olse scenario). 
The ~ame technology "houJd not have greater than a :I percent occurrence nf fllllle alaml". Other lype~ Qr leak 
dc:celion may han: lov<er nr higher thre,holds and sIll! meeT the EPA gllldelille.~. A 0.2 galion1hour release would 
rc_u!t b a teleJ'e t,f 1,752 gJlllm$ if undetected 1(lf OJe year. and CJJuhl ,;u tlnJel.;:c!c,,) '-Of ~"Ycra! yCllr~. 
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rcmain undetcl'!ctJ have :ypicJlly not re~LI:~cd in drinking water impacts, The reguiati011s did not addre~s 
lhc usc of oxygenates .al!hollSh !bey were used as o;,;tane enhancers at this lime, albeit u; gencrally ;O\'I'er 
level~ lhan in RF() and oxyfueL~{I 

Changing existing UST release detection regulations to address the use of oxygen aLes in gasoline will 
require EPA to anlllyze the ri~ks, (.;()sts, and benefits of UIlY regulatory changes, In the past, changing 
such l: regulation hns taken three to five years. The U,S. Environmental Protection Agency nn" ioitillleO a 
field verification ,lUdy of UST release detection pcrformance llnd expects initial rC\ult,i in early 2nO(1.~1 

IV. Underground Storuge Tunks 

A. Materials Cl}mpaHbility 

The li;;t: of oxygenate;; in gasoline in ihe conventional ga!'oline supply wus weB established in the mitl~ 
1980\ when EPA begun formulating the current Federal UST regul::uioo:- (l998), which formally 
identified und addressed compattbilily Issues. The regulations nnfed that standard specifkations for sleel 
and fiberglass lank sys!e;n !Raleria;s had been est,lblished to provide for compatibility with 
gl1:'olinc!uxygcnate :ntxlur.;~ containing up to 15 percent by v{)\ulhe MTB E, 10 pen:en: by VOhlnlt' 

£than{)l, and 5 peJeen: t.:Jy ,;ulun:e methano!. Industry qandard~ for mt:erials c{)mpalj~ilily have oeen b 
pla;.:e ~ince 19R6. 

A recent evnluation concluded that there arc no kl:own st1:dies indicllting that llny ~jgnifjcant 
deterioration will occur in metal or fibergla~x UST system~ as a result of c()ncentrations of MTBE or 
oth('f oxygenates in gtlsollneY The same study indicated, however, thnt given the lack of existing "rca! 
world" ch<lf<lcterilations of the long-term performance of typical UST system materials. further 
indcpendent quantitative evaluation may be warranted, particularly with regard to potential mctallic 
corrosion. fibergl;)Ss pcrmeabillty, <t:Jci the elastomer lntegrity of gaskets and ~C'a;s. Because lank and 
piping materials may be in (.;on!act both with gasoline vallof';' and water containi:lg high concentrations (If 
Jis.s{\lved gas.olinl; comp(}nenls. co:npatib i lily \v ilb the vapor cr aque{\:Js phase of ox ygenatcd gasc line" 
may a:sc meri: study, especially if there is putential for tne s~bs~.ar.tia; enrichn:enlof oxygenate" in either 
phase. 

II. Training, Education. and Certifieatiun 

It ha~ long been n:cugnlzed that UST (eh:il~e5 can be callsed by the failure to ade4uately perfo7m ccnain 
standard insiallatlon :md daily operational and matmenance practices. Despite existing rcgu!ntiol'ls !hlll 
auure:;;s mallY <If these practices. owncn, ..:onlract<)r~. and employees !!lay 1'101 roulinely exercise 
appro;HiaiC (Me in pc:fnrming lh2se llctivities. The moq frcquen:ly idemifilid problem areas indudc 

WTh~ lite tJf (1.>,ygcnAle~ in gasollne wa, weI! established by the mitl-19RO','., 

~l Thoma, M, Young and the U.S. Environmemaj'P['otection Agency, Fidd EVlI/uiI7iOIl of Leak Detec/ion 
fe/formal/ce, Nati(l.nal Leak Detection Performance Study, 1999, 

!!-1 Kevin Ctluch anu Thomas M. Young, "Leaking Undergrou;ou Swrage T'Iak, (UST~) a, Point Source., of 
MTB r: 10 Groundwa:er i\tld Rebted ~TBE·UST ComratibiliiY [s;;ues:' in l.in:versJty of California and V C Toxic 
Sub~:anc<:~ Rc;;cJ.rth & ;cachillg Program, HraW! t1nd E'I'.<fmlll/!('IjW! A.ueument ill MTRE. 'Volume IV, 1998. 
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instnllatiun. fue! ~lclivcry and procedures, and routine maintenance of dispen$ers and release dClecilon 
equipment.~3 

Federal UST luw conudns neither <Iny requirement nor any authority for the certification of owners, 
operators, inspeclOrs. or contmclOr~. In practice, most Federai, State, and local inspectors are weB 
trained. :Ind man;· UST owners rcqtdre Haining for their employees. There is often considerahte iUrnover 
of facility emplo}ees in Slate and local programs. however, and conslant training is required. A few 
Stales bave third party inS(l"CClion programs requiring. that facility owners bire a eenilietl inspcctor 10 
docutnelit a f3i"iliiy'~ SU\ll;: \If CiHliplianee. although there is anecdotal evidence Ihat Ihese programs ~rc 
no! fuUowe,L 

Slates have taken Inc impetus: in cerlification anti slmHar programs. For example. naif of the Slales have 
progr.uns for licensing or certifying eoninKlOrs who install. repair, and femove USTli. A limnller 
percenlage of Slates (perhaps 25 percent) require certification or licensing of mnk testers •• primarily for 
those who perror:n release deteclion !C:lts. Finally, even a smaller percen:age of States, probabJy ~rouficl 
20 percent. havc ftgistra~[on or certifica:iorl programs fur remedi:dorl contractors. As thc~e e~tillla\c;; 
indicale, f'Jrlner progre~:I could be m"Hle in establishing such programs in additional S:ates, 

V. l'wiecHon ofl)rinking Watcr Sources and Watcr Quality Management 

A. Federul Efforts 

Section 1453 oj' lhc 19% Safe Drinking Wilter Act (SDWAi, as. amended in 1996, rCt1uire!> a:! Stu.:cs hI 
cumplete a~\cs~;nent~ ()f their puhlic drinking \'tuler .mpplies. By 200), each S:ate. and pnr:icipating 
Trihe nLlst deline,ltc thc buundarie~ nf areu.~ in the State (or on Tribliliunds) that supply water for each 
publi::: drinking water sYR1:::m; identify significnnl potential sources of co~tamination; and determine edch 
system"s sJsceplibiiily to Sl)Un.;CK of umlamination, Tbe assesS:l1ents will synthesize e.\il<ling 
informu.:ion u.boul the sources or drinking water supplies in order to provide a natmon! bal<eline of the 
potential cootamlnant thrcut\ and to guide future watershed restoration and proleCti{lfL 

The assessment of drinkIng Walcr 5illurces lS only one pan of protecting underground drinking wuler 
source.,:}4 The Wellhead Protection Program, which was established untlertbe 1986 SOWA 
nmendments, guc:; beyond n~sc~sment lQ ~dd additional requirements for prevenlion within wl.'llheao 
protec;ion areas, ~llld to establisli contingency plans in the case of a release. Wellhead protection 
program:> arc currently in place in 49 States and territories. Over ]25,000 public drinking water ):ystcms 
have community-level wellhead pmteclion me4.~ure5 in place or under <level{)pmefli. 

To further identify those nreas that may be impilcted by MTBE and other contaminants associated with 
gasoline, EPA is reviewing al! Slate as.~essment program submittals to ensure that eilch progrnm 
inventories gasoline sen'ice Slali(}fls, marinas. USTs, and gasoline pipelines in drinking water ~ourcc 

IJ California SI>ltc Waler Resouf<:c, Coulrol BQard. "Are Leak Oeleclion Methods Effective 1n Finding. Leaks 
In Underground Slora&e Tank Syslem,,1 (teuki:lli Site Survey Reporl)" Jar.uMY 1991;' 
HItp: I/w wow .sw rc b,{::t.govf-cw plwme!u!l.tflcak_repoftsiJ adex .htm. 

Sol U.S. Envirmimenllli Proteetinn A geney, Ornee of Water, Stale SOl/ree WI/ti'r Asu.l'.I:mclI{ dlld Prolenitm 
Pmgrwl!s Guida/lCe, EPA 816.F·97·!l!l4, AugU~l 1991, www.CQ(I.gov/OGWDW/swrJf:H;WtHLhlmL 

www.CQ(I.gov/OGWDW/swrJf:H;WtHLhlmL


protection ureas. This will provide an opportunity 10 collect loc&tional data for water sources und 
contaminant sites as part of the State Source Water Asse~smcnt ProgrUffiOt. Here, the challenge will be 
lhrccf(JJd: (1) to I;ollect information useful to mul1iple stakeholders; (2) 10 maintain, update, and improve 
[he data over tim(':"; and 0) mu.'t impNtar.:Jy, lU !uak<t Ihh; ;:;fon:'H;tioft ellHly accc)(sibic amung agcncieii 

The U.S, Environmental Protcctlon Agency is nlso rcvismg its current Unregulated Contllminlln: 
Monitoring Rule, The revised rule, sebeduled 10 take effect in January 2001, will require large water 
systems {serving more thall 1O.()OO persons) and a reprc;.cntative sampling of small and medium-sized 
water systems (serving fewer than 10,000 persons) to monilOr und report MTBE detections, a procedure 
!ha! should not add substi.lntinlly 10 monitoring COS!S due 10 {he inclusion of MTBE nnalysl;; within 
:malylicaJ te".ts used for moni:oring of olher VQes. Although Ihis wil! substantially increase the 
monitoring for M TBE, under thii> regulation, lhc majority of public groundwater "upply .... ells wlll sLill 
uot bc moni:ored for MTS E, For c)l.ample, if this regulalion were !O be enaClellluaay, in Ca:ifornia. 
r..HBE !!hlnitqring ,IIlJ reporting would be required for all 3,{)94ucliw well;; (wiihin wdter ~y~tem~ 
~crvjng marc than 10,000 persons) und a represeutativc sample of Ibe {)lbcr 7,160 advc we!:s (within 
watc. systems serving fewer than 10.000 per:mm;). resulting III fewer than h.llf Dr Ihe tolal n'Jmber of 
lIctive wel15 being monilOred, 

n. State }:ff{;rts 

Under California legislation cf!uct\.:d if! 1997, the St.1te Water Re~ouri;e~ Con:roJ Board (SWRCB) is 
rcq:ltrcd tu lmplemenl a IItalcwide OIS It) mana!)c Ihc ri,k Df :..1TBE contamination to public ground 
wnter supplic:< In the sh(lrl~term {by July 1999), this proj!,).:t ~eeks (I) to IUl.·ntify <.1I! unuerground storage 
tanks and all known relea::c~ of motor vehicle fuel from underground storage tanks that arc \II ithin J,000 
feel of a drinking waler well; and (2) to identify public wells within 1,000 fect of a petroleum product 
pipelinc.u 

This GIS displays and reports detailed informati{Hl for both tank release ~jle& anu drinking. wa;er source"_ 
Most importantly, the system streamlines the integration of dnta from multiple agencies, i.e.. the system 
integrates data fm both (;unlaminllli! sites and drinking waler S(lUfCCS. This GIS will PC used by <1 varielY 
of Sintc ;Igencie~ to bellcr pm:cc! public drinking w,lIer wells and aquifer,~ rC<L,onahly expected t(~ be 
hsed as drinking w,1ter fm:n both motor vehicle fuel sources, in,~ludlng underground storage :ank~ 
(operaling sites and closed $ltC$ with existing contamination), nnd petroleum pipelines, PutJ.:ic access via 
the lot(:rnct will Serve \{) OVercome current limitatitlns on obtaining and sbaring dala among multiple 
regula lory agencies, waler purveyors, the petroleum industry, and other stakehQlders, Furthermore, tbe 
system gi.,cs all slaketHllJcrs acce~s to on-line data analy~is tools tbat can be used to eS1imate 
,/ulncfJbility. 

Other Stales are also developing and implementing GIS capahilities. although not as cp;nprchcnsivc!y as 
Ca;ifcrnia's program, 

8~The GcoTracker report was- a pilot study thai addre,,~ed Ihe Santa Clorll Vnlley and Santa Monica water 
disltiCt~· not the entire ~tate, Ilowi!vc-r, !he GeoTracker approach i~ e)pecled 10 be u,\cd to gel informatIon fonhc 
resl of the state compiled. r-nr more infm:nution about thi~ GIS, refer 10 hrtp:!/l1colrm::k"tllnLgov/. 
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VI. Treatment of Impacted Drinking WatcrU 

Whcn drinking waler s.uppJles become cOnl<lminaled wilh MTBE. W<ttH suppliers mus; lake :;.teps 10 HeM 

the waler so as (0 restore i110 potable condition, The MTBE Research Panoership. which includes the 
Association of California Waier Agencies. the Western Slatcs Petroleum Association (WSPA). and the 
Oxygenah.':l Fuels A~socJation {OFA). recently publbhed Tr.;Qtmeni Technologies For RemUl'tll ofMTlJE 
Fmm Drinkillg Water, a repOrl reviewing and analyzing tbe cost, uf lhrec water treatment technologies: 
;:If stripping; :lelh'<lled carboo; <lnd <ldvanceJ ox~datiojL 

• 	 TrC<ltment 0f extracted air and W<ltcr effluents is typically accomplished (Ising :lir slrinping, a 
process in which ;,:unlamin<lled water flows down n cuitnnn fiHcd wilh pading muterial while 
upward-flowing ;tif volatilize!> the contaminant fwm the waie" Although highly effective for 
henzene. il is less effective end somcwhul mute cusHy for MTBE (q;.. 95 percent and higher 
rcmuval efficiency for bcnlcne V5. 90 percent and higher fur MTBE). Commonly •• !ir stripped 
effluent is "polished" to lower cnn!nminant levct~ by sIJPscqnenl treatment with activated carbon. 

• 	 Acti\'tlted carbon, or carbon ads{)t(!timl, is also widely employed IQ remove low levcls of organic 
compounds from water by pnmpiog it through a bed of tI(livaled carbon. Addilionalt}'. many 
individual homeownen use small carbQn canisters to remove a varie!), of conlaminanls. induuing 
MTBE, ftOm impacted private wells. Again. lhis process is highly effective for benzene, but 
much le~~ $:0 for MTBE, which requires greater volumc;; {lfcaroon per unit mass of MTBE 
removed. and ~h'JS is significantly more expensive and less effective than benzene removal. 

• 	 Advanced oxidation technolQgics use approprialc combinalion~ of ultraviolet light, ch..:micai 
(lXitl.anLs. and caliljys~,~ to transform contaminants, Oxidation technologies have been 
demonstr:ltcd to nxidilc a wide mngc of orgunic chcmicid~, including MTBE. These ~a;nc 
technologics. cspcci,lIly ail' stripping and granu1:1r lIctivillcd carbon lGAC), h;]yc becn cmployed 
sllccessfully for llSC al individual hUllle~ with impacted drinking WtHcr wells." 

, 

The costs associatcd with these types of treatment for drinking waler arc summilfized in Figure I. 

"~Tlli,~ dj~C\l.~i;ion refeg ~pedf1Cjl!y to the trNl1ment of grnunt.1 watef~ ,,If ~I);f;!ee waten in leaded for 
di\tribalinn 10 (!'n\umcr~ Of to private well owner~: rrmrtiiurimi of tniUlid Waler ll~~odaled with contamiaanl silc\ 
i~ addrM~cd in thc following section. 

n j,P. MaLey, Jr., P.A. Eliason, J!ld J.L Wagler. "Po;IiH)f·F.tH(~ Treatmen! ('If Petrdeum Contamina!ed Walcr 
Supplies," Water Environment Research, 1993. v. 6.5. no. 2, pp. 119·12!L 
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Figure I 

Annual MTBE Treatment Costs for a Fam of Four 
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Source: ~'1TB£ Research Partnership (Western Stales Petroleum Association, Al'l'oc1alion of California 
Water Agencies, mu1 OX~'genaleJ Fuels Al'sociution), Trea/meta Techllo/vgi<,!S for Remot'a{ of Me/ny{ 
Teniary Butyl Eri;i'r (MTBEJ from Drillking Warer .~ Air Ssripping, Advance'! Oxidarioll Process (AOP l, 
llnd Gmlflliar ,1climJ-rn Carbon (GAe). E:recllJive Summary. Sacramento, CA. December 1998. 

Tertiary hutyl alcohol (TBA) is another oxygenate that has he en found at oxygen<tted gasoline release 
~itc~. Hecau~e THA is a byproduct of some MTBE production proecl\sel\, TBA i~ found in ~(}mc fuc1­
grade MTBE.~~ TBA is also a metabolite of the biodegradation of MTHE.~~ Because TBA is infinitely 
soluble in water, usc of air stripping and activated carbon treatment mcth()d~ are even more limited than 
for treatment of MTBE. TRA's treatment by advanced o:du)lti()n may generate c()!l1p(Jund~ pOlCnlially of 
health and environmental COllceflL The pre<;.cnce ofTRA will further limit the usefulness of the above 
llcscrihclllcchnolugics and increase \(calmcnt co!>ts. 

!,s. Nariona! To\icology Pwgr:lm. Summar), oj DaTa Fo' Chfmiwi Se1ecr£fIIL" Methyl Tut-RuI}! !;lhu, 
hllp:llntp-db.niehs..nih .go,.-JNTP_ReJlmlsfNTP_Chem_H& SINTP_M SOSIHS_1634·04.4.1x t 

&9 J.P, S..lanilro el at.. "Perspectives on MTBE Biodegradation iilld the Po\Catlal fOf In siln Aquifer 
Bh.remediation," proceedings of the Nalional Groond Water A \\oeialinn'~ Smttlllt'(,JI F(I('l1S(d (JmufliJ Wattt 

CllfI/U('f/(('; Disnming th~ lssur of MTRE ond Perchlorate in Gr()llnd Waur (Anaheim, CA, June 3·4, 1993), pp. 
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VII. Remediation 

A. MTBE 

I. Risk Based C(}rr(~r:live Action 

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

Regulatory policies have evolved during the last decade toward the increasing usc of risk-based 
corrcctivc action (RBeA) programs. These programs serve as a means through which the management 
of petroleum releases is prioritized so that time and resources can be directed to thuse sites most likely to 
imp<lct public or environmental health and safety. These changes in policies and practices arc thc result 
of conclusive demonstrations of existing and innovative technologies' limits in achieving complete 
remediation of impacted ground water systems.qO The complex properties and interactions of gasoline 
and hydrogeologic systems have been found to be substantial barriers to the effective removal of motor 
fuel hydrocarbon masses released to ground water. The ascendancy of RBeA programs paralleled and 
was assisted by an increased understanding of the role of natural atlenuation 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 pluIne using intrinsic bioremediation. Because MTRE is generally recalcitrant, the 
presence of MTB E 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 
Corrective AClioll, developed during the early 1990's, forms the basis for most State risk-based programs. 
This RHeA guidance focuses on setting remedial goals based on health risks. MTBE also presents 
aesthetic (i.e .. tasle and odor) problems at relatively low levels, which is currently not addressed by 
ASTM RHeA. Alternative RHeA guidance would need to 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 strategies that shift the focus of cleanup away from broadly defined eleanup 
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 RBeA focuses on health 
risks. and because MTBE has also been shown to present aesthetic (i.e., taste and odor) problems at 
relatively low levels. alternative RReA guidance may need to he developed to adequately address those 
types of environmental concerns. 

'!O u.s. En \' ironmental Protection Agency, 0 ffice of Research and Development. Pump-Mld- T real Ground­
WlIIer Rem edialion: II Guide for DeciJialt Makers and P ractilioners, EPA/625/R -95/005. 1996. 
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During the last several years, it has b¢eolflc an accepted practice at UST release sires to carefully 
eVlIlulltc the potential for ifllrilL~ic remcdiation (i.e,. bioremedialion of the contaminant primarily by the 
microbial populatiDn natura!!y prcsent in the sub~urfnce), and then 10 determine whether there is a need 
(or lIclive rcmcuinlion, The prC$ence of MTSE carl complicate ihe 'Jtitization of irmins!c remedi::~ioll, as 
a::hough the BTEXiI! plume may be :;b{lwn to be contained safl.,facwrily. adcljllatdy demonstrating 
slahilily andior containment uf;:m MTBE phone may be much more difficult Methyl tcrtiuy butyl etber 
is ge!1era:ly recalcitrant, and thc:crnrc intrin-ie :cmediation will typically r:ot he:r fcasih!c option. 

Source control (i,e" removal of cnntmninarH mass near tbe source ()f the rch~iI,'ie) b frequently employed 
10 reduce long·:erm impatts to grounu water :.mu iirinking water in situations whcre intrinsic remediation 
is 1101 viable. After a release, nmHlque(lu~ pha~e liquid (NAPL) i~ likely to be present in the vadose 
:wne, capillary fringe, and ground waler, The NAPL (e.g .• gasoline) will act n~ a long-term source of 
ui~sol\'ed tonta:ninants. Where praclicaL delincali{Jrl and removal of N APL UTC critical for complete 
rcslOftlli-on of an impacted aquifcr,9l In llfClH; with shallow ground water, excavation of the N APL­
contaminated Gouree area (down 10 and below the water table) can be an effective remediation approach. 
This technique is less effective al sites with extensive areal contamination, ~ubsurfacc structures, or 
deeper water tabk~. The excavation and disposalllf large volumes of contaminated soil or aquifer 
sediments b;\Vc al~o been discouraged at milny sitcs, in part because of limited solid waste treatment and 
disposal facilities, 

2. 	 CUIII'tlllioIlU/ alld f!JIlIJV(J{;v(' Tecirl!ol{)giex 

Although the cOl1vcntional and innovative lechoologics, used (or ground waler remediation of 
nonoxygeoatcd gasoline releases are also applicable for MTBE remediation, their relative effcctjvcnc.~s 
and com may vary depend Lng Oil ~ile-~pecine eonditions q.l A remediation .. ys\em Iypically erllpl(;ys ilir· 
or wliler-based approaches for renmving contaminants rrom the subsurface, and one or more lrelliment 
lcchnolog.ic~ for rcmovlag the cOtllamifHlnt from lnosc aqueous or vapor ph(!.se efOuenls, Ahernalively, 
ill-.fitu lCchniq;Jcs can be used to' trea~ or destroy contaminants withllU! bringing them ahove !he surface. 
The applicalimls of the~e lechll()logie~ fnr MTRE alld benl.Cne .ue briefly ~(lmp;ued below, 

• 	 Pump LnG treat;~ a HHllurc, well-umleri>tood a:chno;ogy tlU\: pump~ £,wund water 
to the surja~c fUf subequeol trcu:ment <ind dbchilrge. Rccu:Jsc of the re:u;ively 
low so:ubi:ity 1)( benzene, this 1echnique is mere effectlvc as a benzenc plume 
migration control technology lhan for mass remQvul MTBE's high solubililY 
anu low soH sorptIOn should enable MTSE to be !TIMe readiiy extracted from an 
aquifer Ihan benzene. As with all pump and Heat, the efOuent will {iilY\! to be 
treated w itll lechno\ogies such as air stripping, advanced (lxidation, GAC, or 
bimeaclor. 

~! Tne compounds benzene, toluene, elhyl benlene, and xylene an:. commonly known <1# '·aTaX." 

4! U.$. puvjf(llImcptal PfO!eC!i\>l) Agency, Office M Re:.cMcli and Dcvelnpmctl! anti Office of Solid Wan!c & 
E::l,,;r~CllCy RC3ptJli\C, Ught NIIHllqU"I'lIS NUl.>/' Uquit!s, EPA Ground Water h;\ue Paper -# EI-'Al54!J!S·9515tlO, 
1995. 

l' DaHlel N. Creek .wd J. Davidson, "The Performance and C{l~1 of MTRF, RCflH~diaiion," National Groand 
WOller Association, 1998 Peth.lle~m Hydrocaroon\ and Organic Chemk..!s in Ground Water, pp. 560·569, 

Tom Pcagria, "Empirical Study of MTBE Benu:ne and Xylene Gwundw.l!(f Remediation Rat(:~," National 
Ground Water A~~oeiatlon, 1998 Petroleum HYQroearhol'!s and Organ Ie Cb(:mieal\ in Ground Water. pp,55! -559, " 
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• 	 Soi! VhPQr c,~ tracti{)n . S V E) pulls ,lit thruuglt the soil to volatilize con tam inants. 
Because MTIlE dOeS nol adsorb strongly 10 solb, and 11m; h higher vapor pressure 
tllill1 benzene. MTBE wili readily \!olntiti:t:c from gasoline in soils. When MTBE 
i~ dissolved in ~()illTl{)istufe. however, SVE wIl! not remove MTBE. which IS 

highly soluble. 

~ 	 Air sparl:inc injects air below the waler table to volatitize contaminants. (rom 
ground waler. Compared wilh BTEX, il milch: larger flow of air is re'lllired (0 

volatilize a similar mass of M TBE. This addition of air/oxygen also cnhaJlce~ 
biodegradation of contaminants tbat arc acrobicaJy dcgrnded by nu.:ivc 
nlicfomgtlnisms, Althollgh air sparging will readily cunam:!! the: btotlcgru.d';lion 
of hen/.cnc. ytlHlic;; 1Q date h<l ve shown MTBE to be relatively rec.ilcitrant w 
bi0dcgradatilJll by nMlve populations of microhes in the suhsurfacc, Therefore. 
although air sparging is known to he an effective technology fur rcmcdlating 
benzene (increa~es volatilization and biodegradation), it IS cxpcctcd 10 be lCSli 
cffeclive and mQre costly for M:TBE remediation (i.(' .. dj"soln:d phase does nUl 
VOi;llili'l"c and may be relatively rccllJcimmt to native biodegradation). Au 
sparging is frcqllcntly teamed with SVE to capture the vOlatilized compQunds. 

D'JiI1 phase ex lrucllon in vol ve~ va pm ell Lraction and grou nd wnter cx Ifflction in 
Ihe samc weI:. This ~echniQuc Ii; likely to be mo"t cffccti\c In situali\ln~ in 
which the: W:\lcr tahle call be lowe-re-u, ,\!lowlng for a iurger area of inflllcnce for 
the vapm cxlrac:lon syste;n. As di~cusscd above. when MTBE is dissolved in 
soil moisture. vuporextraction will nol effe<:tively removt'. MTBE, which is 
highly soluble. Tberefore. Ihis technique is most {'ffective for volatilizing 
MTBE from gasoline, 

.B.iorenJedi<ltjoo of MTBE contamination is an incrc3singiy active u.rca nf 
research, Tbc biodegradability oi rvnBE is considered to be much slower 
rel;.:ive In :hc 'lbun;ian: na:uraJ hiorc.medllllbn of O:hef gasolille cnl1l;titJcnts in 
the suhsurf:lcc (e,g" belnene). <lnd MTBE generally has becn rcc:ddtr:mt or 
iimi:ed rclmivc to i;cnLcne i;iodcgradalinn in field samples, allhnagh tltere is 
some held cvidence to lite contrary.'N Recent lab and field sWdies huvc 

W R.C. Borde" et al. "Inldostc BHHlcgrauatiolt of MTBE and BrEX in a Gnsoline-Coltlamlna!ed Aqoifer." 
iVmer Resource;; Reulirrh, 1997, v..33, nQ, 5, pp, 1 !OS·l! 15: A.. M. Happel. B. Dooner, and E.H. Beci;enoach, 
"M!:lhyl Tetli;HY Bet)'1 Etber (MTJHl) l!:lpacls to C.!!ifornia GWllrdwater.'· presentalllHj at M'I'IH3: Blue Rlb~()n 
PlOei mceting (M arch !999): A ,M , Happel ct al.. Law renee L;vcr:nll(C ~ a~ion al LalwfAlor" tlll £',;tfhali()/t of 
At Til Gfmprlu.\ to Ca!iJorllfo G rmmJlraler R eiilfIfCfJ, U CRt-Aft -I JORY?, p.6R (11)11t 19%): J,13, LUlldmeyer ct a!., 
"Fate of MTBE ReI~tjvc ~n Benzene in a GJl~D~ille-Co:]tamina1ed Aquifer (! 993-1)8)," Gfilund W(IIer M oniU!l'ing & 
RC'lllnlhilIO/l, F,,1I1998, pp.!))-I 02: Marlo Schirmer and i.E Barhr. ··A Study of Long-Term ,~fTBE AuenUalion in 
Lh.e Borden Aquifer. Ontario, Canada," GffJUlld Water Mrmilorillg & Remediation, Spring 1995, pp. 113·122; Reid, 
1.B .• et aI., ;'A Comp:lrllli\'e A\~e$$ltH~nt oftne- Long-Term Beh;lVior of MTBE and Benlene Plume$ in Florida." pp. 
97·102 Nall/ral AlIeIHwlimr of Chlorino/ed Soll't!nf.{, Petroltum Hycl roca rbon alld Olirer 0 rgUlric Comporrnds 
([999): Hurt. KL.et. al.. "Anaerobic Biodegradation of MTBF. in a Contaminated Aquifer... " pp. I03~I08,N(llIIral 
lit/t'll!wrion of Cht.rrilll1Utl StJInmls. Petrolel/III Hydro('(lfhon and Olher Organ ie C()mpolltldJ (! 999): Bradley, 
I'.M '. eul., Aerobic Mineralil:alinr. (;f MTBE and lert-Butyl Alcohol by S:r.;am·bed Sediment Mlcroorganif,mf,: 

(continue,1., ) 
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indicated that biodegradation proCCiiSCl' can be IH.:celeraled by augmenting the 
subsurface environment or microbial popu\tllion (e.J,' .• by thc addition of oxygen. 
microbes. nutrients. or bydrocarbons that s!imulll1c MTRE comelabojism). 

• 	 In-situ oxidation relics on the eapaelly of certain chemka! mIXtures (e.g .. 
hydrogen peroxide combined with iron} to rnpidly oxidize organic molecules 
.meh as MTBE in waler. Because MTSE oxldnes rapidly, It will be removed 
during the course ofroutioe water ireatment by lhl:. technique. Although current 
use Df this technology is limited, when suhsurface condItions and contamimllH 
db:trihlltion are favofJble, it hJ<; been dcmon:--:tratcd to effectively rcmuve both 
.\'lTRE ,lllQ conventionn! gaH)!ine ;:omponcots, 

J 	 Treatment of Rt'nwlialioJ! Efllu{!fll 

TrC<llrnen! of the air and water effluents extracted from thc ab(m: processes is typically Olccomplisned 
using the sume processes described previollsly for drinking water treatment (air stripping, aClivated 
carbon, nnd oxidntion). Again. these processes are highly effective forbenzenc, but less so for MTRE. 
The costs ;\ssociated with the treatment of effhn:nts with MTS E are thus likely to be somewhat higher 
than for BTEX.9j Catalytic or thermal oxidation technologies are aho eommonly used for air phase 
cffluents. and MTBE again poses a more difficult and costly problem than benzene. Fluidized 
blOreaCWrs arc Ic~;s commonly employed, as they require ~()mcwhat morc complex operation and 
maintenance, Th(~y typically use activated carbon to support microbial growth so that contamin,mt~ <lrc 
ndmrbed ontu the carbon and destroyed by residclH microbes as the contaminants pa.'i.;; through the ,wit. 
This technology is somewhat more elaboratc than air !otripping and carbon adsorption. bu: may grow in 
aetep/ahili1Y If reliable MTBE [reatmer.l t<ln be documcntcd. [n general. MTBE~BTEX effluents wil: he 
mono! CO_;,.l])' 10 treat and dhchtlrge than BTEX alone. Synthctic Rc~in Adl-.QrbcnB, which ex.hibit a much 
higher >I(bOfhel1t r;apncity for MTRE rel<ltivc ttl i\ctivntcd carhon. arc currently nvailahle. Wi:h "dJilinn:J 
rc~cltrch, thcy :nay become a viable cost effective trca:lflcnL 

4. 	 illcrementa! Costs for MTBE Rewediutioll 

A certain lese! of remediation activity/corrective action is required for almost every release of gasoline:. 
with or without oxygenates. Evaluatiun uf the incremental remediation COSIS of MTSE contamination is 
n difficu111ask bc,:ausc of the numerous Si{(Hpccific variables to nddfe<;s. Four key variables: include (1) 
thc cleanup tartlet estahlished for the site; (2) allowable MiSE discharge levels in lhe water and vnpor 
e:fnllcnc~ genefulcd during the remediation process:"" (3} lne tiize ()fIne dissolved plume; and (4) the 
potential for using natural aitenuation as the Ireatment lecrmology" 

'·4 ( "c()et:ntlcci 

/;'Imi, Sci, Ted!,. v, ~3 nn. I!, pro 1877-; 897 (19lJ9i. 


1)\ Depending {JIl the preci~e circumstances, these cpsts ~Jn r;wge fn:m n:oderate!y higher than BTEX-re!;\!cJ 
CO"l~ to SIgnificantly higher. 

')6Thc~c levels arc addressed in the permits issued by the appropriate regulatory authorities for these 
di~charscs. 
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Clearly. it will be morc cxpensive to reach an MTBE ground water de,lnup goal of 15 ppb than a goal of 
40 ppb or higher. Similarly, thc related effluent treatment com will be much higher if permitted water 
discharge levch afe 35 ppb a~ opposed \0 SOl) ppb. and daily volatile organic compounds (Vae) 
discharges 10 the atmosphere arc limited lO 2 pounds compared with 50 pounds. As there arc no national 
s:andllrus for MTSE, it is not possible;o estimate these incremen:al costs, 

Thc li.S. Elwironmenlal Protection Agency has wfvcyed UST program managers 10 obtain some ini1ial 
eSlimate of incrc3"cs il\ remediation COS1.91 Although the survey daln have a hi,g.h degree of uncertainty 
:lnd should be viewed as preliminary, the EPA survey estimated !hat perhaps 75 pcrcen! of MTSE· 
impacted UST sites would ~ave remediillion CO~ls Ie!!!! than 150 Ilercent of the cost of typical BTEX sites, 
nnd :h.:.: nlli.ny ,\HUE siLes might have no additional cost The Leaking Umlerg.round S:mage Tank 
(LuST) progm:l1 managers eqir.H,ted :ha11he re:naining 25 percentnf siles would cost greater than 150 
percen1 of repr..:scnLatiye BT[lX sites. with perhaps 5 percent costing:n e\ces<., of 2nD percenl more 6an 
lypic,J! HT8X sill's. The UC .qudy. Health and EnVironmental A,,;sc~sment uf MTBE, evaluated costs of 
remc.:i!lllioll of MTBE :-;iles in Cahfornill ba~ed on \Jldwa~y. regJI:tHHj' UllLllllnd Hlutlics of MTUE imp;lcts 
10 groundwalcr in Califomiu, Ovenl1t. this "tudy concluded thaI un average MTBE eOllt,JlUinalCd ;;ilc;; 
In,lY he !4f) percent of the C{ht of rcmedHHlng conventiunal gtholinc };itc};:!' 

Rcmediating MTUE plumes cun be roughly comparable to the cost of con\'cntional BTEX trclltmcnt for 
equivalent plume sizes, assuming the permitted MTBE effluent trealment and discharge levels allow 
stand<lfJ air stripring and carbon adsorption approaches to be used, However. bcclluse an MTUE plume 
is more likely to become Jarger Ihan ~ypkal benzene plumes when release detection is delayed, if 
dissolved MTHE ,ource lOne concentrations are much higher than BTEX (as Ihey mighl be from a ' 
release of ,10 RfG}. nr if _~tringent MTBE effluent discharge levels are appllcd. remediation costs,arc 
expected IU increa;;c proportionately, Absent aclive remediation or sufficient intrinsic bioremediatioll to 
prevent further migration, MTBE plumcE are expected to extend funber. perhaps by :i large extent, than 
:he companion ben1;cne plumes. 

This p()lerllia! difference bel ween benzene and MTBE plume lengths may influence reml!Uialiofl costs in 
;moth er way. t-ol rlll itored n alural llItenuati{)n (M NA) is a widely accepted, cost effecti ve approach to 
managing bcn/.en!! plumc~.~~ If MTBE plumes are expected to migrate further hecause of higher SOlJrce 
arCH dissolved concentrations and exhibit 11mitetl blodegradation as compared 10 benzene, lhen fe'Hcr 
siles lllay be ahle to u~e MNA a~ an acceptable remediation option (i.e" active remediation 'Houltl be 
required, thus incrclIsing t:lcanup costs) Only a limiled number nf field studies hnve been conducted 10 

Q7 Ro~crt lEt7;lg. Paul KO'i{ccki. ilnd Deni~e Leonard, "$rudy Reports LUST Prograrr.s arc Peeling Effects of 
MTBE ReJea,es," Soif .& Grrmlldwater Ciedlwp, A 'Jgun-September 1998, pp. 15·19, 

98 The 1.;- C oS tudy. Health tllld cnl'ironmfntaf Asse55mt'!lt of MTB If, evalu ated CjHt~ of rcmcdiarion (}f MTB E 
~ites in California based on industry. rcgulawlY data and studies of MTBE impact~ to gftHllldwater in California, 
Overall, Ill!, s;udy co~cluded thai on ilverage MTBE conlaminaled ~ites ma)' be L4 lime~ mMe eQ';!!}' to remediaiC 
thaft ::oItYClltiona! gasoline ~ilcs. 

'J'J U.S. Environmental Protection Agenc~', Draft Memorandum from Timothy Fie!ds, Jr_. Acting AHiHam 
Admintslrolor. Office of Solid Wasli~ and Emergency Re~ponse, "U~e of Monitored KalUrnl AUenoatmn ill 
Su"erfund. RCRA Corrective Action, and Underground Storage Tank Sites," June 9, J991. 
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evaluate: ~1TBE naturaJ'attenuatioflYlO thus, II is difficult 10 a,~scss fully the potential future costs. A 
recent stuuy eSlimated that while over 80 percent ()f noo-11TBE coo'ientioJlal gasQline sites migbt utilize 
MKA, few MTllE sites would be able to, resulting in sJbslnrllinlly higher cleanup costs for MTBE 
sites,IO\ I 
U. EthlUlol 

The above disc\)s,;on~ nfC focused on remediation il'suc~ identified fOf MTBE. 1\ is difficult to make a 
cornplIf:nivc aSHCH~llIcnl of MTSE versu~ ethanul gasol(lIc rclen:;c;;, a~ there is re)ative!; little field dala 
eharll~tcrll1ng [~C behnvior of ethanol gasoline rclc'l);c.,!Jj,z :"1 onitoring for ethanolls not required ilt CST 
~i\cs, even in tv! idwcstcrn SIdleS that :Jse large volumes :nf ethanol. Addllioo:lJ:y. S;flf'.dl;n] EPA mclh,luS 
used tn ana:y/':.' rucl hyUroClH!HHl compound:> ac not Icchnica:ly appropri"lc for uetection anu 
quantifiell\inn of dhanol below :he I part per million (ppm} 10 10 ppm mnge Elhanol i~ known to be 
:uuen more hindegratlahle than benzene, Althougb elhanol i!. likely ttl hiodegrade rapidly in ground 
walcr, hecause elhanol is infinitely soluble in water, much InufC cihanol will be dissolved into water than 
MTBE, 11 is not known how long it may take to biouegrade large amOUntS of di\\olvetl ethanol. 
LahQratory rescarch suggesls that microorganisms prefeir to biodegrade ethanol over olher fuel 
componcllis. M! tnat ethanol biodegradatioo consume:> all available o",ygen and deplete;;: other electron 
nrceplurs needed for biodegradation, thus delaYing lhe boset. and po!eolHlliy slowing Ihe nHe. of BTEX 
biodcgr:uJ;niQn. AlthQugh the magnitude ofibi!> effect i~ pre~e!llly unknown, it is expected to rc:;ult io 
somcwhal I()nger BTEX plumes at gaSOline release silcs. j4~ Because ethanol is most commonly blended 
at distribution term Inals, releases of 0 eal (pure) ethanol fmny occur at those facilities. requ iring 
ret:lcdiatiotl, The extent of any current possible proble:h and cos! associated 'With such clean up i~ 
unKrHlwn, 

C, funding 

):lIR"C" Borden el at, ··lntrinsic BiQdegradalion of MTB.E and BTEX in il Gli~()line·Conlaminated Aquifer," 
Wala Re,\!>lfrCl'J RI·Sf!flU:/J, 1997, v. J), no. 5, pp. IlO)41115:'J.E. Landmeyer et al.. "Flile of MTBE Relative to 
BCnltne lit Ii G:nolinc,Conlamm;tled Aquifer {t 993-98)," GrhuJlti WtHt'r M oflilCring &: Remediarhm, Fall J99&, 
pp.93·IOl; Mario Schirmer and J.E Barker, '-A Study of UH\.g.Term MTBF. Attenuation in loe Borden Aquifer. 
On{ano. Canada:' (;round Waler Moniforing &: Remt'diafiml.~Srl'ing 1998, pp, 1 D-122. 

H'I Anum Keller, Ph.D., eUI., Executlvt Summary, Rec~Hhmelldllii\ln.~, Summary, "Hcalth nnt.! Enriffll!n'/fJlIfl/ 

kU.?H1IIi'1l1 (If MTfiE." 1999, i 
1\1; ;\h:CllIllC jlirnie, Inc, El'tiluai!()Jl of the Fale (l1!d rrJii 'pm'/ of l::!/Ju/lvl ill Jll< Ell drrmm enl, (Oakland, CA: 

Makt>ltc !limie, 1:1C.), 191)8; B,X, COrsC:I!! et a!., "The !nt!Jeucc oflZlC Gasoline Ox,srna:e Ethanol PI: Aerobic 
ant.! r\r,;lcrohic fiT); 131nuc;;;:'adntlOn:· W,1t. R,',L 1991(, 32, 2t)~5.2H12_; e.$, Hunt \)1 a:., "Effcc~ of E!h:Hll); Ill: 
Acrobi~ nTX j)egr.ula!i;m Paper .. from the FIlJrth !:11erna,i!J!I.a; In Situ ,u;d On-Sitc Bi<::neffieeiatkJU SYfl1r(l~iulll," 
Battelle Prc~s, April-May 1997, pp, 49-54. 

WI Mienuel Kavanaugh and Andrew STOcking, "Fate und Transporl of Ethanol in the Environment," 
presentation at the May 1999 MTBE Blue Ribbon Pantl meeling. [Based on MaJcome Pirnie, Inc, EV(li/idtiollof 
Iht' ,.'(111' (JIll} Trallsport of Efll(l/wi I'n the £Il<'i,onmelj{ (Oakland, CA. 1998,)) 
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I. SUlIi'! and Pccleral SOliTces,N 

The primllTY ~(jUrt;C~ of funding for UST remediation are Stale l;ST cleanup futids.!:~ State clcan'Jp 
funds rai,,,;c and e~,pend about $1 billion annually. by far the largest SDUfce of fUllding available 10 pay for 
remediation (If MTBE·conlaminnted "oil and ground water. The second largest SOllTce of funding is 
private insurance. Mo~t owners and operators have the required financial assurance coverage provi{]ed 
by State funds. Owmm and QPcrator~ in SlnlC); witboul Slate funds, Qf in tbose States in which Stale 
funds are trnnsiti0tling and not prov[tling coverage for new releases, must meel'lheir UST financial 
responlOibilily requirements hy other mechanisms, most comm{)nly UST insurance provided by private 
insurers, According to the insurance industry, roughly [0 percent to 15 pen:ent of usn rife currently 
covered by private inlOuri:lncc. This percentage is likely to increase as more States transition {Jut of their 
UST cleanup funds. 

The Federal LUST Trust Fund i~ supported througb a 0.1 eent per gallon Federal tax on motor fuels that 
expires after Man:h 30, 2005. AI the end offiscnl year (FY) 1998, the TnlSt Fund had a balance of 
approximately $1 ,2 hillion. In FY 1998, the Fund received approximately $203 million in new monies ­
$136 ndl!i(ln fW!llthe Federal tax nnd $67 million in interest on the Fund's balance. In FY 1999, new 
receipts life expectcd \0 incrense to $278 milHon ($212 million from the tax and $66 million in inlerc.',t). 
raising the Fund'!. bnlunce to appmximalcly $1.4 bin/on (afler FY J999 >l.pproprialjonsl.!~6 Monics in 
this fund lire subjcct to appwpriation. lInd Congres~ ha~ b~en appropriating approximule:y $70 million 
annually in fcccni yeafs,I~7 ApPfoximlllcly 85 percent of lhe appropriated fund~ arc given 10 the Slatc_~ \0 

ad!hjnis:~f and enforce :heir LUST programs and to pay for remediatiun !)f eligible releases. The S:l!lcs 
us..: ,;ppwxim;)!cly two-thirds of the funds t\) MIPPO(\ ~taff who oversee a~d enforce cleanups hy 
responsib!e phnics, Apprm:lmalcly ol)e.:r.ird of the fllnd~ an~ ei'ed to pay for cleanups in which the 
owner aod op.:rator arc ;lokn(lwo. unwilling, or financialiy t:.r.abJe 10 Jndertake and \(} con:plelc ckanuj) 

t(W SlOt EPA 0 U sr~ f'llbUClitidfl fiU SO!lrce.~ Q/ Flf1onciOI A.uj.qanet for Un(iergrouful Swru8( T(lIlk Work. 
The docameat enlined ~Financing Undergmund StOffigt Tank Work: Feden: find S(ate A_Hlq;lOCe Programs" lim 
Fcderal and Slate ptograllix thai provice money to iI~~i~l in upgrading or rep!aeing undergroumI s,loragc tanh, 
ccnducting: invc;:.tlgnllOns. and per(orming remediation, ThiS document provides informatioll 011 finauclal assistance 
available to munlcipalilie~, Stale or loca! governmenH., llOn'rrofili, private UST owners or OPCfl>tOH" and fOf Ian};), 
on Nat;ve American or irlballaads. The assistance h; available in the form of dkect 10311\, loao guarantee~, grant\, 
or iulcrc~t sub£itiicl;, The publiealion al\o describes lome of the available State fmallcial a~si~tallcc programs. 
Eighteen Statt:> have aClivc financial a~sl;;t:mee pfogfllm~ (ur UST npgrades and replacement; some of lhe~e 
ptogram£ also offer as£i:naoce cleaning up UST teleaM!~. Aho, ~ee the ASTSW MO Report, "Stale Leaking 
lJndergwunti Storage Taoi.: FinancIal A.ssurance Fuml~ Annual Survey Summary," June 1998. 
Hup:l!www,aJ;! ~w m o.QrglPubl i<:a!ioll sJpdf/98 Itlium .pd f. 

I~ U.$, EnVironmental Prolection l\ gency, !illite ASS!irafU'f' Flmdr Siale FundI ill Transillon !of odds for 
U/ulugfOultd S'.If(1&( Talik Asmrance P'unds, 1997, EPA 51O·B·97·002. 
www.cpa.g()V/SWCl1h! Ilsla!cvfundil1fl),hlm~ 

HM:, Executivc Offi~e of Ihe Pre!'iJent (If the United Stale!', Budgef of fh .. Un j,ed SlITt!:s Govermller.l, P'i-,ca/ 
Y('ar 2000 - AppendiX, 1999. jl. 931, 

W1 Fi~ca: yNf 199a (aclOal) and 1999 (es;lmaled) .1pp;()pritn:o;'!}, from the LUST Tru~t Fund were $65 millinn 
~nd S73 III i111o';1, re~pecti,·eI)'. (Scc Exccutwe OffiCe of {he P~c.'\idt'nl of the United Stale~. Badg!.'! (!f rill' Ufl/;ed 
S,ri,i'!i GrrrctllJlldll, FiM'uf Y('ar 2000 - Apprndix, 1;199, p, 9.rn 

www.cpa.g()V/SWCl1h


of a cOnlaminatcd sitcY'i The law eSlablishing the LUST Trust fund places clear responsibility for 
remediation on owners and operalors find places signific.ant eligibility reqUirements on the use of LUST 
Funds for actu:,l cleanup of contaminated siles, 

2. Recovery oj Funds from Palen/jally ResponsiU/e Paffics 

Wutcr supplicrs can face substantial expendi;ures for either replacement WUler supplies or l.re,atment {jf 
conlaminated waters. For example. the City of Saaia MOfw;a lost 50 percent of ils existing water supply 
in 1996 us the result uf ~1TBE impacts. The anuual costs oftne required volume of repl.l'.:ement waler 
(more (han 6 milliun g:ulllln~ per day) life eshma1:eU a1: approximately $4 million, Alttwugh these costs 
are the full rCiiJionsibilit), of thc pmy sbown to be liahle for the contamination. cJ.:tabliJ.:hing such liability 
;nay lake monlhs or ye~rs, It has been suggested that a fanding mcch,lnism ~hould exis; for ;:ovcring 
these unexpected COSIS, 

Olher potentidl funding snurI:es fOf aJdressing MTBE contamination are thi; Clean Water St,ate 
Rcvoh:llg Fund (CWSRF) and Drinking Water State Revolving F'.lI1d (DWSRF) program.-. These 
programii 'Wore eslablL,hed 10 provide States with a continuing lionTce of fun,jil1g to ad,jres~ (I) 
Wllq~W:Hcr treatmeot, l)ollpo)nt source.•mu e~luary activities (CWSRF); ,and (2) drillking wuler 
!realmen!, suurce water proteclion, and waler ",slem management activities (DW SR F). Funding 
dcchions fur projecls and acli\'itie~ are made by each State. pursuam w eligibility guidelines provided by 
EPA. 

The CWSRf' can be u$cd fQf site mitigation eirorts to address MTBE releases to the extent that such 
aCli"itlts are Included ioan EPA-Approved Slate Mllpoint .~ource management program. To daie, three 
State<; (Delaware, Nebraska, and Wyoming) bave provided a total of approximately S48 million in 
CWSRF loans to ,ahout 1,200 sites for removing underground tanks and purch:\sing release detection 
systeouL In these three Stales, the CWSRF pHlgram works in partnership with Ihe State's Leaking 
UndergrQund Storage Loun Program to provide technical asslst<lncc and funding ~uppurt to potenti~lloan 
recipients. Ftlllds available to address problems related H1 M'fA E may increa~e us SUl!C~ expand us.c of 
their CWS RF programs to Dudress nonpDtnt source problems. 

Although the OWSRF canoo! be used to fund remediution effort", States enn lOllf'. DWSRF monic:.. to 

puh:le wuler ~}~ldnS fur the itl5t<ll1ation Df treatment equipment \(} addrc~5 cont;Holnil:ed source wale: 

entering ihe ire,i\!l1Cnt plJnt. In addition tn providing loan ils~i:;tnnee to public waler syslCm:; for eligible 
projects, {hc DW,)RF td~() allows each State to reserve up to 31 percent of its grant to fund program:. amI 
ilttlVlli~s that enhuoec sourcc WilIer protection and water ~ystems ll1anugemc.nt. Seveml of the activities 
cligihle under :hc reserveli t:ould address protection and management is~ucs a~s(!ciatcd with MTAE, 

lOS If thc owner or operator is financJally able, but otherwise un willing !9 cleanup the sile. the implementing 
agency is responsible for recovering the cosl~ of remediatiag lne Stft. 
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4. Alternative Water Supply Funding Mechallism 

The above diseus:;ion 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 5 
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 1 
cent to the per gallon-price of RFG and would accumulate about $30n million 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 

I. 	 Ifltroducliun 

The current U,S. fuel 5upply sy",lcm is u finely balanced network Ibal depends Orl crude oil supply, 
rerinery producliltfl, unimpeded plpeline and marine muvements, and strategically sHed wmmercia! 
stocks to protect against market volalility. Recent uccident~ and wealneNelated reiinery and pipeline 
outages (e,g" incidents in California and Wlld,ingtofl SUlle) demonstrate Ihe system's delicate nature. 

As such. chan15es in fuel regulAtory requirements, with their altendanl capital investment needs and 
infrastructure changes, must be implemented withoul inlrouucing ullnece.~fiary volatility. Disruptions 10 
the nation's fuel :,uppJy sy:ilem rc~ult in price vQ1ntUit)' and increased costs to consumers, Therefore, any 
proposed changes to U ,S, fuel rC!juiremcrHs :should cOlitiider thc follow ing: 

• 	 The time required to implement capital investments in both refineries and infraSlrUC!Ure. 
which entails raising capital. obtaining permits, nnd constructing units and 
Infrastructure, )0' 

.. 	 The need for rcgulawry cerUlloty to provide indu:Hty Wilh sufficient lead time to make <II! 
n(:-cessary changes, Regulatory uncertainty increnses investment risks and forces 
Industry 1\1 po~tp(lne investments to thc lust minute, 

• 	 The need for rcgu[atiJry flexibility in achieving targeted goals. The petroleam industry is 
divcr.';c. lind what is optimal ror one sector may not be op!imlll for another, 

.. 	 The need for fungibllity in the systcI!l. At presen:, (he U.S fuel supply system worh 
well, <I),: IllOS! rCljtlireOH!n[.'i tend j{) be national ("'I;., low sulfur on~road d:cscl) or 
regional (f.,~., reforlllu!:J!ed g,'I.\oliJlc 01 Ca:if()rnla reformulu:cd gu;;oline), Once smull 
areas begin requiring unique h:el", nowever. the ;;ys~em operates at sub~op!imal 
efficiency. C{)~ts In consumers incr(:n,~c. nnd fuc\ SUPlllie;; arc more vulnerable 10 
vobti!i!y. 

This combinaLioo of ~ufflcicnL time. regul.lI()ry certainty aad fle:dbil!!y, Jod funglbHilY will f<td~itate a 
smooth transition, Ih'Js avoiding cxcc!<sh'c cust increase;, driven by unneCCj.'safY ;;Lres~ to the sY:iLem, 

An imporlnnl consideration in this discussion is thc regulalory status of methyllcrtinry butyl ether 
(MTBE}. [f the use M MTBE (aod othcrcthers) il< reduced substamially {)T ;thnsed out. but the oxygenate 
reljuircmcnl is maintained, elhanul (anu possibly olner aituhois) wi!! remain lIS the only .allerna:ives. AI 
presenl, ~owc"e(, ethanol is produced primarily iii the Midweq i\lld is no:, munufaclured in sufficient 
volume to meet nalional demand. Although new ethanol pmduelion capaci:y can he broughl on-line in 
two years, the permitting and con:;truc{ion of ncccsl<ary infrastructure wi1] be a criti\:'al determinant of 
ethanol's availability and cost. 

IO'J Moreover, if all refineries Jlid tcl'minllhi require capital upgrades. the construction indu~lr)' m<ly become 
strained. 
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II. Industry Overview 

A. Consumlltion 

J. COIlSUIII/lI[OII nfG(lwlillt' and Oxygellfl!ex 

CafrelH consump;ion of gasoline in !he United Stale~ is approx.imatcly 8,3 miilion barrds per day (bId). 
or ;lpptoximale1y l2 6.5 billion ga~l()ns an nua Oy .110 Ba;;ed on Federal fuel ....,upply data, total L".S. 
oxygen>!le demand W>!5 >!ppmximalely 370,000 bId in 1997 (refer to Table DJ in tbis scction's 
Appendix). JIl Excluding the volume of oxygenate used only for octane purposes, the average 1997 
dCIl1<lnd for oxygt:n;Hc.'i in rcformul<ltcJ ga"oline (RFG} and (,xygenated gasoline in cnvironmental 
~onlml arca~ was approximalcly 265,000 bId, 4!,000 bid. and 17.000 bJd per day for MTBE. ethanol. und 
other ethen. respectively. Thus. a::hough making up Jess lh:!11 5 percenl of tot,11 nalion<ll g;l.~oliliC 
cun.~ump:ion. ~TBE arill ()ther ethers lTlet approxlmu!dy 87 perce!:l nf the- oxygenate volur:,c 
requirement HI 1)197, 

2, Muting Cali/omia's crlulII()1 DelJlUfIf/ 

A recent study funded by the Renewable Fue!s Associatioll (R FA), The Use ofEthanol in Cali/omia 
Clean iIllrtlitl,f! Gmotine, estimates !hal if MTBE was banned. California would demand 41 ,QOO bId of 
ethfiliol in order to meet the oxygenate volume in the mandated areas plus 30 percent penetr;ttklfl intQ the 
lion-mandated areas. A study by the California Energy Commission (CEe), however·es!imates 75,000 
bId in demand fOI similar requirements. 11l According 10 the RFA repMt Califurnia's oemam.J could he 
me; from cu,rcntly undcrulllizcd litO,lJetion, which e4l1atc~ to 29,()()(I hid with 100 percent utilization, 
,HId new plant s,ar:-ups" Tnt: bl1lant:c '.liould be mace up by c!hal\ni l\~direCled from th·;, nctanl,O 
cnjanccmcnt matkel~ lind incrcJl.cd imporls. II 

' 

110 US. Energy lnformalioo AdminiMralioo, fe/releam SupplyAIWIUJt 1998, Votume J, Tahle 54, p. 11. JUlie 
1999. 

)11 u.s _Energy [nfon:lu:ion Adm in if>tralion. (T. Litterda!e and A. Bohn), fJem (JIll) alld P rfce 0 1IIIook /Ilr 
Nur!./:' 2 ReFormulated Ga.wlim'. 2000, April 1999. pp. 7·8, 

] Dowlistreao Al1ernali'lo.!s. f:tlwlio{ SIIPP.'), Demand, am! tag!.'lit.;: Lut(frlrr.ia and Othtr RFG ltlorkl'l.<:, 
May 1999. 
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B. Ethanol Production 

Currelll U.S. ethanol pmduclion caradty is estlln,ltcd at 120.000 blu il4 
, wbicb l~ etjulvalent in oxygen 

Cl':1tenl lO appmx ;mutely 230,000 bId (If M THE. In order fDT c::hUDO: l3.h'Iie to fulfill the n,Hionw ide 
nxygen requirement in ad RFO and (l>.ygcna;cd fuels areas, the U.S. Environmental Protection Agency 
(EllA) estimates th:lt npproximHfely ; P,{lOO b/d.;,;of cthnnol would be needed, assuming Ih,\t no eth<lnol is 
used for econumi,,; l)ctllnc blcnd:llg. lI :; Th'Js, in a scenario of complete MTBE removal, an es:imnted 
additional 67,{!OO bId of cthllnoi w\lu:d he needed 10 fulfill the requirt.'tl uxygenate volume nationwide, 
Ethanol ;,upplj' cou!J be fulfi11ee hy a combinatlOn of impom and nddi!ional production capacity created 
by rCITIllving hOI!leneck.'i at existing plants find by building new f:lcilttle~, The ethanol in':".nary I.!HlmaleJ{ 
that the currer.! exp<Jn~ion of existing clhanol-from-cofn prmbclion facj!jhe~ Ir.ny lIlcrcase produc:ion 
capacity by as much as 40,000 bid. Additionally, new e:h"no! production facilities currently heing 
plilnned could provide nnother 25,000 bId (new ethano: pla:)ls may tnke two or Jt)ore year\ Hl huild). Lf, 

The U.s. Department of Agricu)ture (USDA) cs:imales tnt\.{ 5 percent uf the total corn utilized in 1997-98 
was for fuel cth,mol prQduc!ion,m 

Erhanol produclion from bwmas): processing is currently about 60 million gallon\ pef year (equivalent to 

Hpp:o:'iimale:y 4,000 hid). Es:iwates rrom the USDA indicate that assuming favornhlc C;;OIlO:'llks, the 
f6uUfec bil,~e fOf etharwt from hwmass could reach approximately 10 bili;on gallolls Hnoua!ly 
(approximatciy 650,1)00 bId) nfler 2025,m Recently, on Augus: 12. 1999, President Clinton iSSll(.'d an 
executive order to initiale a government effort 10 develop a bio:nass rese~lfcb program, The goal of the 
pmgram is to triple the ase ofbiMnergy and bioproducts by 2010, which includes the production of clean 
fuels such as clha:lOl and olher products, 

Based on tOlal ga'.oUru.' regulated properties, ethanol used at 5.7 percell! by YOldme to meet the 2lJ 
pcr~'ent by weigh I (wt.% j uxygen requirement in RFG will not be able:o replace nil of :l!e Il percer.: by 
volume uf MTB£ in RFG. In California. SOItlC rcfiners hr..ve slated that they musl remov:t some volume 
of butuncsJper,lanes from California Phase 2 RFG in order 10 accommodate lh;; incrc;u,c ill gHsolinc's 
Reid vapor pressure (RVPl w itn the addition of ethanol. and thus mus; ~ignifkantly expand their crude 

1!4 Roger Cnoway, "E.thanol and Ib Implicatwn~ fer Fuel Supply," pres('nt~Holl at the April 1999 MTBE Blue 
Ribbon bnd mcet:Ili;; Downs1tcam Alternatives, Ethanol Suppiy, Demand, and LlIlii.!:i!'.\': Ct;li!tlfl1ifJ find Other 
fWG ,',,fllrkeli. May J999, 

IJ'~Tnis figure is lh" resul! of ihe fullowlns ca1culati(\n~: (l) Calculate the Wtal ether ~Ilprly I'M RFG «ltd 
oxygenated fads it! 1997: 265,{)(}U bId + l7.noo bId::;: 282,!)()O b/(l; (2) Multiply 282,OO{i bltl by 0.52 to ad)U~1 for 
lhe oxygen cQuivalrncy of ethannl::::: I46,61,{) bid: and (3) Add 41 ,O{)o bIt! {{: include the current volume of ethanol 
utilizcd for RFG anri oxyger,a!cd filch, !bc~ reJ~hing u tot~i of pn,ti4D bId (refer to Table D I in the A?pcnJix). 

'1& Lek Huggin~. SubmllteJ written CDmmenl~ OJl behalf of the Renewahle Fucl" A~soCi~!j(]n n: t~.e Apri119 1i9 
MTBE Blue R:b}{Jn Par.d re"eti::l,!;. 

m RDge( C,lnway, "Elhanol and lIS Implic:t1ion~ for Fuel SUfP:Y," rre~cn!d.lion nt the April 1999 MTBE Bluc 
;{ ibbon Panel meeling; Down ,lrcam A lternati ves, £lilullnl SlIpplJ', IJOIl il!ld. and [fiR inic.c CalifOtllW and ()Jilt'r 
RrG All1rkrts, May 1999. 

II~ Stephen Gutlo, presen:ation on Be lntc:national Cnrrof..ttion at Itc Apri11999 Blue Rlbbon Pane! :neeung; 
Rnger Coawa)', '·E.,hano! and Ir~ I:rIpl;c:n:o;;s for Puel Supply," preSerllJ!lOll at the April 1999 MTBE Blue Ribb;;!! 
Panell:leetlng. 
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oi>ha!-cd RFG prnd'Jctioll capacity by the rut 11 percent by volume lost by removing ~·lTBE.I!" 
Al1hough :his. P;;ncl did nol illve~ligatc the cffec! that the lo::s or ~tTBE would have on refineries olH3ide 
of California, there arc ;.;omc simil:lriltCS and a number of differences in refinery processes that, 00 
balance, res.ult in _~imiiar volume shortfalls in blending comp-oner.1 capadties during Ihe SU:llmer sc;;sons. 

A similar analysis by the U ,S, Department of Energy (DOE) also concluded that additional supply would 
be necessary under an ether ban in the NortheJst. requiring increased dome;.;tic supply or foreign 
imporls.1U 

C. f<:thanollnfrasfruc1urerrransportalion 

Because ethanol is soluble in water, which is co!nm{)nly f(lund in pipelines and storage tanks as~ociatcd 
wilh Ihe gasoline di~tribu!i{)n ~y~tem, anti will separate from gasoline. e1:nano) is USI.Hllly blended .11 the 
dJStrihution termioaL!Ji Therefore, bcc:rJse most of Ihe nation's ethanol is produced in the Midwest, tne 
ethanol WQuld have to be lran~ported to terminals for blending through a dedicated (ethanol·uflly) 
pipeline, hy fIlii, hy murine shipping. Of by ,~O!Ue eombination of these method". Transportlui(lfl from 'thc 
Midwcst to the N<HthCllSI and the We~1 is cha!lenging Jntl will likely bc costly and transportation.fncitity 
iutcn-'.. ive, 

A studylll estimalcs that approximatcly 1.9S2 rail c,m (30,OOO-gallons 'l1 eueh) would be flcecssary to 
supply the California market with ethanol for RFG purposes, assuming only rail transport. Given the 
range in elh,[Ho] demand projected hy the CEC .~tudy (35,000 bId to 92,000 b/tl), thi); rail car Ils-tima!e 
co:lld actually be more th<:n dnuh!e, The ex.istir,g fleet of 30,OOO'gullon ruil ean.: b between H.{)(lf) anti 
I(),OOO. IWilrll' all of which are Clirrenlly tllJavai:dl:e for ethanol uflnspoft tlue to prior !ca);ing 
corn!nilrllent~. With exi~tillg nUlIllJfactllring capafli1llY, it i~ c!-tinlHted thn! approximlltdy 1,nOn 
,Hld::iona! nO.nOO-gallon) rnil cars could be. built pe.r ycaclH 

In CaHfofI1li1. matine transport IHis been found;o cOlli approximately the s;;me as rail transport, although 
in cerlain inst~nc(:.\ marine shipping can be slightly cheaper. Surveys of terminal opefa10f); in Califnmta 
have indicaled ih~! a large ponion of producl (mosl likely at leas: 50 percent) would he :;hipped a~ 
waterOtHllt.! cargo, Some California operator:; have staled that the large size of marine cargoes makes it 
prererable to spoHing, inspecting, and unloading numef()U~ rail can Moreover. in tbe Northeast, nearly 

m Al Jesse!, Chevron Products Cnmpanl', "Foel~ Regulalions and Emissions Tecbnology/' presentation 1lI the 
Mar("h 1999 MTlH:: Bluc Rlbbon Panel meeting. See also, Doane Bordvici;, Tom) Corporation, "Perspecth't1> on 
GnH>lllle Blending for Clean Air," presenta!ion at the March 1999 MTBE Bloc Ribhon Panel meeting, 

tro U.s. Depar!ment of Energy, £slillwtillg the Hejin/lts lmpocfJ of ReviJtJ OI:)'gCntHf RcquirflffCIIIS for 
GUSfJUI)C. Sumlllury FilJdiijgs. May 1999, 

III AI Jessd, Chew;:)" Produets Company, ··fuds Regulations and Emissioos Technolugy," presenliltlon althe 
March 1999 .lI,lTBE Blue Ribbon Panel meeting, 

121 DOW n~tream AIternatj\,c~, Elh!llwl Supply. Demalld. and L(lgiHics: California and () ,iw· R FO At I1fkets, 
May 1999. 

11.
1 42 s;\llon~ '" I harrel 

IJ4 Bu~eJ on AP! confidential communic~ti(Jns with r~il car le~sors, 1999. 
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every terminal tocadon tS acces!1.ible hy water, whereas only a few can be accessed by rail. Ali; such. 
some estimJle that 60 percent of Ihe f'or:heailt's 101al demand would be me: :hrougn ship and ocean­
gmng b<:.rge tnmspon.1U 

ThesG will aiso be ciled hi develop the nccemlrY blendint; and distribution jnfmwucture to deliver 
ethanol-based RFG 10 retail oUllets. Ethanol require!> blending mucb further down lnc distribution 
channel (at the truck-loading point) than does MTBE (at the refinery terminal), The infmstructure 10 

supporl5uch blending on a wiJe scale ;Joes not currently exisco» 

O. Producing Non-Oxygenate Alternlltl'res 

In the C'Ie:'It of an M18£ phase down with oxygccate flexibility, refiners havc li number Dr b;ending 
\lptinn~ hi meet RFG perfm:nance ;':laftJard~, incluuing increased use of alkylo\(!);, awm,lt!c), and pernap!' 
O!:lcr fuel blending Streams derived fro:n pctroleUl!1.1il cudt refinery has a uniquely optima! mode of 
operation, facility selection, and size, al: of which arc clJrremly halanced for '\1TBE usc. WithDut 
MTSE. refiners WOUld havc 10 determine their !TIo);1 economic mo<le of operatinn aoJ also determine 
WhlCh new facilities and technologies would provide the economic relurn Of! investment that shareh{llders 
rCJ.juire for continued investment, The strategy oft-olnl alkylnte replacemenl is expensive (possibly 
exceeding $1 billion), may not fully meet octane needs, and demands other operational trade-offs in the 
refin(!ry andlor additional supply of isobutan{) and olefio feedstocks. Although aromatics can also be 
produced in greater volume and will provide higher octane, higher aroffilllics use will also incrense toxic,'; 
emissions so that af()matic~ cannot likely fulfill all n(ln·oxygenate needs. Nevertheless, oxygenate 
flexihility is an important componcnt of the solu[ion 10 removing MTBE fmIll the systcm in a timely 
manner since it increa~cs refiner flexibility in meeting RFG performance standards. The Panel could not 
condact a comprehensive evaluation of the technologies, facilities, and strategics necessary to achieve a 
new, economically oplimal fuels refining indu.!otry without MTBE, and wilh Of wilhont the current 
oxygenate requircmenls. but miher chose to rely on anafyses by olhers to cfllimllte likely effects on 
supply Jnu COSI, as discus~cd in Section 1fT below. 

I~ Leu.:r to DU:lie; Gr:::enh.l&!ll f:.;~rn Rober! E, Re'yn[jld~, Presidc:l!, Downstream AIICII:U!i'lc"" l11c, J\lne 24, 
1999. Sce <l1)(), n"wn stream Al1crn atlves. Elho/fo! SUjl{Jly, lJtlllrJlld, und l.ag/nits: Cuii/()Plia and O/Iler RFG 
Markets, May 1999. 

Il6 0 it and Gas Joucnal, C<jlifornia r£jinefs ilnlicipilIt' blond f'fff'r:ts of possible mJl(' MTR t: han. January 18. 
1999. 

111 DeXler :v1 iller, "A liyalc.'i, Key Components in Clean·8 uming Gnso line," prescnlJti()l1 al the M u y 1999 
MT~E Blue Ribbon P.mel Meeting. 
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III. 	 Impact of Fuel f{Nluiremcnt Cbangl'$ on Supply 

A, 	 OHnicw 

The impm;t of OJ cll,mgc in rucl requirements {I',g" reduction in the use of ()xygcnales Of of a particular 
oxygenate) on rue! availability nnd cost will depend prltnarily Oil the following faclor,;:: 

• 	 The time avnilnble for a tfansithHI and the nvailabillty of adequate nnd sustained 
supplie:: of any new compoaenL and the tirne required for permitting and 
r,.'.::hicving compliance with nppJicnble reg::J:alions; 

• 	 Re-guJawry certainty and nexibilit~ regarding fuel .-pecific;lIions; 

• 	 The degree 10 which fuel cbanges afe national, regional, Of state-by-state in 
scope, i.e.. fungibility: 

• 	 Additlollal ellpllal COSH, (e,g" new refinery fadlitie'\) andfm operating cost~ kg" 
transportation and distribution costs): and 

• 	 Tbe cost of replacing octane while conlinn!ng compliance with ellvironmental 
slandards:. 

B. 	 Time 

Govern:-l1cnl abencje~ and fuel rcfiners/ll1ukctcrs have staled that without adequate lead time. rapid 
retluc:ions in Ih..:: VO!UIi10 ()[ :-.nUE allowed III the gUiioline s~lrply slream wll1 have an i:nmctlintc and 
negativc cffec: 011 regional markets as well as the nation's nbilit)' to meet bilsolinc dcmand. m 

In general, refineric.\ muslunderg{) a stepwise process to implement major changes in fuel processing, 
such a~ dcsu lfur!;~<l~ion: or {)X ygc nate reduction, A sum mnry of Su noeo' s rece nt ,ma lysis of the procc "s 
time required 10 comply with fulure s:l:fur limits i~ show in TllP1C I as a general guille to HlCh l.:apilul 
project~."" (A{;tllal lime rC4uircm<:n1s will vary (rom refinery h) refinery,) 

1:Ill U.S. Departmell! of Energy, Enimalilll-r rfll' Fi!,/i'lillg }mplI('11 of Redwd 0 xyl{t'lwfI! Reqr./,/rellJ <'nt,( IlIr 
Gii,wil!!l'.' SWltllJ atY Finding!. M;,rch 1999; Cali f\mlia Energy C\lm III i(~i()n, SlIpply (!lid CIiN :\Itt! rU<i Ii 1'1'.\ 1<1 M TB E 
ill Gasotinr. October 1998; Roher'! Cunninghilffi, "C(l~l~ of Pntenlilll Ban of MTB E in Gas.)Ji!le~," Jlrc'+cntalion at 
the March 1999 MTBI! BILl.C Ribbon Panel meCling. 

!2'J Sunaeo, Time Kequimi 10 CompleU! DeJUi/uriZ(lji(!I), personal communication. 
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TablaL Sample Process Timetable tor Complying with Future Sulfur Limits In the Refining 
Industry 

, 
I. 	 ConCel2luaVProcess Feasibilil:i 

• 	 Identify purpose, scop"e. and permits required 
7 months · Produce cost estimates 

· Management approval , 

II. 	 PfOcess/Project SCO!;!B OEIfirlilto!l 

• 	 Develop scope, equipment requirements, 

project milestones, and construction strategies 
 amonths 

• Produce more accurate budget estimates 


· Management approval 


III. 	 Preliminary Enaineering 

• Select engineering contractor 


· Submi: permit applications 

12 months

• 	 Conduct oesign raview 

· 
• Issue master scnedu;e 


SUbmit costs for approval 


IV. 	 Detailed Proiect ExecUlion 

· 
• Procure malerials 


Receive all permits 


• Award contracts 
21 months

• 	 ConSlruction 

· Tesling 

· 
• Training 


Start-up 


48 months~ 

Source: SUNICO 

Should ethers, particularly MTBE, be phflsed out in Ca.lifornia, Ihe CEC estimates that in tbree ye"n;: 
California refineries would require as much as 75,000 bId of ethanol and up 10142,000 bId of additlona! 
gasoline import" 10 meet demand,lJiI 

The U.S. Oej}art:lICnl of Energy estimates that if regulation chang:e~ an: finalized. four years would bc 
needed 10 lHow for new conMructioo of refineries lInd for elhalwl produclion, transj}Ottalion, loading and 
unl"Jding capacities tn increase. Under thi!! assumption, a scennrio of an Cloer pha,e-oul should not 

ne Clliforniu Energy Commission, Supply md Cost A/lernGli.'l:'s l/) MTBE in Gasoline, October 1l)9iL nl~ 
Hudy dId 001 analyz\) the likely fuel supply impllCh h1 areas oUbide of Cahfornia if MTBE OM: \1;'ere to he pbi.!~ed 
0JI:n Cah:omiil. 
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cause supply pmblems in Pelroleum Administration for Defense Disukt (!'ADD) 1, lhe Ea:;t COIIS;.IJI 
Thb analysis did nol clln~ider effters or. regional supplies in the even! of a national MTEE han or mher 
I;hange.~ in fuel pllJperties (i.(~" sulfur rcducti,!n,~), 

Relative to California rcfiner.~, the transition to a non-ether RPG would be more difficult and require 
mnre lime fur Ilon-Culifurnia refiners. ImplemCrHll1ion of Ihe proposed sulfur rules {TIER 2} will have 
less impact on California refiners, as all California RFG (CaRFG) IS already at a sulfur level <Jon paris 
per million (ppm} or lower. Other refiners will need adtlitionallime to huild adequate de;.;ulfurizution 
units, as well as other facilities needeuto generate the octane losllhmugh desulfuri"t:alion. TnI.' State of 
California bclieves that With a repeal of the Fedcntl oxygen mandaTe. MT8E should be phased out in 
three ~Ind one-half yenr,. '3Z 

C. Certainty 

Refincrs/markciers have slaled thaI regulalory cenain!y is necessary to in~m" low-risk capital inve_~imcnl 
in alternalives 10 our current fue! supply system. For example, whether the current oxygenate mandate 
will remain or be removed will be a critical f"ctor in future refinery. product transportation. and 
marketing terminal construction dedsi-on making. Refinerslmarkcten believe that the removal of the 
(lxygenutc mundutc would provide maxirTIum floihility for the individual decj~ions neces~;lry for C'l(.:h 
r~fillcr tu meet all Fedcral and Stale RFG performance standards. 

I), l<'ungihilJty 

Refmers/markc(ers have indic<lled (h:1110 :nect c(}nsumer rucl demand and to rninimil,e sllpply shortages, 
lhe scope of any future fuel cnanges should be nalionai or regionaL Permitting state-specific fuel 
changes (e.g., low RVP, low s.ulfur) may lead 10 greater uncerlainty in fuel ~upply and may cau:;e 
periodic sb.Qflagcs unless' there is a mechani:-;m ;0 cOJ<ure con~lsteocy ;Kro.~il state boundaric", 

Althoagh ethanol hlendcd gasoline can be blended \0 mainlllin low vupor pfl:ssure. re{nrmu;ulCu gttsoline 
made with e:hano! wil1likely Increase evaporative emissions when commingled with ntner fuels in 
markets where elhanol occupies 30 percent to 50 percent of the marketm (Refer to Iwu Summar." 8. 
"Air Quality BenefiL<.;"). In Qrder to minimize commingling, refiners in Ihese markels will need to 
develop and Ul>e infrastructure (storage, trucks, etc.) dedicated to fuels containing cthanoL In arcas of lhe 
country (e.g,. tne Midwest) where ethanol has been the predommant fuel addilive. this will not he II 

pf(lblem, Howl.'vec areas of the country that hLlvc not traditionally used ethuMI fuel~, but would likdy 
do 50 fur a piIft of their supply in the future, wil: need to make infras:ruc:t!fc lnvcsttnenc-" !tl llvnid los"es 
in air ijt!elit;' Jl> a n:~u!l of commingling, Even then, some commill,g:ing of fuc;s wi11liktdy occur when 
cnn;;umers mix etb,anol blended gasoline wi"h non~elhanol blended gas(;;ine ill !:wir vehi,:;:,,' lank>; (see 
discussion in Air QualilY Section B.). 

1.\1 U,$, Department of Encrgy, Ellimating r!u Refillill8 lmpaclJ of Revised 0 xygcnal" R eqllirellle/lIS for 
Gtuo/ille: Summary fil1dillNS, March 1999: Downwt'am Altel'li:l.li"e~, elhanol Supply, D{,lIlului. find Logi,Hics; 
Cnli/ornill ami Olht!r RFG Markets, May 1999. 

IJl CaliforJl ia Energy Com rn ission, S IIpply lIlId Co.I'1 Al'Iifll(llil'e.t 10 M I'll H ill (i a.l'Olilll', 0 cloilcr 199)( 

1,\1 Office of Science and Technology Policy, N;llional Science and Techo()\o.1gy Council, I/ltera;:e/lcy 
1\,fSCnmc!/J a/Oxygenated Fuels, June 1991, 



IV. Cost Impacts of Changing Fuel RcfurmuJaticJns 

A. Cost 1m pacts 

The ~()~t of g~,solinc is ir.fluenced hy;; 'Wide r::mge fif factms, including crude oIl prices, refining COS Is, 
the grade ~~nd type of the &u:.o!inc. t,p:es, hvailHble !'upplie:. (inventory). seu;;onal and rcgi<-lllHllllukc! 
delr.and, weather. tr;;n:.pmtatlOn c(jq~, Hnd specific ;;rca;;' relative costs of living, Eacb addltior:.al .;:cnt 
per gdlun :llcre,\~e in average gasolinc price is cqUivHkot to ':lfiflual costs of between S I biHion 10 $1.3 
billio:i, borne ultjma:cly by consumcr~, 

Bulh c::hanoland oll receive ~ome sub~idy fftlm the governmcn!. All filet etbar.ol :eGch'e" a SO.54 per 
g,lllon Hlb~idy, while approximately 6~7 percent of gkso!ine receives d cost henefit from the crude oil 
ueplelion aliowance. In bOlh Cll:;e,\ these government subsidies lire supported by C(lJlgress because it is 
seen to expand domestic industry; increase commerce and cmployme:.t: improve ~hc nl\~ioll's balance of 
trade (i.e., reduce imports aml increase exp0rls); and generate "dJitioo<.tI p~r:.ooal ilod corporate incomes 
and the laxes aCcllltng fmm these incomes AnJ.ilysls has sugges:ed IhM the real cost 10 the government i~ 
a net benefit. For example, fejJlacin,g lhe 282,000 hid of elher~ u~cd )JI RFG in J 997 would require 
approximately 146,000 bid ufelhlinol on ltn oxygen equivulent bush;. Tne u.s. Environmental Protection 
Agency estimates that the incrementa! ann'.la: co"t to the Federal government (i.e., to taxpayers.) for new 
fuel ethanol production of !46,000 hld (llPPr\lximately 2,2 billion gallons per year) would be 
approximately $L2 billion,1)4 The 51,,:e {lOJebraska Ethanol Board estimates that the ethanol subsidy 
re;iulted III $3 j bH!ion in oet savings for tbe Federal government in 1997. IH 

Tllble 1 shows recent informntion from the U.S. Energy Information Administration (EJA) regarding lhe 
price differences among CaRFO, Federal RFO, conventional gasoline, and the national average prke for 
gasoline. These priCES refielil the vurious factors that influence the CQ~t pf g,\soJinc, Fnr exumple, after 
rcachir.,g their lowest point in 25 years (adju"ted for inflation) at tile end of 1998, world cn:.ce oil pncc,. 
began re\:o\>ering d'J;"lng the ;;pring of !999. In addilion, Apr!! represents lhe beginning of the ;;u;nmer 
d:i'ling ;;eason. which leads tu higher gasollne demand; California i~ n:ginnalJy iaflue:Jced hy lhe .~ummcr 
d::vi:lg demand before much of Ihc rest of the nlltt(ln. Finally, Califmllia price~ have heen influenced in 
1999 hy fire~ and ~hutd,)WnS at several majiH refineries. Thus, duc:o rcgionallln{) sea)(on,d demand 
vll;iation, the volatility of world crude oil prices and an foreseen supply sborlages, COMumer~ may see 
swillgs ill ga~olinc prices of as much as $.50 per gallon, 

!'4Th)., :igure j, the rc-w:t ;lfthc foJ:owillg calculations: n j Calculate the lotal ether s\lp?ly fnr RFG .11:0 
oxygcnalerl fueh T. 1997: 265,OOOhlcl + 17,000 bid"" 282,OOIl hId; (2)MuJlip~y 282,000 bid by u.n to adjust for 
be ox.yger, equi~'alency of clhaaol "" 146,64() ;,/d, (If 2.2 billiun gallon\ llnnuaHy: Ol Mldtlpl), hy the $0.54 p~r 
gaEo:1 suhsi:ly:::: 51.2 bi!Jio!: per year (refer to Table Dl in the Appendlx fOf 101;;1 Clhu volume,) 

['~ State of N eb~aska Ethanol Board, "ecunom Ie Impacts of Etbanul Pn,d'Jctio:J iI: the 1: nited S:ate,\," Ap:i!, 
1,.9X. 
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Table 2. Gasoline Prices, February 1999 and April 1999 

(per gallon, including State and Federal taxes) 

FebrU8!11999 A~r1l1999 

California RFG $1.101 $1.568 

Federal RFG $0.987 $1.229 

Conventional $0.901 $1.088 

Average $0.927 $1.131 

Source: 	U.S. Energy Informa1ion Adminis1ra1ion 

Nevertheless, the rca! cost of gasoline, although quite variahle, increases with higher refining costs. 
which arc associaled with environmental quality restrictions and local or regional differences in gasoline 
specifications. Fuel refiners/marketers have commented that with (I) adequate lead time to make 
refinery investments and modifications; (2) regulatory ccrtainty regarding specific fuel requirements; and 
(3) fuel fungihility on a rcgional or national scope, increases in fuel prices due to regulatory changes may 
not cause suhstantial and unnecessary volatility in prices beyond the normal seasonal Ouctuations. 

Economic impact, will not be shared equally among petroleum refiners/marketers. Refineries each 
process diffcrcnllypes of crude, supply different mixes of products (e.g., some refineries do not 
manufacture any RFG), and use widely varying technologies. For example, the State ofealifornia 
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 refineries would require capital investments for 
desulfurization facilities. Similarly, areas of the country that rely heavily on oxygenates such as MTBE 
will experience a more pronounced economic effect in the event of a oxygenate replacement or removal 
(c.g .. Tcxns. California, and Northeast RFG markets usc MTI3E. whereas the Chicago and Milwaukee 
RFG markets use ethanol). 

n. 	 M udeling 

Modeling fuel price increases is a relatively effective technique with which to examine the direction of 
the impacts 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. huwever. to predict exact outcomes. With the exception of precipitous transition times and a major 
increase in ethanol usc, which would require significant new infrastructure, all other modeled scenarios 
add cust to gasoline of a magnitude similar to the typical variability of gasoline prices. The results of 
three such models are summarized below (also refer to Table 02 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 implemenlthe changes. and flexibility 
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fegarding the type and amount of oxygenate allowed.lJ~ This study did not analyze the 
likely economic impacts to areas outside of California if MTBE use were to be phased 
Ollt in California Of nationally (i.e., increased market volatility from dependence on 
imported blendslOcks 10 replace !\tTBE, witb or without etbanol use). 

• 	 A Chevron/Tosco analysis estimates that if refiners were given flexibility in oxygenate 
u:;e, a California ban on !\tTBE would increase the cost of CaRFG 2.7 cents per gallon 
witbin a three year-period. Without oxygenate flexibility, the price would increase 6.1 
Ct:nts per gallon. 1l1 

• 	 An analysis by Pace Consultants found that it would cost an additional 0.7 10 24 cents 
pef gallon to make reformulated gasoline blendstock that is suitable for use with ethanol 
(rather than MTBE) in the summer during the RFG Phase II program. For refiners 
already using ethanol in RFG (less than 10 percent of the RFG market), the Pace study 
indicated that the additional cost of using ethanol in Phase II RFG would be less than one 
Cl:nt per gallon. In general, the cost of RVP reduction differs :.lmong refiners and 
depends on refinery process configuration, product and raw material slates, and ability to 
dispose of streams displaced in RVP reduction.'1~ 

• 	 A recent DOE analysis shows that under the scenario of un ether bun, assuming alleast 
f(lur yellrs for refinery investment, and with u continuation of the oxygenutc requirement 
fllr RFG, the increused cost for RFG per gallon in PADD I ranges from 2.4 cenls to 3.9 
cents, with the cost most sensitive to the price of ethanol.'3~ This analy.~is, however, was 
not national in scope. 

C. 	 Conclusions 

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

• 	 Once regulutions arc finalized, a runge of three to six years is necessury to develop the 
infrastructure necessary to substantially alter the regional. possibly nutiona\, fuel 
formulation und supply infrastructure without serious market volatility. 

• 	 The estimated costs of implementing these chunges will range from a slight suvings 
under a ,~cenarill of oxygenate-use flexibility and continued MTBE use, to a cost of about 
H.R cents per gallon under a scenario of no oxygenate usc (no mundute). (Sec Table D2 in 
the Appendix). 

U(, California Energy COlllmission, SlIpply lind COIl Altef/!lItivcs 10 MTBE ill Gasolille. Octoher I99lL 

1.\1 MatbPro, POlclllial f("(iI/(!lIIic RCllefil.1 (lfllJ(' FI'iIl.I·teill·Bilhray Bill, March 18, 1999. 

I.\g PACE Clln~,ultanl" [nc., Allalysis IIlId RlIiller.\) ImpliclIriulis ofElhflIlO!-B(I.I·cd RFG Bll'lId,l' Under Ihl' 
COlllpkx Morici /'I/o.l·e fI, November 19n. 

13') U.S. [)cpartmcn t of Encrgy, £.l"Iilll(Jlillg rhe Refilling ImpaclI of R eviJed 0 xyge/wle R equ imll CIlIS fur 
GaIolille: FollOW-lip FindillgI, May 1999. 
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., 	 Recause no studies have been national in ~cope. the predictions of cost impacts <Ire 
uncertain, In addition, mOSl smdies were conducted on Ihe assumption of meeting ,}nly 
the current regulatory minimum emigsion reductions . 

., 	 The likely oxygenate replacement for MTBE is e!hanoL Curren~ and near iuture ethanol 
production (i.e.. on-line iii le,~s than two year~). however, i$ nn! adequate 10 meet the 
volume of oxygenate required nationally, Trnosporting ethanol ff{)m the :\1 idwcst, where 
it is primarily produced, lO Norlheast and California markets will require signifkant 
cffnrls \Q upgrade and build new pipeline (or use segregated Shipments through c:t.isting 
pipelines), rail. marine, and truck transportation infrastructure, 

n 




Appendix 0 

Table 01. Oxygenate Demand in Reformulated and Oxygenated Gasoline Control 
Areas, 1997 

(thousands of barrels per day) 

Estimated Oxygenate Volume 
Estimated 1997 in Control Area GasolineRegion GaSoline Demand in ----.:::,.===="-"=1"''''----­

Control Areas MTBE ETBEorTAME Ethanol 

Reformulated Gasoline 
PAOD 1 (East Coasl) 1,054 128.2 
PADD 2 (Midwest) 270 4.0 
PADD 3. (Gulf Coast} 282 27.4 
PADD 4 (Rocky Moun:ain} o 0.0 
PADD 5 (West Coasl) 934 100.9 
Subtotal 2,674 259.5 15.7 24.7 
Oxygenated Gasoline 
PAOD 1 (EaSl COtISl) 0 0.0 0.0 0.0 
PAOD:: (Midwest) 19 0.0 0.0 6_7 
PAOD 3 (Gulf Coast} 16 0.0 0,0 1.4 
PAOD 4 (Rocky MQuntaln) 36 0.3 1,1 2.7 

iPA~O~O~5~IW~O~Sl~C~O~.~S~');;;;;:=====:J~7~3= 0.1 0,0 4.7_Subtotal 204~__~O~."5______'".''_____''c=5,,.5'_ 
Oxygenated· Reformulated Gasoline 
PAJD 1 (Ea$l COfl$l:) 137 0.0 
PAwD 5 (Wesl Coas!) 10 0.0 
Subtotal 147 0.0 
Average 1991 OKygenate Demand for RFG and 
Ox'tgenated GasQllne Blen~!~~... 265 17 41 
Imputed Oxygenate Demand for Conventional Gasoline 
(e.g., octane and ga$ohol) 41.'Total 1997 Oxygenate SupPly 269 17 .2 

'OHwr SQurces have estimated Jilin remberto be as iI:gil as 25,:)OC bId (Sl.fWCO) and 28,0:10 bie ,CeWiU) for ethers In the 
ccrVenh'.HHlI peo). wilh a nhgM!y lijwet vol"ffia if! IIw RFG po:!t 
S(hlfOe: UoS, Energy Irlormalk;n Ad""1IIlI'a!iof) (T. U'jerda'e IHl.j A. Born). Demand and Pffl;1'J Olltlook fOf Pho$(1l! 
Re/ctfflui8!i.td GfJsc/'rte, 2()(J(J, Aprlll$99, op, 1"13. 
Nole' "-" {lpMies "Ne! Applkab:e." 

http:Re/ctfflui8!i.td


Table 02. Summary of Modeling Results 
(cenls per gallon) 

Report Scenario 

Results (cents per gallon) 

Intermediate Term Long Term 

(3 vearsL (6 Years) 

MTBE allowed· no ·0.2 to ·0.8 -0.3 to ·1.5 
oxygenate requirement 

No oxygenates allowed ­ 4.3 to 8.8 0.9 to 3.7 
CEC Analysl5: no oxygen requirement 

California Only 

Ethanol only· oxygen 
requirement maintained 

6.1 to 6.7 1.9 to 2.5 

No ethers - no oxygen 2.7 1.2 

ChevronfTosco 
requirement 

Analysis: California 
Only Ethanol only - oxygen 6 , 19 

requirement maintained 

Near Term Long Term 

(less than 2 years, no (at least 4 years, 
Investment) Investment allowed) 

MTBE allowed - no -0.3 Not Investigated 
oxygenate requirement 

DOE Analysis: 

PADD IOnly 
No ethers - no oxygen 
requirement 

Not Investigated 19 

Ethanol only - oxygen 
requirement maintained 6.0 2.4 to 3.9 

Source: U.S Environmental Protection Agency 
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E. Comparing the J;'uel Additives 

I, Illtruduction 

In compllring various alternalives to the current use of aUlOmOII\'C fuel additives (primarily oxygenates), 
the relative impacl of these alternative compounds on the environment as ,) whole must be considered. 
More spceificillly, one must assess how chnnges to fuds ur fucl additives impact' 

AIf quality and fuel hlending chllruclcdG.tics: 

Fuel or fuel :Hldilivc behavior and f<lle under vnrjou.~ wa:cr <lnd soil conditions: 
aud 

Potential health effects resulting froln exposure to the '1\.klitit';,'S or their 
comoustion products, 

Heahh effects research is currently underway by induslfyl and EPA' to underHand mare full}' the 
comparalt\'c risks u~socialcd with exposure to fuels o.olh with and withou1 oxygena1es. including melhyl 
leniar), bUlyl ether (MTBE), ctlmnol. ctbyl1ertiary butyl ether (ETB E), [eniary~amy! methyl ether 
(TAM E). and tertiary butyl alcohol (TBA),~ Allhough the majority of 1his research is focused on 
inbftlaljon~rduled beallb effects, the results should belp in our understanding of the human neftlth risks 
;t",soclatcd with exposure !o fuels from any route of exposun!, Currently. there is not enough information 
10 fully characterize potential heallh risks of all the oxygeuate, or their nhemalivcs. 

II. MTBf; 

A. Air Quality and f.'tlel 

lJknding serves l),'; II {)lbl*cffectlve nxygenate fm hlendlng in rc!'orm.ulalcd gasoline: (RFG). enabling 
fuc!s to IHccllwtb Californiulmd Fed,,:ral RFG air iJuali!y f~lJuifc:m:nls while prel>crving oct<lO\! 
cnhnncemclJi, i{)w voe cmls;:i(lfls, and drivcuhili!y. Ana!ysc~ have ~h9wn that even witnOllt an o,\ygen 

! Refer 10 !S.H«' SllIJtmtlricJ A and B. "Water ContaminatiCln" aud "Air Qualit;' Benefits" respe~tjvely. for 
detailed JiSC\lHi<HI; of lhl!se topics. 

: U.S. E!nvironmcutal Pro:etliou Agenc)'. Federal Register Vol. 63, No. 236, December 9, 1998, p. 67877. 
Final Notification (!f Health Effect~ Te~ting Reqoircmel1l~ for Baseline Gas(lline and Oxygenated Nonbaseline 
G.u~olilJe ouJ Approval of all Alternative emi~~lons Generator. 

,1 Jim Prah of the U,S, Environmental Pl'Oleclion Agency h currently conducting ~tudie~ on pharmacokinetics 
of MTBE, 

4 Refer [() Tahlc E 1 ill this ~cction's Appendix for dctJi1ed dilla on the chemicll) ptopertic~ of these and related 
compounds. 
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mandate, MTBE use !$ economically Fuited to meet air qUlllity and gasoline perfQrmuncc goals.s 

Huwcver, it should be uOled lba! emission.'< of fDrmaldehyde {a pmhable carcmogcnt fcsul!ing from the 
inCO:llpiclC {;ombustiun uf fuels, iucrc;;:;c hy lIb!!u! 13 (± 6) percenl with the u~c of 2-<1 pcn:!.:nt by weight 
(wt%) M THE oxygenated gasoline.~ 

8. Bcil,Hifif in W .. tcr 

MTBE, an ether. is mQre ~(lluble in water than other gasoline components and appetlfs recalcitrant h1 
hiouegradalion relative 10 other components of concern in g<l,~olinc, su{;h as benwne, tohlenc, 
\.:\hylbcnz"ne, and xylcncs (collectively referred til ,h "BTEX"),J In general, eomptlrc(l (0 the slow 
migration of lHEX cum pounds in subsurface soil and ground water, MTBE moves at nearly the ~ame 
velocity as thc ground water ilSeif. This is due 10 MTBE'~ high w,\Ier solubility and low soil sorption. 
Given sufficient time and distance, MTRE would be ex.pccICd tu be at the leading edge of a gasoline 
contamination plume or could become completely separated from the rest of the plume if Ine original 
source of oxygCO:llC were eliminated.! 

Ten-butyl a:conol (TAA) i~ the primary metabolite of ~iTBE resulting from biodegnld;lIiun, hut i~ also" 
COlllllwn byprudlJc: Ii: the production of !\1TBE and often pre\ent with MTBB in the fuel supply. Thus, 
detection of TBA in ground waler b. nOlneee.-;.sarily evidence of MTBE biodegradalion. By itself. TBA, 
like ethanoL is infinitely (mi~ciblc) solunk in waler and if,; reponed 10 be recalcitrant (f) bioJegradation.9 

C, Health (ffed!' 

In terms uf netlrutB;dcity and repm;Ju{;t1ve effects. inhnlalion toxicity H:sting 10 {llile gcn..::ral!y hHS nol 
shown MTBI3 to :Ie any more toxic th<lli other cmnponcnts of gnsoline, A~ hlgh do~el!, MTnE has c.lused 
tumors in two sp('cies of nO and one species of mou~e at a variety of j,ite~: 1t is unccrtab. however, 
whether Ihe"e effects can be extrapolated to humans. The In:ernatinnal Agency for Research on Cancer 

.' U,S Department of Energy, £Himalfllg thl' Refilling Imp[lc/.I of Rl"l'iwd Oxygenatc R"I{ldmll('nl,\' for 
Go,wlillc' Summary Filldill/P, March 1999: C3lifornia Energy Commission, S/lppty and CO,II A/lrnwrh'/'S 10 MTllf:.' 

in Casu/illt', OClObcr 1999: Rober! Cunningham, "CO$ts of POlen!ial Ban of MTBE In Gaso!ine~," presenlatlon at 
Ihe Marth 1999 .MTBF. Blue Ribbon Panel m~e!in£. 

b j,W. KIrch~l~tler, el. aL, "(m pact of O.1.ygena[ed Gawline L' (e Oil California Light-Duty Veh iele 
Er:lj"jvr.s." Ii/H'lm/I. Sci, Aud Tech .• 1996 . 

., tLS. J:oYfwrur,cn:al Pmtectim: A!W:1cy, Ofhcc of Re.<.carcl; anG Development. Oxysenf/!<'(!ll W(J/{'r' etilical 
lnll>fl1UliltJ." and j(1:W(lrl'il NI'<'d!, De::cmoer 1991\, 

SA ,1\1, Happel e{ aL An Evaluation ojAJTBf impacis to Cali/ornia Groundwaler RClmm:rs, tawrence 
Uvennorc Natll>nill Labor:Jtoty Report. UCRL-AR-1J0897. June! 998. 

'10 ffice of Sciellce and Technology Policy, National Scievce and Technology Council. JllIeragfllcy 
Asunmem vf OXY,"{I'llfJud Fuds, June 1997: Steffan. R.I .. et ill.. Riod;!grudmion of :he Guwlim: Q,lygenafes 
Muhyl Irr:-DII:yl Erha (MT8£j, Efll)'! len-flHfyl E,hu {fTEE), (/lId ffrt.AIIIY! Melhyl Ether trAM B) !i) Propane 
Oxidizing Bt1('/(riu, Aryl. EnVj:'l'L, Mbobilll. (i3( 11 ):421 {;.42n;, 
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(lARC) and the National Institute of Environmcnllli Uealth Sciences (NIEHS) have indicated that at this 
time there are nol udcquate datH to eumidcr MTBE a probable or known human carcinogen. I') 

There are limited datu Oil human p(}puJati(}us (h~t may be sensitive In MT8E, Although there is some 
evidence that fuels containing MTBE could irritate !he eyes, as well as cause headaches and r.lshcs, 
effects attributed In MTBE alone have yet 10 be proven. Limih:'d epidemiQlogical data suggest greater 
attention should be given to thc poteniilll for increased $ymptCHn reporting among night)' exposed 
workers. H 

Tjcre- have been 110 human or animal health effects studies performed for MTBE in drinking wa!cr. 
!-I0WCYC7, ~un:\ln and nnimal studies :He currenl;y underway Ht thc U,S, Environmentai Protection 
Agency (EPA), Health Effecis Institule (HEI) and Ihe Chemkallnduslry lm.tilule of Toxlcolngy (CIIT) 
to address some oflhcse research needs,!! Animal ingesllon studies using "bolus" (all at once) dosing of 
MTBE in olive ojl hnvc shown carcinogenic effect!, at high levels of exposure (250.000 micrograms per 
kilogmm animal hody weight and higher), Il I~ 

Drinking water cnnlaining MTBE at or he low the taste and nilnr levels identified in tbe EPA's Drinking 
Water Advisory (20 ttl 40 micrograms per li!er) is nol expected to CllUl'C advcr;-;e health cuncerns for tbe 
majority of the Pt'PU1Hlioll,1; The turpentine-like lustc and odor of MTB E, however. Clln make ~ueh 
drinKing water unacccPlable 10 consumers, 

TBA is a major metabolite of MTBE, regardless of Ihe route of exposure. Animal ;csting nfTBA ifl 
drinking water produced ettfeioogenic effects IH high levels of exposure (l J.50.0{)O micrograms per liter 
aod higher).16 Additionally. iormaldehyde, ul$o a metabolite of MTBE. is a respiratory irritant al high 

10 Office of $dence and Technology PCllicy, NatiQllol Sciem:t antl Technology Council, In1eragu/{'y 
Asse.mnent ofOxygenuli'd Fucis, June 1997. 

'1 Office of SI:icn{c and Technology Policy, National Science and Technology Council, InterageNcy 
A.uc.uml'nt of OXYRcnflJI'd Fueh', June 1997. 

12 Correspondence with the Health Effects In,titutr., ChclTlica!!ndustry ln~litute (If To\i!:o!ogy, ltnd EPA verify 
cumlllly on-going ,ludic); on animal and human hcal!h eHecls from MTBE expo~urc. 

u u.s. EnviwnmenlaJ Protection Agency. 0 (flee of Wate;, Drink illg Waler Adrrwry: CONsumer 
Acceptability Adria lIntl Heallh Eflem AnafpiJ Of! MtlhyI1e-rtirtfy-8utyl Elht'r (MTS c), December t 997. 

>~ 11 ,houJd b~ noted that the N' ational Resi:arch Councll ~.as cautioned against the use of lhis slUdy until a 
thorough review hns been aceoIIl pl!!i3ed, including an vhjec!I>'e lhitd~patty review of tb: plitho logy. (Ti}X icn!oglcal 
;1.1: d Perfor:n ance A~pect~ r,f 0 x ygenlilcd M111m Vch iele FJeJs. Nution~d Rt:!I.e;;r::h Co:mdJ, Wa\hingt,lll. D.C, 19%, 
""be! IS.} 

,,< U.S. Environmental Prolenicn Agency, Office "f Watet, DrinkinG Wmu AdrtJo(\,' COIISUIIIU 
Acn'prabiliry Atfl.ift' tIna H (flith EjJf'c!J Analysi.( on AI Nilyl Teniary.Bur)'! £ll:a fM [BE}, December 1997. 

1,& U.S. EnvimnmefHal PrOlettiM Agenty, Otnce of Water, Drmkmg Wr.1u tl.dl'ilOry: Cmu/lmn 
AcreprabiJirJ AlII'ire lIml Hca/Ill £Ifem AtJolysL( {III Attlilyl Tmiary·Butyl E:lIa (MTBE), Decemher 1997. 
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lcveL~ of humall expo:;urc <lnd is currently considered by EPA \0 be a probnb!e human carcinogen by the 
inhal'llion roUle, Wilh less cenain(y via ingeslion,11 

III. Ethanol 

A. Air Quality and FucIIH£ndin~ 

Ethanol is commonly used as an (}ctane enbancer in conventional gasohne. as well as serving n.~ an 
o:\ygenate for blending in Fe-dcrnl RFG and oxygenated gasoline in a number of locations (primarily in 
lhe MitiweSi}.18 Because of ils uni<lue physical and chemica! proper!ies, ethaaol ruise~ the v(}]alililY of 
gasoline with which it is blended. thus additional refinery proee...sing of blends lOcks is performed prior to 
elh.w\}; blending lit order to meet the air quality performance standards in reformu;ated fuels.:? Elhanol 
1\ soluble:n tbe ',I,'alcr cOlnmunly fou:1d in pipeline;, and ~wragc :anks a\~ociated Wt;!l the gasoline 
(btdbation "'y~tem. and once mixed with water will :.cparatc from lhe gasoline, Due:o :hi;, potential 
phase "'Cfhlrallofl, which Clln ('.:cvr when cthnnol end gMolinc blends arc lransportcd through pipelinc)(. 
ethanol IS usually blended a! the :erminaL rather thiln the refinery, 

A National Research Council StudyiV did not support using Olune forming potemial or rea:cllvity (as 
opposed to mass ~mission reductions) 10 assess the relalive effecliveness of MTSE orelh,mol in the RFG 
program. However. the repoft did find tbal tbe comrlbuTion of tbe reduction of carbOll monoxide (CO) 
and its effcct on ozone formation should be recognized in assessments of Ihe effects of ethanol 10 RFG. 
(Refer to /sj·ue Summary 11, .. Air Quality Benefits. "} 

ln markets where ethanol hlended fuels m:!Ke up 30 percent hl 50 percent of lhe markel, the pns~ihili!y of 
commingling of ctllannl fuch with nOlH::lhanol fuels m Ibc fud sapp!}' syslcm will fC\jUirC separation of 
elhano! fuel infra:.tn:cture, nod commingling to the gas tank can rc\ult In ao iocrease in :'oth vapor 
prc-,~urc aod evaporative cmi:uions.ll (Refer to Issue Suml!wry B, ,. Air Quality Benefit$.") 

Vehie Ie exhau S~ em iEsions data hn'le shown that aceuldch yde (pri nc ip1c mClab{)lile of e!hao{d) em Issions 
can im:rcase by a~ much a$ 100 percent with the nse of 2.0 W!% cthun{)! o.xygcn3te-d gaM)1inc, part of 
which undergoes photochemical reactions in tbe atmosphere 10 make peroxyacetyl nitrate (PAN),l1 

17 Officc of Seicl"lce and Tech n·ology Policy, N utinnal Science and Techno\{lgy COl,ln cll, II! rrrilJ.!(,IIr'.V 

il.I'SI',\',\'IIIl'lIllJfOxygelll;/(!d FlleI,I', June \997. 

18 Refcr \0 Issue SlwwllIry D, "Fue! Supply and COq," f01 J more detailed dt~Cl)ssion of this \IJPic. 

Iq CaHforn ia Energy CommiSSion, Sllpply ana COSI Alrf(nl1ti~es /I) MTB E ill GlI.w(illl!, Oct(}bcr 1999. 

;ro Office of Scietlce and Technology Policy. N alional Science and Technology Council, IlItt'fOgt'Jlcy 

AS,<;('HmenJ of Oxygel!lIled F,.eI.!, June 1991. 

ZI Office of Science and Tcchnl)Jogy Poi icy. Na:ional Science and Technolo!;y Coundl, InrCFIl!;fllcy 

,1JJe.HIITcn/ ofOX}gellDtcd PUcf.I, June 1997. 

~ 1. rmi I: c,· et. aI., Hcnld; :1I,d El!viumm('lIfal ft.H('.'>.'>m Hlf of ,11 1'H,{ Vol. II, NO'vC1r. her. 1998: A.P, AIt~I'lIlkr, 
"PA.N~:1l the Atmo,"phere," 1. Air W,Uft' MiUWg. A.w)c.. 1993.43(9/. 1221·1230; L, Mllgrom, "Clc.un Car Fm:h 
Run bto TrcubJe-," New SciellflSl, 19&9, 112 (1656), ::'0. 

18 
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U. Uehavior in Water 

"Neat" (pure) ethanol is infinitely soluble in water. Laboratory data and hypothetical modding indicate 
lnat based on physical. chemical. and biol()~ical properties, ethanol will likely preferentially biodegrade 
in gHlund water compared with other gasoline components with the potential to extend BTEX plumes 
f\Hlner than 1hcy would be 1A itnout ethanol present.H 

A !though ethanol ha:i been shown to retard BTEX biodegradation under certain laboratory conditions, 
evide:lce of cthan{ll'~ effect on the migration of BTEX plumes unde-r vurioJs conditions, i.e., 
hydwg{!()lngy: field cunetontrations: nature of release scenario (fur example, l,lfge sudden release versus 
$ltl',\' cU!llirnWHS fclcas~) has nut been collected nnd cmnpiled.<4 A more c(lmprehcllsive rcview is sjill 
Ilc,~dcd to invc,~ti!~;lte Hild determine the nalUre and extent of field cxperic.nt.:c.~ regarding ethanol's effect 
{including bcZ1avinf and fate properties) on BTEX p!ume mipa:ion. ;;(]uifer remediation, and drinking 
water treatmenL 

(;. Ilcallh Effects 

Thc health cffects of ingesled ethanol have heen extensively invesliga1etl. Given that ethanol is formed 
nMurally in the body !It low levels, inhalation exposure to ethanol at the lnw levels Ihat human'> are likely 
10 be exposed ,II'C generally not expected 10 result in adn.:-rse health effec\.\.Z) Health effects questions 
h:lIIe hecn faised. however, about potentially sensitive snhpopuhuiolls. In addition. increased use of 
ethanol may result in increases of certain atmo:.pherk transformation products, soch as PAN and 
acetaldehyde, allhough lne extent of Stich increase is unknl)wn,!~ PAN, whleh has beef! shown 10 be 
mUlligenic In celhtlar research, is- a known toxin 10 r~!l.nt life and a respiralOry irritant to humafls. l ' 

Combustion bypr,}uucts of ethanol may also cause adverse neahh effects, Acetaldehyde i5 a respira10ry 
irritant al high levels of human cxpo"ure and is currently classified by EPA as II probable human 
carcinogen. 

lJ Michael Kavannugh and Andrew Swci;ing, "Fate and Transpurt of Ethanol in the Environ:neIlL" 
pre:.co!;Hiun al the May 1999 MTBE Blue Rihbon Panel meeting, IB;l.sCO on ~1al!,:nm~ Pirnie, Inc. t:WJ/1I4Iil)n oj 

!hf Fair (Jilt} Tran.tror/ p/ etAtwol in tht Environment (Oa+-:la»d, CA, 1998,)1 

14 Michael Kavanaugh and And:ew Slo!';cing, "Fate and Transport of Ellul!lol in lhe Environmeu\," 
prc"eutaiiou at the May 1999 MTBE Blue Ribbon Panel mecli:ig. fBused on Malcnme Pirnie, Iuc. £V-Ililu1!iuJI oj 
Ihl' /<'atl' aud TrmH[,(!rl uf E1hallol In the Enl'inJllmt;1l1 (Oakland, CA. 1998,)1 

;r. lh:;}jlh !:ffc(:\:. jn:Hitmc, The Potential H ca/fir ((JeffS of 0 xy'{r1w{('5 Adt!c': II' Gosoiin<', A-;:Hil 1996. 

:1 L. Mllgf\lI11, "Clean Cur Fnels Run Inlo Trncblc," N~·tI· Sriollin, 1939, 122 (1(56), 30 
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IV. Otbcr Elbcrsu 

A. AIr Quality and I'liel Ulendlng 

Othcr ethers bave been sh{,wl) :0 provide thc snme emissions bencfits as MTHE or c~hano:. A 1ternativc 
clh.crs (c:\Ccpt IcrriarYwllmyl methyl ether ~ TAME) h;)ve found only limited u!-c, however, because they 
:Ire economically lcss cumpetliive 10 manufacture. 

IL Hcha ... iof ill Water 

Other cthcrs ,Ire likely to he similar, nlthQugh not idemical :0, :\1TBE, i c highly soluhle in ground water, 
jH,nr!y sorhcd ttl so\!, :IIHI degntded more ,,;Iowly lo;)n BTRX chemicals. BehaVIor in ground water i.'i a 
function of solubility, soil sorP!!UO, and 6e lIbi!ity to hiodegrade. All oxygcnates arc significantly morc 
soluble than benLcne lind evidencc 10 <Late Jcmonstrat..:~ Ihat in situ biodegrudution {)f these compounds is 
limited as compared to benzene. Differences may exist between solubiliiY and degraJabililY of etbers. 
Accelerated studies arc necessary in order t{I make thi~ delermination. 

C. HraHh I<:ffects 

AI:nough toxicity ledng nflhc.,e ~ubslanccs is underway, Ihl.:n: i~ Je~s GtllTCll\ kllQw!l.:dge regarding :lte 
inilai;:\Iion N inge.;tioll health effects associated with Ihese compownds than for e:hanol and MTBE. 

V. Other Altcrr'lath'cs 

A, Air Qualil}' and Fuel Ulcnding 

In adJitioll to ethanol, lhe nHlst likely alternative!> 10 replace :he current volumc of MTBE and other 
ether . .; in RFG ilre increased use or rerinery streams sllch a~ a!kyJalel<, refor:natcs, amma,ies, ilnd other 
;o;treams resulting from the fluid catalytic cracking (FCC) pwec.'ses 

Alkylatcs are a mix of nigh octane, tOW vapor pressure branched chaio f1araffioic hydrociJrhons that call 
be mude from emue oil througb well establbhed refinery pro(;e!>se~. USlOg the output from un FCC unit. 
BeC!lU se of these Ilesirab Ie properties, alkylntes are highly favored as slreams for blending into gasoline" l" 
In general, an inc tease in lhe amount of alkylates lJ.~eu in fuels will h;lVe no adverse effecl 00 Qverall 
vehicle pcrformance,J.il AmmatlcJi. arc hydrocarbonJi. characterized by onsaturated ring <:Iructures of 
carbon aloms (I.e. benzene. to:-Jene. and xylene), and increased use of aromatics would be likely to 

2. Et~_ers arc organic cl!mrotlnd~ cQnsisting of carbon, hydrogen. and oxygen. Often uscd [Iii ga~oEne 
bJend~!(]:::b ane;1'. ,p;:n;clI"lc5, cthcn Incillde: MiS!:; !:'fSn; TAME: dnd diisorfopyl ether (DIPE)_ 

2,. Dex ter M illrr, "A Ikylatc;, Key Components in Clean-B tlrllln!:,; Gllsolinc," pn;osentatl9n at tbe ,\1ay t 999 
tiTRE Blue Ribbon Pand meeting, 

~o Duane BHruvid:, T(m;n COfroflitioll, "PeupeelJvelo. 011 Ga~91ille Blending for Clean Ail," prestmllltiQIl at tbe 
March 1999 MTB€. Blue Rihbon P;mej meeting; Ai Je;;..c], ChCt'fOr. ProduClS Comp3;y, "Removing MTS E From 
Gasoliae," presentation at tbe March 1999 MTBE 8:uc [{iob,1II Panel n:eeting. 
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increase toxic emissions when uscd in high quantities. Refiners in Culifornia have produced non­
oxygenated fuels using lower sulfur, alkylates and aromatics, that meet or exceed all California RFG air 
quality rCljuircmen\sY 

H. 	 Hcha\'ior ill Water 

Alkylates arc nonpolar and have n !TIllch lower (over 100 times less) solubility in water than aromatics 
such as BTEX compounds. Based on alkylll.tes' pbY5ical, chemical, and biological properties. dissolutioll 
from the: gllsoline source area, biodegradalion, and movement in grollnd water, are all c:o.pencd to be 
significantly slower than BTEX compounds. 

Water-related cnvtronmenlnl fale research should include studies in the following areas: 

• 	 Water solubility, dissolution behavior, nnd smption tendency to soil and aquIfer material; 

• 	 Effects of hiodegradatton on the gasoline coataminated plume's ovcrall movement 

• 	 Traasformution l'ludle,\ to detcrminc if the compoond break:> down in soU or 
surface/ground water; lind 

Whether inlerrnediutcs and/m final prmluc!s pose either a greater or lesser risk. 

C. 	 Health Effetts 

Alkyblcs ~ave long heen a common ingredient in ruels, and thus a modes: increase l!l a:kylatc content 
would nnt be expected 1{) cnusc addillorHl! n'Jman nea!th ri~ks above those already u$socinted wi;h human 
exposure In fuels However, :hc human and aqutltk toxicity risk dnla aSllociated ",itn expusure ,0 
ulkylates ;;re ;imilcd, Aromatics have also long been used in fuel. and contain compollnds (e.g. benzene 
and toluene} which life known tn have a range of potential health effet:ls; .any SUbl'lantiaJ increase in their 
use s:10u!d be carer:.Jlly evalualed, AI!.l mioimum, testing for non oxygenated fuel alternatives ShUllld 
include sufficient data to develop an adequnle risk assessment. Th-ese tests should seck inhalation and 
ingeslion data through animal toxicity and human microenvironmenlu\ exposure StudlCS using bmh Ihe 
additives Ihelll~clvcs, and the gasoline mi.\lurcs of whieh they arc a part 
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Appendix E 


Table E1. Chemical Properties of Selected Compounds' 


Alkyl8tes 

a(tnlI!J't&' MfBEl Elhanoll ETBE' TAMS' T6A' :Is.ooctanej 

Vlolecuhu '1'1 einh1 Ig{1'!" ol} 78.11 '" 46.1 102.2 1Q2.2 74,1 114.2 

Bc.jl1g Polnl l'e} St1,1 55,;: 73.5 72.2 86.3 S2.4 9!L2 

VallOt PrauufO 
ir,M Hg 11) 20 $C} " 24' 44 13C 75 41 " 
Oer,sily (gil) 0,6ll C,N 0.79 0,74 0.77 0]9 0.69 

OctaM NumCH 94 ". '" 112 'OS 'oa ". 
miscibi 

Neal Solubility (9!HH)g tilO) O.11a 4.' miscible 1.2 1.2 , « O.Oi 

Solubility illl;.) Btl from 
Gasoline (g/1009 HI!)) <.0\ 1:)<55 5,7~ '" 0,24 2.5· 

Tasle T:"mnhcld 

ill Wale; lugh.) 500 201040 " ," 
Odor Tlvesllold IP2m) 0.' (i.OS:! " (Uli3 !U127 ,. 

• Adap:ed 'rom USGS. F¢t a de11i J03 discu$sv.m ollM S:lllIbi!i1y in waler l'l.lm gasoinu mlx!t.f~ '.:o,1!ainmg 2% oxygen, see p. 
2-50 - 2-5] ",11M NaliMal Science and TeChnol09¥ C{)oooiL {meJ'Q9:eticy AssqSSlTlen,' 01 oJrYfJMSred Fpel$ (June 1997). 

• T~e wale' so ubili! es of !ne a cot.ollllltt! \lSI males oase<J Of'; par!~i<}f';iI\9 properlies. 

Sources: 

1 D.L Conrad, Texaco Aesearetl and DeveloplMllt DapanmeP1, TtJd Impsc!$ af GS$()/ins Oxygenate ReliJasfJsJo lIle 
Enviro/It1UMJ·· A Review of Ihe LitenlflH~ (Port At!hU', TO)x<I$, 1995), 

, 90nald Mackel, W .Y. Shiu, and K.C. Ms., 1I!J!:J/tIfJMd Handbook of Pf;ysico/·Cflcrn!c1J1 Properties and Erwircnme,1taf Fate for 
Organic Chemicafs: Vol. /fI, Vo/sl!7tJ OrgtJlliC CompolJl/ds\B.oCfJ. Ra.lon, FL: Lewis Publishers, Inc, 1993) p. 916. 

J Donald Mackay, W.Y. Shiu, arid K.C. Ma. IlIus/rated Handbook 01 Physlcal.Chemlcal PfODfJrlies and fnvironm9fltal Fate for 
Organic Chemicals,' Vol. III. Volalile OrglJnic CompolJnds (Boca Ralon, FL: Lowls Publishers. Inc, 1993) p. 962. 

Key: 

• -' signiflas 'Not Applicable: 

glmol = G'ams Pet Mol~ 
.oc a Oegr~es Celsius 
mm Hg = M,;;imeten;ol ~er:;:u"l 

gil II Gfams Per L;10r 

gl100g H,O· Grams P!J:t 1(10 Orsr'll>cl Wa1er 

ugi:... = \l:crograms Per L',er 

ppm = Paris Par MlIIon 
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CHAPTER 3. FINDINGS AND RECOMMENDATIONS OF THE 

BLUE RIBBON PANEL 


I<'indings 

Ba.\cd on b. n::view tlf the i!.sut;.~, the Panc~ made Ihc fnliowing QVCf<11l findings: 

• 	 The distribution, use, and combustion ,}f gasoline poses ri!;ks In our environmefll and 
public health. 

• 	 RFG provides considerable air qualtty Improvements und bencf!ts for millions of US 
citilC,Il~. 

• 	 The use of MrSI! hali raised the issue of the effects of both MTBE alone and MTBE in 
gasoline This Panel was not con,~titujctl tQ perform an independent comprebensive 
health assess men I and has chosen t{) rely on recent reports by a number of staIC, nati0nal, 
and international bealth agencies. What seems clear, however. is tb.;lt MTBE, due:Q iL~ 
p~rsj5tence and mobi:ity in water, is more likely w contaminate ,ground and $urfnce water 
t:lun the other CUiilpUl1cnts <if gasuline. 

• 	 ~1TBE has been found in fi number of water supplies nationwide, primarily causing 
consumer odor anti t:mc concerns that have led water suppliers \() reduce usc of those 
sllPplies. Irtcident~ (If MTB E in drinking water supplic$ at levels well above EPA and 
state guidelines and standards have occurred, but are rare. The Panel believes thallhe 
occurrence of MTBE in drinking \V,lter supplies can and sho(dd he suhslllniially reduced. 

• 	 MTBE is currently an integra! comp()nent of the U.S. gasoHne supply both in terms of 
volume and octane. A" slIch. changes 10 its use, with the attendant capita! construction 
and infrastrucwre !I1odiHcations, must be implemented with sufficient time, CeriainlY. 
and flexibility to maintain the stability of both the cnmp!ex U. S. fuel ~upp!y system and 
gasoline prices. 

The following re.;ommendalions. are intended 10 be i:nplemenled as a sillgle package of actions designet! 
to simultuncously maintain air qunlily benefits while enhancing water quall!}' prolection and ussurlng a 
stable fuel supply al rea~ona[\le cost. The major!IY of Ihese rec(}mmenda1inn~ cnu1J be implemented by 
federal and ,~ta\e environmental <lgencics without funher legislative action, <lnt! we woultl urge their rapid 
lmplementafion, We would, as well, urge all parties w work with Congn;lIs \(} implement th(!~c of OUf 
rec!)mmenJatinll~; Ihat require lcghdalive aclion, 

Rc\;ommendjltinns to Enhance Water Protection 

Based on its review of the existing federal. stare and ll,cal pwgralUs hI pwtcct !feat. alld fcmc<ii:ltc watef 
supplies, the B!ue Ribbon Panel make~ the iollowing recommendallons 10 enhance, accelerate, und 
cxpl!nd :.:xisling pmgrams 10 Improve pfIltcctiofl uf drir.1dnb W;!!ef supplies from contamInation, 
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Prcvcnlion 

I" 	 EPA, working with the Slates, should take the following arllons to cnhance significantly 
the federal and Stale Underground Storage Tank programs: 

a, 	 Accelerale enforcement of the replacement of ex.isting tank systems to conform 
with the federal!y-required December 22. 1998 deadline for upgrade, including, 
al a minimum, moving to have all states prohibit fuel dcliverie~ 10 noo-upgraded 
lallk~. and adding enforcement and compliance re~()urces to ensure promp: 
enf<Hccment action. especially in areas using RFO i.!nd Wintcr:imc Oxyfuel. 

b. 	 Evaluate the field performance of current sys:em design requiremenls ilnd 
h~chn(11(lgy and, hased on that cyalua:jo!~, impwvc systc:n re4uiremcnbi 10 
minimize leaks/releases. p;\r:i::ulurly in \'ulnen\o1c llreu:; (ace recommendations 
on Wellheac Prote<.:lion Prvgr;lln in 2. below), 

c. 	 Strenglhen release detection requirements to enhance enrly deteetion, 
r;lflh:ularly in vulnerable areas, and to cnsure rapid rernir anti fcm<.:dialiOlL 

d, 	 Rcqairc moniloring anti reporting of MTBE and othcrelher~ 1t! groundwater at 
aU UST reJease sile:;. 

e, 	 Encourage $Hltt'ii TO require ihultbe proximity to drinking walet supplies,. and the 
pOlenlial Hl impact tbose supplies, be considered in land·usc planning and 
permitting ilecisltH1S fQr siting of ncw UST facilities and pCffoleum pipelines. 

r. 	 Imrlement andlor expand programs to train and liccllsc (JST ~y,..t(;m Installers 
and maintenance personnel. 

g. 	 Work with Congress to e:\amine and, if needed. expand tbe univer~e of regulated 
tanks to include underground and aboveground fuel Morage sy~tcms lha! afe not 
currently reg'Jla:ed yet pase ~uh~t:llltial rl~k to drinkiag water supplic,>; 

2. 	 EllA should work with its state and local Wilier ~uprly partners to cnhIll;C~ 
implementation of the Federal and Slale Safe Drinking Wale: Ac~ prngrnt:ls !n: 

a. 	 Accelerate, particularly in those area)O: where RFG'or Oxygenated Fuel is used. 
the asscs:.:nents of drinking wat~f source protection arcas requircd in Section 
1453 of the Safe Drinking Water Act, U,\ amended in 1996, 

b. 	 COGrdmate the Source Water A.~~es~ment program in each slate with federal nnd 
$IlHc Undergmund Stora.gc Tank Programs using gcograpbic inform:nion and 
other :Jdvanced data systems to determine the location of dril'lking water sources 
and 10 identify lJST sites within source pwteclion zones. 
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c, 	 Accelerate currently-planned implementation Dr tesling fm and repmllng of 
MTBE in publk drinking watersupp1ie~ to oceur before 200 I, 

d. 	 Increase ongoing federal, state, and loca\ effons in Wellhead PrQlel;tiQn Arcas 
including: 

enhanced permitting, design. and ~ystcm installation requirements for 
UST5 and pipeline ... in thesc areil.~; 

strengthened effor!\ to cn\un~ th<ll nnn-operating UST~ lire pwper:y 
dosed: . 

enhtJnced UST release prc:vcnlion and detection: and 

improved inventory management of fuels 

3, 	 EPA should work with stales and localitic~ 10 cnnuncc: their efforts to protect lake)) and 
l'¢serli(!Jrs thlll ,\erve as drinking waler supplies; hy resuicling usc of recreational waler 
craft, particularly those with uldcr motors. 

4. 	 EPA should work with other federal agencies, the i.tales, and private sector partners 10 
illlplement C'xpnnded pmgruros!O protect private welt u~ers. incloding, but not limited to; 

ll. 	 A nationwide assessment of the incidence of contaminnt[on of priV<lIC wcJl~ by 
componcnt~ of gasolinc as well as by other common contaminants in i'ha!low 
gnlUodwnte r; 

b, 	 Broad·ba~cJ outrCiu:;h and ;lUhlic education progrums for owners and users I,lf 
pfiva:e wells on preventing, dctcct:ng, and I~e:;:!ng contaminalion; and 

C. 	 Programs to encourage (\nd facilitate regui~H waleI' qiJality ;esting <If prhatc 
wells. 

5, 	 Implemeru, lftrougb pUblic-private partnerships, expanded Public Educat;on programf; al 
the federal, state, llndloca! levels on the proper handling and disposal of gasoline. 

6. 	 Develop and implement lUi inlegrateo field research pwgram into thc groundwater 
behavior {)f gasoline find oxygenates. indilding: 

,I, 	 Idcn:ifying and lnlliatin& rC1it,:an,;h at a p{)pu:a:ion of CST release :lites and 
nearby drinking water supplic$ including sites with !vfTBE. sites with ethanol, 
a!ld 5\:i:S ul,lng r.o oxygenate; iI!ld 

h. 	 Conducting broader. comp;lfalivc sludie~ of lcvels of MTBE, cthanol, ben~enc, 
and other gasoline eompllund~ in drinking water supplies in nreas using primarily 
MTBE, areas using primarily elhanol, and areas using no or lower leveL.. of 
oxygenate. 
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Treatment and Remediation 

7, 	 EPA ~hould work with Congress to expand re~oun:es available for tho;: up-front funding 
of the treatllient of drinking water ~uppHe,'i conlam ina!ed with MTB E and nther ga~nline 
cOlr,ponents 10 enStlre that affected supplies can be npid:y treated and returned to 
s,;rv:cc, (ir that an aitcJUative water liupply can oe prnvided. T~is cou!d take a number of 
forms, including bm not Emi!ed :0: 

a, 	 Enbancing :h.e ex:sting Federal Leakir.g U:Jdergrm:.nd S:o~<!.gc T<:nK TfJst Fund 
by fully appmprir.tir.g the annual available amou:1t:n the Fand, er..~tlring th:~: 
treatment t,f contaminated drinklng watet sapplies C:ln be funded, "fld 
strea:nl:ni:1g the procedure:- for obtaining funding; 

b, 	 Establishing another form of fundhig mechanism which hC1i Ihe funding more 
directly to the source of contamination; anu 

c. 	 Encouraging slates :0 consider targeting Stale Reyolving PunJ:> (SR F) to help 
accelerate ltcntmerH ;lnd remeJia:infi in high priority areas. 

S. 	 Givi:1l ihc different behavior of MTSE in gmundwater when t;ompared to othe: 
component" of gasoline. slates in RFG and Oxyrud areas s!w;;;tl reexamine and enhance 
~!llk and federal "triuge" prth;eclure~ for prhdillinj,\ remedi:nioH effor:~ at UST sites 
b':'5CU {In I:'CH pmximi:y to drir.king water s:Jpplies, 

9. 	 ACte;eHlle lahllralliry and field researcb, anJ pilot projects, for the development a"u 
implcmclit,ltio[;: \)f ';()~I·effective water supply treat:n('nt nnd remed;u!\on !-:chnl)1(lgy, and 
h<iTlnooize these cffam with other puhUc/priva:c efforts undcnvuy. 

Rccommcndlltillns fur n1cndin1! Fu.c1 for Clean Air alld Water 

Bused on its review of the curren! wlIter protecti()n prugrams, and the likely progress thut enn be mad..: in 
tightening and strengthening thos..: progmms by implementing Recommendarillns i - 9 above, the Panel 
agreed broadly, although not ur;Hnimou~IY, tnnt even enhanccd protcction pr()g!'am~ will nnt give 
adcqua:e assurance thaI w;!ler sclpplies will be protected, and that changc~ need to be made to t~e RFG 
pmgram to rCdI.H;'~ the umount of MTBE being used, while ell~uring [hat thc "if qUH!ily b(',ncfit~ of RFG, 
ilnd fucl stlpply and price stability, arc maintained. 

Given the complexity of ~r.c national fue: system, lr.e advantages and disadvantage;, of ench of ~lte fuel 
blending np:i{)ns the Panel c-ons.:dcrcd (\ce Appen:lix A). and the need:o :naintuin :hc air q:Jality bC:1efi:~ 
of the currenl pwgr<lm, the Panel recommends an i!llegrah::Il1ockIJRC of aclion" by bOlh COflsre~s and 
EPA that should be implemented as quickly GJ possible" Tht kcy c:cments uf th:;t p:lcbge. described in 
more detail below. are: 

.. 	 Action agreed lfl hroadly by the Panel to reduce the usc of MTBE subs;aniially (wilh 
some members supporting 11s complete phase-oilt); and action by Cl)ngress 10 clarify 

http:S:o~<!.gc
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f.:deraland sillte :luthority:o reguhlle and/or eliminate the usc 0: g;)solinc additives thai 
threaten drinking water >.uppJies; 

• 	 Action by Congre;;s tu remove lhe current 2 percent oAygen rcquiremelll w ensurc that 
adequate fuel supplie,~ can be blended in a cl)!lH:ffecrive manner while quickly reducing 
usage of MTBE; and 

• 	 Action by EPA to enS:Ufe thnt thef:,! is no 1m.:. of current air quality benefits, 

The Ox)'!:en Requirement 

10. 	 Thc current Clean Air Act req:~lirement to re'l'Jire 2 percent oxygen, by weight, in RFG 
mu~t be remu'Ied in u:oer to provide f1exibility to bler:d adequate fuel supplics in n cO.<t­

effct:tive- manner v,hile Quickly red:lc!llg usage of MTSE and maintaining r.ir quali~y 
benefits. 

The Pllnel recognizes that Congres q , when adopting the oxygen requirement, sought to 
advance several national ptiUey g()lll~ (energy security Ilnd diversity. agricultural policy. 
eli,;) that are beyond the scope of our expcrti.'c and deliberations, 

The- P;:nel further recogniz.es lhal if Congrcs." acts on the reco:nrr.end''.l!on:o ;emove the 
n~qL.iremen:. Cungress will likely seck other legis!atlve mcchanism~ 10 fl!~fill these ether 
nat;Qna~ policy inlereS\.<. 

Maint:;inilll! Air Ber.efits 

11. 	 Pre;.;ent toxk emission performance of RFO cnn be hiirihuled. in ~ome degree. to a 
com binaliol) of three primary factors:: (1) rna"" emisliion perform !lnee req uirement\; (2) 
the use Qf ox ygenales; and (3) a necessary complhln(:(: margin with II pef galll.m :stand,lTd, 
In Cal RFG. caps on specific components uf fuel i:s an additional facfor to which toxies 
emiqslon reductions can be attributed. 

Oulqide of Califm:J:a. lifting 1:1C oxygen requiremenl ilS r(:comm::nded "hove may ~c;ld to 

fileJ reformulation:; that achieve the mir.imum perrOfmal1i.:~ s:anJ:lfd:s n:ljuireu t.:r.dc: t;,c 
1990 A<;t, rather than t~e :r,rgcr air qua:ity benEfits {:t:rrcntly ob~ervcd. In ,\l:dJition, 
d"lflgCS in t:1C RFG program could have ~ICversc con:-.c~uetJce.~ for ccnver-tional ga.,olbe 
J~ well. 

Within California, lifting the oxygen reqllircl:lcnt will rcsult in gTC(\:~r flexibili:y to 
maintain and cnhance emission reductions, particularly as California pursues new 
formulation requirements for g;)~oline. 

In order to ensure that there is no lo~s of current air quality benefib, EPA should seek 
appropriate mechanisms for both the RFG Phase II and Conventional Gaso!ine programs 
,0 define and maintain in RFG I1lhe real world perfonnar,cc ohscrvcd in RFG Phase 1 
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while prevenling dcteriorolion (if the current air quolity performance of conventional 
gasoline,'" 

There are several possible mechanisms to accomplish Ihis. One obvious way is to 
enhance the mass~basetl performance require:nents currently u~cJ in the program, At the 
same lime, Ihe Panel rec0gni/e~ (hat the different ex.ha\lst components pose differential 
risks to public heJlth due in large degree to their variable potency, The Panel urges EPA 
to ex.plorc and implement mechanisms l() achieve equivalent or improved public health 
rC$\llts thut f{leu;; on reducing those compounds that pose the greatc~t risk. 

Reducing Ihc Usc {)f MTBE 

12, 	 The Pand agreed bro<ldly (h<lt, in ortler iO minimize current and future threats 10 drinking 
waler, Ihc LIse of MTBE sltouJd be reduced substantially, Several member;, bdie~'ed that 
the usc of MTBE should be phllsed out comptctc!~\ The Pnncl recommends that 
Congress act quickly to clarify federal aod sthte aUllwrit)" to rCA;ulnlc nnd/or eliminate the 
usc of g'L~(llinc atlditives thnt pose a threat to drinking water sapp!ics.'} 

.'1 The PalltJ I:; ,lware 0: the c'Jrrent proposal for furlher changcs In the sulfnr le'lc!\ of gU"i!liuc aed rccognize< 
lhal ilrtrlcfl~O:I~{ati(ll1 d any cltal~bc rc,ulling from :lte Paners recommcndations Will, OJ ucces~ily, need hl be 
coordinated \11' ith imp 1e:nentalion of !hew ntnc. changes. However, 1I majority {If the Panel cOIl~icercd thc 
llHlimenancc:!.'f currcnt RFG.ur q'Jalily henefij, a" ~<"i}3rttie from any addilinnal benefil\ tll;1I might ..t,catc froUl the 
su:fur changes eur.cnlly unde~ cDttsideralion. 

}J Undcr §~l t oflhe 1990 Clean AIr Aet, Coogre~~ provided EPA with ttutl:o:iIY to regulJtc fuel fonnulalion 
lil improve air quality. 1n addil10n to EPA's nntionalllutnoril}'. in 9211 (c)(4) Congrcs~ );(\Ught 1(' balance tbe desire fDr 
m;rodwAlm ImifnrmilY in ('Uf naliun's fuel ;;npply with the obligatiun to t"mpllwcr s'att"~ I{I ;!tkipl m"l1.;urc~ n"ecs~llTy 1\1 meel 
IMlion.l1 ;;ir quality sl,md;;N!o, UnOcr §21l(c)14). slale" molY 000~ regUlations nn Ihe Gnnrrom:llIs of fuel, hut mU~l dc:rnol1~tr..Jlc 
that J) 1heir pwpo.<;<.'a regulations arc aeeded III addrr;.s a vinlalkm {If lhe NAAQS (lna 2) il j... neo! p(l\~jblc 1<> achieve the dc.~ifCd 
O\J!COUlC wlth(lut !ouch changt...;. 

The Pwu:llct;ommcmi;; Ihal Y,,-dcmllaw be ~JIlclldctl t{l clarify EPA lind slatc allthonlY 10 regulate andiur cllmin:lIc­
gl\M.!line ;«hliliVCl> Ih;;11hrealcn W,ltcr ~uprljc-s. II i" c.ro;pc-cocd Ihat this would be done initi;1l1y {In 11 flalional1cvct In mllinlain 
uniformi1Y in lhe fuel "lIpply. For further &110n by the ;;ttilc;;,lhc gra:lting of slI{;h (1lIthm;IY \lwuld be based upon 11 ,imilllr two 
part le~l: 

1) i>lal~' mUM demon~lr.!le lhal their Wain re~\lurtc" mc at ri\k from MTBE usc, ab(lVc mid beyond Ihe rbk pP_iCd ~y 
'l,her ga~IlHne C(lmpnllell!~ a! It'vcls of MTBH u;;c prc;;l!Il! at the time or the ret}t1c.~t, 

2} statc~ have taken nccc.'\s-.\ry mcaSlHc, tn fe,triel/eliminate the presence (11' ga),olir.e ia the 'kllter reH)UfCe, 
Tn m'l~illli1.c the uniformity wilh which any change, are implemented dr.d minimize im(l!\~l;" :111 cu,1 and 
file: ~ujlrly,lhe PoHlcl n::conlmcnds that EPA cSlabli~h (rit~_da for _,lute waiver reqlles:s inc!udl1jj bnlnol 
1i1l1\\eJ (<l: 

[I 

11. 
c. 
Ll. 

Wnter quality metrics ncccs.\~ry to t.!cml)ll,lra!e the ri,k to water rC;'\};HCe~ ami ai:(llullly mclrics 
tl) cnsurc no 10" of bCl\cf!:s frn:n the :'eLlcral RFG IHDgtdnL 
Complianec with federal reqlllrcment,:o p~even: leak:ng uno $pllling c,f g;mtlme. 
Programs for remediuli()n and re'ponse. 
A eon\i,lcnt schedule flJf stale demon'ilralions, EPA r;>Vlew, alld any Nsnl!ing rcg\tlaliQIl of the 
volume t}f ba~{)hl;e componen!( in Mder io 3l:rdmtl,e di!'.(upiloll to Ihc fuel ~uflflly ~y\tell1. 
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Initial efforts 10 reduce should begin immedialely, with subslanlial reduction~ 10 begin as 
Sm.)!1 as Recommendalion 10 above ~ the removal ofibe 2 percent oxygen requiremen!· 
is l:nplc-mentcd'~. Accomplh:hing ;my such major change in the ga50line sJPply without 
dj,ruP;IOIlh lu 1';1el st:PP1Y and price will require adequate lead II:ne - up 10 4. yearli if the 
U'ie of MTBE b eliminated, sooner in the case of a substantial :etlu;;tion (e,g. rCi'Jrnillt; 
1(1 hiiitoficai levels of MTBE use), 

The F'nnel recommends. as well. that ,'in)' reduction should he designed so as to not result 
Itl an Increase in MTSE use in Convernional Gasoline areas. 

13. 	 The nthcr ethers (e,g, ETBE, TAME, and DIPE) have bccnlcss widcly uscd lind lc.~s 

widdy sWdied than MTRE. Tn the cx:enl that they :,ave nClen .'Iudied, they uppcar 10 
have ~imilaf, but not idelltical, chc:nical and hydrogcoiogic characteristics. The Pane.! 

. n:commentls accelerated study of !he hea!th effect!> and groundwater characteristics of 
thcse compounus before tbt'Y arc alliJwed to be placed in widespread use. 

In :;ddilimL EPA and {ltbers ~houlJ accelerate ongoing research efforts into the 
luhalation and ingestion health effects, air emission tran~fofmation byproducts, and 
c1vlronmenlal bebavl"'r of ill ()Xn;l!tlate~ amJ other (;omponcnls like:y to in:.:rcasc in 1ho.: 
ab~clicc tlf MTDE. Thlli should include research nn elhanol, n!kyllllCS., and <)rnmatic".lIs 
well as of ga:iOline compositionli containing those component.;;. 

14. 	 To ensure that any reduction is adequate to protect water ~uppJies, the Panel recommends 
Inal EPA. io conjunction with USGS, Ihe Dep-artmt'n\s of Agriculture and Energy. 
industry, and waler suppJ[er.~. should move quickly to: 

a. 	 Conduct short-term modeling analpcs ilnd other rC ... cttrch bttsed on existing data 
\0 eSlimate current ilnu likely fUlUfC lhre<l:" of COll:,!llIillttlon; 

h. 	 Establi~h routine syslerns to col1ecl and publish, at teast annually, all aVlIilable 
monitoring data on: 

use of MTBE. other ethers. and Elhanol; 


levels of MTBE, ElhnnoL and petroleum hydrucarbous found in ground, 

surf,H;c lind drinking waler; 


lrcnd~ in de!;;:":!!',ln" and levels of MTHE, Elonnol, and petroleum 

hydrocarbons in ground and drill king waler; 


c. 	 Identify and begjn to COlleCl addilioaal daln ncces\ur)' to atlcqua:ely .assess the 
current and potential future slale of conlam,inalion. 

The Winltrtimc Oxyfucl Program 

... AlIhocgh a rapid, suhmmtilll recuction wiE requ;re ree:1;lv:ll of (he oxygen r;;;qJircl1len~, EPA should, in 
order 10 enabJe initial redUClil.Hh to occur at )HUIl a~ possihle, review ;\dmirds:r4tivc !!c),ibHity under existing UlW II) 

allow refiners who desire 10 male reductIOns 10 begm doing so. 
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The Winlertime Oxyfuel Program l;uoiinues to provide a meanli for some areJ.~ of the ;,;DllTJny to 
come lnt(~, or maintain. compliance with the Carbon Monoxide standard. Only a few 
me:ropolittlfl ure:\s conlinue (0 use MTBE in thi;; program. In most accas today, ethanol can and 
is :needay. these wintertime needs fllf oxygen without raising volut;lity COnCCJflS given the 
"caSon. 

15. 	 The Panel rccOmmtmdli Ihallhe Wintertime Oxyfucl pmgram be c(lntinucd (a) for as 
['log ,IS it providc;; a t.:"eful ~ump;iance ,Ino/or lllainlenullec ((lol for the affccted slates 
and metropolitan Jreas. and (bj assuming that the clarification of sUIte and federJI 
authurity tle$cribed above is enacted 10 enable states, where necessary, 10 reguluce and/or 
eliminate the u;<;c of gasoline additives thallhreaten drinking water supp;ies. 

R-ccomfllendati{ln~ ror Enlluiltlog and "earning from Experience 

The introduction of reformulated gil~(}~ine hJS ho.d subl'tanlinl air quality benefits, but has: alIne Sl1me 
lime raised signilicanl hsues about the questiolls that ~hould be asked before wiclcsprel1d in:muu:.:tioll of 
a new, broadly-uscd product, The uoan:icipatcd effects of RFO on groundwurer highlight the lInportance 
of exploring the potential (or adverse effect!> in all media (air. soil. and water), and on human and 
ecosyHc:n health, before wide~f'reJd introduction of any new, btoadly-used, product 

16. 	 In order to prevent future ~uch incidenb. and to evaluate of the effectiveness and the 
impacts of the RFG program. EPA sbould: 

{L 	 Conduct a fnl!, m:!!ti-mcdia a;;scssment ({d' effects on air, ;,wi:. and water) of any 
major new additive to gasoline prior to it~ introduction; 

h. 	 E~tah!i~h routine and statistically valid method~ ftII asse~sing the acwal 
compo~ition llf RFG and its air tjuilli!y benefits, Including the development. to 

the maximum exlenl possible, of field motliw(iog aod emissioos charactcri1;atil)u 
tc-chniques to assess "reat world" effects 01 different blends on emis~ions; 

G, 	 Es:,\hHs:I a ft)u:inc proce);:., perhap~ as a par! of !he Annual Air Quality !rcnus 
reporting proee!.~, for reporting on the air quality results from the RFG pro&ram; 
,nd 

.. 	 Build on existing public heallh sUfvcil:Ullce sy,,!cm;: 10 measure the broader 
impacl (both bellCficiu.l and uQvcr',e) of changes iii ga~(}lifle formulatiolls on 
public health and tne environment. 
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Appendix A 


In reviewing th(: RFO prilgram. the Punel identified Ihree Innin nptions (M TBE and other ethers, ethanol. 
and a comhinatiol1 of a)kyilltes and aromnlics) for blending 10 meet air quality requiremenls. They 
identified mcngth and weakncs~cs of each option; 

MTB E/othcr ether!'> 	 A cosHffcctive fuel blending component that provides high oclanc, c<1fbon 
monoxide and exhllu;,t VOC~ emissions benefits, and appears tu contribute to 
reduction uf the {;H~, of aromatics with related toxics and other air qUF.1ity 
benefits; nil,;; high solubility and low biodcgradahmty in groundw,llcr, iC<1dillg to 
i:Jcteased ddeCltt.lli:' in drinking water, particularly in high MTBE u!;e areas. 
OIlier ethers. :\uch as ETBE. appear 10 have similar. but not idelltical. behavior in 
waler. suggesting thaI more need:> to be leamed bef{)fc widespread lL~C. 

Ethanol 	 An cffcc:ive fucl·blcmling component, m3dc from u{)mcst!c gr.1in and potentially from 
recycled hi(}maSfL Ihal provides high octane, carbon mono:dtle emissiun tencCils. and 
apl)c,;rs 10 coni~:hule til ruauc!IOn of the usc (If afl)m~lics with rda!cd t01l1cS and lIther 
nir quality benefiIs; cnn be hlended to maintain low fud vDblility; c\luld raise possibility 
of increased OlOne precnrsor emissions as a result of commingling in gas tanks if ethanol 
j" nnl present in a majority nffuels: is produced currently primarily in Midwest. 
requiring enbancemefl\ of infrastructure to meet broader demand: because of high 
biodegradability, may retard biodegradation and incrcase movement of benzene and 
l)ihcr hydrocarbons around leaking tan!<s. 

Blcfld~ of AlkylalC); Effective fud blending comp,)nents ::>lade fwm crude oil; alkylatcs 

and AromaHcs provide lower octMiC than oxygenates; incrca~ed use of uromalics wi1l1ikcly 
resull in higher {lir ItlXlcS emixsions than current RFG; would require 
enhancement of infrustructure to meet increased demand; have groundwater 
characteristics similar, but not identical. to (lIner components of gasoline (i.e. 
tow solubility and intermediate biodegradability). 
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CHAPTER 4. DISSENTING OPINIONS 


State of Nebraska. Ncbruska Ethanol Soaro 

Oxygc-ft Standard Should Be Maintained 

IIIHfHicirml Evidence [0 Suppt,rf ReCOmm(!fltia(jfJfl/Q Retnuvt OXygttfl Suwdard 

Dlue Ribhon Panel Dissenting Opinion 


Submitted fur H-li: RC4:ord By 


Todd C. Sneller. )):wel Member 


1n i> ferml regarding the use Dfoxygena!cs III gasoline, <I maj{)fi:y uf the Blue Ribbon Punel or. 
Oxygenates in Gasoline (BRP) has based ils recommenuation to support removal of the oxygen slandard 
un 1>evcrnl C(lndu~.;iOlls which I believe to be inaccurate: 

I). That momutics can be uscd as a ~afe and effective replacement for oxygenates withouj 
resulting in deterioration in voe and ,dr toxic emhsions, In fact. a review of lr.e legislative 
history b\lhinu the passage of the Clean Air Act Amefl<hJunts of 1990 clearly show;. that CQngrcs;i 
found the increa~eJ ll~e of ammatic~ ttl be ha;mfullo human health and intended that their usc in 
gasolinc be reduced as mu::h a\ tecnutcully feasihlc. 

2). That uxygenates fail t{. provide overwhelming air qaality bC;Jefiu; aSiiodateJ with their 
req~in;d m,e in g<le-oline. The BRP rccommendationil do not accurately reflcc~ tbe benefits 
provided by the use of oxygena:cs in rcformulilfed g,:l\oli:3c. Cmlgres5 COHeCII), saw u minImum 
oxygenate requirement <IS a co:;t effectlve mean~ ttl both reduce levels of harmful aromatics and 
belp rid the air we breathe of harmful pollutants. 

3). Thai IJe BRP reCllm~cndiltion to urge removal of the oxygen st;,nuaru docs tot fulh take 
intn accnurn otlH':r public p(llicy objectives specifically identified during Congrc.;sionnl debn!e on 
{h:.: 1990 CAAA. While projel.:ted benefits rdated to pl:blic heilltj were (; foca~ jloint during the 
deb;tt:.: in 191}O, energy securilY, IlHtlollnJ .~e,urlly. the envlfonrr.ent and economic impact\ of the 
Amendments were clearly part of the rationale for ,:J,'pling I>uch amendments. It is m)' belieftl:~1t 

the rationale behind adoptiol'. of Ihe AWcluimclI{x in 1990 is equally valid. if:nul mote \1), 10<lU),. 

./>,$ Congrc~;.,: debatcd the Refor:lluJateu Gasohnc (RFG) provisions of the Clean A ir Act Amendments oj 
/990, it beccrnc clear lhul ,Im:natlcs (e.g. benzene, xylene, and !nluene) added te ga501ine were extremely 
:(H.ic. and lead 10 the furtber deterioration of U.S, air quality. To spe;:ifica!!y reduce aromlltic levels in 
RFG - u:ld help remove harmful air !tlXlcfi fwm the air~ an o.... crwhe!ming bi-parti;;un majority of 
Congress !ipc(.;ficaHy required lhe additi{)n of c!can<:r b'Jrning ox.ygenate:; to gasoline. As stilted in the 
ftxonJ, a primary purpm:c behind the addi:ion of oxygenates to gUlio!inc was the reduction in c;trbon 
monoxide emi,!;ions in wmter, QlOne forn:ation in summer, lind air toxic emission . .; year-rount:, 

Rcc{),gnizing :hc :larmful e[fcc;s increased aromatic use has on public health, SC<lute D<:!ffiocratic Lcuder 
Toni Da~(.h:e (I)-SD), a primary sponsor of the RFG provision, silld on March 29. 1990; 



"The primary aromatics u~ecl in gasoline are benzene, toluene and xy;ene, all of which 
:ire EPA·listed hn1.ardou~ chemicals. The amount of bCn"lene emitted fmm Ihe tailpipe is 
direclly related to the amount (If benzene found in gasoline. However, a gaw/inc can 
havc I/O bOlzfllc and .HilI prndllce bellzenc cxhaust because of til,! chemical 
Irans/orllla/iollthal /{Illume alld xylene undergo dllring lirc combustion process ...... "The 
most xig II iftcalTl singk sup lllal call be la/UIT 10 iflwmve t.,ban air quality is w limil 
aromatic COllie,,1 ill gasolinc." (Emphasi;;. added) 

Echoing Inat Congresslona15cOliment, Senator Tom Harkin (D~lA) said; 

"The ummatic hydrocarboos in gasl}line include benzene, toluene, and xylene. Benzene 
is tl known carcinogen, one of the worst air taxies. Eighty-five percent of all bt'nzenc in 
the air we breathe come.' from motur vehicle exhaust. Xylene, anolher ::lrOm3lic, is 
highly pholoreactivc - mC:lning Ihal il forms ozone very rapidly in sunlighl. Xylene from 
;mlomobilc exhnu."t tll Ihe morning ru"h hour forms owne in sunlight to choke our lungs 
by the ,Ifternoon trip home. Toluene, anotber aromatic. usually forms benl.ene during tbe 
combustion process, and lnu:.; becomes carcinogenic along with benzene in the gasoline. 
Tod:.}" about 33 percenl of gasoline ii composed of arom;tdcs by volume", Worse yet, 
Ihe aromHtic:.; lend tu reduce the effectiveness of catalytic converters ....By reducing thc 
:UllQunt of aromalk~ by volume. you l>uhstuntially reduce the umO'Jol of carbon 
monoxid{:, hydrocmblln". and flitm~ell oxiue emiucuinlo Ihe almo~phere .. Jorttl!l{I/d), 
then lire rlfhfr ciI(licc.1 rlWI! af(!lIl(uin /0 m(limain oCfrlJle level in gasoline. Guess willi! 
III ey tl /'C? The (I.l·Yxcn11lcd Iu el (u/tli!ivc.l'." 

"". FI;ds high in aHlmatjc~ calJ~e depn.,its in lhe comhu~ti()n chamber ir.!crfering wllh 
comhus:i.)n and incrcnslng cmi%ion~. AfQmatics have higher carbon eonlcnt than thto 
fc~t t)f g.j;;uJine, so ga"oHne high in awmalics contribute:> more to global warming. 
Aromatic); were only ahout20 perceni of fueJ in 197(j. but percentuges have increased 
sab~t;;nliaHy hecause the aroma!lc:; have been u~cd to replace !he ocwne that waf- lost as 
a result of the :cad pha~e-down." (emphasis added) 

The rcfming indui;try has informed ~hc BRP that II will, in filet. increase use of arom.1lics in gilsoHne if 
the ox yge111llC pro v i~ions 0 f the R FG pmgram are removed. The B R P recomm endation s fu rtber Sia tc lh al. 
in most instnnces. oxygenates can be "effectively" replaced by aromalics. This position is directly 
C{muter \(l fhe V!l,q weight of l'vidcncc on 1he harmful effects. of aromatics. and the positive air qU;llity 
effect:>. uf oxygenates. Funher, it i~ in direct confiLcl with the clear intent of Congress 10 improve U.S. air 
quali1}' by re:.t!ic;ing use of amIli;Hl;;s, 

The BRP has nol beard evidence supporting the "saie and effective'" use of increased levels of tlromatics 
in gasoline. In fa.;!, accoftling 10 evidence presented 1Q the BRP on March 1·2. 1999. by William J. Pid, 
Technical Director of !he Cleao Fuels Develupment Coalition (CFDC), increased use of aromatics wi!] 

lead d ircctly to ioc rcases in .air wxic cm is~ ions, cx.haust V OC em i.ssions, combustion chamber de posits, 
carbon monoxide emissions, and worsen fuel (actors contributing to vehicle performance (i.e. the 
driveability index). Usc of aromatics will also incrcnse VOC emissions at both stutioo<uy and mnhilc 
!iOU!CC.~. 

In fact, the BRP majority's apparent willingnc:u to accept higher aromatic levcls nwi' directly coontcr 1(1 
Congrc\sinnal illient In his October 27, 1990 Silliernent in support of the CAAA Cunfcrcllce report, 



Senate Environment and Public Works Committee :nemvcr David Durenberger staled that the 
performan.:c st;mdanl for pO\I~2000 RFG should logically lead 10 a 25 percent or lower cap \)n aromatics 

According to Durcnbergcr; 

"The so-eatled for:nu!a ga,o!ine which contaim a k<.tp on benzene at one percent and a 
cap on arunilllies a: 25 percer.t should achieve ~ul:mantja1 rt'duction~ jn the aggrega!e 
amounts 0: the five Itoxic] pnHutanrs.,. After the year 2000, the situation is different 
beCHUi>C the Admini~tm:'H is to choose the performance standard (or toxics whic~ 
reflects ~he :naxinHHll reduction in :oxic emissions thnt is feasible taking cost into 
,1C;';OU:!t. The for;nula gn,oline may well achieve u reduction in toxics which exceeds 20 
percen!. and ifso, whatt::l'l~r il does {lchicI'c woufd he (I flrwrf(lf the jl':ljormance 
stal1ilnrd, nfter jlle year 2000 (emphasis added). In this Senator's view, ~orJrols on 
"::>em;cne and aromatio Inure stringent than tho.~e [0 the formula gaso:inc:nc certainly 
feasihle ... The performance standards and :he formJla stated explicitly in lhe legislation 
me only minimum requirements," 

As a Nebraska state official '\nd Panel member, 1 find i: troubling thaI the majority of the BRP memhers 
have chosen to ignore ~uch evidence -- as weI: as the clear intent (If CongrcM, -- io its recommendation {o 
remove the oxygenate stnr.dard from RFG. tt o'Ilm cnncerns me that the ERr rec..mHncndation regarding 
the oxygC!I\\!C s:anJaro will likely l.;>nd JircC1ly to the increa\J:!t.1 UM! of arumatics - compound;;. 
universally condemned for their harmful effects on air quality. 

Finally, the legislative hj~tory choarly shows that Congress specifically require": :he use of oxygenates in 
gasoline for ()the:' i:npor:ar.t puhlic policy gn;tl~. national energy ~ccurity through t~c reduction in oil 
impor:~; and, ~timulaIing domestically produced renewable f~elii made from agricultl.:ra! produ~ts. 

As Sen, Harkil: stated; 

"IU\c of oxygenatesl will ret.1uce Out health C;He co~ts. Wc can have reduced farm 
support costs. And reduced oil ;mpor:~" By lowering reformer ~everity and nromatics 
contcnt as a means of achie\'ing octane, and re?:llcing it with high octane oxygenates, 
you conS>,;fve large quantit:cj. of oil in two ways - firs1, savings in gasoline becaus.c d 
the lowe! I'c'Icrit)' of :hc rcf!a;:lg opcratio!! of the bfl~e gasoline; and second, straight 
physical dispbc{Omen: of &~lsoEne by oxygenates. This amendment will save miLlillns of 
oarrei$ of oil every year." 

Ar.d in a May 2. 1990 '·Denr Colleague" Jetter, Representatives Bill Richardson (now Energy Sccret<HY) 
ant! Ed rl.'ladig'lfl .lrgcd t~eir col!eaguc~ t{) support the House version of the Daschh:~Dnle RFG provi:;ton. 
Thcy wrote: 

"Ch:aner g~lsoline also slashes foreign Imports, Today's gaso:inc relics on imported 
,lrOflHitic compounds. When we replace these compounJs lNIlh comcslicitlly produced 
:llcohols and ethers made from corn, wheal. barley ar.d other crops, we srnf: trmle from 
OPEC to our farmer\. According to the GAO, thIS new market could save uu:payers over 
$1.2 billion that is now spen, annuaUy or" farm price sl.Ipporh." 
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These and other references make it clear that Congress thoughtfully considered and dchaled Ihe benefits 
of reducing aromatics and requiring the use of oxygenates in RFG. Based on the weight of evidence 
presented to the BRP, I remain convinced that maintenance of the oxygcnate standard is necessary 10 

ensure cleaner air and a healthier environment. I am also convinced that watcr quality must be belief 
protected through significant improvements to gasoline storage tanks and containment facilities. 
Therefore, because it is dircctly counter to the weight of the vast majority of scientific and technical 
evidence and the clear intent of Congress, I must respectfully disagree with the BRP 
recommendation that the oxygenate provisions of the RFG Program be removed. I 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. 

Tod,i Sneller Jervl'S liS Administrator oJthe Nebraska Ethanol Board, a state agency. He is the past 
chairman oJ till' Clean Fuels Developmellt Coalitioll, alld currelltly serves liS the Nehra,l"ka 
repre.I"lJlltllril'e of the 22 state GovernorJ' Ethallol Coalitioll. Mr. Sneller was appointed to tlw EPA 
Bille Rihhol! I'anel ill Dccelllher 1998. 
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L\'ondcll Chcmicul Companv's Dissenting Report 

Summary 

While the Panel is to be commended on a number of good recommendations 10 improve the current 
underground storage tank regulations and reduce the improper use of gasoline, the Panel's 
rcc{lml1lcndalion~ to [ill111lhe usc of MTBE are not ju,~lificd, 

UnforiuC1atcly, :111:1"1: ilppcars to he an enwtlonal rush to judgemellt reg.mllog the usc of MTIlE. The 
recommendation to reduce the use of MTnE subs,tantiaJ1y is unwarranted for tbc following fnur reasons: 

rir~I[Y, the Panel \1/a$ eharg.ed to review puitlic health effecH po;;.cd by tbe usc of oxygenates, particulurly 
with respecl to water contamination. The Panel did nOI ider)1ify any increased public health risk 
:1SSociatcd wllh MTBE usc in gllsulinc, 

Secomll;:, flO quantifiahle evidence was provided to show Ine cnvironmenlal risk to drinking w::.ter from 
leaking undergrolllld Storlige tanlo. (LUST) will not be reduced H) manageahle levels ,>nce the 1998 
LUST regulations arc fully implemented and enforced. The water contamination duta relied upon by the 
Panel is largely misleading bec:luse il prcdalcs fhe implementation of inc LUST regukltions. 

Thirdly, the rceemmcndatiolls will not pre.,erve the air quality benenb; achieved with oxygenate usc in 
the existing RFG program. The air qualilY benefits achieved by the RFG program will be degraded 
hecause lhey fall uutside the e{)lilmll)f EPA'~ Comp:lI.~), Model used fnr RFG regulation:-; and bccau:-;c the 
alternatives do not mateh all of MTBE's emission and gasoline quality improvements. 

Lastly. the Panel's recommendation opllOns depend UpOli the u!>e of alternatives that have not been 
adequately s;udied for air quallty and henlth ri~k impacts" These alleroatives will also impose 1m 
Ullllcccsliary ..dditional cost of I !o 3 billion do!lars per year (3 - 7 eigaL RFG) \.)0 ;::on:-;unwr:-; and ~()dc:y 
witbout quantifiable offsetting socia! benefits or avoided costs Wilh respect w water qualify il) Ibe future. 

IHscussiun ilf I:;:<>ul'$ 

No increase in puhHe health risk assoeillh:d \\ ilh the use of MTllE hilS btc.n idc.ntified. 

Bilscd on the Panel's review of Ihe available heaith sllldies. the Panel Jhl nol identify an)' increased 
health risk associated with MTBE'" normal use in gtlso!ine and the P;mel's review is be~! summarized by 
the following pMHgraph from Ihc hwt Summary E, "Comparing the Fuel Addilivc~," 

"[n lCrms of ncurotoxicity <llid rcproductive effects, Inhalation lOX IcilY tcsting to d:lIc generally has not 
shown MTBE'lo be any more toxic than other componcnls of g!lsolinc. At vcry high doses. MTBE has 
caused tumor~ in two species of rat and onc species or mouse al a \'ariety of sites; it is unccf([Iin, 
however. whether these effects C,ln be extrapolated tu humans. The intern,)tional Agency for Rc~carch 
on Cancer (lA~C) and the Nalionallns\ilUtc of Environmental Health Sciences (NJEHS) have lndic;ned 
that at thi.~ time there are- not adcquate data to consider MTBE a probable Of known buman earcinogen." 
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Nt) quantifiable evidence hus been provided In show Hun full compHam;e with the 19981.UST 
rcgulaiiilns will not itchjc\'l,~ its purpose of substlintiully reducing the rrlease of ~as()linc, and 
Ihrrrby MTUE, from US'!' systems today and in the future. 

The Pancl states rhal enhanceu UST progrum~ will no! giv,~ adequate as~urarH':C Ihal water supplies will 
be protected. However, Ihis statement i~ made wilhout any quantifiable analysis Of support. The facts 
ilTC that most ~1TBE deICe Is arc very low level c{)neCmrlnlllnS and have occurred prior to UST systems 
being upgraded to meet the 1998 deadlines, The :"HBE detection datil presented to the Panel by thc 
USGS was collected between 1988 and 199& when most UST systems were still out of compliance. In 
addition. daHL summarized by the Association of State nnd Terrilorial Solid Waslt~ Management Officials. 
(ASTSWMO) shows tna: lc;;:,s than 50 percent of all UST';;:, were in compliance prior:o 1998. <!oDd that as 
recent a5 1996 only 30 percent were in compliancc,'~ Thcrefore, the detcction ont;; rcf:ccts. a time period 
hefure m('st of :h(; underground tankH were upgraded, 

In .]thlilion, :he ri"k e,f driaking waler contaminnliun hy MTBE and ulher gasoline ;':lln~t:luel~h has heen 
grea:ly rcduced with the onset uf LUST regulalion compliance. The UC Davis sludy;lf> which was 
prc~cnted 10 the PA01EL eltti:n;}te~ that tank failure nltc\ (leak occurrences) decrease hy over 95 perc-en! 
(from 2.6 perccnl failures per year for Rem-upgraded tanks 10 OJ>? percent per year for upgraded tanks) 
once UST systenu are upgnllictl to meet the current LUST regulations, Aho. with the required 
in.lltallation of early teak detection monilOfing, the lime belwcen when llleak occurs and when it i ... 
detecied will now he ;\ignificafHly reduced. As Ii result. the amount Qf gasoline rctca ... ed frum a new 
l::aking site bcfOIe 11 hl!.~ heen rcmediaied ill subMlUlii:111y minimized, Bolh of these effects combined 
should lend to :.uhSIll!Hial reductions (orders nf magni1udc) in thc amount of g,umllne and MTBE that 
escapes undetcch!u from Ihe UST popuiation which therefore makes it a much mure manageahle situation 
for protecting drinking waler !<upplies, 

The recommendations fail to recognize the rulJ cmis'<ton benefits frum using M1'1$I': and oxygenates 
in RFG, and that the alternatives do not equal tbe emission reductions uod tom bu,tioo enhandng 
blending properties of ~'JTIIE in gasoline. Therefore. a reduction in MTBt: nse will result in Ii net 
loss in air 'luaU!}'. 

Ahh.,ugh the Pan,.}! was ChMgcd with "examining the role of oxygeo,ltes in meeting Ihe n;ltlon'r; goal of 
cklll ::ir" and ~c'{a1ua;ir.B each product's efficiency In providing eledn air hcncfits ane :hc cxLHcncc of 
,,1ternati\'e~." the Panel did no! idenlify and 4uantify ill! lhe t:mi~sioo hem:Jits realized \~ hen oxygenates 
an.' used 10 make cleaner burning and low po:tu:ing ga~olinc~. Neither wn~ the Panel able to identify 
combinati()n~ of llltefnative~ that CQuid match both the emission reductions and the combustion 
enhancing blending properties of MTBE in gasoline. The Panel djd not recognize the fact that the simple 
u~e of oxygenate~ along With a \'apQ, pressure rcduclioll were the only requirements usetllo achieve the 
ozone precursor reGucli-on goals in the first three years of a very successful RFG progrum.J1 Since all 
other .dlern'!live~ have one or more inferior properties as compared to MTBE in ga~oline, it would be 
difficult if nm ne;Hly ill1pn~~ible to a.:hicvc lhe same real air qunlity efficiency provided by MTBE. And 

11 Sau,villc, Paul, Dak Marx and SIeve Crimuudo: A PrcllminMY Stale Survey with E.,lim;rles based on a 
Survev of 17 State da!ubil~p nfcgdy 1999. ASTSWMO USl' ra~k Force, I l'h Annual EPA UST/LUST NutioJlaJ 
Conference. March 15-17, 1999. Daytona Beach, Florida . 

.l<> Keller. Anuro, et. ,II. flcahh & Environmeolal Assc".ment of MISE, Reron In the Governor and 
Legislature of the State of Ca1lfornia as Sponsored by SA 521! November 1998.. 

.17 'Overview of Fuc! OXYlJena:e De\eJopmcn!', Wilii<Hl'. J. Piel For Lyonde!! Chemical Co., P,e~enl;H:O:l to 
Ltc· EPA'>, Bill:! Ribbon P,u:el, J~nr::Jry 22, Arlillglrr.. VA. 
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since ~ulfur reductions nre also expected to occur under other hlcl regulations. it would be a double­
accounting of emissions benefit' if sulfur reductions 1n RPG atc to be used to compensate or make-up for 
uny incrca~c of emi~si()!l" resulting from reduced oxygenate usc in RFG. 

Beyonu reducing voe's, NO) nnd toxics, improving gasoline properties through the usc or oxygenates 
reduce mHny other vchide~ pollutants such as CO (c:trhon monoxide), PM (pnrticu)nlc maller) and C02 
tcarbon dioxide) as well as the ozone reactivity of VOC's. Also, gasoline prDperly changcs associated 
with oxygenate usc in RFG provide additiofl31 emission reductions orvoc. NO,. \nxics and CO (an 
OlOne precursor) over lhe life of the vehicle by lowcring comhustion chamber de-posi!s and therefore dl:e 
vehicle's emissions deterioration rates over lime. Since none of these additional emiss.inn reductions. are 
refleclcd IJf controlled ill EPA'!> Comple,\' Emissions Modcl used for RFG. reducing MTSE in RFG will 
result in a loss of these extra emission bencfils."s 

UnfOriunulely, the PU:Jc; recc):Hlll.cndfUions limit themselve., to nnly meeting the rcbu!,ltllfY rC-4(lircrl'.cnts 
I.!slahbhcd in EPA's existing RPG rule" and did nnt fOL:;ls 0:1 L:apt'Jring J111he rea! w\}rld c:nissi(}:1 
hendits nssoclllLt'd with MTSE\; usc in RFG, Though lhe Panel rccomme:1ds reducing the usc uf 
t)xygenates in RfG, lhcy failed tn explain how equivalenl air 4cality i.. l0 he maintained when the only 
idemifiable fuel al!ern:llivc:; c:HlnolllHHch an of MTS E'~ emission reductions and cQmbuslion cnhancing 
blending properties in gasoline. Therefore, replacing MTHE with the ahernatives under the current 
rccomntendtttitm;\ will cOfltribulC iQ 11 nctlo"s in :tiT quality with regards to Peak O:cone levels, PM. toxics 
and C02 (greenhouse gas) in addition to higher co~ts. 

Alternatives have unt been adetJuately studied fur their health risk impacts, availability ur their 
cost effectiveness in RJ:'G 

From a scientific, policy, and political perspective, no one ~rwuld rush to judgement on MTBE without a 
thorough evaluation of the Hlternatives, The Panel caanot afford w be wrong aboul MTBE':; henefit5 or 
deficiencies. A s a maHer of ~ound publi;;: policy, :my allcmalive needs to be held up to the :':llme rigorous 
examination as MTBE, while auhering 10 the following criteria, 

• 	 To aS5Ure the public tbat.any alternative will produce the ~ame real air quality hencfi~$ as MTBE. 

• 	 That any <t!tcrout!VC wit! be abundantly and cClltHlmically available. 

• 	 Tnal any ;dtcrnat!ve wilillot be a probable or knuwn human carcinogen nor incrc<1\,e !~e risks to 
hUtn<lll health. 

The:;e niteria aH~ consistent with the Panel's recDmmenda1ioo \Q investigate more fully tiny major new 
addili\'e~ 10 gasoline prior to il~ introduction and tberefore :.:hould equally appJy to the .ahernatives 
already identified by thc Panel, namely Ethanol. Alkylalcs, aod thomtllics. The expanded u:;c of these 
alternatives should not {l(:cur without a more rigorous analysis of Ihe impacts on health. air I./uality, and 
waler quality as well as their availability and costs, 

J~ "Staff Rep,m: Proposed Amendments 10 Ihe California Rcglllation Requiring Deposit CDntrol Additive., in 
the MOlor Vehicle Gas-oline" Calif. Environ. Pro!ec!ion Agency,Ai, ReHIUrCe\ Board, Au:g 7, 1998; "Benefits of 
the Federal RFG Progr~m And Clean Burning Fuels with Oxygenates", William J. Piel of Lyondel! Chemical Co., 
PreSenlatiM 10 EPA BlUe Ribbon Pallel. Matcb 1, 1999, Bo~ton, 
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GLOSSARY OF TERMS 


ACRONYMS 

AQMD 
AS 
A~T 

ASTM 
AWWARl<~ 

HTEX 
IHIl 
CAA 
CAAt\ 
CArE 
C.1EPA 
CARB 
CaRFG 
CEC 
CG 
CIIT 
co 
CO, 
CWSRF 
11IPE 
flOE 
nOT 
(lWSRF 
EIA 
f<:llA 

EPAC1 
WI'IIE 
EI'.l 

FCC 
lie 
111(( 
IARC 
ILEV 
LEV 
I.I.I'>L 
I.UST 
M1I'A 
M'nIE 
1I'AAQS 
NAPI. 

Air Quality Manllgemcnt D),.;trlct 
Air Sparging 
Aboveground Storage Tank 
Americ<lt~ Society fur Tcslin~ & M<tlcrlaJ 
American Water Works Association Research Foundation 
Benzene, Toluene. Ethylbenzenc, and XylcTIl! 
British Thcrm:d Unit 
Clean Air Ac1 
Clean Air Acl Amendmen!s of 1990 
COrpQflllC Average Fuel Economy 
California Envtronmen;lIJ Protection Agency 

California Air Resources Board 

Californill Reformulated Gasoline 
Califurnirr Energy Commi~sinll 
Conventiunal Ga!'ioline 
Chemicallntlustry Jnstilute Qf Toxicology 
Carbon Monoxide 
Carbon Dioxide 
Clean Water Slate Revolving Fund 
Di-isoPnJpyl Ether 
U.S. Department of Energy 
U.S. Department of l'ranspcrtation 

Drinking Water Stale Revolving Fund 

1;.S. Energy lnformatlun Atlminiqratio:l 

U.S. Environmental PrOlectlOn Agency 

Energy Policy Act of 1992 

Ethyl Terliary Butyl Ether 

10% £lharwI/90% Gasoline by volume 

Fluid Catalytic Cracked 

Ilydwc:nbnn,; 

IIc21th Effects 1l1stimlc 

Internali"'lna! Agency for Re,~earch on Cancer 

Inherently Low Emission Vehicle 

Low Emission Vehicl(~ 


Lawrence Livermore National Lahoratory 

Leaking Underground Storage Tunk 

Monitored Natural Attenuation 

Methyl Tertiary BUlyl E!lter 

National Ambient Air Quality Standards 

Non-Aqueous Phase Liquid 
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NAWQA 
N~:SCAUM 

NMOG 
NO, 
l"RC 
OMS 
OSl'!' 
OUST 
OXY 
I'A IlIl 
I)AN 
I'M 
1'0 ~I 
ppb 
ppm 
psi 
RBCA 
RF(; 
RVI' 
SUW,\ 
SIP 
spec 
SULH 
SVE 
TAME 
TRA 
TU:V 
ULI:V 
usnA 
U.s. EI',\ 
USGS 


T" 

T~~ 


UST 

voe 
ZEV 

Nu:ion:.!! Water Qaulity As,"c$~!l1ent Progr;uf1 

Northeast Sll!le,~ for Coordinated Air Usc Munagement 


Non~Mc:h::ne Orgnflic Gj)~es 
Oxides of Nitrogen 
NlHional Research Coulicil 
U.S. Environmental Protection Agency, Office of Mobile Sources 
Wbite House Office of Science and Technology 
U.S. Environmental Protccliofl Agency, Office of U ndergr(lund Shlrage Tunks 
Winter Oxyfucl Program 

Petroleum Administration for Defeose Dislricts 
Pcroxyacclyl Nitrate 
Particulate Matter 
Pnlycyclic Orgaoic M3Iter 
Part.~ Pc: 1:1 it:iOIl 

Pam Per Million 
Pounds Per Square Inch {prcs."urc) 

Rbk"Basctl Corrective Action 

Reformulated Gasoline 
Reid Vapor Pressure 
Safe Drinking Water Act 

State Implementation Plan 
Spill Cuntrol and Counter Con~fO: 
Super Ultra Low Emi$~ion Vehicle 
SQil Vapm EXlrac!itm 

Tertiary Amy: MClny: Elher 

Tertiary Rutyl Alcohol 
Transitional Low Emission Vehicle 
Ultra Luw Emi!;si-on Vehk1c 
u.s. Department of Agriculture 

U.S. EflvironmCIl\,11 Protectioll Ag.ency 

United States Geological Survey 

50% Distillation Temperature 

t)O% Di.'llillation Temperature 

Underground Storage Tank 

Volatile Organic Compound 

Zero EmIssion Vchicle 


112 



TERMS 

Addilin's: Chemicals added 10 fuel to impmve and maintain fuel quality. Detergents and corrosion 
inhibiwfS are examples of gasoline additives. 

Air l'oxics: Toxic air pol!utant~ defined under Title 11 of the CAA, i ncludin g benzene. forma ldch yde. 
acclt"lldl.'hydc. 1.3 butadiene, ~llid pol}'cyclic org:lflic maHer (POM)' Benzene i~ a cflns!i!u~l)t of 
moto{ vchide exhaust. evaporative, and refueling emissions. The other compounds are cxbaust 
pollutants. 

Aleohuls: Organic compounds that arc di~tiltguished fr()m hydrocarbons by lhc inclusion of a bydroxl 
group. The twO simplest alcohols are methanol and ethanol. 

Aldcnydl's: A <.:las); of org:;nic compounds derived by removing the hydrogen atoms from an aicohol. 
Aldebydes can be produced from the oxidation of an alcohol, 

Alkanes: See Paraffins. 

Alkyll.ltc: The prouuclofafl alkylation reaction. It usuuJly fcf¢fS j;) the high \)ctanc pnllhlct from 
,dkylution units.. This alkylate is used in blending high octane gnsohne. 

Aromatics: Uydrocarbons based on tht ringC'd six-t:arbon benzcne lIcrie" or rclated t1rganil: grm:ps. 

BC!llCne, toluene. cthylber.zene, and xylene arc thc principal aromatic$, commonly refcrred to as 
the RTEX group. Thc)' represent one of the heavies! fractiun~ ia gaKQline. 

,\Ucnuution: The reduction or lessening in amount (e.g" a n:duCI!OIl in the amount of conlamin:wls in a 
plume a~ it migrates away from the MHlfce). Aucnuntion occurS as a fcsuh of in-situ processes 
(including hiodegntdation. disperSion, dilution, sorption, vol;nilizu!inn!. and chemical Of 
hiological slabilizalion, transformation, or destrudion of con tam inan:,\, 

Ucnzene: Benzene is a SiX-ciubon aromatic Innl ili comm\)n g<l~nlinc t:ompo;'lCnL Benzene has heen 
identified as to;:ic and is:l Known carcinogen. 

niode~rad"tioll; A process by which micrnbl,11 orgar.i~ms tr:lnsfurm or niter (thr()ugh mctuhoiic or 
enzymatic ;;Jet ion) the structure of cbemicals in:wduced into the environment. 

Ulomass: Rencwahlc organic :natter. stich as agriculWru! cnlps, cror"wa~!c re,~id!Jcs, wonG, <:.JlLmal and 
Hiunid;:a1 w,lsles, aquat!!: plants. or fung.1I growth, used for thc production of energy. 

nritlsh Thermal Unit (IHu): A S\,lIld,lrd unit for measuring heal ~'ll:crgy. One Btu reprc\c:1b the 
llinounl of heat required 10 raL~c one pound of water one degree Fahrenheit (at sea level). 

nutanc~ An easily liquefied gas recovered fwm Gulum! gl!.~. U~cd as ;llow~vnlalliity component of 
motor £""oline. pr(H.:cssed further for a high-octane gasoline compvnen:, used in LPG {or 
domestic flnd industrial flpplicalions, and used as a raw matc:rial for pC:lroehemic:a! synthc)i;;. 
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UUlyl Alcohol: Alcohol derived from butane that is used in ofganic synthesis and as. a solvenL 

CAA: Tne original Clean Air Act wa~ signed in 1963, setting emissions sllmd:.ifds for siationary S!Jurce~. 
The CAA was amcnded sc\'crallimcs. most recently in 1990, The Amendments of 1970 
introduced motor vehicle cmission standllrds" Cri{erio pollutants included lead. ozone, CO, SO}' 

NO", and PM, as wen a~ air to;.ies, In 1990, reformulated gasoline (RPG) lind oxygenated 
gmwline (OX Yl provisions Were added The R FG pwvh,lon reliuire~ usc of RFG all year ill 
cerlilin areas. The OXY proviSion requires Ihe use of oxygenated ,gasoline during certain 
Ilw:l!hs, when CO and ozone pollution aft' mO$1 ~eril)us, The regultlli(ms also require certaill 
fleet op<!rators to U$e clean-fuel vehicles in 22 cities, 

California Low Emissions Vehicle Pro~ram: State rC'I'Jircmcn! for llu:(l:naker~ to produce vchic:e . .; 
with fewer emis.~ions than current EPA ~tanJlIrd~. The five catcgoIie~ of lhe Program, fnlm leasl 
to Illest stringent are as f\lll\lw~: 'rLEV; LEV; ULEV; SULEV; ;lIlJ ZEV. 

Carcinogens: Chemicals and other ~Ub,qllnCeS known to caujo;c caocer. 

I)islillation Curve: The percentagc5 of gasoline that cvaporalc a\ \'ariou~ temperatures, The distillation 
curve is un important indicator for fuel standards. such as volatility (vaporization). 

li:lhanul: Can ho: produced chemically from ethylene or biologically from the fctlncn!atJon of various 
sugars or from carbo-hydrates found in agricultural crnp~ and cellultls!c residues from crops or 
wood, Ethanol is used in Ihe United S:atcs as .\ g!lsolinc octane enhancer and !)xyger.;l1C·. It 
im:rc;Jse.,- octane 2.5 lG 3.0 numoers at !(} perccnl concenlfMion. Ethanul alsu C,IO be used in 
higher concentrations in alternative~fueJ vehicles optimizcd for lIS usc. 

IHbcrs: A famity of organic compounds composed of carbon, hydrogen, and oxygen, Ether molecules 
con:;jq of two alkyl group$linked 10 one oxygen atom, Light ether); HICh liS ETRE, MTRE, 
TAME, and DlPE have desirable properties as gasoline blend:nock.<; lInJ are used as uxygenate:; 
in gtlsoline. 

EtllyJ l'crtiury Butyll<:thcr (ETHE}: An aliphatic etber similar \0 MTBE, This fuel oxygenate is 
:nanufacluft'd by feHctlng i.,ooulykne with ethanol. Having high octane and j,)W vola:.i1ity 
characteristics. ETHE can be added to gas-oline tlJi to a level of approximately 17 percent hy 
volume, 

EHi; Elhunol/glisoline mi>-.ture cOIH,1ining 10 percent dcnatured ethanolufld 90 pcrcent gasolIne, by 
vlliullle. 

E\<:_"orath'c Emissions: Hydroc;uhon vupors th,\\ e~c,\pc from a fuel storage tank. a vehicle fucl tank, 
(If vehkk fuel sy~{Crn, 

Exhllust Emis~ions: Materials that enter the atmosphere through Ihe e."hausl. or lllilpipc, of u vehiclc. 
Exhuust emissions include carhon dioxide (and water vapor}. carbon monoxide. unburned fuel. 
prlld~ct), Ill' incomplete combustion, ftlel contaminants, and the ,;ombuslion producl~ of 
luhric:'l:1ing. oils, 
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Feedstock: Any materi:!l converted to another form of fue! or energy product 

rungiblc: A term used within the oil refining industry I(! denote products that are suilub!e for 
franc-mission by pipeline, 

Ground Waler: The waler contained in the pure spaces of ~~lturJ.ted geologic media. Ground water can 
be confined bj-' IJvedying les$ pl!rmeablc slral<l (confined .aquifer) or open to the atmosphere 
(water table or unconfined aquifers), 

Ill-situ: In its original place: ',Inmoved: unexcavatcd: remaining in the subsurface. 

Methyl Tertiary Hu1yl Ether (!\1TBE1: An ether manufaclUrc:d by reacting methanol and ilmbulylene, 
The H;sillting ether has high octane and low volatility, MTBE is d fue.: uxyge.uute ;;nd is 
pcrmitlj)d in unlcaded gasll)ine up to a level of 15 percent by vQlume, 

National Amhif.;ut Air Quali1y Stanci<lrds: Ambient Sl;mdard~ for criteriu uir pollutam,.; :;pecifically 
regulaled under the CAA, These pollutants include O:lOne, particulttte mutt:.:r, carh!)n monoxide, 
nitrogen dioxide, sulfur dioxlde. and lead. 

Neat rue); Fuel that h; free from ttdmixture or dilujion with other fuels. 

Ncat Alcohull<'uel: Stmight or 100 percent akohul (not blentled with gasoline), usually in Ihe form of 
either ethanol or melhanol. 

Nllnattainmcnt Area: A region, determined by pvpu)ution density in accunlUr1ce with the U.S. Census 
Bureau, which exceeds minimum acceptable NAAQS for one or more "criteria pollutants." Such 
areas art required in seek mudificatJons to their Slale Implementatioll Plans (SIPs). setting forth 
a H:;N)!111blc timc!:!hic uHing EPA-approved meuns 10 achieve allainmcnt of }';AAQS (or :I:c:a; 
criteria pollutants by a certain date. Under the CAA, if a nooattainmcnl area fails to attain 
NAAQS, EPA may l<uperimposc II FIP with stricter requirements or iml'OSC fmcs, construction 
bam. cutoffs in Pedcral gran! revenues, etc., until ;he area achieve'i Ihc applicable NAAQS. 

Octane Enhancer: Any subgtance s\leh as MTBE, ETBE, toluene, xylene and alkyJales Ihat is added to 
gusoHne to increase octane and reduce engine knocL 

Oxyfucll)rogram: NonllHainmenlllrc;iS for clIrbon monoxide are required 10 use oxygcnlltcu f:.lel 
during tile wirHer season. 

Oxygenate: A lerm uxcd in the petroleum industry 10 denn:c fuel <H1di!ivci' containing llydrogcn, c,lrhon, 
and oxygt!n in Iheir molecular S!fucture, Includes ether." such as MTBE and ETBE and alcohols 
such as ethanol anu methanoL 

Oxygenated Ga:wlinc: Gasuline cOln,tining an oxygen,lle s\lch us MTHE or ethanol. The im:rc,lsc>l 
oxygen content may promote mort! complete combustiun, thereby reducing tailpipe cmiXMonx of 
CO. 
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Puraffins; Also referred 10 as Alkanes . .a group of chain saturated aliphatic hydrocarbons, including. 
mctnmw. c:hane, prnr~llC. bUlane, HnJ alkanes (not including cyc1oalkancl». 

P:uticulatc MaHer (PM); A generic term for <I broad eli.!;;s of chemica!ly and physically diverse 
sub~!D.f1cc." that exist as discrete particles (liquid droplets or so:ids) {iVer:1 wide ranGe of sizt!s;:l 
NA/\QS pollutant. 

Rctaldtrant: Unreactive, nondcgrud(lbtc; refractory. Slowly degnujed compounds, 

Reformulated G:lsoline (R .'G): Gasolines lhal have had Iheir compositions and/or characteris1ics 
uhcrcd 10 rduce vehicular cmi%ium of p(lllutani~, p:nticuJarly pursuant to EPA regulations 
under the CAA. 

Reid Vllpor l'ressurc (RVP): A standard measurement (If a !i'juid's VUP{)f pressure \l) psi allOtl degrees 
Fahrenheit. It 1" an indicntion of the propensity !lfthe liquid to cvaporate, 

StlllC Implementation Plan tSH'): P!;mllwt n iitalc ll1Ul<1 submit:o EPA under Ihe CAA to uemurlstrate 
compJiance 10 NAAQS. 

Tcrliury Amyl Methyl Etber ('fA M Ej: An ether ba:ieo UJl reattl(lll nf C j 0k·f[n~ anu IOC!IWIOi. 

TohlerH', 8l1sic :uumlltic compound derived from petroleum ,alid u~ed to increase ()(~t,InC, A 
hydrocarbon commnnly purchasc;J for use in increasing ;)elane. 

Toxie Emissi{lu: Any pollutant c:niHcd from <l source that can negatively affect human health or lhe 
eJlvironment 

T(lxics: PoIlUllI1U:' 'erilled by the CAAA, irlcllluing benzene, forrn'lidehyde. act'tllidehydc. 1.3 butadiene. 
and polycyclic organic material. Benzene is emi1!cd hNh in exhnus\ and evaporative emi~;;jons; 
the olher compounds are exhaust emissions. 

Volatile Organic Compounds (VOes): Reactive gases rclca~cJ during combllslioo or evapnralion of 
fuel und regulated by EPA, VOC.-; react with NO x in the presence of :.unlight and form Olone. 

Volatili1atiofl: The process of transfer of" chemical from the aqueous or liquid phase to fhe gas phase. 
Solubility. molec:ulnf weight. vapor pressure. mixing of the liquid. and the nature of the gn.-;~ 
liquid inwrfacc ,\ffee! the rate (lfv{l!a!!li~,atiOlL 

Vap<lf IlrrsS\lfC or V(llutility' The tendency of a IiqHld to pass into the vapor :.;!a!c lit a givcn 
tClllperat:lrc, With automolive fuels, volatility is tlelt'rmincd by men~uring RVP. 

WeIllU.'lld: The arcn immediately surrounding tne t0i' of a well. or inc wp of the wei; c,L'~ing, 

We line ad )'rutcl;tion Area: The recharge area surrounding a drillkin-s w<lter well or we!lficJd, which is 
proh.:eteulil prevent cont~min<l:ioll of II we:l. 
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