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retardation rate ditferancss and to the natural attenuaton of 8TEX compounds.

ABSTRACT

Methy! ternary dury! ether IMTBE) 1s an OXYQEN-CONtANING Jasaline blending camoonent
used throughout the world fuel markets 10 enhance the actane of gasciine and MOre recanty i g
U.S. to making cleaner durming gasoines. MTBE accomolishes this by simuitanegusly subsatuting
for some of the high octane aromauc compcunds in gasaiing and 4dding oxygen 10 /mprove
combustuan. Though anginally introduced into the U.S. markat in 1979, ity production <ao0acrty Mag
Deen growing nearty 20 percent or more per year n the past decads to 3 poiNt whaere 1t 13 Now ysed
in approximately JO percant of the U.S. gasaline and reprasents nearty 4 percant of the total
gascline volumae.
"7 Because of MTBE's growing wide-spraad usa. it is begInning to show up in the environment,
both\air and water, at detectable leveis. Like other gasoiine related VOCs (volatile organic
compounds), 1T IS0 Oxidizes dway in the atmoschers. Though it is biodegradable under wasts

water reatment conditions, it has shown little-n 0 readily biodegrade in the subsurfacs.
This has lead to a cancem that it May some npw\buiiiic in the ground water or drinkung water
upplies to unhealthy concentration levels. :

supp Y ~\'> c‘“‘ [N /‘/#

The amount of MTBE escaping into the environmant is expected 10 peak in the mud-! 990s at
a litde over 200 million pounds per vear (90.720.000 kg/yr). Very litde of this (< 1 million bs.
(453,600 k)] has the probability of getung into the ground-water systam. The amount of MTBE
reieased into the environment will begin decreasing as VOC amissions from the car Reet are reduced
with flget turnover, and as underground storage tank (UST) leaks 3re minimized whaen federai
regulations for USTs are fully impiemented. Total MTBE releasas are expected to drop to nearly haif
the 1995 amounts by the year 2010.

The causes. usnds. patterns, and typical concentratons of MTBE-impacted ground water
are well understood. and are defined in this raport by MTBE analysas of ground-water samples fram
over 5,350 weils and springs. Co 1T resadrch has shown mat
dissolved-phase MTBE dces not f aromatic hydrocarbons in ground water, dut
rather MTBE'S presence in gasoli concentrations in the ground water. Recan=>
fate and transport studies have aiso shown BE does not inhibit the natural, beneficial,
aerobic biodegradauon of aromatc hydrocarbons like benzene. oiusne, ethyibenzenas, and xylenes
(BTEX). No process exists By which MTBE concentratons can “buid-up® or accumuiate n the
ground water 10 concanTations greater than the incoming source. MTBE plumes from bienced
gasoline spiils are typicaity 1.5 10 2.0 umes larger than the associated BTEX piumes dus to |

4
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in Maren 1395 tne United States Secicgreal Survay (USGS) announced resuits from 4
national ground-water assessment crogram. Oisscived-ohase MTBE was deteciad n 17% sarcent
of ground-water samoies coilected from snallow. urtan wells and 30rnQs. Naucnwide, MTBE wag
Ne second mMast commonly detected cemoound. Imtiaily this data caused concern that MTBE was
JDiquitously impacung ground water “cwevaer. 3 careful review of the samoiing grogram and the
analyncal data revealed:

- Natonwide. MTBE cancentrations averaged 0.5 ugit

- Natuonwide, § of 211 {3%) snallow, urban weils exceeded
20 yg/L of MTBE. 3 of 211 (1.5%) exceeded 200 ug/L of MTBE

- Naugnwide, 4 of 413 {1.0%} deeger wells mare representanive of mast
dnnking water aquifers contained MTBE | and none were Migher than 1 3 g/l

- Migh MTBE concentranons were associated with BTEX occurrance and low
dissoived oxygen. and thus waeras likely attributable 10 local point source releases of
MTBE-biended gasoline {ex. USTs)

- Well ssiection methods appear to slightly Dias the resuits rawards discovenng
MTBE from thesas local point sourcas

The work oresented Nere suggests that Background equilibnum levels of MTBE in the
environment wiil De limied to concentration levels less than 2 ppov in the atmaosonere and 2 ug/L n
water (wet pracigitation, surfaces water, ground water). Local spills of MTBE-dlended gascling iand
in rare cases pure MTBE or MTBE impacted tank dottom waters) Mmay lead 10 localized MTBE
concentratons in ground water that exceed reguiatory levels for water consumpuon. ‘While some
public and privats wells may have MTBE at concantrations above Neaith standards. factors like low
odor and tasts detsction threshoids Neip pravent water consurmpuon from such wells. Many of the
axisting clean-up methods used for gasaline aromatics can aiso be usad to remediats MTBE.

iating the MTBE portion of 3 biended gascline ground-water plume typicaily costs
2.6 to 3.1 umas 3s much as remediating the BTEX portion of the piume.

Y

Authors’ Note: The various sections in ths paper have been have deen written saparately by the
indivigual suthors, and have Deen idenufied by the autNor’s initiais after the section ttle.
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INTROCOUCTION iWJP & JMDI

Thougn MTBE Mas teen commaerciaily used in Europe since 1973, U S production Degan n
1379 to use MTBE a5 one of tha octane repiacaments for ‘ead cOMpounds and as an aternative 1o
aromanes for raising octane raungs :n gasatine MTBE's use as an cxvgen additve degan n
Colorado in the winter of 1388 MTBE now suppiies mast o oxvgen in reformulated gasoling Lsed
in 0I0ne NQN-ATTIINMeNt Jreds (Oxygen in Jasoiine was required By tne 1390 Clean Ar Act). These
non-qnaiINment areds are generdily found around mMetropoiitan centars with Righ populatign
densites

Many of the VOCs (volatile orgarmic compounds) reieasad inta the environment are
associated with the uss of gascline n venicles. Not cnly do thess VOCs contribute to gzone
production n the summaer ume. dut they are a significant source of toxic compounds such as
benzene. A main environmental banefit of using MTBE (s that it replaces aromatics such as benzere
in gasclineg which therely heips reducs the amount of benzene reieased into the environment when
the gasoline escapes from the fuel distnbution systems and vehicles.

In aimoszt ail respects. MTBE and benzene from gasoiine will follow simiar pathways in the
snvironment. MTBE and benzens will both generally volathze into the air. but Denzene wil be more
persistent 10 the atMosohere since it doesn’'t oxidize as easily a8 MTBE. Since MTBE 's aiso paruaily
water soluble. it will aiso enter water supplies through erther rain, spills or leaking underground
storage tanks in Much the way that benzene does. However, MTBE is not nearly as biodegradabie
as benzere in nature 3nd wiil be maore persistent .0 the water phase as 3 resuit. Theref TBE n
the water 1S exgected to disappedr from water mainiy B mosghere

whare it is then oxidized. The net resuit of MTBE's usa in gascline |smmﬁ/:nc

environment but 3 decrease of benzsne.

Several sarly works reportad MTBE contarnination of ground water and dnnking .
water {1, 2). In addition, they raised concerns about how the presence of MTBE may comolicats or
worsen cantamination By the Rydrocardons. Concerns regarding MTBE fate and transport were
increased in 1395 due 10 2 national ground-water assessment Dy the United States Gecicgicai
Survey (USGS) that found MTBE in shallow manmitorning weils mors frequentty than many other
contaminants.

PURPQSE (WJP & JMD)

The purpose of this report is to present 3 full analysis of MTBE reieases into the
snvircnmant including: ’ '

- the sources of MTBE releases to the enviranment and the concentrations created by them
- how MTBE transfers from one media t0 another (ex: surfacs water 10 atmaosphare)
subsurface fate and ransport of MTBE :

what MTBE concantrations are expected n vanous media (atmosphere, wet precipitation,
surtacs water, ground water)

inmtial estimates of MTBE in the nation' s dnaking wates supply

ARG 063738
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In this paper equiibrium 3ata 3nd varigus Models were used (o @’um
;a‘rrdcl:::r:?:r;:oa:‘r: rdran:fcrs it the envirgnment. Measured MTBE cancamra::n:‘:sj -
Jooer bounds on t:‘ a:no.;j:r“fm;‘lb";é o €303, (e gsumanan (ehniaues used d:::N "
compariments, or astimate th: nigh rae Iy 2 ransternng batween ine vanous envir i
‘ ghest MTBE concentrations possible n 3 maedia enmental

This pacer reviews re i '
Cent resadrch ang lield expenenc
¢ 10 updarte th
knowiedge abaut MTEE fate and transpor and how it atfects subsurtace mc.ve'r':f:rr g: o
Irgmace

Rydrocarbons. Additionally, it gresents the findings of the USGS and reviews the data s onifi
igniticancs.

These resuits are compared with dat,
3 dbout MTBE cccurrencs-in dn
- nking- {
tha metnods and costs of remediating MTBE ground-water plumes are :gdvrv.l::dsuaclms. Finatty.
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MTBE USAGE (WJP & DJB)

MTBE was onginaliy ceveloged as an cctane enhancer N gasaline 't use .s atmast
exclusively limitag t0 gasoiing slencding. Secause of MTBE s favoradie oclane .n gascine. (3 J3e
nas grown at nearty 20 percant or more oer vear for the past decade. Tagle ! crovides an esumate
af MTBE' s fustancal ing projected use in U.S. gascine.

Tobin !
MTEE Usage n U.3. Since Mid 1380s
iEsumated Usage Loveis)
_“
Theusands of Milllers of Typecai bianding Percent of MTEE Vehuna
beorreis gaders 'y percant n o8 oline porcan of off
per day (MM galiyr) s aline contarmng MTBE janeiing
M 801
1980 12 190 4% N Q2%
198% 318 S40 S% 10 % S %
1990 90 1380 T % 1.3 %
1998 % 1830 2% 9% 15 %
2000 0 429 115 % 3% 1%
2008 - 300 45%0 10.8 % 7% 19 %

Source: ARCQO Chermice Compeny (Referencs )

-3 ARC 063740
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MTBE USE iN GASQUINE (RAR)

MTBE use a3 3 gasoiine aaditive "as increased in three S13Ges aver the past 15-20 years
First. MTBE was used in the early and mid-1980s as a hrgh octane raplacemant for ‘ead as 'ead Qu
teing phased out of leaded gascine and is unieaded gasohne was Jaring an increasing Markat
snhare. Second. Seginning in the 1ate 13805, MTBE was the primary oxygenats used in winter
gasoiine to reduce CO emissions in areds with high amoient CO levers. This axygenated gasonne s
commoniy cailed oryfuel. When MTBE is usad in oxvtuel. its concentration (s roughly 15 percant
by volumae (voi%). Oxvtuel only tands t0 be usad in the coidest 4-5 manths of the winter. Third,
beginning in 1935, MTBE was again the onmary oxvgenats usad in reformuiated gasolne (REG). 3
gasoline designed 1o reduce dath vOC and toxics emussions in nigh ozone areas. When MTBE is
used in RFG, it concantration tends to De about 11 vai%. The AFG axygenats requirement. uniike
that of oxyfuel. applies year-round. When MTBE is not used in either axyfuel or RFG. ethanai tends
to be the oxygenate of choics.

Today. tha bultk of MTBE use 18 in oxyfuel and RFG. RFG represents about 30% of all U.S.
gascline when factonng in recent 001-0uts By the Governors of Wisconsin, Maine and Pennsylvania
(4). Beginming with 1996, Caiifarnia Phase Il RFG must be $0id in the entire state of Caiiformia.
While thus fuel is not raquired 10 contain 2.0 weight percentage (wt%) oaxygen outside of the winter
montns, it s likaly that it will contain sudstantial amounts of oxygenats. For the purposes of this
analyss, it wiil be assumed to contain the 2.0 wt% oxygen required in federal RFG. The addition aof
the rast of Califorma in 1396 (Los Angeles and San Diego received federal RFG in 1995) would
increase the RFG fraction of U.S. fuel consumption to 35.2%.

Oxyfuel represants about 29.1% of winter fuel consumption. Because the oxyfuel grogram
varies in langth from year-round in Minneapclis-St. Paul 1o four months in most areas. oxytuel
represents 12.4% of annual U.S. gasoline consumpuon.' However, about 22.2% of winter fuet and
3.4% of annuai U.S. gasoline consumption must meet the requirements of both programs.’ Thus, -
overail. starting in 1996, about 25.8% of annual U.S. gasoline will have tc mest anty the RFG
requirements. 3.4% will have to meet both RFG and oxvyfuel requirernents and 3.0% will have to
meet the axyfuel requirements.

MTBE is esumatad to De the oxygenate used in about 80% of RFG and RFG/oxvfuel, and
about 50% of oxyfuel. When gresant, MTBE represents approximately 11.5 vol% of RFG and 15
val% of RFG oxvfuet and oxvfuei. Thus. overail. MTBE represents roughly 3.7 voi% of ail U.S.
gasoling n 1996.

This increased use of MTBE in gasoline has raised a number of potential heaith concerns.
One of thase concemns in the possibie contamination of drinking watar by MTBE through the
wanster of MTBE in ambient air to the ground Dy rain. This transfer of MTBE from air to rain will
depend dirscty on the ambient concentranon of MTBE over wide geographical areas. The purpose
of this secton is t0 project thass ambient concentratons.

! BPA esumated this figure 10 be 17% n sarly 1993, MHowever, this was onor 10 the change n the
New York City program from year<ound to winter only and the reduction in the oxygen cantent of oxytuel in
Las Angetus from 2.7 to 2.0 wt% (Sl. These cnanges are esumated to reduce oxytuel use by 1% of annual
U.S. gasctne consumption.

2 Agan, EPA’s esumate was reduced Dy 3% due to changes in the oxyfuel program since the time of
it projechions (see previous footnots.)

.4 -
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The Breakdawn ot MTBE and ethancl use in Axvtuet and RFG varies Iramaucaily frem crry g
CiTy ANd Can vary from year 1o vear, as well. Either MTBE Or €1Nanal can represent 1 00% ¢t the
oxygendte usead in 3 iven ciry durning 3 sgecific year Rather han Caiculate MTBE emissiang for the
average U.5. ity which may nat 400ly ta any ity im parmicyuiar IS analysis will assume thag MTag
13 used in 100% of the gxyfuel or RFG being used in 3 Sy, This will be regresentative of thosg
cries where MTBE domingtas the axygenate market. which (s (e WOrst case scenanc for he
ambient MTBE cancentratians and thus gotential transfer of amorent MTBE intg wet precigitation.
The projections deveioped heran will then de conservatve for NOse ciues where ethanci has 3
significant or demMinant markat share. Finally, MTBE use outside of both axvfuel ang RFG i3 roughiy
an order of magnitude lower than in these two low emussion fueis {0.9., les3 than 1.2 voi%n). Thus,
the projecticns deveioped herein will be roughly an order of magnitude greatar than those likely to
X031 in Cities NOT parncipanng in erther of these twa grograms. In ummary, the projectiong
developed hare will be worst-case scananos for high MTBE yse areas. and wil gready Sversstimaty
MTBE concantratuons in the atmosohere and water @t low MTBE usa areas.

Ak ARC 063742




MTBE RELEASES INTO ENVIRONMENT (WJP & 0U8)

MTBE 's manufactyred By chemiciily compiming \Methanal with \SObuwhn.,\lu volatlity
and other hangling properties are similar to that of QISQIM&W transpored
and stored much the same as gasaling. Some of the MTBE s Made in the petrcieum refinenes. Sut
most is manufactured at chamicai faciities and then transported 10 the refingnes where 1t 13 diended
into gasoline. The MTBE-containing gasacline 1s then transported 1o the distnbution terminals (va
pipelines or other methods) whaere 1t s distribyted to the USTs at gasoline servics stations for sale
10 consurmers. . .

From inial production to the ultimats consumpton n the vehicie’'s snging, thers ars.
numerous pomnts for MTBE to escape into the environment. The releases and pathways through the
environmant for MTBE wiil generaily parailel those for the other gasoline VOCs, particularty
benzene. Because of MTBE's relatively high volaality, most of it will tend to go into the atmosphers
whaere it is expected to uitimately oxidize to cardon dioxide and water [similar 10 other VOCs).

The esumated releasas for MTBE along its distribution stegs 0 the cansumaer can be
illustrated for 1395 in Figure 1. Tha releases Detween its producuon and gasoiine biending are
reported under EPA’'s Toxic releases nventones and have been ranced up from 1392 to 1395 by
using MTBE annual consumptian numters (Tabie 11. The reteases fram the other ransfer steps are
esumated in othar sactions of this paper.

Same observations can be made from this ilustration. The vast majority of MTBE losses
into the enviranment are via gasoline losses. The location for most MTBE reieases (38 « %) intc the
aNVIroNmMent are going to occur in the consumaer Markatplacs, and not at industry locations oc buk
gasoling distributions. For companson, about 35% of the benzene reieasas are from mcbile
sources. Also, the vast majority of MTBE reieases (39 + %) wil initially go into the atmosphers ind,
not into the water or scil. Again. this seams to De consistant with general VOC lossas assoc:ated

wrth gasoline. N

\ .
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Figure 1

MTEE Losses into the Environment Occur Masty 'Aith Gasoline Losses

Esamawmg MTBE Losses from Procucton o Unrmawe U S Consumgoon for 1995
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PHYSICAL AND CHEMICAL PROPERTIES OF MTBE (WJP & DJB)

To understang MTBE s movement in the envirgnmant, it i3 first NeCessary 10 '30uiate
MT3E's properties. Most cf the reievant croperties are nsted n Tables JA & 28

Totie 2A

informaton and progertes ‘v MTRE

Qdar Charsctensnes

Synanyere MetNy (EMary-Duly ether
2-Methoxy- 1-methyl progene
methvi-1. | damethyietnvt sther
rermery- DT Metirvt other Reterences
CAS Na. 1834044 s
Cherrecal Forrmuia M.,0 [}
Moiecular Weght 8813 [
Phveicat Stats Calaness Lowg [}
Baiiing Poent §5.2°¢C []
Meiting Poant 109 ¢ [}
Qermury @ 25 ° C 0.73% [
Log Xow @ 25 ° C 123 1
Odar Detection Thresnoid in Water - 43 7
[
Cdar Detection Thresnold n Aw $3. 300 7.8
{ opdvl
Taste Detacuon Thresnoid 1n Water 39 7
g L)
Terpene ke, etner. mconol 1.7

Canvermon Factor

1 podv = 31.804 g/ ~ (an
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Tinie 28 d

Tameersture Semqinve éoomu of MTRE

.f.

i

] Qgtarencey

Termoarsture (*C ) I 2 0 e
Qermey (g | 176 0.7408 97150 | 2719 l '
Veoar Presiure | men mg | [ 7y 02 280 ( 9 L [}
Sahubulity (n water ( 8.3 42 1.6 0 .5 ]
(mavs %)
Solubelity 0 sat weter NM NM 178 NM ]
{ maas %)
Henry's Law Constant 8628« 10" 428 510 §.59 ¢ 10 .28 10 ! 10
{aon m’ / mad )
Log Koy (3€t8n0H watarn Q.96 118 1.23 1.38 . n
{ prechcied sxceot for 28 °C )
K sc (@ctanot/carpon: 5.5 9.0 1.2 13.% 1"
{ oredhicteg |
Log 8CF ( predicted | Q.12 . 0.38 Q.48 tt
{ B0 Camcentranon Fectoer |

.9.
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MTBE EMISSIONS FROM OXYFUEL AND AFG (RAR)

A three-step process was used 10 esumate the emissions of MTBE from gxyfuel and REG.
First, VOC emissions from these fueis were estmated. Second. the MTBE fraction of these Viele
emissions were esumatead. Third, the MTBE fractigns were aoclied to the VOC emission esumatss
to deveiop ssumated MTBE ermissions. This approach was takan, rather than dirsctty deveioping
esumates of MTBE emissions. because of the relative amounts of dara are avadabdie descnbing Both
VOC and MTBE emissions. Tens of thousands of tests Nave Been performed to esumats VOC
smissions under 2 wide vanety of ambient conditions and for varying degrees of vehicle
maintenarics. Sophistcated models, such as EPA’s MOBILE model and California’'s EMFAC model,
have been deveicped 10 convert tus data into estimates of fleet-wide emissions. !n contrast, very
few of thase tests included measuraments of MTBE emissions. At the same time. the MTBE
fraction of VOC emissions is not expected (1o change as dramatcaily between vehicles or operaung
conditions as do absoiute VOC or MTBE emissions. Thersfors, starting with the dest ssumate of
in-use VOC emissions possibie allows the weaith of emission testing to be used to the fuilest sxtant
possible. The reiatively smaller database of MTBE measurements is used to estimate the portion of
the overall mass emission equation which i3 most consistent. Together, this approach provides the
most accurate esumats of in-use MTBE emissions possibls.

vOC Emissions from Oxytuel and RFG

Baseiine VOC emissions ware ssumated using EPA’'s MOBILESa model for calendar years
1995, 2000, 2008, and 2010. As MTBE presumably can dissolve into wet precipitaton throughout
the summar and winter, average summer and winter tamperatures were usad in lieu of high ozone
temperatures which are often used in urban air quality analysas. The daily low and high
tsmperatures of 66.8 and 87.2°F for the summaer and 39 and S7°F for the wintar, respectivety wers
taken from previcus EPA anatyses (12, 4).

While RFG can be modeied directly using MOBILESa, this was not done here. The effect of
RFG on exhaust smussions contained in MOBILESa prececes the final comolex model deveicped by
EPA for RFG ceruficaton, as MOBILES was developed in 1392 and the final complex model was not
compistad unti December of 1993 (MOBILESa is only 3 corrected version of MOBILES: it does not
contain any fundamentaily different smission projections!. Thus, MOBILESa was run without RFG
present and the complex model was used (0 project the change in exhaust emissions between RFG
and Clean Aic Act (CAA) baseline gasoline’, which is the default fuel in MOBILESa (13).

MQBILESa was used directly 1o model the emission effects of oxyfuel. An oxyfuet
containing 2.7 weight percent oxygen in the form of MTBE was assumed in the modeling.

The portion of EPA's compiex model which addresses non-exhaust YOC emissions is based
solely on the effect of the fuel’s Reid Vapor Pressure (RVP) and was deveioped dirscty from
MOBILESs output (4). Howsever, the temperatures assumed in the modeling performed 10 deveicp

3 Secton 211M) of the CAA, as smended m 1990, defines the summer Baseiine gasckne for the
reformulated gasolng program. This composition of tes fuel is very near that of Tverage Summer gasoling
1990. as doterrmmned by national fugl surveys. As 0z0Nne is pRManly 3 summer concem, ths fusl is often
commonty referred 10 as CAA baseling gasoline.

-10- ARC 063747



the compiex Madel Jre reoresentative of Migh czcne davs. Thus. MOBILES: was used directy nare
{0 Droject NON-€xNaust ermissions witn RFG. Both sets of temperidtures descrbed 300ve ae
represantative of the nation as 2 whoie. Winter AFG must meet the same requirements regardiess
of where it (s 50id. However. summer RFG differs geograchicaily. Ouring Phase ! li.e.., 1995-99).
RFG sold in southern cities must meet a Gwer RVP standard (7.1 pounds Qer square inch, or os.

on average) than that soid in the nortn (8.0 psi on average) (4). Thus. Befare running MOBILES tor
1985, a single average RVP for AFG was deveicped Dy assuming that 40% of RFG met the 7.1 RVP
standard and §0% of RFG met tne 8.0 RVP standard. The result was an average RVP of 7.6 pu.

In Phasa 2. the RYP of RFG will tend to be approximataly 5.7 psi in both the north and the
south (4). Thus. 2 singie RYP of 6.7 pu was used in the 2000, 2008, and 2010 MOBILESa
modeting. The resuits of the MOBILESa modeiing is shown below.

Table 3
VOC Emissions From Mator Vehicles (g/mi)
MQBILESa
Caienaar Year Average Commaercial Fuel Oxytuel
/Emssion Type Summer | Wintar Winter
1995
Exhaust 1.7861 2.509 2.22
Evagorauve Q.56% _ -
Retueimg 0.044 0.043 0.049
Totat 2.37 2.558 2.269
2000
Exhaust 1.301 1.831 1.609
Evaporauve. 0.279 —_— —
Refueling 0.032 0.04 Q.04
Total 1.612 1.871 1.649
2005
Exhaust 1.12 1.58) 1.368
Evaporauve 0.18 — —_
Retueling 0.023 0.028 0.028
Towl 1.323 1.589 1.396
2010
Exhaust 1.054 1.45% 1.278
Evaporative 0.132 — —
Aefueling 0.019 0.023 0.023
Total 1.20% 1.478 1.301
11 .
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A3 menuaned adbave. the great maionty of MTBE 1s used in RFG 4ng oxviuel Areas
recerving these fueis tend to aiso Mave Doth enhanced (/M and Stagae il refueling controis. Thys
MOBILET2 was run assuming Dath of these programs w~ere 10 013Cs. Vehicle speed was 3s3umed 1o
ve 13.6 moh (31 S km per hour). consistent with EPA reguiatory inalyses (4,5, 12). T™e
MQOBILESa input ‘ile for tne tNree scenanas and four caiendar vears are shawn in Appendiz A

in grder 10 yse the Compiex Model, ane must estumate 3 wide vanety of gascline orogertes.
When deveicoing tne RFG program. EPA projectad the comoositian af REG with MTBE and ethanol.
These compositions waere Based on refinery modeling and technical judgment. Hawsver, given the
tact tnat RFG has naw Baen 5aid for sight months. actual fuel-survey data is now avaiadie and
provides 3 much More accurate esumate of the compaos:tion of REG.

The Amencan Automabile Manufacturers Assoc:aton (AAMA) conducts 2 survey of
gasoline quality each January and Juty. The July 1995 samples nave aicsady been takan, but the
resuits will not be available unti late 1335. To cbtain simiar data eartier ARCO contracted with
Core Laboratories (which also conducts the AAMA survey) to coilect and analyze the composition
of RFG in five RFG cities dunng the summer of 1335 (ARCO Chemicai Comgpany). The resuits of
this survey for Dallas, Chicago, Los Angeies, New York. and Philadeiphia are shown in Tadie 4

" Table 4
Fuel Survey Resuits n Five RFG Cities
Summer 1395
1990-91 1992-34 1998
(Phase | (Phase !l IRFG)
RVP RVP )
MTBE (wt% oxygen) 0.3 0.3 1.7
MTBE (voi%) 1.4 1.6 9.5
Ethanol (wt% oxygen) 0.2 0.3 0.4
gEthanot (voi'%) 0.4 0.8 1.1.
- Suttur (ppm) 313.0 309.3 N0
RVYP (ps) 8.4 8.0 7.7
€200 (Voi%) 43 42.9 43.4
€300 (Voi%) 80.7 80.5 81.8
Aromancs (Vol%) 29.7 30.0 28.0
Olafins (Voi%) 10.4 12.0 9.6
——tn2ene (Voi%) 1.30 .27 0.70

The resuits of the winter 1995 AAMA fuel survey for seven cities recsiving RFG (the five

cities mentioned above pius Boston and Washington, 0.C.) ars shown in Table 5.
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Tabie §
Fuel Survey Results from 7 Cities
Winter 1995 AAMA Fuel Survey ;
13990-92 ( 1993-94 r 1995
Pre-Oxyfuel | Oxvtuel RFG
MTBE (wt% oxvygen) 0.2 1.5 2
MTBE (voi%) 0 0 0
Eancl (w1 oxygen) 0.2 0.3 0.3
Ethanot (voi%) 0.4 0.8 0.8
Sulityr (pom) 277 314 243
AVP lps) 13 12.8 12.3
£200 (Voi%) 49.5 $4.3 57.3
£300 (Voi%) 82.8 82.8 84
Aromatcs (Void%) 26.3 248 20.6
QOlatins (Voi%) 10.7 12 9.8
SBenzene (Voi%i 1.60 0.95 0.80

These surveys allow the direct determination aof the impact of MTBE use on ron-contrciled
fuel parameters such as sulfur, clefins. and T30, which can have a significant effect on emissions.
As can be ssen. about 20% of the oxygen in the summer RFG in the five crties was supgplied by
sthanol, 80% dy MTBE. In-use, refiners will 2imost never mix MTBE and ethanoi. Refiners will
aimost aiways use one or the other. Due to the differsntal oxygen content of MTBE and ethanal,
less volumae of sthanoci is nesded 10 meet the 2.0/2.1 weight percant oxygen requirements than of
MTBE. Thus. MTBE provides greater dilution (11.6 voi% versus 8.1 voi% at 2.1 wt*% oxygen) and
thus, mors totai octane than ethanol. in generai, this means that other things being equal (i.a., the
samae refiner, crude oi source, etc.), MTBE RFG blands wdl show lower leveis ¢t suifur and ociefins.
Bassd on the fact that the RFGs surveyed overachisve the RFG toxics and benzsane requirements,
MTBE bignds aisc likety will show iower leveis of aromaucs and benzene, as well. Thess
differences mean that MTBE blends will generaily producs lower leveis of VOC exhaust amissions
than sthanaol diends. :

It was assumed hers that the decrease in aromatics. bdenzene, suifur and olefing cbserved
was proportional 10 the volume of oxygenates used. The total volumae of oxygenats was detsrmined
to be 10.6 and 11.9 voi% in the surveyed summer and winter RFGs, respectively. The percantage
change in the gasoling properties for MTBE (at 11.85 voi%), wouid thersfore be slighdy greater
than indicated by the surveyed summer fuel (by the ratio of 11.85 o 10.8) and slighty less than
indicated by the surveyed winter fuel (by the rano 11.85/11.9). For sthanol, the percentage changs
in the gasoline properties would alwavys be less due to the fact that its usage level of 5.8 vol% is
always lsss than the wtal oxygenate voiume found in the surveys.

Ag the pre-RFG gasciine sampies in these cities do not match the basaline gasoiine
contained in the Complex Modei {which for summer fuel is specified in the Clean Air Act ICAA),
the sffect of RFG on the varicus fuel paramaeters indicatsd by the survey were applied

multiplicatively 10 basaiine gasoline to deveiop an MTBE biend composition consistent with the
haseline assumed by EPA in the compiex model. The following sats of properties were deveioped.
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Given tne similanty of BoOth northem and sauthern REG'S effeCt 0N #xNaust eMissions aniy noMrern
1EPA Class Ci fuet was projected. As menticned above. the non-exhaust YOC amissions wers
deveicped Using the average RVP of beth soutnern (Class B) and nortnern (Class C) RFG.

Tabie 6
Composition of RFG for Use n the Complex Madel
Fuei Summer Winter
Parameter 1390 | RFG 1990 RFG
Basaline Basseline
MTBE (wt% oxygen) 0 2.0 o] 2.0
MTBE (voi%) -0 11.0 0 11.0
Sultur (ppm) 339 318.3 338 297.4
RVP (pu) 8.7 8 8.7 8.7
€200 (Voi%) 41 479 50 57.6
E300 (Voi%) a3 84.5 83 84.1
Aromavcs (Voi%) 32 7.3 8.4 20.8
Olefing (Voi%) 13.1 10.4 11.9 10.7
Senzene (Voi%) 1.93 0.77 1.84 0.84

Tha only ditferencs between the CAA baseline fusl and the in-uss basaline fusi is the clefin
content. While the summaer baseline fuel specified in the CAA was quite representative of average
gascline in ail other respects, its olefin level was quits low compared to survey resuits. EPA used
e 13.1 voi% level as the true Dasaline in its analyses of the in-use sMission and econoMmic IMEJacts
of RFG.

The oiefin difference does not appear in the winter, since the CAA did not specity the
winter basaling fuel. EPA deveioped this baseline directly from in-use fuel survey data. While the
average RVP of winter fuel is 11.5 ps, Tabie § shows 8.7 psi, which is actuaily the summer
bassiine lavel. Whan using EPA’'s compiex model to model winter fuels. 3.7 psi must be used in
order to obtain correct esumates. The actual wintsr basaline RVP of 11.5 psi was used in the
MOBILESa modeling.

Tha EPA Comoplex Model projects that summaer and winter RFG reducs exhaust VOC
emissions by 9.39% and 5.58%, respectively. Applying these effects 1o the MCBILESs cuthut
producsd the following mass emission estimates (Tabie 7):

- 14 -
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Tabie 7
YOC Emissions Fram Motor Vehicies (g/mi
MQBILESa/Comeplex Maodel
Calencar Year/ | RFG y'RFG/Oxwuﬂ Oxytus
Emission Type
| Summer | Winter Winter Winter
1998 .
Exhaust 1.896 2.369 2.22 2.22
Evaporauve 0.56% —_ —_ —_
Refueling 0.044 0.049 0.043 0.049
Totai 2.208 2.418 2.269 2.269
2000
. Exhaust 1.179 1.729 1.609 1.609
Evaporanve 0.279 — - —_
Refusting 0.032 0.04 0.04 0.04
Totai 1.49 1.769 1.649 1.649
2005
Exhaust 1.018 1.474 1.368 1.388
Evaporauve 0.18 — — -_—
" Refueling 0.023 0.028 0.028 0.028
Total 1.218 1.502 1.396 1.3968
2010
Exhaust 0.955 1.374 1.278 1.278
Evaporative 0.132 —_ _— —
Retueling .0.019 0.023 0.023 0.023
Total 1.106 1.397 1.301 1.301

As can De seen, no evVIDOrative emissions are projected in the winter. While such smissions
may exist. no refiable data are available uoon which to base any reasonable projectons. While
MOBILESa projects such emissions, these projections are based on the extrapolation of empirically
derived correlations well beyond the range of the onginal data. In the compiex model and all of it3
RFG related analysas, EPA also assumes that evaporative emissions irs 2er0 in the winter. EPA
aiso ignores refueling smissions in the winter. However, valid winter refueling smission data do
exist and wers usad 0 develop the MOBILESa correlations. Also, refueling emissions occur
primarily theough the simpie displacement of fuel tank vapors with liquid fuel. Due 10 higher winter
AVP, gasoline has 3 significant vapor pressure even in cold winter temperatures. Other non-exhaust
VOC emisgions nvolve the adsorption and desorption of vapors in charcoal canisters. Thasa
phenomena are much mors complex and not fully understood under winter conditions. They aiso
tend not 10 be a priority for study, sincs the primary focus of YOC control is ozone. which is aimost

exclusively a summer problem. .
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MTBE Fracuen of VOC Emissions

The next steo '3 to estumate the MTBE fraction of the VOC emissions presented 30ave.
Beginning with exhaust VOC emissions. Automotive Tesung Ladoratares (ATLL. under cantract with
EPA. tested 10 vehicies over tne Federal Test Procedure using 10 different fueis. Ong fusi IFyuel

“C7) contained 1! voi% MTBE ind its other fuel parameters were designed 0 represent typical
Phase 1 li.e., 1995-1999) RFG. ATL found that MTBE recresented 3.2% of total exnaust
nvdrocarton (THC) emissions (14). Faor gasaline fusied venicies. VOC emissions are essentiaily THC
emussions with the exclusion af methane and ethame. Since methane and sthane together
represented 16.4% af THC emissions, MTBE regresanted 3.8% of exhaust VOC emissians.

Oxvtuel must contain 2.7 wt% oxygen. as opoosed to RFG's 2.0 wt%. Thus. when MTBE
is used oxyfuel wil contain 15 voi% MTBE instead of RFG's 11 voi%. The MTBE fraction of
exhaust VOC shouid be proportional to the amount af MTBE in the fuel in this range of MTBE
concentratons. Thus, based on the EPA data. MTBE shouid reprasent 5.2% of VOC exhaust
ermissions from oxyfuel.

The Auto-Qil program aiso measured speciated VOC emissions from 20 vehiclas using a
wide varety of fuels {15.16). A number of these fuels contained 15 vol% MTBE. The fuels tested
were designed 10 maximize the differences in vanous controtied paramaeters (e.g.. 0-15 voi% MTBE,
20-45 voi% aromatcs, atc.l. Thus. none of the fuels fuily represants Phase | REG. Aiso. the
vehicles testad by Auto-Qil all had very low emissions, whiie those testad by ATL included both low
and high emitters.

The MTBE fraction of exhaust total organic gas (TOG) emissions, which s very similar to
THC, for the five MTBE fusis examined in the Phasa 1 Auto-Qil urban airshed modaling study
ranged from 2.2-1.8%, wrth an average of 2.8%, which is slightly lower than the 3.2% found by
EPA {17,18). Onily one fuei produced an MTBE fractuon sbove the average, and this was the
highest emrtting MTBE fuel in the Auto-Qil test program (both aromagncs and T30 wers at the high
end of the evaiuated ranges). The other fuels all showed MTBE fractions in 3 very ught range
12.2-2.5%]). Thus, there appears to be evidence that the MTBE fracton could be a function of
TOG/THC ermissions. with the fractions af MTBE increasing slightly as TOG/THC emissions increase.
This couid explain both the vanauen in the Auto-Oil data and the differsance between the ATL and
Auto-Qil rasults. Ag the ATL data was obrained on the more representative sample of vehicies and
fuels. 12 wias cnosen for use hars.

The ganeral finding that the MTBE fracuon of THC/TOG emissions is less than the MTBE
fraction of the tuel is not surpnsing. Combustion creates 3 vast number of species of VOC. For
exampie. one, Two, and three carbon species can reprasent 20% of exhaust THC emissions and
none is found in the fuel. Thus, fuel components tand 1o be undar-represantsd in the exhaust
relative to the fuel. Baing an axvgenats and also the product of a reversible reaction between
methanol and isobutyiene, MTBE tends to decomposs and bum reiatively guickly upon »qmuon and
wouid be expectad to be reprasant well below 11% of exhaust VOC emissions.

The measurement of the MTBE fraction of non-exhaust emissions is more complicated than
that for exhaust emissions, as the nature of non-exhaust emissions can change d ) P
depending on the total amount of non-exhaust VOC emissions. Also, the FTP or <
evaporative emssions (first used with the 1978 model year and anty just recenty Tedated) was 3
fairty lenient tust. Vehicies with propery functicuing controi systams produced very low smissions
over this FTP.

-18 -
ARC 063753



—

Evaoorative emissions ansa from 3 vanety of sources. Fuel s aimgse Always permedting
through non-maetailic Nases or seeping tNrough HiTiNGs and CONNECUONs. Thesa ermissicns are
commoniy cliled resting /osses. Vapors aisq escape fram tne fuel tank whengver the 1ank 13
heated. 25 OCCurs when a3 vehicle 1s siting durning the Marming and early akiernoon |diumal
omiszrons) and when it s baing used lrunning losses) Finaily, when a car s parked immediatety
atter 3 tno, fuel 1n the carburetor Bowl (if the vehicle '3 3O equipped) can evagorate and vapors can
De releasad from the tank v1a 3 set of complex phanamena, including somae heaung from exhause
system components and previously Buiit-up oressurs. When the amount of tank vapors generated s
low. the onboard charcoal camster can capture and store ail the vapors for release dunng ngine
cperauon. In this case, total ermussions are low and dominated By resung losses, which tend to
reflect fuel compasinon. When tank vapor generation s Righ, the capacity of the charcoal camstar
can he exceeded and large amounts of vapor are eminted. The composition of these emissions
reflect the lighter fuel components that exist :n the tank vapor space. Thus, care Must De taken to
match measured VOC speciations to the Types of smissions which waere actuaily occumng dunng
the test (19). If measured YOC emissions were low, the measured VOC speciations must only de
used to represent permeation and seepage losses. If measured VOC emissions wers high, the
measured VOC speciauons must only be applied to vapor losses.

Eoth EPA and Auto-Qil have recognized this problem and taken steos (o ensure that the
vOC speciations used match the mass VOC emissions deing modeled. As was the case with
exhaust emissions. the vehicies tested by Aute-Qil for evacorative smissions aiso had very low
ernissions, much lower than the in-use evaporative emissions projected by MOBILESa. [t s likery
That resting !osses dominated the Measured emissions, since the heavier fuel components were
heavily ragresented in the smissions. The initial urdan airshed modaling sponscored by Aute-Qil used
the measured VAC speciation for non-exnhaust emissians (20). Howaever, whan Auto-0il later
svaivated the impact of olefing on ozone reactivity, they did not use the measured VOC spectation.
but ssumated he specianon of evaporative emissions Mrough the use of 3 vapar generaton model
(21).

EPA examined measured specianons of svaporative emissions from a number of test
programs in 1993 (19). EPA segregatad the data based on the total amount of VOC emittad dunng
the test. LOw emission levels were labeied *pass”® is these eMisSiONs were CONSISTENT with the
in-use MOBILESa emission leveis dunng most ambient conditions from property cperating venicles
which would “pass” EPA’s pressure and purge /M tests. The Nigher emission tests were labeied
“tai”. sirce these would Be 'ndicative of emissions from vehicies with improperty operaung control
systems which wouid be liksly to “fad” the pressure and purge /M tests.

EPA esumated the MTBE fraction of VOC emissions for hat seak, diurnal and runaing lass
emissions for Doth *pass® and “fail® situations (19). These estimates are shown below in Tabie 8
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Tabie 8
Breakdown of Non-Exnaust YOC Emissiens
vOC Emissions vQC Fracuon: MTBE Fracugn

g/mi  [Fracton| Faded Vehicles “Fau® ‘Pass® | Qverall
Evaporauve | 0.273 | Q.483 0.722 Q.12% 0.082 Q.108

Hot Soak | 0.185 | 0.328 0.114 0.039

Qiumat 0.088 | Q.155% 9.149 0.078
unning Loss| 0.222 | 0.393 0.834 Q.185% 0.119 0.174
Resung Loss | Q.07 Q.124 0 — 0.07% 0.079
Total VOC_| 0.565 0.129

Also shawn in Table 8 are 2 breakdown of non-exhaust emissions (0 their various sources.,
as well as the fracton of thess emissions coming from “pass” and “f3il° vehicies or situations.
{Refyeling smissions are not shawn, as the pass/faii disancuon does not apply.) The bresakdown of
non-exhaust eMissions INto avaparative (hat saak plus diumall, running loss and resung loss
emissions comaes directy from the MOBILESa modeling runs summarized in Table 3. The fracucn of
“pass”® emissians was estimated Dy assuming that “pass” levels of diumal, hot soak and running
lass srmissions waere 0.5 grams, 0.4 grams, and 0.08 g/mi, respectvely. Hot s0aks wers assumed
to occur S timas per day and vehicies driven 28 miles/day (45.08 km/day). Thess smission leveis
are indicatve of thase measured in the Autc-Qil program and other programs testing wellk-
maintained vehicles {22). The fraction of *fad® emrussions is simply one minus the *cass” fracton.
The ‘faii” fraction of evaporative emussicns was detsrmined Dy simply mass weightung the “tal®
fractions foc not soak and diurmnai emissions.

EPA did not estimats an MTBE fracton for resting iosses. Given that the ‘pass”’ levels of
the other smission Types are predominantly resting (Gsses. the MTBE fracton of resting iossas was
sstimatect by averaging the “pass’ MTBE fractons of the three other three eMISSION Categones.

Finaily, the EPA gstimatss of the MTBE fracton of the various amission types were applied
to the absoiuts Mass emission esumates. These MTBE emissions wers then summed and an gverall
MTBE fraction determined, which was 12.9%. This is 3 very reasonable estmats. The vapor
pressure of MTBE tends t0 be very near that of gasoline. so the malar concentration of MTBE in fuel
tank vapor shouid be near its fusl concantration, or 11 vol%. Sincs MTBE's molecular weight
shouid be slighty Ngher than that of the average vapor component, a slightly higher mass fraction
is NOt suUrprising.

Table 9 summarizes the MTBE fractions of the various emission types for the three fueis
being svaluated. The MTBE fraction of refueling smissions was estmated (o be the same a3 the
“fail® fraction for Gumal smissions, since diumal emigsions in this situation Dest represent tank
vapors urider ambient conditions.
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Tabie 3

MTBE Fraction of VOC Emissions

| RFG AFG/Oxytuel | QOxvfuel

Summer winter Winter winter

Exhaust 0.038 0.038 0.052 0.0582
Evaporative Q0.129 — — —
Refusling Q.149 0.149 J.201 Q.201

Mass MTBE Emussions

This third step in the process simply invoives multiplying the mass VOC emissians occurmng
when using oxvyfuel and RFG by the MTBE fracuons of VOC to produce absolute esumates of MTBE
smissions. Thess are shown in Table 10 beiow.

Table 10
MTBE Emissions
Calencar Year/ RFG RFG/Qxytue Oxytuel
Emission Type Summer | Winter Winter Winter
199§
Exhaust 0.061 0.091 0.11§ Q0.115
Evaporative 0.073 - —_ —
Refueling 0.007 0.0Q7 0.0 0.0t
Total 0.14Y 0.098 0.125% 0.125
2000
Exhaust 0.045 0.066 0.083 0.083
Evaporauve 0.036 —_— — —_
Refueling 0.005% 0.006 0.008 0.008
Total 0.036 0.072 0.091 0.09!
v 2008
Exhaust - 0.039 0.057 Q.07 0.07M
Evaporative 0.023 — — —
Refueling 0.003 0.004 0.006 0.008
Total 0.066 0.061 0.076 0.078
- 2010
Exhaust - 0.037 0.083 0.066 0.066
Evaporative 0.017 —_ — -
Retueting 0.003 0.003 0.00% 0.00%
Total 0.058 0.058 0.071 0.07
.19 .
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These esumates ot tne emissions of MTBE ger mile can B cenvered 10 Aatcnal emiszign
ot MTBE in terms cf tons per vear By mMultiolying (Re emissian 3Cers By thes resoective 'rac*wn:
of national fuel cansumprion (or veniclie mies traveied IVMT! which (8 gragertional o el T
consumotion] and annual natucenal VMT  The market snares of Both RFG and oxviuel in the U.S
were aiready discussed adbave RFG alone represants aocut 25.8% of annual U.S. gasoline ulu‘ iar
nationdl VMT), whie RFG/oxvtuel and oxviuel alone racresent another 3.4% ang 3.0%.
respecuvely. MTBE is the cxvgenate used n rougnly 80% ot RFG and RFG/oxytuel and s used in
roughly 3Q0% of ncn-RFG axyfual.

Tatal natenal VMT was orojected from two EPA studies. The finai EPA analysis suoporang
the RFG rule esumated 1398 VMT to bae 2.343 billion miles per vear 3,769.9 hilion kmiyear). The
EPA toxics study presented VMT growth factors for 1990. 1335, 2000, and 2010. These factors
were convertad !0 2 basis of 1.0 for 1935 and used along with the 1398 projecuon to deveicg the
VMT projections contained in Table 11. The growth factors for 1938 and 2005 wers determingd by
assuming linear growth between 13995 and 2000 and detween 2000 and 2010, respectvety.

Tabie 1
Totat U.S. VMT (bilions mides/year}
Yaar VMT % Change from 1938
1998 2230 : 0.00%
1998 2343 5.08%
2000 2418 §.46%
2005 261 17.10%
2010 2803 25.73%

Convarsion: 1.0 mie = 1.609 um

The above VMT projections and market shares for the vanous fueis were combined wrth the
emission factors in Table 10 10 produce the natonal MTBE emission esumates shown in Table 12
As mentioned above, the figures for oxyfuei inciude emissions from fuels mesung onty the oxviuel
requiremert and both the RFG and oxyfusi requirements. The figures for winter RFG represent
emissions from fuels meeting oniy the RFG requirements.
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Total U.S. MTBE Emussions from Motor Vehiclas (Tany'Year)

Tadbie 12

Conversion: 1 ton = 1,018 kg

Year | Summer RFG | Winter AFG | RFG,Oxvtuel | Oxyfuel Totat
139§ | 55,720 23.316 28.828 9.20Q 88,237
2000 | 35,795 18.037 22,173 7.077 60.303
2005 | 28,182 15.638 19,156 5,114 43.933
2010 | 26.213 15.808 19,149 6,111 47 333

As can be seen, MTBE emissions decrease after 1995 despite increasing VMT. This occurs
Decause the in-use vehicle flest is continuINg o turmover 10 newer vehicies which meet the maore
stringent Tier 1 exhaust and enhanced evaporative emission standards which are Baing phased in
with the !994.98 model vears. The effect of these standards can be seen from the VOC emission
factors shown in Table 10. Between 13385 3nd 2010, exhaust VOC emission factors decrease by a2
factor of 1.5. Even more :mporantly, non-exhaust VOC emussion factors decrease by mors than 3
factor of 5. Thase reductions in g/mi VOC emissions more than counteracts the increase n VMT.
Whiie not directly used in the estimanon of ambient MTBE concentrations delow. the 1ctal toanage
of MTBE smissions may be of general interest (0 those interested in cCompanng total emissions of
MTBE to :ne tatal ermussions of athee gollutants.
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AMBIENT CONCENTRATIONS OF MTBE |RAR)

Ambient concentrations 3f iny moter vehicla pollutant can vary dramaucaily depending on
both the level of emission and 9n the chimauc conditions Qccurrng 3t the ume. The concentration
af mator vehicle usa, and therefore emissions. vanes across an urban area and Detween rural and
urD3N areas. As precioitalion QCTurs over wide areds. an indication of MTBE concentration gver 2
nroad area s desired Nere, 3s cpoosed 10 peak concantrations at refueiing stanons or congested
ntersscuoNs.

EPA developed 3 Hazardous Arr Pollutant Exposure Mcdel specifically focussing on mobile
source emissions (the HAPEM-MS modal) (5). The model is based on both emission and ambient
concantration measuremaents of cardon monoxide (CQ). 2 poilutant caming prmanty from mator
vehicies. The theory dehind the model is that the exposure to 3 pellutant is proportional to the
smissions of the poliutant. For example, if MTBE emissions were 10% of the base CO emissians in
the modei, then the exposure to MTBE would be 10% that of CO. Ermussion factors for MTBE wers

deveioped in the previous section (Tabie 10). In this section, these emissions factors will be used in

conjuncuon with HAPEM-MS 1o project ambient concantratons of MTBE.

Thare are two primary 3s0€cts to the maodel. The first addressaes oallutant leveis in vanaus
physical envirgnments, while the second addressas the amount of ume peopie spend in these
environments. 118 the first aspect that is most useful in this study.

Ona of the physical environmaents addressad by HAPEM-MS is the outdoors. HAPEM-MS's
projected poilutant concentratons outdoors wouid de 3t ground level, which wouid liksly be higher
han those at highaer slevations. Thus, HAPEM-MS's projectons of MTBE in the atmosonars could
be somewnat high for the purposes of Mis analysis and thus, overty consarvative. Howevsr, the
advantage of HAPEM-MS is that it considers the relatuve raffic density of both mid-size and large
urban areas, as well as addressing rural areas separately. Also, e ambient cONCanTILONS ware
measured over longer periods of time relative to urban dirshed models, which are typically run for
only 1-3 days of simulation and focus on episodes Naving low dispersion characiensocs.

The HAPEM-MS model Drojects that the average personal exposure to motor-vehicle related
CO was 842 and 470 ug/m? in 1988 in urban and rurai areas. respectvely (5). However, this is
based on an overall microenvironment expasure factor of 0.622. while the exposurs factor for the
outdoaors (not immediately near a roadway) is 0.758. Thus. general outdoor CO leveis wouid be
nigher by the rauo 0.758/0.622. While EPA deveioped its esumats of CO emissions using
MOBILE4. 1, it indicated that MOBILE4.1 underesomates CO smissions by 30-35% reiative to
MOBILESa. Beciuse the above MTBE emissions are based cn MQBILES], the base CO emissions
leading to the measured ambient CO exposures shouid also be based on MOBILESs. Running
MOBILESa under the same summaer and winter conditions as used to deveiop the VOC emission
tactors in Tabie J vielded an annual average 1988 CO emission factor of 42.45 g/mi. Fnaily,
vehicle travel has increased since 1388, Per EPA estimates. emissions (and thus, ambient
concantrations) should be increased by 3 factor of 1.123 for 1995. Taken together, these factors
imply a ratio of ambient pollutant concentration to emission factor of 27.15 and 15.1S ;9/m? per
g/mi in urban and rural areas, respectively. Estmates of VMT growth for post-1995 years were
taken from Table 11. Applying thesa factors 10 the emission estmatas developed in the previous
section produces the following average, ambient MTBE concentrations (Table 13).
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Tabie 13
Ambient MTBE Concantrations:
HAPEM-MS Madal: Qutdaar (ugim’)
Calenaar L RFG Oxytuet/RFG [ Qxvytuel

Year | Summaer [ Winter Winter | winter

Urtan .
1388 i 2.66 3.39 . 3.39
2000 2.53 2.13 2.89 2.89
2005 2.08 1.93 2.43 2.4
2010 1.93 1.92 2.42 2.42

Rurat
1398 213 1.49 1.89 1.89
2000 1.4) 1.19 1.5 1.5
2008 1.16 1.08 1.36 1.36
2010 1.08 1.07 1.35 1.38

HAPEM-MS Model: Qutdoor (ppav)

Urdan
1995 1.26 Q.88 1.12 1.12
2000 0.83 0.7 0.89 0.89
2008 0.89 Q.64 0.8 0.8
2010 0.64 0.63 0.8 0.8

Rurat
1995 0.7 0.43 0.62 0.62
2000 0.47 0.39 Q.49 0.49
2008 0.38 0.3% 0.45 0.48
2010 0.3% 0.3% 0.44 0.44

As menucned above, the HAPEM-MS exposurs projections are dased on CO emissions and
measured ambient concentranens. CO is a relatively inert compound. Under high ozone conditions,
its relative reacton rate is nearty two orders of magnitude smaller than that of MTBE.' The same
relative camparison would be expected to be true at lower temperatures, as weil. In its air 10xCS
study, EPA estmated that the residencs time of benzene in the atmosphars is roughly 60-110 hours
in the summer and 37-120 days in the winter (5). MTBE is roughly 1.5 omes as reactive as
benzene. based on its Carter MIR imaximum incremental reactivity) factor of 0.62 gram ozone per
gram organic versus 0.42 for benzene. Using 3 residencs time of 85 hours for benzene. MTBE's
residencs timae should be roughly 58 hours in the summer and 25-80 days in the winter.

¢ CO nas 3 Caner 0z0ne Maximum NCremental reactty IMIR) factor of 0.0054 gram ozone per gram
CO. wheie MTBE s MIR factor 1s 0.62 gram ozone per gram MTBE.

\
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Assuming tne urdan amoient CO levels grojected By HAPEM-MS aopiy 1o Cetroit, ihe nart
nte of wnart CO based salely an dilution with tresh air 1s 29 3 Rowrs®  Thys. MTBE s residence 'me
A the wINTEr 1S 10Ng ENQUGR 0 NOt Be 3 factor. However. In the SuMmmaer. s 13 long snough .‘.or
30% of the MTBE to react and form otner comcounds  AlSo. 3 few days often gass without any
aporeciabie precicitation. Thus. beyond the urban area. an even Migher percentage of ambient
MTBE 13 likely 10 be destroved in the summer Defore 1t Nas 2 cNance to be absorbed Dy
grecipitation. Assuming 3-5 davs Detwaen rainfail. $8-76% of the MTBE smirted wouid reacs gnar
to being absorted. Again, in the winter, 3tMOspheriC reaction 1s unlikely 10 sigruficantly decreass
ambient MTBE leveis.

A companson of the concantrations projected in Table 13 with the small amount of ambient
MTBE sampling data which exist generaily confirms the above projections. Qne recent stydy
measured MTBE lavels around Milwaukes dunng January and February 1395, atter the start of the
RFG program thers. Very limited fusi sampling indicated that MTBE was the oxygenate usad in
roughiy haif of the fuel. The average of might 24-hour average sampies around the University of
Wisconsin at Milwaukse found MTBE at 0.2-0.3 poby. Nine measurements near roadways indicated
2 wide variety of MTBE leveis, ranging from 0-1.5 podv, with anly one site shawing 3 level adove
1.0 pobv. Given the fact that MTBE was used in roughly 50% of the RFG and Milwaukee is not an
oxyfuel area, (he above methodology wauid groject an ambient MTBE level of 0.44 pgbv. As this
‘level is 50-100% Nigher than the University of Wisconsin readings and very close (o the average
measurement near roadways (which HAPEM-MS predicts shouid be a third higher han outdoor
lavels away from rcadways), this indicates that e HMAPEM-MS projections may overesumats the
actual ambient level. However, any conclusions drawn from such limrted data should Be used with
caution. Alsg, the Wisconsin measurements were taken near ground level. MTBE levels at higher
aititudes shouid be much less, arguing further that the HAPEM-MS projectons ars worst-case :n
nature.

The fact that MTBE degrades in the atmosphere under both winter and summaer conditons
also means that the concentration of MTBE wiil not buiid up 1n the upper atmasphere. Dunng the
summaer, MTBE's shon rasidencs tme means that the majonty of MTBE has aiready reacted by the
umae the air of the urban plume has had a chancs to mix with Jir further downwind and air at higher
aimtudes. Dunng the winter, MTBE's longer residencs ume provides more of 3 chance for mixing at
higher aititudes. Howsever, 80 davys is sull far to0 short for aporaciable accumulaton to occur given
dilution will contnue for even longer pericds. The only way for accumulaten to ocgur wauld e for
the total volume of air in the atmosphaers 0 be ‘ess than 80 umaes that of the breathing zons over
areas whare MTBE were emittad. The ambient CO leveis ysed to deveicp the HAPEM projectuons
only raprusent poilutant concentrations withun 100 feet (30.48 meters) of the ground. Even if they
repressnted MTBE concantratons in the inital 1000 feet (304.8 maeters) of the atmosphers and
were used throughout the world to the extent it is currsndy used in the U.S., MTBE wouid be
diluted far more than a factor 80 times relatve (0 its concanTation in the urban Dreathing z0ne.
Thus, there is no passibility of any appreciable buiid-up in the atmosphaere.

5 surtace area = 8,586 square mules 118,998 square km) ; 1930 population = 5.187.000C:
VMT of 49.45 buhon mues (79.57 ddbon km); ming Nergnt of 1,840 teet (SO0 mu.
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MTBE'S DISTRIBUTICN IN THE ENVIRONMENT (WJP & OJB)

The following sections examine MTBE s potential to move and disapoear n the other
environmaental mediums. Considered first wiil be tne equilibrium concentranons n the other
mediums to determing the dnving force for MTBE o transfer there. Sacond. the transter pathways
will e discussed. Third, the potenual for disappearance of acCuMuUIaton in the varous
companments S reviewed.

MTBE' s Equiidrum Among Environmental Phasas

Relative to most gasciine VOCs. MTBE has a higher water solubility and 3 lower Henry's
Law coetficient. This gives MTBE an equilibnum that is mere favorabie to the water phass. The
distnbuton of MTBE betwesn air and water phases i3 shown as a function of the mass ratio of air
10 water and the tempaerature in Figure 2. Under aimost all conditions in the environment were
MTBE wiil be found, the MTBE in water wouid be expected (0 contamn less than 50 percant of the
MTBE. For most of these conditions. less than 10% of the MTBE wiil be found in the water
systam. However. thus equilibnum distnicuton is sull greatsr than the initial distnbution of MTBE
relaases of less than 1% into water supplies and soil as shown in Figure 1. Therstors, an
equilibrium driving force seems to exist for MTBE to transfer from the atmosphere (0 the water
supplies.

A simple squilibnum model outined by Neely and Mackay (11) can De used to sstablish the
potential equilibnum concentraton for MTBE in water. scil and diomass (fish) as a functen of the
MTBE concentration in aw. Using the infarmation from Tabie 28, the equilibrium cancentratons at
25 *C are shown in Figure JA. In an earlier secton, the maxmum MTBE concentraton for
summaertima reformulated gasoline areas was estumated at a little less than 2 ppby in the
atmosphers. Thersfore, based on Figurs JA summerumae rain should have no mare than 0.4 g
of MTBE dissolved into it if squilibrium can be achieved. If the water supplies were also 1o rsach
this equilibnum, the MTBE content in fish should de no higher than 0.6 ug/A while the MTBE

~ content in $0il woyld be less than 0.1 AL,

Lower temperatures reducs MTBE's votatlity and Henry's Law Coefficient and increases its
solutility 1n water. This leads to potentally higher aquilibnum concentrations in watsr (and other
maediums). The possible impact of coider temperatures is shown in Figure B which increases te
MTBE equilibrium in freezing ran t0 3 little over 2 .9/l and equilibrium content in sad up to
0.5 uo/l. Thase levels can only occur if the MTBE in the atmosphere achieves the maximum
2 ppbv, ancl then only if the transfer. rates permit the equilibrium to be achieved and no degradation
mechanism develops in the water phase. The evidencs to date suggest that MTBE background
leveis are lass than the 2 pobv in the generai atmosphere.

The simple compartment world model outlined by Neety and Mackay {11) assumed the
surtace area of water was 70% reiative to the land mass for their mass distribution analysis in the
model compartments (envircnmental phases). This provided an air / water mass ratio in the model
compartments that is approximately equal to one. However, because of its limited stmospheric fife
{discussed !ater). MTBE's sphere of distribution will probably be limsted to the area over land masses
which only average 2 4 percant water surfacs arsa. This would move the air tT0 water ratio cioser
to 10 or higher. Referring to Figure 2. the mass distribution of MTBE in the water shouid be less
than 10 percent. Under moderatsty higher temperaturas, the MTBE in the water will be less
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Figure 2

Equilibnum MTBE Mass Distnbution Between Air and Water

Mass Rabo of MTBE (% 1n Aur / % 1n Water) % MTBE n vamr Phase
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Figure JA
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Figurs 18

Equilibrium MTBE Concentrations between Three Phases
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tnan | carcent. The sensitivty (0 temoperature suggest that (e CoNCentranon ang the mass of
MTBE in the water may cvcle with the Chiange of seasons OWEVE, hne water suQChies MNat Nave
slow turnover {such as ground water ang deeo surface water 5cdies) shauid tend 1o dampen the
CONCRNIration swings n the water
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TRANSFER PATHWAYS FOR MTBE (WJP & DJB!

The equilibrium cencentration of MTBE in the sou and DioMass s masty 3 function of the
water congentrauon. Therefore. (Ne cantrailing transter rate s orodabdly that Detween air and water
From the pnor discussion. the equiibrium favors 3 wansfer of MTBE from the air 10 tne watsr. For
VOCs. the main transfer mechamism fram air to water 1 generaily wet depositicn (1.4 rain, e or
snowi and dry depositon (parucles). Ory deposition usually only decomaes a significant factor in the
transter for SVOCs (sami-volatile organic compounds) which Nave vagor pressures less than 1 x10
mm Hg (23, 24). Howaever, an EPA anaivsis does suggest that dry degasmon may be playng a
minor rele during the summaer for denzene (25). With MTBE's higher volaulity, oniy wet deposition
is expected to be m3jor transfer mechanism for MTBE from air to water.

The MTBE occurs in wet depcsition (i.e. wet precioitanon) by being dissolved :nto e
precipriation water. Equilibnum concantrations and mass transfer processas dictate that MTBE does
NOt OcCcur N wet precipitation s 3 pure (neat) scivent.

The limung factor on the transter of 3 VOC from 3ir 10 the wet degasition carner (rain) is
the equiiibrium concantranons detsrmined By the Henry's Law coefficient. From earlier discussions.
the maximum concentration for MTBE in coid weather rain s approximately 2 ug/l when using the
maximum air concentration of 2 pobv. Ounng warm weather, the Maximum concentragon in rain
should be probably 0.4 yg/l. A simpis annual mean (i.e. not 2 temperaturs weighted averagel
wouid be 1.2 ug/A of MTBE dissoived into wat deposmicn.

To esumats the potential ransfer of MTBE from the atmaosphere (0 the water surfacs. the
esumated rainfail in the regions using gasclines containing MTBE needs 10 be determined. The
annual ranfall in the U.S. is estmated at 4,000 bdlion gailons per day (15.140 million liters per day)
(26). Basad on the information from the U.S. Statstical Abstracts, the approximats contnental
U.S. landmass area is 3,732,400 square miles (3,566,300 km?). This provides a U.S. average of
approximately 24 inches (70 cm) of annual rainfall. The areas using the MTBE containing gasciines
represent about 12 percent of the land surfacs. From the Stanstical Abstracts, the average ranfall
in this area is near 30 inches {76 cm). This provides a rain volume equal to 1,300,000 biifion
pounds (852 x 10'? kg) per vear that may precipitate hrough an atmospohere containing MTBE.
Applying the 1.2 g/l concsntrancon to il this wet precipitation gives 3 potennal
2.3 miilien 1bs. / yr (1 mullion kg/yr) of MTBE in the ram assuming a very conservative one hundred
percent ransfer efficiency. However, the percent of water that percolates to the ground wiatse is
only about 3.8 percant of the annual rainfail (26). Most of rainfall runs off into surface waters, and
the rest usuaily svaporates or ranspires Back into the atmasphers. This provides 3 potantal net
transfer of only 82,000 ibs (37,000 kg) per year of MTBE into the ground-water system wia wet
precipitaton.

Since the tumover of the desper ground water is very siow, it could taks hundreds of years
for the average MTBE concanuation in the deeper ground water to duild-up and approach the
concsntration of that in the rainwater recharging thess sysiems. However, many surface waters
turmover much faster (usuaily less than a year), ind therefore have the capability for their average
conceMraton to approach that of the rainwater (annual mean of 1.2 94 , maximum of 2 ./ in a
relatively short period of time.

Like the aromatics. MTBE acts more volatie in water which heips it to quickly vaporize
from cpen waters such as rivers and lakas when the air above it has litde or no MTBE. The
concentration haif-ife for turbulent surface waters such as nvers have been estimated for MTBE at
about 9 hours (27, 28) relative to 5 hours far benzene (29). Therstors. the litde MTBE that does
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get 10 surtace waters shouid quickly 85Cape aS tNE waters MOVE dway oM urBan air Daning
contaiming MTBE.

There is 3 general lack of analyucal data regarding MTBE content in wet precigitation.
MTBE has besn measured in snow By the USGS in the Oenver, Colarado area (301 This himitad
sampling (six samples) found MTBE in snowtall near Cenver at a median cancentration of 0.08 wQil
These 53me sNOw sampies 3iso detected the presenca of tiuens (median = 0.0% 4o/ and
penzene (median = 0.02 yg/l!. Snow and ice have Deen denufied a3 3 potentual deposinen
pathway for YOC3 such s aromaucs, but the procass s stil not hully quanufied 131, 32). If these
very low MTEE levels measured by the USGS are regresantanve of the equilibnum concentrations
for MTBE in snow. then the carrying capacrty of this pathway shouid be very mincr retative 10 Mhat
of rain.

The most effecuve process for transternng MTBE from gasoline to ground water 1s through
the direct contact that may occur with blended gascline spills or UST leaks. This issuae 1s covaered in
much greater dqtan’l in subsequent sections of this paper.

MTBE Disappearancs and Accumulation

Much the same as aromatcs. MTBE can potentiaily disappear (dagrade) from the vanous
environmental comparmaents by 3 numbaer of means. Liks other VOCs, MTBE in the atmosphare
axidizes 10 intermediate products that eventuaily further axidize 0 water and carbon dioxide. Other
possible degradauon sinks are dicdegradation and hydroiysis in sail and water.

MTBE wnil readily oxidize in the atmosphere 10 a number of intarmediate VYOC products (33)
shown in Table 14. As with other VOC3 in the atmasphers, thess higher oxygen products are
expected to continue oxidizing to the ultimate products of carbon dioxide and watsr. The hydroxyi
reaction rate for MTBE is measured as 2.99 x10'7 cm? moiecuie 'sec’ at 298 °X. Based on cus
rate, the atmosphenc life-time of MTBE under summer time conditions is estimated to be
approximately 4 days. Under winteruimae conditions, the aunaspheric life-tme wil increase 1o 30-
100 davs depending on conditions. Atmosphenc oxidation s expecied 0 be the Mmajor route for
MTBE disapgearance from the environment.
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Tabie 14
Intarmediate Product Yields From MTBE Atmcsoherc Oxidation
Moles ' Mote 3f MTBE Percent of MTBE Cardon
TBF ‘taruary dutvl formatel 058 ! 58
Formaidenvdae : 0.48 ! 9.6
TBA i(ternary Sutyl alcohol) ! 0.062 » ) 5.0
Methy! acetate 1 0.14 l 3.0
Acetone i 0.026 l 1.6
Other l Unkngwn l 6.8

MTBE has teen shown to e biadegradabie under waste water reatment conditions aftar
the colony of argamsms has been acchmated to MTBE in the waste water feed (34). A aumber of
studies suggest that MTBE s not readily degradable by organmisms naturaily found in the
environmaent (J4. 15, J6). Howaever, bicdegradabiity in the sad or water is dependent on the gnor
contammanon history (37, 38). Other studies (28, 14, 37, 39. 40, 41) show signs mat MTBE wil
biodegrade slightly under bath aerobic aInd anaerchic zondiuons. Fujiwara's study (28, 39)
esumates the naif-ife for MTBE a3 Detween 28 and 180 days for aerobic biodegradaton in surface
waters and detwesn 112 and 720 days for anaerctic biodegradation in deep water or ground water
Thesa rates are much siower than those experienced for aromaucs such as benzene. Sased on
these rates. Diodegridanon will not play a significant role for MTBE disacpearance in surfacs watasrs
since the haif-iife for voiaulizavon 1s less than 3 day. However, depending on the avadable
organisms, biodegradation may contribute to MTBE disappearance in some shaillow ground-water
SYSI@MS SINCE tNe water turnover is Much siower {years to tens of years). )

The potenual for hydrolvsis was aiso measured for MTEE. Hydroivsis does not appear to be
2 potential degradation process of any significance in surface waters since no Mmeasurabie
disappearance was cetected (a3 per USEPA guideiines) in a2 10 day period (3). This 1s consideradiy
longer than the concentravon haif-life due to volatlizauon which appears 1o be less than 3 day.

One concarn is that MTBE in wet precipitation may somehaw be accumuiating in the ground
water 10 3 much higher concsntration than that in the recharge sourcs (ex. ran). QOther than by ™Me
bio-concentration process, there does not apgear 0 Be any ather natural procass for increasing ™e
concentration of MTBE in the water supplies. As discussed earlier (Tabie 2A & 28). the
bic-concantration factor for fish appears 10 be very low which makes it difficuit to bio-magnify
MTBE in tha food chain (Figure JA). On the other hand, MTBE wiil readily volatilize from water at s
rate faster than the water itself. Also, biodegradation does 3ppear to occur in some cases. Bom
these processes will naturally work to decresase the concentration of MTBE in water supplies.
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MTBE Fats ang LfsCycie 1n the Enviccnmeny

Aher 'tviewing the vanous degradaton ang transfer processes. ¢ simple MTEE Cycle can de
develooed ta dlustratg the #108C100 Movement of MTBE in the envircnmeny IFiqure &). Thgs
flustration does not inciude tne MINOr Sources of MTBE reieaseq Sy industry. byt tnose releases
essentially parailel the ones show in Figure 4.

The mass nalances and flows in the diagram show most of the MTBE releases going into the
dtmaosohare over urdan areas {gasoline Consumpuon areas) wihiere ¢ discerses ang degrades under
natural axidauon pracesses. Because of its parnal watsr solubility, some of the MTBE wil move
INto the water supplies via waet precipitatien or by gasoling leaks or spiils. Some of this MTBE may
brodegrade siowly, but most is txpecIed 10 disperse i3 the Wound water moves, ing eventually
volaulize back into the atmosphere from surface waters. Once dack in the dtmosohere, the MTBE .5
vitmarety oxidized away. The MTBE concantrations along the ranster pathways in the cycle are
expecred to 2e low (< 2 ppb ) axcept for locas §round-water regions near blended gasaiing leaks.
MTBE concentrations in these areas can be higher than 100,000 WA DUt are usuaily IQwer. These
higher concentrations May De both unheaithtul ang an anngyance in drinking warsr because of
MTEE’s low odar threshoids. Theratore, in cases of high MTBE concentravons from gasoling leaks,
the ratural transoort and degradanon processas will likaty be 100 siow 10 correct the prodlem ang
therators some assistance may be reQuired (o remaove the MTBE from the water supplies via xnown
remediation methods.

The cycle described here is €xpected (0 be similar to the one that exists for benzyne except
that the expecisd flows and relatve degradanon ratas will pe ditterent, Alsg, industy sQurces
Contnbute 3 significant share of the benzene releases. Howwver, the total amount of benzane
released from gasoline Sources is expected 1o decrease significandy because of the use of MTBE.
The total amount of MTBE {and benzene) being reieased from Qgasciing irto the itMosohers in Me
U.S. will also decrease substantaily as VOC control reguiations and UST reguiations are mylly
implemented in the future. The surfaca water and the ground water portons of tus lite-cycie are
analyzed in greater detail in subssquent sections of tug report. -
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Figure 4

Simplistic Mode! of MTBE
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PATHWAYS OF MTBE DISSOLVED INTO WET PRECIPMITATION
(afl SUDSAQUENT Sactions writtan Dy JMOD!

When wet orecipitation falls from the atmosohere «t can foilow one of severdl paing (42):

- #Y3DOrate as it falls and return t0 the atmasghere

- re3ch the ground surface and then evaporate

- redch the ground and infiltrate (recharge) directly nto (he sod

- fall dicsctly into surtface watar .

- run 2cross the ground surtfacs 3s runcff which then reaches a surfacs water dody
or infilrates nto the sod

Any MTBE dissoived into the wet Drecipitauon May follow the same pathways. As such, MTBE in
wet precigitation may act as 3 non-pont saurcs of MTBE that might impact surface water and/or
ground water. This is discussed below.

Pathways to Surface Water

Some wet precipitation falls direcdy into surface water dodies. Othar wet precipration may
reach surface water via runoff. If it is present in wet praciprtation, dissolved MTBE (at 2 ugA or
less) may aiso directly. and immaediately snter the surface water. However, the volume of watar n
most surfice watse bodies 13 far greater han Ne volume that recharges it n 3 single precipitation
event. The large valume of watsr in the surface water dody causes massive diluton, which means
the incoming MTBE concantrations in the surfacs water must de substantally reducsd. The deeper -
the surface water dody, or the smailer the precipraton svent, thae greater the dilvton. Regardless
of rain storm intensity and the dimensions of the surface water body, concantrations in the surfacs
water body must be diluted Delow the incoming Mmaximum concantration of 2 g/ (see Example
21).
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Example ¢#1

Assume a one inch (2.54 c3) rainstora event accurs
, (a cne-.1nch rain storm is consicdered a large event).

Assume all the preclpitation has the theoretical
max.aum MTBE concentration of 2.0 ug/L.

Make very conservative assumption that no MTBE is
lost to:

- volatilization as the precipitation faell

- volatilization from the surface vater body

If the rain falls directly into a surface water bedy
that is 8 feet, or 100 inches (254 ca) deep, then:
==> the 100 inches of standing water will dilute the
incoming precipitation at 100:1, thus resulting in a
maxizum MTBE concentration in ground watar of

0.02 ug/L (this is almost too low to quantify).

Atter this initial dilution takes ptace, MTBE volaulization from the surfacs water Jody will
occur and reduce concentratons sven further. Qver the tme frame of Nours 1o days. volatiizaton
is expucied 10 conunually, and efficienty remove MTBE from the surface water. Therefore, surface
water concantranons should be far lower than 2 ug/l. and may often be 30 low as to be not
detectable.

Even addition of more MTBE-containing wat precioitation into surface water aiready atfected
by previous MTBE-1mpacted precipritauon events couid not cause concentrations to buiidup. This s
Decause Mass transter processes dictate that 3 CONTAMININT'S CONCANTTATLON IN 2 FICHIVING Wit
{i.e. surface water! cannot exceed the concentrations in the onginal source water {i.e. wet
precipitation) uniess some accumuiation mechanism exists. There is nO known natural process by
which MTBE concentrations can “build-up® or accumulate (physically, biolegically, or chemwcatty) in
surface watsr 10 concentrations higher than the incoming sourcs.

In the early part of 3 rain event, surface runoff is 2870 as the wet Drecipitaton evaporites
back into the atmosphers and infiltrates into the 30d. As 2 Storm continues with time, 30Me wet
preciprtation accumuiates on the land surface as runoff (42). This runoff moves laterally downhill
towards surfacs watar bodies and 30 the runoff may reach a surfacs watsr body in a matter of
minutos. .

¥ MTBE is present in the wet precipitatucn that accumulates as runoff, then the runoff may
carry soma MTBE into the surfacs water body. Again, the MTBE concantration of the runoff must
be equal 0, or more likaly, less than the wet precipitation. Therefors, sven under unrealisticaily
*worst-case® conditions, runotf of wet preciprtation may somaetimes be adding dissolved-phase
MTBE into surfacs water bodies at concantratons less than 2 ,gA. Once again, substantial dilution
and volatiization shouid cause MTBE concentrations in the surface water body t0 be far less than
2 ug/\.. probably non-detectable.
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Inter3cign With Mints jnd Sediments

' MTBE-mpactad runcH water encountered glants o¢ sediments thy chemcal :ntaraction
should Be minimal. MTBE mas ;5 very iow 8ia Cancantratien Factor (Tadle 28} ‘

Angther imoartant consideraugn 'S #dsorpion which i3 3 donding phenomena :n wrieh
CoNtaAmMNaNts attach 19 solid gartucles. (a the case of dissoived-ohase Contaminaton. adsorpuon
€an remave CoNaminants from the water and hold it 9nto & solid garncts. Studies Nave shawn that
MTBE is poorty adsorbed By aven pure OrQaNnic carbon 143, 44). As such, MTBE shaould nat be
srongly atracied 1o the organic matier on the ground surface INCluding plants, organic dedns, ind
the soil itseif (28). In addition, the exgosurs ume 1o the runott is quite smad (minytas for most
svents) which aven further limits the possibility of adsorotion. This same poor adsorption tendency
aiso limits MTBE's abdity to adsord onto sadiments in a surtace water body (45).

Pathways to Ground Water and Sod

Qefinttigng

Ground water can be defined as “sudsurface waler tNat accurs Deneath the water tapie n
5013 and geoiagic formations that are fully saturared® (p. 2 of Reference 48). Although ground
water Can Move vemecally hrough soil or bedrock icallecnuvaly cailed aquster material/s) in the
shallow subsurface, most movernent is latersl. The Qround watsr flows rough open pores in
between the grains of soi and/or through secondary fractures in the aquiter materials. As 1 resuh,
ground-water movement is siow; in 3 Typecal 3andy aquiter, ground water may move 10 - 1,000
feat (3 - 304 meters) per year, although the range can vary greatly.

Whien rain water infiitrates downwarg through the sod (due 1o gravity) some may reman n
the soil pores {absorpuon), but some wiil reach the ground water. This process, known as
recharsge. adds water to the ground water. In addition 1o recharge from the infittration of
precipitation, ground watsr may aiso De recharged by leakage from surfacs water bodies. T™he
OpEOSITe i3 IS0 Tus in that ground water can “lose” water to 3 surface water dody. ndividual
housshoids and cities someumes yse ground water a3 thesr water supply Dy extracung it via water-
supply wells.

MTBE infiltran w

Oissolved-phase MTBE (at 2 wgA. or iess) May reach the ground water via infilrration of wet
precipitation. When the infiltrating water moves Siowly downward, 3 porvon of the MTBE might
volatiize into the soll gas and/or adsord oo the soil marter. Thess procasses act to reduce MTBE
conceantrations in the infiltrating watar. In general, adsorpton to organic sod mattar siows the
movement of an adsorbed component. Since the component attaches 10 the sod. on sverage it
moves slowsr than the water. Because MTBE does not adsord well, the rats of the MTBE
infilraton will be essentially the same is the infiltrating water. Adsorption will be discussed further
in subsequant sectons of this report.
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It 1$ pOsSiBle to sample nfiltrating water fram the vadose 210Ne with iyumaeters. Sucuga
ly3imetars 1eem 1o work Dest for momitanng dissoived VOCs (47) dithough the prictica i3 nat
common. Na refarencas were found discussing MTBE measurements taken from lynimater coilec:

samples. (T}

Apcendix B cantains caiculanons to detarming the maximum MTBE concentration i ground
witer INNDUtabie 1o recharge by MTBE dissaived nto wet precioitation. The calculatons
demaonstrate how umole diution Dy Qround watsr pravents wet orecipitation {aven it the maximyum
modeled equiibrum coacentranon of 2 QA of MTBE) from sver creaung ground water piumes of
MTBE that exceed 2.0 ,g/A. This i3 Tue N0 Matter NOW Many wat DreciDITatON aveNnts with
dissolved-phase MTBE occur (see Apgendix Bl. Thess caicuiations used unrealisticaily canservative
assumptions in order 1o Model 3 “worstcase” scenano. Numerous reai-word processes ict to
reduces MTBE concenmations even further inciuding:

- volautizavon of MTBE as the precipitaton fell

- subsurface volatlization of MTBE into soi gas

. massive dilvton dy the ground water

- dispersion of ground water

- lirited adsorpuon and/or odegradaton (possibly)

Thersfore sven if MTBE does occur in some wet precioitation, the ground-water
concanuations it could creats must be substantily delow 2 ug/A. and Quite probably close to zero.
For exampie, in 1993-34, 562 shallow agricultural weils were sampied and anaiyzed by the Unrted
States Geologicai Survey (USGS). Many of thass weils wers in areas near, or downwind of,
extansive MTBE use in gasoling. Ondy seven of the 582 ground-watsr sampies (1.2%) had any

detection of MTBE and the highest was 1.4 ,gA of MTBE (30, 48). This suggests that MTBE :

contamination of ground watsr Dy recharge of MTBE«mpacied wet precipitaton is not extensive.

MTBE Concentrations Canngr “Buildyp® in Groynd Witge

Mass ransfer processes dictate that 3 contaminant’s concentraucn in a recaiving watar li.e.
ground water) cannot excedd the CONCINTTItONS N the oNJINal Source water (i.8. precipntaton)
uniess soms accumuiation mechanism exists. As wil be discussed later in thus report. adsorption of
MTBE is minimal 10 zero in soids. Thersfore. the soids will not act as 2 "sink® of MTBE mass. Even
it some adsorption occurred (pernaps due 10 Nigh organic sods!, thers is N0 kNOown “reiease”
mechanism that would inducs 3 high concantration of MTBE 0 suddenly reieased from the sod into
the ground water. Thersfore, adsorption 19 30d can not collect MTBE from infltrating wet
precipitation and later release it 1o cause MTBE concantrations greater than 2.0 sgA in ground
water. Due 1o MTBE's iow Sio Concantration Factor, neither plants nor animais shouid act as any
kind of MTBE sink or accumulztion mechaniam (4S).

Therstore, thers is no known mechanism (physical, chemical, or diclogicall that can causs
MTBE dissolved nto wet precipitation “duid-up® or accumuiats in the 10d or ground watar o
concantrations greater than the maxmum incoming level of 2.0 ugA.  As presentad above. thers
are nUMerous procssses that act o actually reduce MTBE concantrations in the ground watsr below
the 2.0 sg/. theoretical maximum. Considering seasonal variations of temperature and MTBE
CONCENTraticns in wet precipitation, the annual Mean precipitaton, and thus the Maximum ground-
water concantration, may be closer 10 1.2 ;oA
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Summyry

Equilibnum concantration caicuiations predict that MTBE May occur in wat prac:gpitation 3t
concantraucns of 2 ug/L of less. Tharefore, MTBE in wet Dreci0itation 1s 3 minor AGn-gaiInt sourcs
of MTBE in the ground water a3 its extent is quite limited (ex. oniy 1 2% of 562 shailow weils
iMEactad) and 113 CONCaNtrauon s very limitad (ax. 1 4 4Q/L Or lass in the seven impacted welils).

MTBE in Storm Water Runotf

Anather possible non-goint source of MTBE might be stormwater runotf that occurs during,
and just after, larger precipitation svents. As previously discussed. the precipitation that fails on
the ground can only have 2 g/ or less of MTBE. Haowever in urban setungs. 3s the runoff water
crossas streets, parking lots, iileys and service 31aton lots, it might encounter small spiils of
MTBE-blgnded gasoline and thus contain greatsr concentrations of MTBE.

Smail spills of diended gasoline are expectad in urban areas. Much of the spilled fuel
{inctuding MTBE) wouid be sxpectad to voiatlize quickly into the atmasohers, therefors the
gasoline and MTBE patennaily avarable on the ground surface is expeciad o be limited. Also,
because it takes a signdficant rain event 10 initiate stormwater runoff, the large volume of
Drecipitation water shouid greatty dilute any gasciing CoNtaMINant conCantrations in the runof. The
mixing and movemaent of the water 23 it maoves through cuiverts and ditches shouid promots
volatiizauon of MTBE and aromaonc hydrocarbons. Therefore, the concantratans of gasoline
companents in stormwater runoff shouid be quits small.

Runotf fram parking lots and streets generally flows into ditches and cuiverts aiongside the
roads. These ditches are typicaily dry most of the tme and then temporarily run with water dunng
or immaediatsly aftar 3 storm. While the matal cuiverts and concrate-iined ditches may initaity
pravent infiltraton into the ground, Mast stormwater runoff routes sventually include a section of
unlined ditch. discharge into an unlined retenton pond, or discharge into a surface water body.
Therefore, Most stormwater has the cpportunity o infiltrata into the ground and thus recharge
ground water.

Stormwater samples were collected in four US crnes that use MTBE-blended gascline
seasonaity or all year (48). Of 279 sampies collectsd, 39 sampies (14%) had detectons of MTBE.
‘The concentranons ranged from 0.2 oA to 8.3 4/, and the median was 1.4 g/ (48).
Unfortunately, data regarding the presence of other aromatic gasciine components was not readily
availabie from the USGS. .
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‘While MTEE 13 contained in some stormwater runotf. 1ts measured CONCINITINONS Jre quite
low. 1113.MpOTant tg reahize tNat the recharge of starmwater runai accurs aver oniy 3 very smail
pornan of tme (dunng and mmediateiy alter (Ne stormi, and over 3 very smaill arey (only n the
ditchas. retention gonds. Ind Ireds mmedidtaly adjacent 1o paved areasl. As such. MTBE n
stOrmwater runoM can anly groduce Qround-water concentranons sudsrantdily 'swer than those a
1ne runotf due to:

- volatlizauan of MTBE during stormwater runot ransport

- limited amounts of MTBE-mpactad recharging stormwater

- Masuve dilution By the ground water (see diluten mung anatysis in Example 21
and Appendix 8}

Because of these factors. sven the highest MTBE concantration notad in thus study (8.3 L9/} could
anily praducs limited ground-water contamination of 3 few ug.L.
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o SOURCES AND PATHWAYS OF MTRE IN GROUND WATER FROM BLENDED GASQUNE

Purs MTBE

Pure (neat) MTBE spiils could occur whers the fuel dddiuve 1$ Mmade or stored. Such soiils
might produce lacalized subsurtacs piumes of high MTBE cancentrauons (up to the purs compound
solubility of 42,000,000 4g/L at 20 °C). No pure MTBE spills to the subsurface have Deen
sncountired Dy the authors. or reported in the literature. Because only 3 faw dozen industnal
tacilivies make MTBE in the United States. such soiils are quits rare. dnd not expected 0 cause
public exposure to MTBE,

Tank Bottom Waters from Abovaground Storage Tanks

Because MTBE is used in blended Jasoline at up to 15% ivelumae/volume), the concentration
of MTBE in_g3sQling can be 150.000.000 ,g.. Whan dissolving neat (gure) MTBE nto pure watar.
MTBE's rmaxinum thearetical solubdity 13 42,.000.000 ug/l at 20 *C (Tabie 28). Howaever, when 3
blended (asoline is the source of the MTBE, the dissoived phase concentraton can nat reach thus
high. Tha MTBE will primaniy stay in the fuel and some will dissaive nto the adjacent water. The
maximum concentration of MTBE in water from a biended gasciine is as follows:

Coa / Kae' = Coo
150.000.000Q yg/L / 15.5 = 3,700,000 g

Concantrauens such as thess wil only be seen whare very large volumaes of fuel contact
raiatively small volumas of water (i.e. an ‘unbmited source® of MTBE), where cantact tme between
the fluids is long, Ind whaers the water can not Move away from the fuel before dissoiving the
maximum amount of MTBE possible. This typically only occurs 1o the “tank-battom® watars inside
above ground storage tanks of dlended gasochnes. Tank bottom water have Deen noted 10 Nave
MTBE concentranons approaching 9.700.000 wg/. (49). Histancally, tank Dotiom waters wers
sometimaes been discharged on to the ground surtace aithough this practcs is na longer common.

ﬂwnfm.auammwgrou\donmbommnfromanabonqround
storage tink has the possidiity of cresung a local ground-wiatsr plume with MTBE concantrations as
high as 9.700.000 ygA.. . Leakage or discharge of ank bottom waters with MTBE concantrations
this high may have occurred, but cartainly not all tank bottom watars were at the Maximum
possible concsntration. Additionally, leakage or discharge of tank Dottom waters is not 3
continuous flow, thersfore the sourcs would be limwted. Therefors. 2 less han maximum
concentragon in seems fikaly for most tank dattom waters (49). Such leakage wouid aiso be
gready diluted by Me ground water which wouid lowser the concantration of any ground-watsr
plume. Such a plume would only exist beneath. and immaediately downgradient of, an aboveground
storage tank facility where such 2 leak or discharge had occurred. The existancs of 3 tankborttom

¢ Kow 'S the distnDUtIon costfiCient Detween fuet and water. Kn, = 15.5 23 per Reference 50.
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water Caused MTBE giume Nas NGt Been encountered by the authars, Or re0Grted in the iterature

Therafaore. it iy Beheved tnat such plumas are rare. and are MOt 0X0¢C104 10 cause oubiic expOsUre 1o
MTBE.

Blended Gasoling

Gasaqiine s somenmes accidentaily reieased into he subsurface through leaks. sprils, or .
avertills 3t abovegraund storage tanks, underground storage tanks, Doelines, oc ather petroieum
nandling faclities. The ubiquitous nature of petroieum fueis in modern sociaty, combined wrth
mechanical and human failures dunng producnon. transport and starage of the fuais causes gasaiing
reteasas to be fairly 3 comman phenomena. These pomnt sourcs leaks usually produce iocalized
ground-watsr Contaminauon plumas.

if the spiled gascline has no oxygenate additive. then tyoical ground-water contaminants
inciude digscived-phase benzane. toluene, ethyibenzene. xylenes. and many other 3romane ind non-
iromauc hydrocarbons. if the spiled gascline has been dended with MTBE. then a dissoived-ghase
MTBE glume will aiso form. Agoroximately 30% of the gasoline currenty said in the Unrted States
contang the oxygenate additive MTBE and that percantage may increase is use of oxygenate
agditives incraases (sae Tabie ). Therefore. some subsurtace cantaminatian by MTBE due 0
biended gasoline releases is expected.

Causes of Legks

The mast common cause of gasoline releases is failures of underground storage tank
systems (USTs). For these USTs the major causas of leaks (S1) are:

- tank leaks @ 43-58%
- piping leaks @ 20-35%
- overfill/spuls @ 15%

- loose fitings. etc. »”?

Many of these UST systam failures 3re due to cracks (fiberglass), holes. rust. looss frenings.
mis-measurements, and 2 vanety of human errors. In addimon to UST releasas, gasciine can be
released via similar mishaps at refineries, pipelines. tankfarms, and truck rollovers.
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MTBE Concentrations :n Ground Warer from Blended Gasaiing Legks

While the maximum tneoretcal concantranon of MTBE in water from a diended g,
sQurce 1s roughly 3,700.000 Lg/L. in aimost ail cases MTBE CONCENIIINCNS i ground war,
183Ch anywhare near s lavel. Ty 15 becauss with sudbsurfice Biended gascine spills

- the spil, and thus the MTBE sugoty, 18 limited n voiume

- MTBE is often used n gasaline at less than 15%. whieh limits MTBE avaiabiliry,

- MTBE's distnbyuon coefficients for fuel/water mixtures (Kaw of 15.5] dictate thye
the MTBE would much rather stay in the fuel than n the water (S0, S2).

* 3dveclve ground-watsr Movement causes Me water to Mave away from the sgouled tuel
before maximum MTBE soiubilities can be reached. and

- the MTBE plume is diluted by the existing ground water

- MTBE concantrations are further reducsd by 3-Oimensional dispersion as the mpacred
ground water moves downgradient

When investigating hydrocarbon spills, it is common to use EPA Method 8020’ t0 quantt
the 8TEX and MTBE compounds. Tabie 15 summanzes the range of MTBE concentrations
Measured in the ground water near the source areas of numercus blended fuel leaks. Thess are
sites where the MTBE was known 10 be due 10 blended gasoiine raieasss. The MTBE
concantrations can vary widely deoending upon the ndividual spdll circumstances as wail a3 whe
the samoied weil was in relaton to the soill. Typwcally, MTBE concentratons of 100 - 100,000 »
are found near blended fuel spiils, atthough values as high as 236,250 #Q/L have Deen reported ir
the literature (2). '

A laboratory bench mixing experimant with watsr and dlended gasoline showed that MTB
concenuations in watar can reach 968,000 4gA (S3). Ancther laboratory study found that MTBE
from 2 biended gasoiine saturated the water with MTBE when the MTBE concentrauen reached
336.000 wuA for 3 92 octane gasoiine (S4). The ideal mixing situation used in these studies meJ
these vaiues likely represent the upper boundary for MTBE concantrations in subsurtace ground
watsr. Therefors, MTBE ground-water concantratons as high as 1,000,000 A may be possibh
under unusual subsurface conditons®, but at most sl sites the MTBE concanuatons Jsually
rangas from 10Q to 100,000 oA

7 ™hs s very sumiar to USEPA Method 802. Depending uoon the laboratory, and severai ather
vansbies, DOth thess Methods ypcaily Nave 2 detechon et of 1 JgA. 10 S QA for MTBE.

' Care should be taken Nt to Mex n results from MTBE water samoiles collected from tank doTIon
waters 49). The special storage Crrtumstances and large volume of product exposed [0 13nx tonom wate
can cause MTBE concantratons ta reach 9.700.000 g4 (49), dut vakues txs Pagh Nave never Deen 1900r:

for ground water.
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TABLE 1§

MTBE QCCURRENCE IN GROUND WATER NEAR UST RELEASES

SOURCE NUMEER “IGHEST MTBE RANGE OF MTIE MIGHEST MTBE WITw | REFERENCE
oF AECORCED gl AECORDED wuu NOC BTEX PRESENT
WELLS - wu
DAVIOSON 30 100.000 19 - 200.000 87 AUTHOR
GARRETT ET 8 136.2% 1% 1364.2%0 [1 -] 2
AL
MALLEY €T 1Q 87 11 987 MA [13
AL.
LUNRS & 18 26.000 7. 26.000 180 [ Y
pYOTT

Fuel Leak Trends

Prior to the mid-1980s. onty 2 few state and local agencies Nad laws governing the opergtion
and tastng of USTs. As a result. leaking UST systems couid release fuel undetscted ind unabated Tor
extenced penods of tme. Repar and replacemarntt of USTS were sometimes Based on economics dlone
(i.e. cost of repairs v3. cast of lost fuel). In 1986 the USEPA estimated that agoroximataly 20% of the
1,800,000 registered peToieum USTs were probably leaking and this estmata nas heid accurats (56).

On Decamber 22. 1988 me UST regutations enutied “Techrucal Standards and Corrective Acton
Aequiremaents for Ownaers and Ooerators of Underground Storage Tanks® became enforceadble. These
regulatians estblished performance standards for new USTs and required leak detection, leak
praveron. and Comecave acbons for leaks or sodls {S7). Repornng such leaks (0 Jpprognate agencies

was 2iso required. Thesas federal laws wers adapted By MoOST 31ates. and as 2 resuit:

. prevention measures are taken [0 avert and reduce leaks

- reguiar activities (tank gauging. tightness tasts, etc.) are used to detect leaks sooner
. releasss must be quickly reported and acted upon

- relgase WMPACTS MUst e assessed

- where NECessary, rdeases must be remediated

AN thess have combined 0 decraase the number of tanks in existence and t0 reducs the
duranon and sizes of leaks sincs the earty 198C0s. This has greaty reduced the amount of fuel reieassd
N the (NYWoNMent. uwwmmmuﬂwsmom‘wmwo«mwss.
aven more IMprovemaents shouid take place and reduce the ol volumae of fuel released sven further.
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' These moravemaents can be seen by comparng mid-1 9803 release conditians 3gaiNst zurrent
infermanon (tank populations. isak detection grocedures. etc.) Based ugon current trends. and ihe
comgiets implementanon of the UST reguianons, esomates are made here regarding fuel reiease rends
Tabie 18 compies thess oreliminary esimatas.

P et —_— e —z=Ss=s=====
B == EF = S 3 =S=3ISso=—mgmma== EF = L T T L T et

TABLE 16

PETROLEUM UST REZLEASE TRENDS

PETROLEUM EST. % ESTIMATED TOTAL LEAX-DAY
USTS IM  STILL MEAN LEAK ESTIMATED & DECLINE
YEAR SERVICE LEAKING QURATION  LEAK-DAYS  SINGE 1985
(days) (days)
1985 1,800, 000° 20%° 90°¢ 32,400,000¢ -
1995 1,000,000* 10%* se'  s,600,0007 81%
2000 980, 000* 53" 24! 1,176,000 96%

See Appendix C for an explanation of these superscripted notes (a
through i), a discussion of the methods used, and a data quality
review of Table 16.

==

Table 16 shows that number of petrcieum USTs in service and the estimated percantage of
tanks leaking Rave both deciined from 1985 to 1995. Sased on leak detection mathods used and thewr
frequency of implementation (i.e. monthly or annuaity). the average leak duration has been estimated
to have declined significandy from 30 days in 1985 to 58 days in 1995. Over haif the USTs are
monitoresd monthly in 1995 Dy one of various methods) as opposed 10 less than annual leak detecton
in the mid-1980s. This beneficial trend shouid. continue as the UST program reaches full
implementiton after 1398 and most USTs come into compliance. It is esimated here that natonwide
the number of lsak-days has decined 83% sincse 1385 due 10 the UST laws benng implementsd and that
by 2000, thers will e 3 36% decline in leak-days as compared to 19885,
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Mass of MTBE Lost Fram UST Releases

A3 leak duribons have decreased. the 10tai volume of an Ndividual 'eak mMust also have declined
significantly. This decline in lgak volume wiil Be further augmented as the leak rats must have aiso
decined due 10 he mare sensitive test Methads Now being usad. and 10 Mose Mmethods Seng applied
more fraquenty. Ag shown i Tabie |, MTBE currendy comonses icoroxmatelty J.5% of the nanon's
gasolina on 3 volume/volume basis. MTBE comonsed aooroxmatety 0.05% of the naon’s gasaiine
in 198S. and wil comprise about J.8% n the vear 2000. Using these values. the number of leaking
USTs. and the average tank leak volumes. estimates are made here regasding e volume of MTBE logr
™ the subsurface from USTs (Tabie 17). The volumae of MTBE reieased to the subsurfice via pipeling
releases is ot quantfied here as no Daseline vaiyes (leak rates. duration. monitonng data) for making
such estimates were available.

== AR E T R RIS AN IS N AN EEE ST E S EE SN N AN E WS N XN RIXEEB

TABLE 17

MTBE VOLUMES LOST TO SUBSURFACE FROM PETROLEZUM USTS

AVZRAGE x or 8T,

PETROLZOM  EST. ¥% / or GALLONS  GASOLINE GALS.

UsTs IN STILL LEAKING GASOLINE TEAT I3 KT3I

YEAR SIRVICE LEARING gsTs Le8T _MIBE Q87
1985 1,800,000* 20%° 360,000° 8604 0.5* 1,548,000
1995 1,000,000° 110%! 100, 000°¢ 400" 3.5 1,400,000
2000 980, 000" sg! 49,000°¢ 145° 3.8  270,000°

Conversion: 1 gallon = 3.78S liters

See Appendix D for an explanation of the superscripted notas (a
through o), a discussion of the methods used and a data qualiey
review of Table 17.
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As shown n Tapie 17, here 'S neacty saven nmes more MTBE in gasoune n 1335 than . 1985
But 'n sgite Af tus much More extensive usa of MTBE. the amount of MTBE released nto (ne
subsurtace fram UST leaks Nas qecregsed shightiy fram 1385 ta 1395 The decrease is due 1o

. reduced UST population Imeasured)
- dacreasing percentage of UST population teaing imeasured)
. decreasing volumae of gasciine lost per leak (esurnated n this paoer!

Fram 1995 to 2000. the amount of MTBE raleased nto the subsurface from ladung USTs
should decline sven more as the 1398 UST regulatons decome fuily applicadle. as compliancs
impraves. and a3 MTBE percantage i the nauon’s gasoline 83343 10 INCrease it the raowd rats seen
from 1985 to 1995 (Tabie 1). The percent of MTBE :n the nanon's gasoiine wiil stabidizes at about 3138
w0 3.9% by the year 2000 as oxvfuel programs phase out. Therafore, even though MTBE use in
gasociine is increasing, impravemaents in the UST pooutlanen and reguiatory comgliance resuit in
substanually less MTBE baing reisasad 1o the subsurface in the future.

ARC 083784
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ANALYSIS QF MTBE MOVEMENT WITH GROUND WATER

Once a disscived-ghise contaminant s in the ground wattr. it wil mave idieciivaly with e
ground water. Ind 1 e Same direcicn. Mowever. 3 sclute’ s Mavement may dDe impacred Dy densty
How. dispersian. adsorguon. volathzation. diodegradation. or othar mechamsms. The seclions Deiow
will ISCUSS to what degree each of these impact MTBE movement with ground water.

Vertical Paosition of MTBE n Ground Watar

ln its pure state, MTBE Ras a dimensioniess specific gravity af 0.735 (Table 2A) reiative 10 pure
water [1.00). A3 such. once dissoived inta the ground water MTBE should not increase the ground
water's density Ind 30 downward, density-driven flow 1$ not an issue.

Whather MTBE reaches the subsurface via infiltraung preciontaton. or By 2 local releass of
MTBE-blended gascline, the ntroduction of MTBE 13 aimost aiways in the shailfowest poruon of the
shatiowest aquifers. Therstore. MTBE wnil inutially be found in ground water just beiow the water tadle
surface. Shailow. lateral transport 1$ Maintained as Nonzontal Rydraulic conducuwnty i3 typicaity ten
omes greater than verncal hydraulic conductivity for unconsalidated aquifers. Additicnally, honzontal
longrtudinal disoersivity is 2iso JDOUT tan timaes greatar than vertical transverse dispersivity (581, Thig
further promotss lateral movemnaent of disscived contaminants like MTBE. and discourages vertcal
movement. As a2 resut of thesa two factors. shallow ground-water flow is pnmanty honzontai and the
dissoived-phase MTBE tends (0 stay in the shallowes? pormon of the snaldlowest aquifers.

Fiald expenencs doung discrats ground-watsr sampling with depth has shown that romanc
mydrocarbons and MTBE compounds are 3imost aiwavs found in the first 10-20 feet (3 t0 § m) of the
ground-water column beneath the water table, ind only on rare occasions do they move deeper.
Vartical concentraton gradients are oftan steep as shown at onNe site whare 3 waeil’s greatest MTBE
concanuation was found between two and four feet (0.6 t0 1.2 m) Delow the water tabie, while the
deeper ground water "ad much lower concentratians (1S9,

A recent study sampied 211 shallow ground-water wells and spnngs in eight urban regians
across the United States. In addivon, ground-water samoies wers collectad from 413 deeper ground
water wells across rune regrons of the country (481, (n the shatliow wells and springs, 27% of the 21!
sampies had MTBE detectad whde only 1.0% of the deeper weils Nad MTBE. In addinon, of those four
desper ground-watsr sampies with MTBE, the highest concentration was 1.3 usgA (48). While the
depth of the deeper wells was not provided nt the report. 1t is Clear that these desper welils ire screened
across the deeper, Major water-supply aquifers. This study provides supporting evidencs that MTBE
contamination of ground water is generaily limited to shalicw portions of shallow ground-water
systems. .

.48 .
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Oispersion of MTBE

Déspersion s the term agglied 1o descride 3 series of micro-scale processes (Nat it 0 spread
ground-watsr <antamunancs in ail three dimansions. Ags (Ne plume Maves downgridient, the same
CoNtamInINt Mass i3 dispersed over larger volume of Jround water which reducss conuamingnt
concentraticns. Therefore. dispersion s an imgortant mecharmism for reducing concINTIntonsg,
sspecially for a consarvauve contarminant like MTBE.

Dispersion in the direcnon of ground-water flaw s lengitudinal dispersion, whiie dispersion in
the TINSversa ind vertical direchons perpendicular 1@ ground-water fiow are called Nonzontal Tansverss
dispersion and verdtcal transverse dispersion, respectively. Field axpenmaents otten find longrruding
dispersivites 10 D8 two (0 LX rnes Qreater TN hosa esomated in the laboratory (58). This is Decausa
GiSDErsion is COMOX Property at seems 10 get larger 33 the scale of the plume increasaes. Emouncaity,
longitudinal dispersivity has besn ssen to Be ¢qQual to about one-tenth of the scale of interest (80).

Honzonal ransverse dispersivity is often 0.0S to 0.2 that of longitudinal dispersivity (S8) with
a value of 0.1 used most often (61). Verucal transverse dispersivity is often assumned 1o be squal 10
honzontai ransverse dispersimty (62) and 3o it ta0 1S about one-tanth of longitudinal dispersivity (S8).

With greater honzontal ransport distance and increased ume, the cumuiative etfact of verucal
ransverss Jdispersion can cjuse some vertcal spreading of 1 recaicitrant compound like MTBE. Sarme
evidencs of Tus May have been seen in field expenmaents whaere the MTBE appeared to go deeper o
the aqurfer 33 the Tansport tme and distances ncreased (62). Comouter modeling couid be conducted
to determine the molact that dispersion has n reducing dissoived-phase MTBE concantrations as the
plume maves dawngradient. :

Adsorption ot MTBE

A component’s tendency 10 adsard (0 OrgaMic Matier can de ssumated By it organc carbon
paruoon coefficient, or K. As summanzed in Table 28 of this report, the reported values of MTBE's
Ko range from 5.5 10 13.5. wiule other sources report values of 8.7 10 81.28 145). Thesa low values
indicate that MTBE wd adsord poorly 10 orgarnc mattar.  This is supported Dy ground-water remediation
axpenence where granuiated actuvated cardon (GAC) treatment systams are farly inefficient at
removing MTBE from impacted water iong tarm (1, 44).
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How well 2 solute attacnes (o 301l degends ,gon he campound s Kse and the soi's materg
fraction ot arganic cardon, or Fo.. The contreliing equation (461 1s:

Rt a1 = P xiKyzFyl

n
where:
Rf = ratardanuon tactor. or how MUCh siowaer the soiuts Moves relative to the ground water
P, = soil bulk density

n = 3ol porosty

Due to the site-specific tactors of soil porosity. soil buik density and fraction of arganic cartan
in the soil, no universal retardaton factor can be provided. However, using typical reference values
{46, 611, a generai esumate of MTBE ratardauon can de prowided. Using:

porosity = 0.30 li.e. JO%}
bulk density = 1.85 g/em’
Foe = 0.0002 li.g. 0.02%]}

Koc = range of 8.7 10 81

Then a retardation value for MTBE ranges from !1.01 to 1.09. As a resuht of these very smau
retardation vaiues, little 10 no MTBE usually attaches (0 the sod. This 1S supoorted Dy the vast
collecton of field experience from MTBE-containing gasoline soils which shows MTBE contamination
of soil is an UNCOMMON ACCUITencs.

The vast majority of dissoived-ohass MTBE that enters the subsurface wiil stay in the infiitratng
water and then transter 10 the ground water. A retardanon vaue of close 10 1.00 means the dissoiveds:
phase MTBE moves at aimost the same speed as the ground water. This comparss favorably (o 4
generaiized contaminant transport madaling study reported by Piel (41) which detsrmined an average
retardaton factor of 1.01 for MTBE and 1.09 for benzene.

.80-
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In sandy units witn low organic Matter. the adsarotion of MTBE woukd 26 nearty zaro
(e, Rf = 1.00) whie aromatic Rydrocarbons wouid Rave retardauen factors greater than 1 00. For
examote. the Borden aquifer n Canada i3 one sueh unit (611 and at tis carefully studied ute. the
retardanian factors were caicuiated as follows:

CONTAMINANT RETARCATIQN FACTOR RANGE AVERAGE Rf

Chionde 1.00-1.00 1.00
MTBE Q.97 - 104 . 1.00
Benzane 1.08-1.19 1.14
Toivene 1.13-1.34 1.24
Ethyibenzene 1.37.2.34 1.88
p-Xviene 1.82 - 2.20 1.88
m- Xylene 1.34 - 1.48 1.40

1.68

o-Xylene 1.38-1.97

This fieid-scale study 161) showed that, as expected. 0 3 sandy aquifer with low organic carbon
content (F,. = 0.021%) the MTBE moved at essentially the same rate as the ground water. Both the
MTBE and 3 conservatve (unretarded) chioride tracer had average retardauon factors of dDproximatety
1.00.

When campanng retardation factors for the aromaucs in the presencs of MTBE (10% in the
gaschne) and in 13 bsenca (the control), this study found that the retardaton factors for the aromase
components wers e same (61). In other words, the prasence of MTBE (10% in the gasoiine) did not
maks the BTEX compounds mave faster oc further.

Bacauss of it very limnted 10 Non-existent retrdaton, dissoived MTBE will mave faster through
the aquifer and Thus be further downgradient han the BTEX camocunds or other hydrocarbens (2, 81).
A comaminant’s retardanon 18 directly dependent upon how much organic martter (F .l is in the sod at
each site 4nd O standard retardation factors can not be provided. In general hawever, benzsne wil
typicaily have 3 retardaoon factor of at least 1.1 in sods with low organic content, and it can be much
rgher tor more organic nch sois. Sinca MTBE's retardation factor is usually close 10 1.0, the MTBE
will move at least 10% faster than the benzene in the 1ame aguifer. Toluene, sthyibenzene, rylenes
and other aromatc hydrocarbons typecaily have retardaoon factors of 1.1 to 2.0 (or more). Therefors.
MTBE wiil mugrate 20%, or mors. faster than most aremauc hydrocarbons.

As the plume moves further downgradient, this faster migration of MTBE will remain constant
n proporoon (ex. 10% faster than benzene), dut the absoiute ditffersnce between the benzene front and
MTBE front will increase. This is because as the total distance of plume Mration gets larger, then
10% of that distancs also becomes a larger value. For nstancs, consider 3 sits whers benzene Rf is
1.1 and the MTBE Rt is 1.00. If the dissoived-phase benzene plurne has migrated 500 feet (183 mi
away from the soill source, then the MTBE front would be expectsd to be approximatsly $80 feet
(201.2 mi} downgradiant of e sourcs due T retardation differsncas slone. As will be discussed below,
differsntial biodegradation rates will cause the separation of the benzene front and the MTBE front to

become sven greater.
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Voiatdizauon of MTBE from Ground Water

It1s weil known that volatile contaminants can volauiize fram the SrouUNG watnr and enter he
subsurface ar (sod Qas) in the unsaturated 0 pores abave the water tadie. Ags such. volauhizanen
could be an imoonant process for removing MTBE from ground water. The Herry's Law Canstant far
MTBE at 25 C has been determined 0 0¢ 0 0216 (10). These vaiues :ndicate hat MTBE from water
s about 1 order of magnitude tess volatie than benzene (10).

A comoonent’'s tandency 10 volatilize out of water can be quanufied by the Henry's Law
Constartt. However. n ocder to esomate MTBE mass 0sses from M ground watar due to volatlizatcn,
1S NOCHSIAry (0 3130 consider vapor movement by diffusian. Diffusion determines the Mmass ransier
rate of MTBE being carmed away from the water/air interface in the soi. Then it must e determined
now much MTBE mass is remcved from the subsurface by Tanster 0 the atmosphere and/or destroyed
{by vapar phase biodegradation. otc.).

Subsurface volatilization of MTBE from the ground water might be especially significant after
the MTBE piume Nas increased its 3ize due 10 advecnive and disparsive ground-water movement. The
tame mass of MTBE spread over 3 larger portion of the aquifer means there 1S mare surface contact
between the MTBE ground-water piume and the unsaturated zone. This might ailow Mmare volaulization
to take placs. Addiucnally. as the MTBE migrates downgradent, it contnually sncounters regions
where the sudsurface air 13 not N sQUIIBrIuM with the dissoived-phase MTBE. This heips perpetuate
connnuing volatiizavon of MTBE from the ground water.

However, these volatlizaton dnwing forces ars eventually reduced. Since the MTBRE
CONCENTITONS N ground water are reduced is the plume grows tNrough advecnon and dispersion, the
vapor philss CONCENTIDONS i1 he 3 JEOve the contaminated ground water must i3 be reducad li.e.
Henry's Lawl. This means less MTBE wiil enter the vapor phase to be camed away, and 30 vapor
phase rarnoval of MTBE from ground water wiil be reduced. )

Volatlizaton of MTBE and subsaquent vapor-ghase diffusion are camainly mass removal
mechanisms that will reduce MTBE concentrations in ground water. Determining numarnical vatues of
volatiizaton-induced ground-water concentration declings would regquire muit-gnase maodeling that

included:

- varying ground-water MTBE concentrauons with sgace
(range from 10 ug/l to 100,000 st}

. volatiizauon rates from ground water {i.e. MHenry's Law)

. ditfusion of the vapor phase in subsurface sod that recognized
reduced porosity in tha sod dus 10 water filled-pores and torucus poras

- s0il moisture and its IMPacts on porosity and diffusion rates

- MTBE mass loss due 10 atMosphernc emissions

- MTBE mass loss due 10 vapor phase adsormuon (if any)

- MTBE mass loss due to vapor phase biodegradavon (if 3ny)

- model capable of handling declining MTBE concentranons in
ground water as the mass ic13as (o the vapor phase
occurred li.e. varying MTBE concentrations with umal.

.82
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then 3 Ground-waltsr concentranon snould Be Q3ed Rt JcCyrately regresents the slumae Zeng 1Ldind
Scecificaily:

SUBSURFACE MTRE SQURCE AEPRESENTATIVE CRQUND-WATER CONCENTRATION
pure MTBE 42.000.000 g/t or lower
tank-boniom water 9.700.000 g\ ar lower
MTBE-blended ﬁasolim 100.000 gil. (i36,000 WA i3 the highest

recorded, but such 3 Migh level is quite rare)
vt precigitaton 2 101 o lower

Based on data presented thus far, these are reasonabdle values for subsurface ground-water plumes .f
no measured vilues are available. but actual values shauld be used for 3 site whenever pcssible.

line V r Accumylatian in Buildingy - Feid Sxperien

No literature citations wers found regarding MTBE vapor measurements in basements.
Historically, subsurfacs petroleum invesugations have not tycalty measured for MTBE vapor

accumuiations. Same insight can be gained by summanzing field experiencs regarding gassiine vapor

accumulation in duidings.

The author (Davidson) has dealt with aporoximataly 300 gasoine soils. Of these aoproximataty
1S have invoived 2 reported vapor accumuiation in a building. Without exception, all cases nvoived
2 building with 2 bassement. Thig is logical as basements reduce the verdcal $203ration between the
dualding and the subsurtace contamination, a3 weil as providing a poory ventiated sccumuiaton e
for vapors to collect. Vapor detecnons wers typically first noted or suspected due o human detecton.
In sOMe Ca583, PrOICTVE vaOOr GEUACTON STECS wers taken due to a building's position over a sagarate-
phase gasoline laver.

Tynically an emergency response was taken of measunng for gasaiine vapors wath 3 Flame
lonizaton Cevics (FIQ or 3 Photo-ionizanon Devics (PIDL. In most cases {13 of 15 sites). no deteclabie
vapors (detection lmit of 1 pobv) wers noted in the duildings. Subsequently, ™e homecwner oc
buiding residents would not repart any vapors, only o be followed 30me days, weeks or months later
by anather sudden report of vapor detecton. This s very common and is liksly due to rapid temooral
fluctuations in subsurface vapor formation, vapor migration into the buiding. and vapor accumuistion
to datactable leveis. Al these varisblas will change rapidly based upon:

- barometric prassure changes

- daily (diumall temgerature varistons

- hasting & vertilation practices af the budding
- saasonal temperature varistions

- water-table Nuctuations

- additional contaminant releases
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Reoeated ros to 2 duiding 1sometmes daily) with a FIO ar PIO. inevitadly leg 19 many
non-detects. failowed somenmes By a later posinve detacucn regorted By (he Building rendenrts. in
arder W Qvercome the problem of detecting rapidly changing vapor CANCINTranens, JUtOMIDG vH0Or
detecDon EQUIOMent ngged [0 JIAMS were someumaes used. Alternately, long-tarm measurements can
be cbuned By \nutailing carbon adserpucn tubes that wil provide 2 flux measurement of all volagie
vaoors. Somentmes the positve vaOOr reo0orts wauld cease Dy themsaives, But cther imes subsurtace
rernediadon of vapor-onase or dissoived-phase contaminatan wis raquired 1o 3t the COsTLvVe vipor
detectons.

't i3 expectad hat  any MTBE vapors were 10 reach 3 Basement. the detectons would foflow
much the same pantarn of being very $poradic. wath only 0CCaSiONdl DOtitive readings. Whie this s
difficult from 3 Measurement Dersoectve, it is beneficial from an exposurs standpount. 23 MTBE vapors
would not be expected (0 be continuously entenng 3 BasaMent in MOst Cases. As compared 10 the
benzsne vapar experience. factors that would promaots MTBE vapor presencs n basements inciude:

- higher possible MTBE concentrations in ground water (up to 200,000 ,gA! than
benzene (typicaily maximum of 20,000 to 10.000 ug/: see Reterances 53 & 54)

- larger ground-water piume of MTBE (as descnbded later. typicaity 1.5 t0 2.0 umes
larger than the benzene piume!

- the longevity of MTEE due to 1ts mimmal biodegradaton

Conversaly, factars that would inhibit MTBE vapor presence in Dasements as compared to Denzene
would includs:

. MTBE is less volatiie from watar than benzene

- the major poruon of most MTBE ground-water plumes have concantratons /ess
than 1,000 gt

- only about 30% of gasoline spills have MTBE in them

- since UST leaks are declining in number and size, less gasoiine and less MTRE
is being lost 10 the sudsurface than previously.

Biodegradation of MTBE

MTBE is not expected 10 de readily biodegradabie. Early work suggestsd tus may be due 0
the resistancs of the ether bond to microbial attack (651. Recsnt work (34) aiso suggested this, whae
an inability of MTBE 10 be Tansported into calls, or the lack of existing snZyme activities that can sTsc
the ether bond. wers 2is0 proposad. .

Fujiwara et al. (39) reported that MTBE did not diodegrade well in the subsurface. Ay
interpretad n a repart by Environment Canada (4S), Fuiiwara st 3. (39) provided biodegradation haif-ste
estimates of 28 w 180 days for MTBE in aercbic sods and ground water aithough the method 3
uncisar. This report 391 aisa provides sstimates of 112 1o 720 days for MTBE's haif-ife in ansercdec
soils and ground watlr. However, it 3000313 that the JNIErodic $SUMAItES were $iMply Mathemaocally
assumed (o be four times longer then the aerobic haif-ives. Al thess Diodegradation half-iife vakues
shouid be used with caution.

8ench-scale tasts of soil and ground water (61) showed that after 232 days. there had deen
no measurable biodegradation of MTBE, even under an uniimited oxygen environment. In 3 limrted
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cxvyoen 3&TONg tNat Mare redhsnucally modeled subsurtice conditidng of 9330Une release. NO 2erobic
or INaerodic MioceQradancn of MTBE couid e measured aRter 420 days. Another Bencn-scais (83t
showed (NIt after 132 davs. Ters was No iNGiICItON of 3N2ETOKC DIOAEQradaton of MTBE (36). A fiekd
scale study (61) showed that after 476 davs essentally no MTBE mass nag Biodegraded tram the
ground water in 3 sandy agqufer in generai. MTBE does not biodeqrade wel under natural conditons.

There is some evidence 19 suggest tnat MTBE can Brodegrade in the subsurtacs very siowly
The Amancan Petrcleum insutute 1API) did find some MTBE mass loss (14%) sher 476 davs aof
monnorng 3 tield study (§1), howaever the loss was not clearly attndutatie tg Bodegridation. it s
passbie Nt SOMe DOdegracanon My eventually occur. perhaos due to subsurface mcrodes idagung
with trme.  Another report (37) showed tat at one ste wnoacted wieth MTBE and various Nydrocarbans,
attar four weeks of 2erobic ncubation. S8% of the MTBE was apparenty consumed Dy microdesl
degradation, aithough the evidencs s limited. Recsnt labaratory analyses showed hat MTBE can be
aerobicaily biodegrided is evidenced by increasad oxygen consumpuon rates (651,

Tests by ARCO Chemical Company [67) show that active siudges Mave the potantial to
biodegrade MTBE. especially when the siudges were Jiready acclimated o the prasance of MTBE. In
another study. by collecang acuvated siudges from chemical plant biotreaters, a mixed dactanial cuiture
was is0lated and shown (o brodegrade MTBE (34). After inoculation, ennchment and siow growth. the
pactenal culture eventuaily was able to aerobicaily biodegrade 80-30% of the added MTBE, prmaniy
to r-dutyl aicohol (TBA). Whie these labaratory studies are nOt represantative of most subsurfaca
locales, they do demonstrate that aercbic degradation of MTBE is possible.

Simidarty, anaeratic Biodegradation of MTBE may aiso De possible. a one study. after an 84.
day acclimauon penod butyl methyl ether (the sTaight chain anaiog of MTBE) began to anaercbically
decay and convenrt to methane (J8]. HMowsever, he degradanon rate was siow, and 3 tartiary carbon
atom lika MTBE wouid likaty degrade much more siowty than an unbranched dutyl methyl ether (38).-
Mormiie et ai. (68} found anaerodic degradation of MTBE 10 TBA in one of thrae repiicats sediment
samples caollected from 3 locaie sxposad 10 regeated and vaned fuel spils. Yeh and Novak (40) dig
report anaerobic (methanogenic) dodegradation af MTBE at one locale with low organic matter and a
low pH of 5.5. This tantauvely suggests that iow pH may promots MTBE dagradauen.

it 13 3130 possible that saquennal ynlizanen governs substrate Diodegradaton (83). Ia swudying
piodegradation of TBA and mathanol. it was seen that bactenal consumoten of the iess readily
Biccdegracdable TBA dDegan onty after the methanal had een consumed. While MTBE Modegradation
N the subsurface 13 intially quite siow, this study suggoests it Mught IMpErove ance mare pretferential
carbon sources (ex: BTEX compounds) are consumed. This passidility 's supporied Dy work which
showed ETBE was anaerobwcally brodegradabie, But only when the more readily consumed ethanol was
absent (40). Yeh and Novak {40) noted some anaerodic biodegradaton of MTBE in scds whers more
rsadily degradable organics wers absant {i.e. that contaned low levels of naturally occurring carbon).

In summary, a3 few studies have notad direct evidence of MTBE biodegradation doth aerobically
137. 67) and anaerobicaily (36, 40, 88l. Acclimanzaton of the microbes (on 3 time frame of months
10 years) may promots siow biodegradaton of MTBE (34, 40) as might low o {40). Environments
1acking mors readity biodegradable cardon sources may be more likaly 10 have MTBE buodegradation
(40, 891. : .
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Dischargae 9 Surface Water

Eventuady, simost ail ground water discharges (0 4 surface water body | nvaer. [ake. day. ocuan
etc.]. A such. any MTBE in ground water will 3iso discharge Nto 3 surface water dody. VYolatihzaton
would then cause the MTBE to rapidly leave the surface water. The ume until ground water reaches
a surface water dody vanes greatly But 1 most hikely years to tens of years for the shallow ground
waters that might e mpacted by MTBE.

Qther Mechanisms

Whie photoxdation 1s known to destroy MTBE (45). since the subsurface 1s essentaily devoid
af suniight this procsss would not be significant for destroyng MTBE in sails or ground water.
Enviranmaent Canada (45) states that hvdrolysis would not de stfective as MTBE malecules have no
hydroiyzabie grouos. Recant research (70} shows that no hydrotysis of MTBE occurs over a broad
range of pH values (pH = 1-10). Reduction wouid not be expectsd to have any imoact as there are
no reducibile groupgs in MTBE (45).

Summary

For saverai reasons, MTBE contamination of ground water i3 usually limited to the uppermast
portion of shallow aquifers. In same Nigh argamnc content sods, adsorption may siow the forward
movemaent of MTBE with the ground water ind remove some MTBE mass. However, in general.
adsocprion is expectad 10 have litte effect and 3o dissoived-phase MTBE will move at the same rate
as the ground water. Similarly, some minor bicdegradanon may occur in some aquifers, dut MTBE
reduction By this maecharusm is generaily minimal. The procssses most likaly 10 remove MTBE mass
from the ground water are volathizaoon nto the sad gas and volaulization into the atmosphere after the
ground water discharges to surtacs water. Cispersion i3 an effecuve process for reducing MTBE
concentrations 1 the ground water.
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EFFECTS OF MTBE UPON AROMATICS IN THE SUBSURFACE

Repartud Co-Soivency Fisid Experiencas

When dissoived into ground water. denzene 13 a2 so/ute and ground water i3S the sofvent. There
can be muitple scivents for 3 given soluts. For instancse. Senzenae (the sciute) can dissoive N0 two
differsnt sofvents - water and MTBE (52). If the second saivent is aisc present in ground water. ¢ can
cause the ot sciubiity of the dissolving component in the ground water 1o increase. This solutility
snhancament due 10 the presencs of two 3olvents i3 kNOwn as co-saivency.

Thers have deen reports in thae litsrature (2. 71) of field experienca that suggested MTBE can
causa co-solvency of BTEX comoonents. This suggests that the presence of MTBE might allow higher
concentraucons of BTEX in the ground water a3 weit as increased STEX mobility.

Garreftt et al. [2) reported that in their expenencs. when no MTBE was blended into the fuel,
total BTEX concanuvanons were often n the range of 10,000 sy to 30.000 ugA. However. total
8TEX concentrauans up to 100,000 ug/L are common based upon the author's lieid expenencs at
hundreds of hydrocarbon sites. as well a3 published studies (53). Ground-warter samples having total
disscived BTEX concantranons of greater than 100,000 g/l ire aimost aiways ndicative of the
presence of separita-phase gasoline product.

After studving a spil of gasoiine blended with MTBE, Garrett et al. (2) repcried that one well
had 128.000 woA. of BTEX and MTBE combingd. The gascline-only concsntration at this weil wag
40,474 QA wihich is well within the normal range for gascline dissolved into ground water. This
gasoline concenTINON is therafors nat excassive, nor indicative of any co-soivency.

At this same 3pifl site Garrert ot al. (2) aileged that one wall did show the effects of MTBE
co-solvency. A water sample from shailow wedl 1-S had a large gascline and MTBE combined
concentavon (500.000 Lo/} with tha gasciine components aione being 263,434 sgA. This gasciine
value is indeed far abave that normally associated with Dlended fuels. Ind inaity may seem strongly
indicatve of MTBE's co-solvency potential. Howsever, a review of Tabie 2 and Figure 4 of that regont
12) clearly shows the sampie was collectad from 3 weil within the ssgarate-phase product piumae.
Similarty, at another site they repart a record Mwgh of 600.0C0 A tor BTEX and MTBE combined
which Suggests co-solvency is occurnng (2). However, the samoie collecton descrpton (Page 235
of Referencs 2) clearly states that the sample was coflectad from directy beneath the separate-phase

product. ’

Samoles collected from wells containing saparate-phase product do not provide meaningful
dissotved-phase concentrations’. The concentrations measured are mersly indicative of haw much
product was enTaned or emulsified o the sampile. but tell nothing adout the actual solubility of BTEX
or MTBE in the water tself. Thersfore, it is conciuded here that the 500,000 ot and

! K 13 nearty mpossidie 10 collect 2 water sampie irom a weldl with 3 flcatng separate-phasa product
layer without gettng some globules of pure product i e water sampie. The ficatng product gets smeared
oMo, and ¥, The SIMphng device when it 13 lowered down through tNe seDarate-ohase layer n The wel.
Also, Droduct 1$ usually entraned of emulsified mto the water samola dunng the Basing of pumpwng of the
sampie. For years, he common field practice Ras deen ot ta samMple Jround water from morstonng wedls that
nEve separite-phase Droduct Becauss of this probiem.
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600,000 QA 1amoies are nat regresentative. ner useful and are SNty Aot fieid svidance of MTEE
induced co-sclvency. Untortunately. this was not recoQrized 404 the incorrect conciusion af MTBE
CaUsINg &O-3CIVENCY at this site has Deen referanced as xav field evidence n e litgrature (44) n
summary, whie these reparts (2. 71} werg moortant and pioneenng works reqarding mb:ud.acn
IMEacts due 10 oxyQenate fuel idditives, (Rey 10 NC way oravide field evidence of sugsurface
co-solvency etfects of MTBE. Na other reports Pave been Mide with sny figld tvidence of MTRE
causing ca-sQivency.

Co-Solvency Expenmentation

Whan reviewing repors regacding oxvgenate co-solvency, e concentratons of Oxygenats used
in the study must be carefully compared 10 the amount af axygenates usad n actual fuels. For
nstance, Miheiic [72) reports that 3 4.2% MTBE concentraucn n water caused 2 an average 43%
increase of aromatc hydrocarton concentranons. Because MTBE i3 used in fuel at ranges up to 15%
volurma/voluma, Txs may seem like MTBE can cause signdficant co-sofvency. Howqver a careful review
shows tat Miheiic's MTBE percantages are 1 water. not fuel. A 4.2% MTBE concantraton in water
i$ equivaient to 42.000,000 yg which 13 the maximum theorsncal MTBE cancantranon that can be
resched By pure (neat) MTBE. Thus this 43% sciubility increase due to MTBE presencs is oty
applicable in the very rars instances when purs MTBE has Deen reieased.

As cemonstrated eartier, 15% MTBE in gasaiine can produce a theoretical maximum of about
10.000.000 gL (1%) MTBE in water. Mihelic {72) shows that MTBE caused litte (¢ no solybdity
snhancamaent of JOManc hydrocarbons with MTBE at 1% in the water (10,000,000 ygA). This level
is roughly equivalent 1o the maximum thecretical and smpirical concentrations of MTBE for blended ™
gasoline tank-20tTom waters (49} and may have some slight co-solvency eifect thecs. However, no
ground-water concantrabons this high Nave ever been reparted when the MTBE sourcs is biended
gasoline.

Miheiic (72) reports that 0.1 percant MTBE in water (1,000,000 1gA) only increased aromatic
hydrocarbon solubifity By 1%. Thersfore, evan at the highast MTBE ground-water ieveis possible for
a blended fuel spill, MTBE onty causes 2 maxmum 1% increase in aromatic hydrocarbon solubility.
Such 2 1% incraase wouid not De noticeable within the range of aromancs normally seen in gasoline.
Piots of aromaoc soksbilities (52) shaw that at the 0.1 % (1.000.000 sg/) MTBE concantratons ssen
N ground water, NG Measurabie solutility increases exist.

Therefore, MTBE’s presencs in blended fuei at 10-15% volume/volume does nat cause any
measurable co-sotvency stfect to aromatc Nydrocarbons dissolved into ground water. This conclusion
is Supponed thwoughout the literaturs (50, 52, 72, 731. As correctly stated By Miheiic (72), sven the
highest MTBE concentration of 800,000 sgA rsported by Garrett et al. (2) could not have caused
significant soiubiity enhancement.

MTBE's Net impacts Upon Aramatic Hydrocarbon Concentrations

Another key role of the MTBE is that t's addition dilutss the Jascling and lowers both the
proportion and the volume of acomatics in the fusl (73). This reduces the aromatics avaiable for
dissolution into the water and suggests that BTEX cancentrauans should actually be iower in ground
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water when MTBE .3 in the tuai. This is supocred By another 152) STUGY that shaweq hat 23 the
percent of MTEE n the fuel increased. banzene solubdity n water decreased. APt (73) 4isg repons Tt
1 3""'_3 of expenments showed BTEX cancentrations did decrease s MTBE concentritons ncreased
specificaily: .

MTBE n fyel Tora! 8TEX imaal
0 122.8
1] 118.4
10 114.0
15 107.4

Theretors. sven if 3 worst-case 1% increass in solubility did occur due to some mMinor co-solvency
effect of MTBE {as Meorzed by Mihalic (72)], this etHact is mare than offset Dy the reducton of BTEX
components avalabig for dissalution (73).

Because benzene’s distribunon coefficient was higher when MTBE was presant. Cling et i (50
predictad (hat denzene CoNcentratians in water wauld be lowsr when 11% MTBE was in the water.
than when na MTBE was gresent. The partion coetficient for the aromatcs into the water aopews
to be about 5 10 10% less when 10% MTBE i3 0 the gascline. This was supperted by two-phase
solubility expenments (74) that showed MTBE concentrated in the od phase and did not increase
benzene solubikty in the water. This etfect enhances the net reduchon of IrOMABVC concantravong n
the watsr due to MTBE’'s presencs.

In summary, MTBE does not causa any co-solvency of aromatcs (SO, 72. 73). MTBE »n
gasoine acTually reduces the aromate concentatons in ground water for two reasons (50,72, 73, 74,
Frst the MTBE substitutes for the use of high octane aromatics in gascling. Second. MTBE wil hew
retain the ramaning aromaucs in the buik gasoline By providing 3 more soiuble oil phase for
aromaucs. ’

MTBE's Impacts Upon Bicdegradation of Aroamatic Hydrocardbons

The bicdegradation of MTBE itself has airsady been discussed and shown 1o be nNon-eustam
10 very siow in the subsurtace. A review of MTBE's impacts upon the biodegradation of aromane
hydrocarbons is provided hers.

The naturally occurming subsurface biodegradation of aromatc hydrocarbons is beneficial for
contaminant reduction. There is concem that the presencs of MTBE in the subsurface might somehow
reducs. or inhibit. this benaficial diodegradation of the Nydrocarbons. Howaver, all available svidence
demonstratss that MTBE's presence does nat interfere with, or siow down, the biodegradation of
hydrocardon compounds.

As described in Garrett ot 3. {2) and Salanitro et al. [J4), 2 paper by Fujiwara et al. (39
repontad that the presence of MTBE (12% volume/volume in gasciine) had litde effect on e
odegradabiity of the other gasoline components. in controlied laborstory and fiekd studies. subsurtacs
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mass 1988 rates of moncaromancs fi.e. BTEX) wers not measurably di
e y ditferen
added to the fuei (B1). twhen 10% MTBE wag

The toxcity ot MTBE does not apoear 1o reduce oc inMidit Biodegradanen of

and Aran (35) found that vanous concsntrabons of MTBE in water ue :: 40,380 :g/:(::::?;n:.;":
ettect, whie 200,000 ,gA of MTBE had 3 very weak inhibiory eftect (o-ryiene and m.m,:.
degradavon were siowed by ane dayl. Another study found that at 740.000 g, MTBE nhibeted e
Brodegradanon of some Nydrocarbons (66). Studies conducted by ARCO Chemical Company 187) tound
that n 3 Laboratory deodegradaton study of MTBE gaty (ne aremantcs presant) MTBE did biodegrade as
evident by Oxygen uptaks by dactera. The biodegradaton of-MTBE 300eared inNibitad when MTBE
concentratans reached 1,700,000 oA

While the above referanced studies show that MTBE can cause inhibition, the dissoived MTBE
concanuatons required are quits high (200.000 - 1,700,000 s/A). Sueh high MTBE concantations
very racely ocowr n ground water (Table 15). Concentrations this high might occur onty very near e
sourcs of 2 fuel spd (or in very rare instances. near tankbottom water releases or pure MTBE reieasey)
This inhibition would liksly de unimporant however., as the lack of dissolved axygen mah
encountersd in such highly contaminated ground-water reg10ns Means that diodegradaton af dromancs
will be vary siow anyway (751, As suggested by Tabie !5, most ground-water plumes wil not have
MTBE concentranons high encugh (above 200.000 oAl 0 cause ny whibiton of Mydrocarbon

bicdegradaton.

Becausa of 13 very low biodegradabiity, MTBE i3 not expected 1o use siQnificant axygen which
might Cause 2 reduction in the Jerobic biodegradation of aromates'. If, 3 preiminary svidencs
suggests. MTBE s found to be siightly degradabia in the subsurfaca, then cxygen consumption by
MTBE must e studied in further detail to determing any detnmental ettects on yromatc degridation

rates. °

19 In contrast. methanoi Nas deen found 1o MWbit the Diodegradanon By two methods (S 11, lnmalty
methanol iNibi(s D100¢9radaton due to Methandl toxcity, and then later By remaval of oxygen dus to
preferentiail DICCegradanon over e HOMIUCs.
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FIELD OBSERVATIONS OF MTBE & BTEX PLUMES

The author reviewsed 3118 assessmaent resuits from 30 Colorade locauons that each had spils
of MTBE-blended gascine''. Based upon site records linventory recards, UST system tastng, nrtaily
discovery of ground-watsr contaminauan, etc.), it appedred that it Nad teen two (9 seven ye¥s since
the fuel reieass at each of these JO sites. Ag is typical with petroleum sod sites, the exact amount of
fuel Jost and the nmeng of the release (or releases) are Nt precisely known. In some cases. thers was
not sven 3 Medsuradle spul on recard, Ind yer ground-water iMpacts existed.

At these 3O Colorado sitas, it is likely that some 3pdls contained as little a3 5-8% MTBE (late-
19803 octane snhanced fuell, while others had up to 15% MTBE {1390s oxvfuel). As is common, at
thase 30 sites muitiple fuel reieasas of varying MTBE content probably occurred lincluding somae non-
MTBE conmining fusl in the summer Mormisl, and the soill volumes and pdl TMING 378 NGOt well kKNowN.
As 2 regutt. it is not possible to determine precisely what the MTBE content was in the fuel spilled at
these sites, or what the MTBE mass loss was that craated the JO ground-water plumes analyzed hers.
Untortunatsty, this will be the case for almost all field sites. Only at intentional, controled spdls (81)

_and at 3 very few real-world faciities with excailent record keeping., would it dbe possidie to correiats

specific plume charactenstics t0 particular MTBE percentages in fuel and soll volume. The 10 sites
prasentsd hare therefors do not represant 3 parncular spdl scanane that can de mathematciily
correlated to ground-watsr plume conditions. instead they represent a vanety of MTBE voiuma loss
scananos and should be viewsed as smpincal informaton adbout MTBE plumes that torm from blended

gasoling spdls.

There were 8 10 12 ground-watsr monatonng weils at tach of thase 30 sites and 30 experiencs
from about 300 weils is summarized here (and fistad in Tabie 15). Each well Nad been sampied
sparadically for 4-7 years. The number of ground-wiater sampling svents avaidable for sach site ranged
berween 8§ and 12. Samples had deen analyzed for BTEX and MTBE using USEPA 8020 or USEPA 802
Methods. Discussed beiow are 2 variety of observations made from this data.

Downgradiant Exunt of MTBE vs. Downgradient Extent of 8TEX

In order 10 detarming Now MUCH Mory extensive the MTBE ground-water plume was than the
BTEX piume. mags wers craated of the lateral extent of the BTEX piume and the MTBE piume. The
size of MTBE plume was defined Dy the projected contour of non-detect MTBE concantratons. The
size of e STEX plumes was representad as the projected non-detect contowr for benzene s it is the
fastest moving, and s MOST extensive, AOMAnE hydrocardon n ground water. Typically, the arsal
axtent of the MTBE-only plume was 1.5 to 2.0 larger than the ares impacted by benzene (Figurs 8).
No MTBE plume studied was more than twics the size of the ssociated denzene plume. Other spills
and othor locales may have ditferent ratios.

This 1.5 t0 2.0 MTBE:STEX plume ratio wis seen at another well-studied sits. In the sandy,
low-organic Sorden aquifer (81) the MTBE had moved an average of 1.44 times further than the BTEX
compounds sfter 108 days. By day 476, the MTBE had moved an average of 1.75 umes fusther than
the BTEX (sae Table G-1 of Refarancse §1).

11 T4 protect sits owner prvacy. the site 10CILONS #¢ NOT rovided here.
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Thig increase with tme s 10gical as imitially MTBE 15 adle (o outdistance 8TEX comoonents .a
the subsurtace due onmaniy to the difference in thair retardation (§1). However. as the ume since he
fuel sodl IncTeases. natural ticdagradation af the Rydrocarbons should cause them 1o fall even furthar
pehind the MTBE whicn does nat Biadegrade wail. This wiil cause the MTBE.BTEX plume rato to
INCTease with ume.

Because me MTBE piume from 2 diended gasoling soil 1s often 1.5 to 2.0 umes the uze of the
benzene glume. 't 18 common to find gosiive detectons of MTBE n 2 well. and yet no BTEX
componants. in such 3 scenano. the MTBE s most cananty due 10 the biended gasoline soill but MTBE
may be the only component in aporoximately one thurd to one haif of the ground-water plume
{Figure 5).

High MTBE Detsctions Co-Occurred with High BTEX Vaiyes

As the MTBE concantrations vaned spanally across the sites. the BTEX conceantrauons vared
in the same manner. That s, where the nghest MTBE concentranons were found the BTEX leveis were
also elevated. Alsg. as MTEBE vaiues fluctuated seasonaily in 3 well over 4-7 years. the STEX changed
in 2 SYNCNronous manner, athough the adsoluts values of the MTBE concentranon changes were nat
necessaniy equal to the BTEX concantration changes. Thasa significant seasonal vanatons of MTBE
and BTEX concentranons means that time-senes samoling wells is ¢eritcal to understanding ground-
water analyucal daw. A ungle sampling svent i3 difficult 10 correctly and compietaly interpret Dy tseif.

Cross-Gradient MTBE oniy Detactions

When walls are located on the lateral edge of the plume in a direction perpendicular to the
ground-water flow. they are said 10 De cross-gradient. Field cbservauons have shown that some
cross-gradient weils can have MTBE concentavon as hugh as §.281 4L, wath very littie 8TEX or other
Nydrocartons oresent. Ancther Nearty well at e same suts showed 4,400 g/t MTBE but onty 4 oA
total BTEX. :

This pattern occurs wihen the monmtonng well is located just 2 short distance from the central
mass of CONAMINIDON, which Producss 2 very SIS CoNCaNTTaton gradient. Because the non-retarded
MTBE can reach the well through iateral dispersion, Nugh MTBE lgvels reach can be found in the well.
Even though the BTEX comoonents would aisa hive 2 steep concentration gradient, because they e
retarded. thesa components do not quite reach the weill. Only a few wells adiacent 10 the plume core
will show such dats trends.
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Highest MTBE Concentration Encountared

‘Th. $1Ngle Nighest ground-warer MTBE concantranon 38en By the ayther {Cavidson) n any
moNoNng wel at any se, was 200.000 “IA MTBE (a3 recacded i Tabig 15). The totar BTEX n o
samols was 26 000 A That moNtenng weil way creenad wathing or ‘MMediataty adjaceant 10, the
Sackfd Matenal in the tankpit whers e leaking UST sat. The mONIONNG well cansistanty contained
high BTEX and high MTBE vaiyes over S vears: separate-ohase 0roduct was detected n the wail on
saverdl occasions. The ather Wree tankpit monitorng wails surreunding the fanks had similar panemsg

Highest MTBE oniy Detection in 3 Downgradiant Wel

Cne site had 2 monTonng wel (MW-3) thar WS immediataly downgradient of 2 knawn blandaeg
gascing spill. MW-9 had 2 historical high of 879 4o/ MTBE. with na 8TEX detected (a3 recorded in
Tadie 151. T™he maximum extent of benzene is located just 30 feer (9.1 my upgQradient of Mw-3, 34
demonsT3ted by five years of moNonng data from 3 second wed located 7Q (21.3 m) feqr uegradien
of MW-2. Garrert ot al. (2) TepOrt a well that hag §30 WM. of MTBE byt ng 8TEX. Oepending uoon
e upgradient proxamry of the STEX phume. and yoon e gasoiine reigase Conditions. it seerns poss.e
that higher MTBE concantanons might be encountered at other sites, even though no BTEX 4
simuitaneously detected. However, it is aimagt CON that in such 4 Case. HTEX and ooner
Rydrocarbons issaciated with spilted 9asciine, are immediately “Ogradient of the MTBE piume.

MIVewing ground-water inalyses. As the 8TEX components continue to TUOrate, s0me of the MTaE
wells may eventualy contain BTEX in the months or years to come. Benzene it low cancantratons
would be expected first, followsed by iNCreasing benzene leveis, and then PO3sibly foilowed by e
gradual apcearancs of the more retarded, siower moving toluene. tyibenzene ang ryienes. f 3 wet
is turther trom the source than the Nydrocarbans can extend {due 1o natural nsnuation) Man BTEX
COMOOnents May naver reach that weil, and it wiill remain impactad only by MTBE. This is commonty
3e8n in downgradient weils.

Canmusxbnnkmnotmmunr«w«swumoaummqmMTBE-onwsow:v
Mhmrdatldtﬁlmﬁdlﬂ. Thohmmrbonsmavumvnoummlymmmwﬂ.
bmm‘lodgasohchdcﬂm‘tdvmmem Long-term, Mufti-event monitorng is desired for comrecty
NMepretng such wels, hﬂumdhw.dm-whma&wmomhmwm
mnmmmammmm:emm«. vaahhgdiuavodom
mmoquwmumw.mwiwmtaamhmcmdwdmub«u
identfied. ﬂh‘uwiuﬁcuuqdminwbmmucﬁm.
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Detection Pattarns n Upgradient Watls

As expected, the majonty of uogradient monitcnng weils showed no MTBE detscisd e
magonty of the ome. However, 1 was farly common for ant upgradient well 10 eccasionaily Nave 3 race
lavel detection of MTBE, wrth no BTEX. About cne trme out of twelve, an upgradient weil would
contain 2:310 A of MTBE. with no BTEX. ang then have no further MTBE detections for several
years. THhis occurred 3t NUMerous $ites with no kngwn spils in the immaediats vogradient area. and
apoarenty no off-ste, uogradient MTBE saurces neardy These sporadic detections ars considersd (o
be eithar:

- falss positives,

- upgQradient dispertion af contaminants,

- remnants of small, unnoticed surface spills, or

- the very leading edge of an MTBE piume from another fuei spill that is cansiderably
upgradient of the monitoring wedll.

These possibiiies must be considersd when interprating ground-water analyses from ypgradient wells.

Highast MTBE -only Detaction n an Upgradient Well

The Nghast MTBE-only detecton notad in 2 weil that was on the upgradiant side of 2 ste was
2.300 ;A However, this weil was downgradient of anather UST site with known leaks. The MTBE
concanTations remamed consistantdy positive and slevated, dut no BTEX appeared in the wel over the
course of 4 vears. Thig is typical of 3 weil that is upgradient of the site monutored. and” yet
downgradient of ancther sourcs. The uOgradient sourcs readily explaing the high MTBE-anty detecton.
The BTEX components may/may not aventually appear in such weils. While the 2.300 ,g/ was the
highest such MTBE concantration noted. ssveral other sites 3iso Nad “upgradient® monnonng wails with
MTBE at 10-1,000 ;oA with no BTEX detected. This shows the importancs of conducting repeated
ground-watsr sampling with tmae (30 such trends can be detected) and the nesd lor considenng
upgradient landusae (3o other MTBE sourcaes can be identified). Conducting single sampiing events and
not considenng other upgradiant sources, can iead 10 iNCorrect INterpretanans of the limited dawa.
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MTBE IN WATER SUPPLY WELLS

MTBE CGdor and Taste Thresholds

Because MTBE s not retarded onto sad Qrganic MJtIer. it Meves at essantiaily the same rate
as the ground water (81). The aromanc Nydrocarbons 23s0ciated with Qascling soills ire retarded 1o
varyng degraes and 30 they Move siower tan the ground water (§1). As such. MTBE wiil be the firs:
CONTAMINANt 10 reach 3 well or pardcular pontt in e aquifer due 10 3 MTBE-tended gasoling spill. The
detecvon of MTBE in 2 well provides notce that mare t0xKC comoanents (ex. beanzene) associatad with
blended gascline spdls ars forthcoming 12).

thamm:mmde45Mhmm¢aww taste threshoid
o water'? of 39 QA (7). As a result, it can be readily detactad by humans and 30 the offensive tasre
and odor ot MTBE will wam a wellawner about subsurfacs contamination befors the armval of the more
toxic components like benzene and other aromatics. In one case, users of an MTBE-impacted water
supely complained of undesiradle taste and odors when MTBE concentrations werg as low as S o 15
WA (1). MTBE can thus act as 3 subsurface “earty warning” systam that heips prevent consumguaen
of higher MTBE concentrations and the more taxic BTEX compounds (77).

Detection Metheds

MTBE. alonq with other YOCs, can be measured in watsr supoly wails by callectng watar
samples and anaiyang them by Nnumercus standard methods such as EPA Mathods $24.2 or 5027.
MTBE can Be anaiyzed for in public water supplies at littie 10 nO cost Decause 1t can be quanufied
during VOC analyses aiready required. Monitoring for aicohol-based oxygenates would require
additional, non-standard analyses to be conducted st additional exgense.

Concentrations Encountered

An extensive sffort was made dy the author to collect all available data regarding MTBE
concentrations in public and private water supplies. Multivle stts agencies wers contactad and the
resufts are comoided n Tables 18 and 19. Appendix E contains 3 discussion of data collection methods,
data quality, and uncertainty. While this dataset does not include all 50 states. it is one of the most
complets avaiabie and will be used here to establish the concentrations at MTBE typically found in
public and privats water supply weils.

12 Odar detection thresnold and tasts detection treshoids are the lowest levels that panelists coud
fiest detect MTBE oresence when it was the orly comooner® Dresent. These a8 3pproonate to use when
considenng detecton of MTBE-onty n 3 water supply well 33 MTBE wil be the only component present when
it first reaches 3 wed thyough MuQranon with the ground water. Vaiues vary m the terature; the valuet
reported here are e dverage vaiues reported in an AP study (Reference 7). individual responses are expected

0 vary.
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TABLE 1A — MTBE OCCURRENCE IN PUBLIC WA'TIR SUPPLIES

(NOTIL )

(NOTE 1) Theo sinic dais 008 ars 0P ically 6 an — e mpicia (004 avery publc of privaic we it tasicd)
-d aoa —scatinunus (aat oll weils icoled svary yoas oF cvery cvemi) it a0 ¢ bt availabic
(INGVR ) This STORKE data is apparsaily sll rm poivate grimad — wuiss mpply watis,
athough Biis could ani be verifiad with the dais cullacinge
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It 18 usehit 10 compars MTBE §round-water conceniranons seen in water sugoly waeils (Tables
18 and 131 ta the iaveis created dy MTBE dissoived into wet oreciomavon. The concantrations of MTBE

N water suoply waetly arg | 1g 2 2edery of magnitudy lie. 10 to 100 umes) greater than tNe groung-
water concantrations of MTBE that might resyit from wet OreC:ONaNoN Imanmym « il

Considenng he iimited Qround-water MTBE concentratons mac can form from wet precipitation
imaximum of 3bout 2 yg/L)_, and 330 considering the concentration reducing effects of volatihzation
dilunon whie pumong, and water source blending, 1t 1s ciear that es3en0ally noae of the water xuoow.
wells (@ithar pudiic or private) nave deen impacted by MTBE that came from wet precioitation. Any
MTBE concantrations greater than 2 R in watsr sucoly walls must be due 10 '0Cai point sayrces
relaases of MTBE-dlanded gasaling.

The MTBE concantratons saen in pudlic and private §round water supplies (Tabies 18 § %
are typically 1 to J geders of magnude 110 to 1,000 nmes) lower than thass encountered in ground
water near pont s0Urce reieases of MTBE biended fuel (Tabie 15). This 13 DECIUSE MOSt of the

analyses in Table 15 are from monnoning wells intentionally located fnear the spul sources. In conwrags,
water supply wells 3re usually turther away from the spills. and are often screened deeper, both gof
which reduce the concantranons sncountered. Addinonally, when water Suoply weils cperate they
€XTraCT large volumes of water which dilutes the MTBE concentranons. These concentranion reducing
processas are discussed in graatar detad below.

The highest MTBE concentraton m a public dnniung watar weil discovered was 770 WA 178y,
The highest MTBE concenuanons reported for private water weils (Tabie 19) is 3 wall in New Jersay
that had 800 49/ MTBE (801. Another study (S5) ragortad 987 #OA N 2 private water-suppty wedl.
In conTast. ground-water plumaes rom powt source releases often Nave MTBE leveis of 10 190 100,000
/L. the highest MTBE concentration seen in the ground water was 236,250 A,

In summary, MTBE concanTations seen in water supoly wells are significandy higher than could
be produced from MTBE dissolved into wet precigitauon or stomwater runotf. Conversaly, MTBE
CoNCaNIrauans 1 water suoply wells are significantty iowsr than leveis seen near locai point soyrcy

plurnes formed by diended gasoline rsieases.

it is imooﬂan_( 10 note that while certain water suppiy wells hive MTBE concentrations 'rmr
txceed recommended guidelines for consumption (tx: greater than 200 WOAL. the water from such
waelis will usuaily not be consumed becausa: :

- MTBE s low odor and taste threshoids act as & warming not to consume the watar,
and 33 3 tngger avent 1o begin subsurface Nvestgatons;

- 3y water supply wells with MTBE concantranons at thus level are attributabie to local point
source releases of MTBE-biended gasoiine. As such. MTBE concentrations above 200 oA
dimost aiways co-occr with slevated BTEX concantrations, thus providing more waming
3igns that will prompt investigation and SO0 CoNSUMEDON. in public suppies BTEX
COMPOoUNds are regularty monitored;

- CS3a00N of using the impacted well, or adding treatment systems (ke activated cardbon
or aeravon) are the typical responsa.
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Reguiatery Levais
Usted 1 Tabie 20 are some suggested and enforceadle acton levels for MTBE .a drnnking water

supolies li.e. thay are hearth basec). Some of these are state-soecific and were calculated By reguiatery
Dodies. whie e 135t two are genenc heart-based ‘evels determined Dy NON-government argarizations

TABLE 20

SOME REGULATORY LEVELS FOR MTBE IN CRINKING WATER

APPLICABLE IN MTBE CONC. | TYPE OF STANDARD REFERENCE
wonl)
| S

ILLINOIS ' 230 HUMAN THRESHOLD TOXICANT 82
ADVISQRY CONCENTRATION

NEW JERSEY 70 MAXIMUM CONTAMINANT LEVEL 83

MAINE 50 ORINKING WATER THRESHOLD 84

WISCONSIN 80 GROUND WATER ENFORCEMENT 8
STANCARD

GENERIC VALUE 200 DRINKING WATER LEVEL FOR MUMAN | 85

BY KLAN & HEALTH PROTECTION

CARPENTER

GENERIC VALUE 220 ORINKING WATER LEVEL FOR HUMAN | 85

BY CALABRESE & HEALTH PROTECTION

GILBERT

Not all reguiatory isveis :n existence are provided qu as thus informaton 1s 1N 3 state of “lus
For instance. other reguiated vaiues may exist for: Connecucut. Delaware, New Hampshire, Floncs
Massachusens. Michigan. North Caralina, or other states.
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Caondrtions that Reduce MTBE Cancantrations o Watsr Suppiy Wails

As discussed. MTBE giumes in ground water are cften 1 to 3 arders of magnitude Migher than
he CONCeNratang encauntered in water Sucoly weils  Because water supgly wells extract ground
water. (Rere Must Je saveryt factors to expiain thess iMerences. tnese are discussed Seicw

Based on extansive field expenence invesugating Nydracardon spiils, 13 unusual to find a
public watsr supply well near 3 servics stanon oc other petroieum handling faciiity. This 13 logicai as
weilhead protecton practces act (o avord having posbie CONTAMUNINT SOUrCes near water Supoly wails.
Also, the most commaon gasoline handling facilities are service stations 3nd they oCcur Mcst often n
urban areas. These urban areas are usuaily served Dy public watsr systems that Nave heir waeils
located away from the podulation centers (3 demographic form of wellhead protecuon).

Spatial separation of gasciine sources and watsr sugoly wells would be less @ rural areas as
sarvice stauons will often dDe located near the small commurity. In rural areas. public water supolies
may not he dniled 3s deep. nor have ther wellheads protectad and 1soiated as well due to lack of
municipdl funding  Small communities are alsa maoce iikely 10 Nave pnvats water waeils that May Nave
sven less spanal separatuon away from service statons. These are contnbuting factars that might
expiain tha nigher incidence of MTBE in grivate weils (Tabie 13) than n gudiic weils.

Geglogic Sepjrauen

As gascline and MTBE both have specific gravities less than water, contamination Sy thess
compounds will not sink downward to deeper units., uniess atyp«cai flow conditions sxst lis.
downward verncal flow). As discussed, whiie verucal dispersion wiil siighty spread MTBE downward
over lme, this shouid be minimal. BSecause of thess factors. and because of MTBE reiease
mechanisms. MTBE contamination should pnmanly occur in the shallowast. first encountered. water-
saturated umits.

In contrast. Many public suooly wells (DUt nat alll are screenad across completaly different, and
much deeper aquifers hen e first encountered water-Deanng units typically impacted with MTBE and
nydrocarbons. Tharefors. 2 vertical, strangriphic separaucn often susts detween shallow MTBE
impacted aquifers and the desper water suoply aquiters from which many public water supply weils
pump. Such a geologic separation darrier heics keep shallow, imgacted ground watsr away from
deeper public water supply aquifers. Again, this form of protaction wouid be less likaty for private
waells which are not typically drilled as deeply as public wells.

Depending upon the weil constructon, water withdrawal rate and 'ocal hydrogeaiogy. sven d
ge0iOgic S8pArILON dOeS XIS, SOME water from 3 contaminated shallow unit may de drawn down into
a deeper Uit and IMPact 3 water supply well (48). Aiso, both private and public water suppiies can
be withdrawn from shaflow aquifers in some areas, and so MTBE and aromatc contamination of weils
will occasionally occur (2).
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The NN exTICHAN rites 1SSCCIALAT with gublic water Sy3tems Means that if any MTBE ~ere
present in the nflyent water. 1 snould e significantty giuted. By design. and due to he large
exXTICTON rates reeded (tyoicaily SO - 1.000 gallons per minute (189-3. 785 liters ger minutel]. pudic
suoply w‘mHs uSualy have 13rge screenad zones and withdraw water from large tnicxnessas of squiters.
'f 3 putic suCOly weil ware impacted with MTBE, since the «ifluent walef COmaes from 3 l3rge verncal
portian of the aqurfer. dut the MTBE is typically found n oniy the shallowest portions of the aquifer.
there would Be sgndicint diluten effect. This 13 due 10 deeper. non-MTBE containing water dilytng
the shallower, MTBE-mpacted water. Such diluton wouid be expected o reduce MTBE concenvatons.

This effect 13 commoaniy seen in ground-watsr remediaugn projects. Shaillowly screened
monntonng weils near MTBE-blended gasaline spills may have high concantrations of MTBE. Howevaer,
when desper-Creened recovery weils extract large volumes of ground water from larger portions of the
same aquifers. e Jverage MTBE concantranon n the extracted water is often 1-2 orders of magmitude

lower (i.e. diluted).

ilytion Yy lending

Many puble water systems have saveral sireams of water influent that are dlended tg producs
he final supplied-water sweam. if one weil or surface water body In the Mix were impaciad by MTBE,
then the tatal MTBE concentrauon would de diluted according to the mixture ratics at the individual
faciity. This muin-source dilution wouid not be aociicatie for 2 pubiic systam that used 2 single source
for 1t water, Byt such Circumstances are ynusual.

A discussed. thers are several inherent factors that Melp prevent local slevated MTBE
concentratons .4 yaund water fram Appeanng n dnnking-watsr wells. Thess factors nciude:

- spatal separauon of water supoly waells from contamination

- geciogic sepdration of shallow. contammnated umts from deeger water-supoly aquifers
- diution dunng water withdrawal

- dilution due to water sourcs blending

- volatlizanon of MTBE at several stages

All these factors provide beneficial reduction of MTBE concentrations in water supolies.
Fortunatsly, contamunanon of water-supply weils by MTBE is nat commeon (Table 18).
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Reduction of MTBE Concentratians by Pudiic Water Suoply Treatment Systams

If the JDCve discussed nnerent faciors 40 Not completely prevent MTEE fram reIChING 3 water
suogty well, the water sugply treatment systam may furthaer reduce 'Ne MTBE cgncentrations received
Ov the water users. MTBE removal due to the Narmal ogeratians of 3 oublic ~ater suoDly (reatment
systam Nas NOt Been well studied or reported n the iterature  Al3o. the type of regtment systems
usad vanes widely decending uoon the water source (surfice water and/or Jround water) s well as
tne ambient ~ater chemistry  Therefare. 1t s difficuit to quanufy the \Moacts of standard treaument
cperatons woon MTBE concentrauons. However, Dy reviewing the orocessas commonty ysed it water
treatment faciiues. (1 Can de seen that MTEBE reductians are inherently sxpectad.

Agraugn

Nao references waere faund regarding the aeration stfects of normal pre-treatmaent procsdures
upon MTBE or VOC concanuauons. However, some insignt can be gained Dy reviewing effects af other
aerauon procedures.

Mailey ¢t 3l. (55] repooried 00 point-of-entry treatmaent systams for tan prvate Nousenoid water
supplies impacted dy MTBE from dlended gasoiine sorls. They found Treatment by bubbie piate Jeragon
{volumaeme aic to water rano af 150:1) reduced MTBE concantravons an average of 50%. A figid study
of fittaen ground-water remaediation projects (43} reported 55.6% to 99.9% removal rates for MTBE
By 2eration via packed columang (valumetnc air 1o water ratios ranging from 1:1 yp to 47:1).

After caviewing several years of cperanng data from dir stnpping systems. the NJOEP (80)
reported that aw strioping with 3 single tray aerator (3 1o water ratio of 120:1) ramoved 50% to
60% of MTBE present. A iabaratory scale study (86} showsed that aerating one gailon (3.785 liters)
of water foe 120 minutes wirth an ar:water rato of 351 reduced MTBE concentraucns §0% (from 1.2
mg/L 10 0.480 mgAl).

Two other publicauons (44, 87) both descnbe resuits from 3 sanes of analyses and bench scale
tests performed for APt to determine the feasibility and cost-etfecuveness of removing MTBE from
ground water. A series of six 2eration 1anks were found to be haif as cost-effecuve at reamoving high
concentrations of MTBE (from 20 mg/L down to 0.010 mg/L) as compared to the more effective
techrnique of aeration via packed air-smoeping columns,

~ Agratan by bubble plate, packed column, of muitiple Batch tank maethods are likely to be more
eHactive than the aeration techniques typically empioyed at water pre-treatment plants. However,
considenng these studies, as well as MTBE’s strong ability to volaviizs rapudly, water suoply
pre-TeaTTENT JerIton May Nave the Potental o remove agproximately 50% of MTBE, depending upon
3ir to water ratios and methods used. Soecific anatysis of MTBE removal capacrty for the aeration
procedures typically used at watar supoly facilities wouid be needed to provide additional supoorung
data and to further refing this inmial ssumats.
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YWhere airracy doolied 35 03T Sf 3 water suoDlY'S Ore-treatment gracess. 3udation shouid also
provide beneficial reduction of MTBE. No studies were found discussing tne MTBE removai ssing ‘ne

-0xdanon techMmqQues specific to water ore-treatment. However oxidatcn Dy azgne or uitra-vioiet 1ght

wouid provide denefic:al MTBE requctians (34). Jithough Ne percentages are not currently quannfiadie

Qther Pre-Tregtment Pracesses

The common process of filtraton through sand deds could aiso requce MTAE concentrauons
somewhat due 0 the volaulizaucn that occurs 33 the water trickies downward through the 3and bed.
The sand itseif provides little benefit in removing, retdiing, or destroying MTBE.

Filtration through 3 granulated actvated carbaon (GAC) bed wouid provide very eficient, But
short-lived remavai of MTBE. Malley et 3i. (S5) report that GAC Beds can ramave greater than 30%
of MTBE presant wiule another study showed an 87% MTBE removal rate it one site (43). Naowever.
since MTBE adscrbs to organic marter and GAC quits poorly it typicaily “dreaks through® GAC
Teavment urits rapdly {1, 551 Therefore. MTBE would be expected to Breakthrough a typical water
reatment plant GAC ded very quickly (Cernaps weeks to montns). Such dreakthrough could onty de
avoded i e presence of MTBE was knawn to the water suoplier, and the GAC was replenished ath
new GAC on more frequent intervals than i3 common for water treatment plants.

Cther common water Teatment processas nclude chionnaton, coaguiation and sedimentaton
The preserice of chionne s nat anucipated ta impact MTBE concentranons, nor should the processas
of coaguiation or sadimantation. MTBE is not expectad to promaote the formation of trihaiomaetnanes
in chiorinated watsr suppiies 33 he chionne shoyld preferantiaily react with other, more active arganic
matter and not MTBE. No permnent studies were found n the literature that addressed MTEE s
interactions with these processas.

Numbaer of Public Water-Supply Wails Contaminated with MTBE above Action Leveis vs. Number of
MTBE -Blerded Gasoiine Releases

The role of tha above discussad factors in protecting pudiic water-supply waells can de

demonsTated by companng the number of public water-supoly walls that have been contaminated with
MTBE above action lavels aganst the number ¢t MTBE-Blended fuel releasaes.

Weils with MTEE Excsedances

Since comolets national informaton regarcing MTBE concsntrations in public water supply wells
is not available, two states will be usad in the caiculations. The public watsr supply waeils in New
Jersey and Minois are used as they have the Most comprehensive public water-supply database for
MTBE anaiysis. Both New Jersey and lllinais have regions with numerous pubiic and private water
suppiies from shallow aquifers which provides “worst-case® projectons. Additionally, New Jersay
represents a stats with ‘worst case” MTBE reieases due (o its long-term use {since the earty 1980s)
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ang wide-spread uie .Mast Qf Ne state) of MTBE. ilinois uses Mare ¢Nanat 3 3 Jascire adduve han
MTBE and s0 !llinais 13 3 state with Mimal MTBE usa.

Based on :he reguiatory levels isted . Tadie 20. this analysis will use acnon ‘evels 3t 100 gL
of MTBE to recresent 3 common action levei. ang SO ug/L of MTBE t0 provide 2 very sonservative
acoon level By raviewing Tadies '8 and 19, is well 35 the cngindl references for these aralysas 80,
78), 1t can De seen Myt

- 3 pubtic weils exceeded SQ Lg/L (3 sites in Hilinois)
- 1 pudhc weil exceeded 200 g/l (lllinars)

No public wells in New Jersay exceeded either acuon levei: one Township had a record high MTBE
concentrauon ot 47.5 ;g (80).

Nymber of MTRE-Rlen Fyuel Rel

The number cf UST spoills that invoived MTBE biended gasoiine could Be most srecisaly
estimated by dong 3 ume-weighted average of Row Many tanks were found o de leaking in wrich
vear, and multplying those vaiues against Now much of the gasoiine soid in each state. n each vear
nad MTBE. Unfortunately, state-specific vaiues of how much MTBE was used in each year. :in each
state were rot available. AlsQ, determining Now many tanks leaked in each year in each state wouid
require extensive state file reviews, and would rely upcn regored reiease dates 'hat are usuady
unreliabie. Therefore, this was not conductad.

As 2 result, a generalized aporoach is usad hars By aocolying national sTatiSUCS (0 hese fwo
states. As shown in Table 1, MTBE was in 4% of the nation's gasoline in 1980, 10% in 1985 18%
n 1990 and 29% n 1395, Many leaking USTs waere discovered in he 1 980s and earty 13903, wtuie
the rate of new leak discoveries was decliming (Table 16 & 17). As such, using MTBE n jasoire
percentages from anty 1980, 1985 and 13990 and gnonng 1335} probably more accurateiy represents
e numbaer of tanks Mat leaked MTEE -blended fuei. However. in order 10 e conservative 1935 vaivet
will be nciuded. ind 50 an overail mean of 15% (the mean of 4% - 10% -~ 18% -~ 29% = 15.25%;
will be used to represent NOw Many tanks leaked MTBE-biended fuel.

As of AyQust 1395, lllinors and New Jarsey recort 12,330 releases and 5.627 rvieasas
respectively (881. Therefaore. the totali number of UST releases in Mesa two states s 18,557 Sece
about 15% of these USTs may have contained MTBE-biended gasoling deatween 1980-199%
approximately 2,734 raleases may have occurred that contained MTBE-biended gasoiine.

Summary

Of 2.784 MTBE-containing gasoline releases in New Jersey and Ihnois, only 3 apoarenay
produced MTBE concantrations in 3 public dnnking water well greatsr than 50 s/ Only one reisase
of the 2.784 caused MTBE concentraticas in 3 public weil 10 exceed 200 g/ in these two states
While these caiculations are generalized. it is apparent that muitiole factors act to prevent MTBE.
blended gasoline spils from impacting public water supplies.
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USGS NAWQA STUDY

The USGS NAWGCA Program

in 1331 the United States Geological Survey (USGS! degan conducting 4 nationai survey of
ground-water quahty ynder the Natuonal Water-Quaiity Assessment (NAWQA] gragram (831, In the
recendy cormpleted Phase 1 of the program., eight urdan 3reas and fwenty-two agricuitural areds were
studied (301 Ourng 1993-19894, ground-water samoles were coliected from 211 shailow wells and
SONN@s 10 urdan areas and 562 shallow monstonng weils n agncuitural areas (30, 481, In additen, 413
deeger weils in ning Study Units were aiso sampied (48). Therefore. the USGS has data regarding
MTBE accurrence in a total of 1,186 ground-water sampiing paints'? {30, 48, 30).

Of the 211 shallow urban sampiing iocales, § were dnniung-water wails', 194 were momitonng
weils, and 12 were springs. The information repcrted Nere about the techmiques, analvtcal methods,
and findings was collected from 3 USGS Coen File Report (48), brief putlished data sheets (30, 30V,
raw data requests. and direct contact with the USGS NAWQA personnel.

Well Selection Criteria

The w~ell selection critend tor the 413 wells in the nine deeper aquifer study areas s
unknown (48] Basad upon conversatuons with USGS gersannel, the followng weil selecuon criteria
werg apparently used in sach of the ight urban and twenty-two agncuitural shatlow study areas:

- each study area was brokan into hundreds to thousands of smaller sub-units and assigned 3 numbaer

. within each study area, by using 3 USGS random number generator, 15-4S subunrits were randomty
selected tar ground-water sampling.

- for each selected subunit. existng public records were raviewed in an 3tempt 1o find shallow wails

of “high quaiity® (i.e. detaied weil construcuon intormauocn. thorough dnil logs. goed seals,
apgropriate ~eil screening ntervals, aporopnate well constryction techmiques and matenais, etc..

. these weils, or other sxistng weils found by wisiting the subunit af interest, were then sampled.

3 The USGS pravide NAWGA project identificaton numbders and lattude and longitude vaiues for
well idenuficaton purposes. The exact locations (address, cwners! are not svadadle to protect individuad

pervacy.
% Althaugh initial regorts (30, 31) stated that no dnnkuing water wells were sampled. 3 USGS review
of the database canducted n the summaer of 1999 reveaied that frve (S of the samoled weils were 0 fact

dnnking water suopty weils (48). Two were domestc water sUooly wells in Georgia (USGS study area ACFBI
and three were oUDhC supply weils in New York (USGS study area HOSN),
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WRiia thuis grocess §1378d 248 FANACMIy seiectng walls for samoling, he "MIGR uahty’ wail
raquiIremMents introduced Dias nto the w~etl sqiection gragram. es0ecidlly n tRe ursan study dreds
Because only newer ipnmanty 1380s & 1330y monitanng wells Can mest e well dengn quaimy
criterid. the well selection oregram s 21ased 10wards newer mMonitanng wells. Qne of :Me ormary
reasan for installing shallow mamitcnng weils since e mid- 13803 /s 10 ook far. ing dentfy e extent
af. ground-water poilution. A comman site hikely (0 e stuQiad 'Or ground-water camtamnauen s a
tacihty with gasciing USTs. especidlly \n urZan areas

AS 3 rasult, e well selecoon criteria skawed the database Mmare Owards samphing manitgnng
wells ™at are nedr USTS, and thus nedr gasoine leaks. Therefore, the database tseif '3 Diased 1owards
dantifying local point sources of MTBE and hydraocartons, as 0ppesad 10 a true random datasat. Ag
SErCE STITONS Are very commanly invesugated in urfan areas. this waeil seieclion Digs s srengest in
he aight urban study areas.

Discussicns wrth USGS personnel indicate that there was partiai recogrition af this Dias.
Therefare, when muitipie mcaitonng wells were availabie at a seiected sampling locale. 2 well on the
uogradient side of 3 ite was sampled when the ground-water flow dirscton wis xnown. Howevaer,
demagraghics and markeung rechriques dictate that service statuons oftan occur n clusters (ex: two
or more at an ntersection). As 2 resuit. even NQugh ground-water sampies May Nave Deen collecteg
from a mannonng wed on e upgridient side of one service Staton, Nat well may sull Je downgradiant
of an adjacent UST. T’ms means tNJt the bras towards sampling weils mare likaly to de :moacted with
Mydrocardons and MTBE was not avaided By sampling “upgradient” weils. This factor :s amolifiad for
MTBE as the MTBE piumes c3n e 1.5 t0 2.0 umes as 'arge as the STEX piumes. Ag 3 resuit, when
selecting wells for sampiing on the assumotion that they are away from all point tources (as was
described 2y the USGS in Referance 48), it s sull possibie 1o samole 3 well that 13 mpactad By a
MTBE-only piumae, while erronecusly beligving that the well is away from 3 point source plumes.

Even f no other service staton existed upgradient of the sampied well a2 bias towards sampling
gasoiine-mpacied weils sull exists. Field axpernence it hundreds of service stations shows that it is
Aot at all unusual 1o Rave traces of gasciing contamingtion, including dissolved-phise MTBE, in the
wells an tha upgradient side of 3 site. This can de caused by:

- previously unknown small fuet sgulls

- variable ground-water flow directigns

- gispersion from the an-site piumae

- dispersion from atf-site: cross-gradient plumaes

As previously discussed. the author’'s experience has been that finging dissaived-ghase MTBE
i upgradient MoNntonng wels 13 NOT LNCOMMON N urtanzed areas. The authors of this report therefors
maintain that for these reasons. the USGS NAWQA program 2p0ears (0 be biased towards sampling
weils fikaty to be located near UST facilities (especially in urban areas! and wells that may be impacted
by MTBE only. Within the urban setung, this dias should be greatest in the industrial landuse arsas,
jess 30 in commarcial areas. and least in residential areas. As 3 result, the sampied wells are more
liksty 10 detact MTBE and hydrocarbons than shallow weils that were ruly sslected at random.
Additonally, many of the MTBE occurrencas detacted in these 8 urban. shaliow study units are likely
o be local point sourcs plumaes from USTs. Supplementary data 1o Suppont this contendon is presentad

below.
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Analyticai Procadures

Far each sample coilected. Jocccximately 180-260 aMferant zampoyn
nciuding 60 VOCs tke MTBE, benzene. toluene. ethyibenzane and rvienes. Atlpj:m?.::::,,q:::fm.d
at the USGS Navorat Water-Quality Laberatory in Arvada. Calerage. YVOCs ware analyied by 4 rz;d
USGS adaptation of USEPA Maethed 524.2 which 1s 3 ourge and trag techrique for dnnnv :'Q !
anatysis (32]. The detecnion lime far MTBE. benzene. toiuene. sthyibenzene 3nd the three m:n‘;s s
0.2 yo/l. Thisis 2.5 10 5.0 umaes lower than maost commercial \abaratanes, was

Fndings

Tables 21 and 22 provide summary statistics for twanty agricultural areas and the 4ight urban
arsas. respectvaly. Table 21 only has detaied information on 523 of the 562 agrcultural wells ?n
twaenty of (e twenty-cwa Study areas! at that was aif that was available ar the ume of thi uwn:
Some key findings regarding the MTBE cccurrence detacted dy Phase 1 of the USGS NAWQA stug.
are contained in Tidie 23. Aggendix F gravides the analytcal resuits foe al 211 urban weils an;
spangs far the paramaters of MTBE. BTEX and dissaived axvgen. Squillace et ai. (30! grovide 3 broag
overview of the MTBE findings. is does 2 dref arucle in Ground Nater Maritarng & Remediation (31)
The recent Qpen Fie Report (48 provides more detailed informauon, nciuding the data on te 413
deener wells, the two addivonal agncultural study umis. and the stormwater runat samgling.
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TABLE 21 — MTBE OCCURRENCE IN SHALLOW AGRICULTURAL GROUND WATER, USGS NAWQA PIHASE |
YEARS (N I Y LIKELY DELEC) [ AT F TR - o O P
—— wErorTenl ewils #WEIL S 1OCAL NONFOINI] M NON M M ML BE Mt
DATA ]| _TESIED W MIERE]  artbl e ] O NOURCE | qugd) PRCTEOCIY < 10ugh ] 10-20ugA | 202 ugn] > 200ugn ]  HEPERUNGES
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A I - PAMI.. 194 20 " .2 n “w [] " USHSNAWA
CNIUR. COLUM L 191-94 43 [ o2 “ o . “ USUSNAWQA
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RIO GRANDE | 194 20 . ° * LR 0 o ] " HSGS NAWQA
WO GHANIN: 2 ) A8 1 o 1 vl 1] i “ u 0 1NGY NAWA
SAN JOAQUIN 1 1991-94 N ° o 6 LR I " ] " “ USGS NAWUA
SAN JOAUUIN 2 1”4 10 [ 0 L] ol 0 " ] “ " USGS NAWIA
SOULILTILAFSIE 1 e L . e .2 w “ . o M USGSNAWOQA
UPPER SNAKD: § 1 .J) »M “ “ “ 2 y “ v “ “ HSGANAWOA
UPFER SNAKE 2 1993 I “ u u el in " “ a u INGINAWGA
UPPER SNAKE 3 194 - u a o ul - u v “ ul  InGANAWGOA
WILLAMETT# ) " 13 v v . ol i n . " " UM NAWEIA
WILLAMETIE2 1" 1% “ " o el 2 “ “ » " TRGLINAWOA
WEST LAKE MICEE] 1w -%e n o “ " al L] " » 0 " HISGSNAWA
wiist LAKE MICH2 194 - u N “ wlf W of __ e  w " ENGANAWIA
TUTALS 123 ? “ ? - e ) -1 . o “
PERCENYS Lon o8'A Rkt L LY T o - headucd ILRLC N kel 0 ouU YL TR]
Laplanstbn
1 = ualmown, canani bcd Med wolh labic dots
+ = local mwrae Mcmifiod by prcacace af benseat. tulemne, nleacs, cihylbanione, aadhas by DO losa than 20 g/
NA = ant spplicabic *
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TABLE 23 - SUMMARY OF MTBE OCCURRENCE FAGQM USGS NAWQA STuOY

Natgnwide - Desper Wallg

- Qf tha 413 deepar wells sampied. 4 weils 11 0%)
rad detec:abie concentrations of MTBE
-Fange = 0.2 t0 1.3 ugil
- Median when detected = unknown, But roughly 0.5 to 0.6 ugiL
- Median of ail weils = deiow detection limit of 0.2 ;oA

Nationwide - Shallow Wellg:

- Qf the 773 shallow wells and springs samgled. 63 wells (8.2%)
had detectable concentrations of MTBE

- Range = 0.2 t0 23.000 wgL

- Median when detected = Q0.5 ug/L

- Madian of all weils = below detection limit of 0.2 g/t

- all five drinking water wells were non-detect for MTBE '

Agricyltyrgl Wells:

- Qf the 362 shaliow menitorng weils sampled. 7 wells (1.2%)
nad detectable concentrations of MTBE

- none (0.0%) exceeded the lower limit of the possible

USEPA MCL of 20 wgit

-Range = 0.21t0 1.3 ugil
- Median when detected = 0.5 ;gL
- Median of ail wells = delow detection hirmut of 0.2 pg/lL

Urban Weily:

- Qf the 211 shallow monitoring wells sampled. 56 wells (26.5%)

had detectabie concentrations of MTBE

-8 ot 211 weils (3%) excaeded ne lower limit of the

possible USEPA MCL of 20 ol

- 30t 211 wells (1.5%) exceeded ha upper limit of the

passible USEPA MCL af 200 poit
- Range = 0.2 t0 23.000 ugit
- Madian when detsctad = 0.6 s/t
- Median of all wells = below detecuon limit of 0.2 gt

120 Wellg:

- Of the 29 shailow monrtonng weils sampled. 23 weils {79%)
had detsctable concentrations of MTBE

- 8 of 29 weils (20%) exceeded the lower limit of the
possibie USEPA MCL of 20 ot

- 2 of 29 weils (6.9%) exceeded the upper limit of the
possible USEPA MCL of 200 wtl

-Range = 0.2 t0 23.000 WA

- Median when detected = 0.8 po/L

- Median of all weils = below detection limit of 0.2 gL

1 i i gt 151

'S as per vertal commumications with John Zagorsku of the USGS.

.81 .

ARC 063818




Laberatory 3ng Angivtigat Caoncarmg

When 1t was annaunced via oress releases Mat 27% of the 211 shallow GrRan wells and sgringy
sampled N3uoNwide "3d MTBE oresent, there was concarn tNat same af these derections M3y Je taise
positives. Tha first concern was that other comganents may Rave Deen mis.centfied as MTBE A
second CoNCem was Mat there May De 1aboratory induced Cross-contamination af the samples. MTBE
1 often used a3 In extractant n pesticide anaiyses and this might have caused labaoratory
¢contamination of the samples. glassware gr atmosohers. Thirdly, since the deteclion imit ysed
{0 2 wg/l]l was 2.5 t0 5.0 umes lower tnan commercial ladaratories. perhags some other factor wis
contmbuting to the occurrancs of false posmives. :

Ag MTBE elutas \n a gas chromatograch quite tarly. and as there are few co-eluting peaks,
mis-idenufication of MTBE seemaed unlikety. Also, because 2il sampies were anaiyzsd in the same
laboratory, then if some false positives were recorded for MTBE, then they should have occurred
dwoughout the dataset, and not be clustered just in urban wells or in Denver urban walls, 3s appearsd
ta be the casae !f these MTBE detections wers false posiuves.

Concems about faise posinves were greatdy reduced when data was recaived (Appendix F) that
n 46 tp dianks, field blanks and equipmaent Nnsate dianks, none detected any MTBE. In addinon, 277
aboratory Blanks were anaiyzed from 13933-1995 3nd none showed any MTBE present above the
detecoon imrt of 0.2 ./ (48], Verdal informauon from USGS personnel ingicatas that VOC analvses
and DestCide exTacnons were dCNe In 3EPArate portons of the [aboratory with saparate air cireulatoen
systerms. Thersfors, aboratory-induced cross-contaminanon seems quite unikely. At this tmae, tere
is NO reason o helieve any faise pasitive MTBE values are contained in the USGS NAWQA data set.

N nwide - Deeger Wallg

The USGS NAWQA study found that of 413 deeper momitonng wells sampied. 4 weils (1.0%)
nad MTBE detected (48). Conversely, 39% of the wells sampied nad no MTBE detected. sven at ihe
very low detection limt of 0.2 ug/L. This shows that dissoived-phase WMTBE is not common in desper
ground water. The Mghest detecton of MTBE in thesa 41] deeger wells was 1.3 y)gA. This supports
the discussions presentad earlier that MTBE contaminauon should pnmanly stay in shallow aquifer
20nes, and that if it did haopen 10 reach 3 deeper weil, thers are NnuMeroyus factors that act to greatty
raduce the concentrations. As stated by the USGS (48), because these samples ars from deeper
aquifers, these results may pravide 3 better indicaton of the contaminates that presenty exist in
drnking wirter suoches. As 3 result, this data suggests that deeper water supply wells shouid usuaily
nave good inharent protection from any localized MTBE plumes.

Nationwidg - Shaflow Wail

The USGS NAWQA study found that of 773 shallow monitoring wells samoled, §3 waeils (8.2%)
nad MTBE detectad (48). Conversaly, 31.8% of the weils sampled had no MTBE detected, even it the
very low detection limit of 0.2 sgA. This shows that dissoived-phase MTBE is not ubiquitous in
shailow ground watsr. When MTBE was present. the median concentration was 0.6 g/ this is far

 below the 20 to 200 1gA range under consideranon by the USEPA as 2 Maximum Contaminant Level

(MCL) for drinking water consurmption.
.82.
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Navornwide. aniy seven wails |1 2% of tre 352 'e3ted nad derecuons of MTEE and Al sqven
ware 1.3 4Q/L or iess \Tadie 211 Thase resuits maten $X0eCIINCNS A NI rurgl. agreuitural areas
nave fewer USTs ind use iess AFG ang axviuels. Therefare. MTSE shouid de feund n the sreund
~ater nfrequently  33sed on MTBE sancentraticns and 3 camgiate ‘acx 3t ¢o-occurrning 3TEX
comgocunds. 0pdrenty ncne of these seven wells are 3sscciated with 3 '0cl Jlended jascline piyme.
Since ail MT3E vaives are Delow 2.0 ugil. tris suggest that hese seven qetscucns Might de
anrioutadle to ~et orecipitation MTBE reacrung tne shallow ground water

Since oniy | 2% of the widely disoersad agricultural-area monnering wells had detscoons of
MTBE bdelow. 2.0 so/L. it saems likaly that wer preciontanon of MTBE is ot 3 common, or fraquent
phenamencn. The igncurural area around Cenver li.e. Sauth Platts) Pad no detecticns of MTBE which
suggests hat MTEE dissoived into wet grec:oitaton s Nt extensive even near mgh MTBE -use areas.
A detailed study of e ar Basing over hesa JO seiected ground-water STUdy areas would Mare direcy
address this ssue a3 the study coulid attempt to reiate ranfall gatterns (o areas of MTBE -diended

gasoling use.

Yragn Weilg

Cf o 211 snallow urtan weils and spangs samoled. 155 (73.5%) nad no MTBE detscind at
the Q.2 QA lavel. Naunanwide, fifty-six (S6) af tnese samating iocaies (26 5% detscied MTBE. A
detaied dreakacwn i3 33 follows:

- 195 173.9% nag: MTBE < 0.2 ug/l. (none detected!
41 (13.4%) nag: 0.2 < MTBE < 2.0 oA
3 (43% haa: 2.0 < MTBE < 20.0 g
3 (1.4%inag: 20.0 < MTBE < 200 gL
3 (1.4%) naa: MTBE > 200 A

The range of detactions was quite droad ranging from 0.2 to 23,000 ygA. Simidar to
agneuitural wails, Many of the detections (41 of the 561 were 1.3 ygA or less. The otner 15 urdban
weils getected mgher MTBE cancantratons. 2ernapcs Jue 10 local UST releases.
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nver Lran Wail

Ct tha mght Urdan study areas. the Most frequent occurrence of MTBE was discovered in the
Oenver. Coiorado uroan area. Some 23 of the 29 wells sampled (79%) detected MTBE Tabie 22}, Ia
1988 Denver was one of the first yrDan areas to Jegin extensive usae of Oxvgenited fuels. gm,cu{,m
MTBE'* ‘AMhie there was mitidily same concern adout these findings. carefyt Ny sis of the Cenver
data shows:

- all six Cenver wells with MTBE > 20.0 ug/L had co-occurrencs of BTEX and/or
dissoived oxvgen laveis less than 0.6 mg/l. Thesae waells are very liksly near local piumaes
of MTBE-blended gascline.

- the highest detection of MTBE in Qenver residennal area wells [presumabiy away fram
pont sources) was 1.4 ,gA.. Nots: this i3 nearty the same as the Mighest detecied in the
agncuttural ared wells and the highest detectad in the deeper weils, 33 well as the mean
of the predicted equilibnum concentration in wet precipitation.

- all Denver wells above 1.4 ug/l MTBE were in industrnial or commercial areas

Within the Ceriver area, landuse obviously atfects the concentration range and the highest
detectad MTBE values. This is expectad as far fewer point sourcs releases shouid be detected in
residennal areas than n indusinal and commaercial areas that are. Q¢ were, cpgeraung fuel handling
taciites or are next 10 such faciities. Landuse designanon data for the other seven urdban study ireas
is not yet available frem ne USGS. Reportacly. on-site designations of landuse wers made when
USGS personnel collected e ground-watsr sampies. Thus data s beng comoiled and collated by USGS
and shouid be avaiable in late 13395/earty 1336, Unfortunately, this data Nas nat yet Deen recsived
or reviewed Dy thess auhors and $0 [anduse desigranon for weils in the other seven urban study areas
is unknown. Thaerefore, the applicabiiity of this apparent correlation can not Be stated with cartainty
for the other saven urban areas.

Resampling gf Qenver Lirhgn Weilg

In August 1998, 14 of the 23 wells in the Cenver urdan study area that creviously Nad MTRE
were resampied by USEPA. The raw data is contained in Appendix F. When companng the recant
August 1995 data to the July 1993 data. it can be seen that:

- of the 8 residenuat weils sampied. all remained below 1.1 ugA of MTBE with no
BTEX detecbons. The MTBE concentrations increased slighty in four weils, decrsased
slightty in two weils, and mmainod the same in two waells.

- of the 2 commarcial wells resampied, one had a slight MTBE increass (3.5 ue to 3.7 A,
while the other had 2 large increasa in MTBE (5.1 10 554 ugAl along with 2 large
BTEX incraase (888 up to 15,140 ,gA).

16 10 1988 MTBE nag soproximately 90% of the Denver oxygenate market and ¢ now has
roughty 20%.
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The five hgrest MTBE setecucns TduCAwide Ul M3g co-accurrence of §TEYX 1EmEGUrds and.ar
0Q 'eveis 'ess Man 0.5 M. It seens vary Iikaly N3t these Mgh MTBE ievais 4rq TrButILie to loca)
releases of MTBE-pigngeg Jaschne. protadiy fram USTy. in jadition N IN19e Nignest of trege five
are m;sogw cnes iof the 1 186 sampied) that exceeded "¢ DossiBie SRAAFT USEPA MCL of 200 gA
tor M .

There are 3 weils (4%) trag fail i g middie range of Raving MTBE greqter :nan 2.0 A, bt
less Man 20 g4 ™a cooccurrencs of BTEX in 2 weils, and the 3verage 0Q concentration for these
weils of 0.58 mg.L. somn strangly suggest that niended Gascine s 2 likely sourcy for some of these 9
wetls. B3sed on thq MTBE levels, stormwater runott may de the sourcs for iome of thesa detecucns.

The 38 urtan waeils that had MTBE detecuons at. or Relow. 1 4 oA had an average 00
concentrauon of 2.46 mga. Thig g quite close to the 2.55 mgA seen in the 136 weils that nag ne
MTBE detected. It i interpreted that these MTBE detecnons are srimanty artributadie to MTEE in wet
Precioitatian as it could produce MTBE cancenuauons of less than 2.0 WA whilg not reducing Do
leveis. A faw of these low-ievei MTBE detecnons may actuaily be the firse ndicatars af loca! gascling
relieases. However, positive idenafication would requirs umae-series 33mpling of these wails 1o detecy
MTBE increases, DC decreases and, eventuaily, perhaps BTEX d0pearancas.

It appears ryt the USGS $amoling Nas probadiy detecred two sources of MTBE n tne ground
water:

1} sub 2.0 ;A concantrations of MTBE due to MTBE in wet precioitanon. These wails
typically have na 8TEX and average 00 » 2.46 mgA..

2] higher concentrauans of MTBE due to local reieases of Biended gasciine. Thess weils
usudlly have 8TEX present and/or degressed leveis of OO (average = Q0.6 mg/A)

Stormwater runoM may aiso be presant 3s 3 minar third MTBE sourcs, INOUgh it 1s net possible CIFY
Clearty i30late which weils were mgacted v thus source as 13 for (ne WeL Drecionanen and Siended

fuel spills.
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Significance of USGS Fndings

Based uoon Me J0Ove diSCUSSIONS. e autnors cInciude the ‘ollowing from tne USGS NAWGCA
Phase | study regarding MTEBE.

- e LJSGS well saecugn crocess s Didsed (owargs hnqu ang 5AMOINg weils mpacied ~ith MTEE
tram lacal pant sources. especially in the urdan Ndustnal and urdan commercial landuse aress (hat
accounted ‘or the highest MTBE concentranions in the NAWQA study.

- Wit DreCIDNtanoN UNder worst-case, highly conservatve Sonditions might oroducs MTBE concenmauon
in ground water at. or below, 2.0 4,9/, This may account for the MTBE of less than 2.0 .ot n 19%
of the shallow urban weils and sprngs. as weil as in 1.2% of shailow agncuiturai weills. BTEX
concantratiing were typicaily NO while OQ lavels averaged 2.48 mgA. which is very close 10 the
2.55 mg/L detected in weils with ng MTBE gresant.

- local gasoline spills were detectad as MTBE concentrauons of more an 20.0 49/l in 3% of the
shallow urban waeils (i.e. § wells). BTEX compounds were typically present while DO levels averaged
Q.43 mg/L. Both these indicate 3 locai gasaling spil source likely accounts for the MTBE,

- based on the co-occurrence of BTEX compeunds. twa other urdan wells with MTBE greater than
2.0 i/l but less than 20 1o/l are aiso apgarently attributable to a kocal gasalina spul.

- thare are 7 urban wels and spnngs (3.3%) for which MTBE was greater than 2.0 yg/l. But less than
20 wg/l. and for whieh the MTBE source 1s unclear. However, the reduced 0Q concantratons
javerage = 0.58 mgA suggest that local gasoline releases are likety sources for somae of these wells
while stormwater runof! containing smail amounts of blended gasolina may account for cthers.

- only 1 of the 413 deeper weils had MTBE preseant and the maximum detectad was 1.3 ;o This
indicates MTHBE contamination pamanty stays in shatiow aquifer 20nes. and that deeper ~ater suppty
wells shouid usuailty have good inherent protecton from localized MTBE piumes.

- two different sources of MTBE contaminauon were apparently detectad: wet precipitation and iocal
gasctine spiils. Thert 13 no known machanism (physical, chemical or diclogical) that can cause MTBE
concantrations from wet precipitation 0 “buld-up of accumulate® in the subsurface. No such
mecharusm is needed to reascnably sxplain the USGS data and a second sampiing of seleczed Cenvaer
uroan wells did not support the existence of any MTBE buidup.

- conunued penodic sampling of these weils wouid provide timae-sanes data on MTBE, BTEX and OO
concentrations. This data would help resclve questions regarding contaminaton trends and sourcss,
parncuiarly for welils that have MTBE as the only gascline component.

- the MTBE findings of the USGS study need 0 be reviewsd with the understanding that the dataset
mixes MTBE occurrencas from twa distinet sourcas (wet precipration and local gasoline reieasas) as
weil as from several different landuses.
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REMEDIATING SUBSURFACE MTBE SPILLS

Subdsurface remediation s the 0rocess of remaving an unwanted ccmgoaund from the soi and
Jround watar (C reduct contaminant Mmass and concentrauons. I MTBE 1$ 1ntroguced 1o the sudsurtice
Dy wat precipitdtion. there should De "o need for Reaith-Dased remediation as (he concentrations in
ground water must Be less than 2 LuQ/L. However. /f MTBE mgacts the subsurface Oy & reiease of
blended gascline, then MTBE concentratons may ne Nigh enough to warrant remediation (Tadie 15}

Ramedidtion can have vanous meamings deoending upan whather the gcoai is 10 contain Me
COoNtaAMINADON (8X. SI00 ground-water Movernent), reducse the CONCENTTILIONS. Or Compietely restore MNe
aquiter to orginai concantrations'’. In this repart. remediation s used to Mean the containmant and
ramoval of ground water that 18 impacted with elevated concentrations of BTEX and/or MTBE.

Containmaent pravents dissoived-phase contaminants from moving turther downgradient and
impacting 3 larger porgon aof the aquifer. Removal will reduce contaminant concentrations (both MTBE
and hydrocarbons) in the ground water and reduce contaminant mass in the subsurfics. Together
containmaent and removal can ysuaity prevent the dissolved-phase contamination from reaching potental
receptors like dnnking-water weils or surface water dodies.

Containmaent and removal of dissolved-ghase contaminants raqQuires (N3t ground water e
pumped from the ground, treated and discharged. Such 2 ‘pump Ind reat’ 300roach can de very
etfecnve 3t controiling and removing impacted ground witer, byt 1$ NOt an efficient way o remediate
the entire subsurface 10 pnstine conditians'®. Forunately, dissoived-phase MTBE does not readily
adsorh ONTo od orgaruc marter and 30 3 pUMP and treat approach s more effectve at remcving MTBE
Man It reMmovINg AOMatc hydrocarbons (i.4. more of he MTBE wiil be 1n the water thin n the soil and
thus is easier 10 remove). B3ss and Syivia (93] agree that pumping and treating ramoves MTBE from
the ground watsr relativety quickly. They report that at one site where the pumping system influent”
rwtally had MTBE at 3.000 gL. the concentraton was reduced aver saveral years of pumaing to 50
wA (93). MTBE that remains in the bulk gasciine absorbed nto the sod DOres can act as a long-term
source of MTBE.

7 It 13 recogruzed that restonng aquifers to onginal conditions 13 quite difticuit due 0 Many diological.
physical. and chemcal factors Al acTNg 0 prevent Comoiets rES10MATION.

'8 g i3 Decause the Contamination that 0SOrds MO the sod pores and 2d30rds onto 30 Organe
matter BOTR aCT 33 I0NG-term sources of ground-water CONTaMINALON (NJT are Nard to eiwminate. Ground-water
remediation ef!lors are usuaily mare eftectrve it the sod contaminauon i3 addressed simuitaneously.
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Contamment Mathods
Contaiming and removing contamingted graund-water slumes usuilily .Nvoives (me ‘ailow:ng

- 3 thorough site assessment

- JCCesS 10 the impacted areq

- reCQvery wells (10 acCess ground w~ater)

- recQvery pumps (10 pump out ground water)
- pawer suEEly and gawer lines

- water discharge lines

- piping trenches

- w3ter treatment equioment

- vaNous valves, pumes, and controilers

- Building/shed to house squipment

- 3 permittad method of water disgosal (samtary sawer, surface water Body. reimjectan, etc.)

it a sovled fuel does not contain MTBE as an octane enhancar, or as an RFG oxyfuel additive,
then the subsurface contamirduon will consist of BTEX. owher aromaucs. and non-aramate
hydrocaroons. Because benisne i$ 3 xNOwn cartinogen with 3 iow Maximum Contaminant Level (MCL)
of § wg/l. maost subsurface gasoline remediation projects dre dnven Dy the need to contan and
remediate danzene. |f the benzsne standard can be maet. then the much higher MCLs (ar acuen lavels)
for other compounds (lika toluene, ethyibenzene and xyienes) are 3imost always maet.

If tre spiled gasoiina does contain MTBE, (men the disscived-phase MTBE zan Se i saparats
driving force for the ground-water remediaton. Because MTBE moves faster through Ne aguifer than
the BTEX compounds, it is usuaily found on the downgradient °leading® edge of 2 Jasaline piume.
Additicnally, apgroximatety 1.5 to 2.0 imaes as much aquifer irea wiil Be impacted by MTBE than by
BTEX.

Horzontal Extent of MTBE Plumes to Be Contained

The MTEE piume :n mast aquifers may only be a mere 1.1 ta 1.5 umes larger than the 8TEX
plume if e ume siNce the sodl Nas deen sMail (ex: less than one vear); see Table G-3 of Refarencs 8
for an example. Thig 1s because nitiaily the MTBE is onily able to outdistance the STEX due to the
ditferencs n e retardation faciors. For axamptle, in the low organic soils of the Borden aquifer, toe
aromatics e Rf = 1.1-1.5, while for MTBE the Rf = 1.00 (61)'°.

However, when the time since the fuel soil is great. the MTBE-oniy plume may have a2 much
larger horizontal extent than the retardation difference alone could account for. This is decause the
natural biodegradaton of the hydrocarbons {94) has caused them to reducs thew concentrations and
to migrate even further behind the MTBE (61). At the 30 blended gasoliine spills reviewed by the author
{Davidsord. it had Deen two 10 seven years unce the fuel releass. Whaen considersd two-dimensionally,

1y the 3quifer Nas very Ngh sod orgarmsc marter. then B8TEX retardanon factors might be 2 to 4.
Meanwivig, the MTBE retardaton may st onty nearty 1.00. Ths great retardation meght cause the MTBE
plume to extend several imes funther downgradient than the BTEX olume. However. s siL3tON '3 ATypecal
and could de readily dentified By the Ngn F o in the sou.
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tne ared contaminated By MT3E was 1 S0 2 0 umes larger than tne area moacies v 37EX digne
Figure Si.

As ume srogresses, (Mus Diodegridaticn ditfarence will cause tne MTBE o gull furher Iway
from the Iromancs ind ncredse Me distance traveied ratas  (f the tme since the sonl »as 2een on the
scale of five 10 ten sears. the MTBE onty giume might extend more Man twice as far downgridient (han
tne 8TEX piume. ~awever, since MTBE use in gasoline was not wide-sgread oror 1o (Ne 'ate 19803,
‘ew gascline reteases have had enough time tc create such large distances between ne MTBE piyme
and the 8TEX plume due t0 bDiodegradation-rate ditferences. Therefors. 1 reascnadie issumotion s
that MTBE piumes are typicaily 2.0 tmes larger than the BTEX plumae.

Water Treatment Methads

Oataied studies show that after pumoing out ground water moacted with MTBE. the MTBE can
ve successiuily removed from the water By 3 vanety of techruiques (44, 87). Almast any techrique that
removes BTEX from water can ramove MTBE. However. due 10 113’ lower volatlity. 'ower idsargtion
1o granulated acuvated carbon. aInd poor ticdegradabtility, removing MTBE from water '3 aimost always
more expensive than removing BTEX components.

The maost cost-effecuve techmiques are air sInpoing, or ar stnpoing foilowed By 2 cardon
adsoronon system (0 remove the remaning traces of MTBE. These (wo techniques ire Jsed N MAse
projects that remediate ground water impacted by B8TEX and MTBE (1, 43, §5. 611,

Fiaid expenence Nas shown that Jir stngoing 1s quite refiable. it can remove ug 10 33% of he
MTBE from ground water, provided the stnping systam is large snough, carefully designed. and
property operated (43). MTBE is Marder to ramave by air stripoing than BTEX components 2ecausae of
s low Henry's Law Constant (i.e. ‘ower volatility from watsr) which often mandates nigh ar flows for
effectve 2ir stgong (331, Alternatety. multole air stripoers in 2 senes May be reguired. It s common
10 see I SMopng removal fates for Denzene of 80% to 39%. while MTBE removali rates are often only
S0% to 90% {43). MTBE can be more readily air stnpped if the water 1s heated prior 10 stripoing (49,
33} but this can sigmificantly increase treatmaent costs (44).

The drawdack to air stnEEing 1S that the aHf-gas wiil release the MTBE and BTEX components
1o the atnosphers. Such ar discharges are undesirable N Mmany areas. Ingd not permissidle in Many ar
Quaiity non-aranment areds uniess some form of off-gas treaument is used. Off-gas treatment can de
done Dy incineranon, catalytc conversion, or vapor-phase carbon adsorpticn 10 cagturs the
contaminants. However, these technologies can increase totai treatment cost by about 75% (44).

Off-gas emissions ¢an be avoided by using above-ground biclogical treaters, UV/ozone systems,
or carbon 3d3orpuon Systams 10 remaediate the ground water {1, 43, 44). Howaever, sach of these
technoiogies are much more expensive than air SINPEING Or air Stripping with a2 subsequent carbon

adsorption system.
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Cost of Ramaediatmng MTBE Plumas

There ire "umerous factors (Nat make remedianng the MTBE pamon of subsurface Mydrocarton
piumes mare nitficuit and castly than remediating ;ust the 3TEX. Specificaily:

- the MT3E glume is cRen ' S 10 2.0 umas as &g as tne 8TEX piume

- (he Qredter irsal sxtant of the MTBE plume requirgs a More extensive assessmaent

- the Qreater aregl axtent of the MTBE piume requires mare camgiex and costly access
1ssues 30 that assessmant and remaediaton ¢an Be conductsd

- the greater 3redi axtent of the MTBE piume requires more recovery wails, purmps. and lines

- 3 larger ground-watar discharge rate wiil e needed to control (s larger piume. which
INCreases capital equiomant costs. instailation costs, and operaung costs

- larger and/or More air stppers dre needed 10 account far MTBE'S lower volatlity han
BTEX: this increases Doth capital equicment costs and power casts

It is useful to determina haw Much Mare expensive it 1s (0 remediate dissoived-ghase plumaes
of BTEX and MTBE as compared to just remediaung the 8TEX partions of plumes. Ta do this. several
assumptions must de made 30 the Costs can be comgared. Appendix G details the assumpuaens iand
calcuiations made in this report to determine how much mare it COStS tO remediate MTBE plumes
Based on fieid expenence and e inerature, he remedial design charactenstics for a typical UST reiease
site were as follows:

Remedi 43t 8TEX Plymg:
- assessment comgpleted
« 2 rucovery wells wrth pumps used 10 remave ground water
- a towal of 10 gom must be pumpaed 10 contain plume
- BTEX treatment by air stnpper
- BTEX influent ranges from 5,000 - 20,000 g
- no aff-gas reatment/control required
- treated water discharged Dy perrmut into SaMmtary or s1orm sewer

Remediate MTRE and 8TEX Plymes.

- assassment comoleted

- MTBE piume cavers an area twics as large as the BTEX phume

- 4 recovery wells with pumps used to remaove ground water
{rw BTEXUMTEE removal weils closer 10 sourcs, and two
MTBE-only removal wells further downgradient)

- 3 total of 20 gom must be pumped to contan total plume _
(10 gom for STEX/MTEBE piume, 10 gpm for MTBE-oniy plume)

- 8TEX and MTBE trsatment Dy air stripper

- GTEX influent ranges from 5,000 - 20,000 oA

- MTBE influent is 2,000 - 10,000 oA

- no off-gas treatment/control required

- reated water discharged Dy permit into sanitary of $10rM 38wer
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Based on 2 review of the Hiterature, and uoon the auther's txpenence s 3TEX -emgvar
svstem (s considered 2 ‘typical® UST ground-water Dumo and treat 2geriticn  The 34C3M4 System
described 13 for ramaving Both the 8TEX and MTBE ciumes. It represents what s neeced ‘o cantral
a “typical” BTEX.MTEE glume. Sased on the literature 3and the author's experience (see Accendix 5

Cost Lamparisgng

Gener3l cost esomates are used for typical 8TEX and BTEX/MTBE piumaes «n these compansons.
As 2 resylt, the COsl camgparisons here are Not 3pprocriate for any individual site, Dyt are considered
10 De reasonable for a typical blended gascline releass.

As descnbed n Appendix G, the cost for 2 pump and treat system for an average 8TEX piume
resuiting from a UST release was obtained from tha literaturs (95). The total capital. nstailanen and
operation costs cited for such 3 systam ranged from 3$250,00Q to 3300,000 tor 3 ta 1Q years of
operatian {95). The mean wouid be $275,000 for a typical system to operate 5.5 years.

As descrbed in Appendix G, two ndependent approaches were used 10 determine costs for
contrailing a tyoical MTBE pluma lin addition to the BTEX parnon of he plumae). The first agcroach
considerad the additional slements needed 10 ramediate the MTBE pormon of 2 typicai MTBE dienced
gasciing plume. It quaiitanvely estimated that this would require 2 10 J umaes e expenditures as just
controlling the BTEX portion of the piume.

The sacond approach calculated the cost ncrease Dy using per/day cost esumates for
remediating 8TEX and MTBE impacted ground water (44). As detaied in Appendix G, this second
aporoach indicated that remaediatng the expansive MTBE parmon of a typical gasolife 1pil plume, along
with the smailer BTEX phurne, would require $725,000 to $861,000 for 5.5 years of cperatcn. Tabie
24 shows the caiculations which indicats that adding containment and reatment of the mare far-
reaching, MTBE-only portion of the blended gascline plume can increase ground-water remedianon
costs Dy a factor of 2.6 to 3.1. The qualitative and quanutative approaches Both converged cn

essentiaily this same cost factor range.
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TABLE 24

MTBEg REMEDIATION COSTS

Treatmen: Tecoique { Towl Treatrpen Costs !

operanag §for 8.3 Cost Rauo

$iday days- reary Compared
w BTEX
oaly of
$275.000
Aur Stnppuag ! Jos [ .47 [ 725.223 ; 1.64

Alr Sthppmg with Aqueous &7
Phase Carbon Adsorpticn

Z.Jd?T &6[.1491 SN B

1. locludes \asallanion. capial equipment. OpeTalion. rmantenance
1. Assumes 351 days per year s 0ve day each quarier deeded for maintenance.
Therefore, 36} days per year 1 4.§ years = 2346.5. round 10 2347 days

Notes:

While Uus generai €3uMate is not necessanly 3Ccurate for any parnticuiye soul, ¢ demonstrates
that remediaung the §round water from the downgradient MTRE oaruon af 3 dlended fue soll can
increase remediatian CO$ts Dy sevecat umes. if fegulations required remediation of MTBE-mpacted
ground water, then g ddditonal éxpense could be mandated 3t many of the UST leaks in regions
using MTBE-blended gasciine.

In 3 general sense, e opropnateness of sycn femediauon requirements mys: be weighed
302inst the ends in UST reieases, MTBE mass lossas to e Subsurfacs. and population exposed. For
Ny specific sne, the 30Orooriataness of remediavon should be determined Based upon sze 3ng
concenTaton af both the BTEX and MTBE plumes, natural attenuation, MTBE concentration reductions
by dispersion and volatfizaven, potennyl acaptors, risk af exposure {0 contamination, and possible
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SUMMARY AND CONCLUSIONS

In s recon. caleulanans nave teen made and data Sresentad regarding many aszec!s af MTSE
occurrence N ground water and gunking water  Major canciysions jre.

the causes, rends. catlams, and typical concentratians of MTBE.mpacied ground w~atar are
waell uncerstcad. While additional studies and ground-water analysas ~ould enhance the
datadase, he MTBE resuits from mare than 5,350 weils and sonngs™ from across the country
that were summanzed and anaiyzed 1N this report estadlish the scoge af the gradlem and
the MajGr processes nvaived. '

the vast majonty of MTBE releases go into the atmaosphers where 0xidation orocesses act
tQ break t down. '

releases of MTBE into the subsurface shauld decrease substantally in the next five years
due to MTBE use parterns and due to improving leak preventan and detecuon for USTs
(which are 3 major source of MTEE releases to the subsurface).

MTBEE from dlended gasoline spils dissolved inte ground water does not cause co-salvency
of Rvydrocarbans. in fact. the presence of MTBE lowers STEX caoncentrations n
groung witer.

the presence of MTBE does nat dpparenty inhibit Diodegradaten of aromatc Nydrocarbons.

* the MTBE portion of 3 diended gasoling plume 1 typicaily 1.5 10 2.0 umaes ‘arger than
the BTEX poruoa.

MTEBE in ground water comes pnmaniy from two sources: wet precionation and local rclus.u
of MTBE-tlended gasoline. ’

squilibrium calculations indicate that MTBE can only dissolve into wet precipitaucn at
concenuInons less than 2 yg/A.. Therefore, MTBE dissoived into wet precipitaticn can only
Create concantrations in ground water greater equal to. or less than 2 ygA..

most weils located away from point sources of MTBE-dlended gasaline found contaned no
getectatie MTBE li.e. 39% of USGS deeper wells, 39% of USGS agncuitural wells,

all rescental weils n Denver, mors than 37 % of public water supply wells, more than 94%
at privats watee suoply weils). Thosa wells away from paint sources that did contain MTBE
had concantrations less than 1.4 ug/A, which is very closa to the 1.2 A predicted annual
maean MTBE concantration in wet pracipitation.

L]

the USGS NAWQA study detacted MTBE in shallow ground water at 2 median
concenuaton less than the 0.2 ,g/A detaction limit. in those wells that did have MTBE,
the median concantration detected was 0.8 ;gA.

20 6 350 a Total numBer of weils as summanzed n Tabie 15 (353 monnonng wells),
Tabie 18 (2.499 pudhe wells), Tadle 13 {1,291 orvate wells!, USGS NAWQA (211« 582 « 413 = 1,188
weils ang SpANgs!, phus saveral dozen moare wells fram the vanous studies referenced throughout (he SA0e7.
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—_ * MTBE concantrations in groynd water due 10 dlended Gasoung sgils are ! 0 § arders
of Mmagmitude highar those due 1o wet precipitation

local, paint-source MTBE -Blended gasoiine releases can cregte MTBE concentraticns

1 ground water above heaith standards far drinking water consumouon  In race cases,
pure MTBE or MTBE-1impacted tank 20Tom waters My 3iso create higher MTBE
concentranens in ground water

¢ about 0.04% of public water supply weils and 0.3% of privats water sugply waells may have
MTBE at concentrations higher than 200 w9/, Factars like spaual separation. geclogic
separauon, dlending, volatlization. and athers ail help prevent impact by, and reducse
concantravons of MTBE in water supply wells. Low odor and taste detection tNreshoids helg
prevent water consumotion from impactad wells.

* remediatng subsurface MTBE ground-water contamination can be conducted using existing
technclogies, dut costs about 2.5 to 3.1 umes as much as remediating the BTEX
components.

General Qualifying Statement
In preparing this report, actual measured values were used whenever possible and references

provided. Howsver, some baseiine values needed n the calculations were not available in the literature
or through applicable organizations (i.e. USEPA, API, PMAA, PEL, etc.). In such cases, preliminary
esTMates were made based upon the avadable data, literature citations, reasonable sxtrapolations, and
the suthors’ experiencs. The authors weicomae recsiot of additional refersnces and values to further

refine these estmates.
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