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Energy Policy Act of 2005

A N/
Title XV - Ethanol and Motor Fuels
Subtitle A — General Provisiens

*22% by weight oxygen content J
.requirement of the Federal RFEG program
eliminated 2
» Requires gasoline sold in US to contain
Increasing amounts Of renewal,;)le fuel

= 20067y 4.0 blljlon gallons of renevyable fuel
172012 S billion gallons oﬂ’enewab.le fuel
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Energy Policy Act of 2005 r
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The Act does not:

« Ban MTBE
e Clarifty EPA or state authority to-

a7 regulate/ban MIBE or other fuel additives

). «'Provide MTBE or renewable fuel product
liability waivers

Provide transition a53|stance to MTBE
manufactu AN A L X
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nergy Pollcy Act of 2005

;.1-- I 'SENE . AW
Title XV - Ethanol and Motor Fuels
Subtitle B — Underground Storage Tank Compliance

A ’
e s

“Underground Storage Tank Compliance Act”

. ‘e Lots of additional tasks....
- Lots of additional money....:?
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Coming soon to a station near you...
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UNLEADED

UMLEADED
With 10% Ethanal
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MTBE IS generally blended with gasoline
at refmerles and dlstrlbuted by plpelme

s::"’ﬁ'

@ Reformul ated Regular Gasoline
@ Low Sulfur Diesel Fuel

) kerosing Jet Fuel

W Compatible Interfaces
O Transmmix
{Interface material which
raust be reprocessed)




www.aopl.org/news/2003/ How%200il%20Pipelines
N %20Make%20the%20Market%20Work.pdf
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' What's Different about Ethanol?

VR
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e Ethanol has a tendency to separate.from
gasoline because water will dissolve in the §
ethanol -

=@ « Therefore ethanol is typically blended INto
' the gasoline at the distribution terminal,
Immediately before Ieavmg the termlnal
for.the gasoline station. ;
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Q) Blending Ethanol

_‘m- ey
. ApprOX|ma‘\er 155 oll refineries in the US (API)
e Example — Motiva has 3 US refineries and many terminals

— each termlnal Would need storage and blendlng faC|I|t|es
i f =1\

MOTIVA PRODUCTS DISTRIBUTION TERMINALS
SHELL PRODUCT'S PIPELINES & TERMINALS
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Ethanol Plants '

US. ETHANOL MANUFACTURING LOCATIONS
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Reflnerles in EPA Reglon 3
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Fuel Ethanol Usage In the US
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‘Ethanol Production

4“1“_
As of 10/18/05:

e 97 ethanol plants operational, with a
\capacity of producing 4175 m|II|on
‘gallons per year

e '3_23 plants under constructlon W|th a
planned production capacity of 1151
mllllon gallons per year.
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- U.S. Fuel Ethanol Industry Plants and
Production Capacity |

R ‘l- A T A
e, Total Current Capacity 4381.4
-/ TotallUnder Construction/Expansions 2101.0
<@ . Total Capacity 6482.4

I (Millions of gallons per year)

S AT

Updated February 2006
http://www. ethanolrfa‘org/ industry/locations/
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4 Credits/Tariffs
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e 51 cents per gallon tax credit for blending
10% ethanol into gasoline

AT

. Imports of ethanol into US subject to
2.5%0 ad valorem tariff and second duty of
< 94 cents per gallon

)

« US will allow 24 Caribbean Basin countries.
to shipiup to 269 million gallons to US "
marketthis year duty free, but ethanol
exports from the region are expected to
amount to only 80 mllllon gallons ¢ '

."L"-
+ _
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Ethanol Prices \ \

X 1 % ™ _ o N /
AXHOG [10] - Denatured Fuel Ethanol  LasT: 2.320 CHANGE: v 0.020 HIGH: 2.380 Low: 2380 102572006 !
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4 As of March 12, 2006.. ’

Y |
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e According to AAA, ethanol demand |
nationwide increased to 113 million gallons i
per day in December — 1.2 million gallons
more per-day than the U.S. dally

<« Production |

).« Ethanol futures for April are selllng on the

Chicago Merchantile’Exchange for $2.47 -~
per gallon while gasoline futures, on the
New York I\/Ierchantlle exchange are |
$1. 66/gal|on ' | X

-
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«.Coming soon to a station near you...
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- Ethanol and the eni_/ironqm_eﬁ_ht..‘.-"_..
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| The regulations...

Y |
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.....The material used in the -

~cconstruction and/or lining of‘the UST.
l system must be compatible W|th the
product stored..... ' '

37
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: E10 Compatibility Issues

A i |
Fiberglass Tanks
— Owens-Corning
 Pre-1981 tanks not compatible withi ethanol

«-1981-1990 - single and double wall tanks UL
approved up to E1O

, &  1990-1995 — Up'to E100 UL approved for
~double,wall tanks only | -

~ Fluid Containment (formerly OC)

e 1990-1995 — up to E100 approved for double'
waII tanks only g .

0 AT T T
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4 E10 Compatibility Issues

Y | 0 AT T T

Fiberglass Tanks
— Containment Solutions

1995-Present — up to E100 UL approved for
single-and double wall tanks

— Xerxes (to be determined — certain-years
" ethanol compatible tanks were ohly made to
order) | : |
At least 1993 to present — Up to E10 UL
approved on single wall tanks and.up to
E100 UL approved on double wall tanks

. a
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: E10 Compatibility Issues

i Y i |
Steel Tanks '

—Plasteel (steel tank with plastic outer coating)

At least 1996 to present — Up to E10 approved for
single and double walled tanks

— Permatank (steel with FRP outer coating) -

All their tanks (l.e. Permatank, ACT-100-U, etc.) have °
included the outer coatings in their UL testing so they

' _are UL approved for ethanol. Waitingfor

1 " Fconfirmation for Sti-P3 tanks.

~ Al H'ighland Steel, Tanks with external coatin'gs ‘j-.

All their tanks (I.e. Titan,,/ACT-100-U, etc.) have i)
included the outer coatings In thelrU‘L testing. so they
_are UL approved for-'ethanol S A - & 3

0 AT T T

FraeJ
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: E10 Compatibility Issues
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Fiberglass I5iping
— Fiberglass piping manufactured before 1988
not UL approved for ethanol

~ Fiberglass piping manufactured after 1988 is
i UL approved for ethanol for double-wall
| systems only
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: E10 Compatibility Issues
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WA T

VR

Flexible Plastic Piping
— OPW Pisces flexible plastic piping system

Up to E1O0 UL approved for ethanol (awaiting
iInformation to establish date when this
started)

— Environ plastic piping system

-Compatible as per manufacturer (verbal)

Awaltmg written conflrmatlon
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E10 Compatibility Issues

Y |
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Flexible Plastic Piping
— APT flexible plastic piping system
Compatible as per manufacturer (verbal),
Awaliting ‘written confirmation. Sumps, boots,
fittings, etc. are UL tested and approved for up
to 50206 ethanol only. APT piping.is-ULtested
and approved for up to 10026 ethanol (Note:
“Inner wall only on double walled pipe. If inner -
—“wall leaks, the outer wall is meant to contain .
and transmit the leak to a sump for detection. 1
~The outer wall is not designed for:prolenged
exposure to ethanol-blends.).! APT’s poly-tech
_ ducting pipe Is not ULk approved for any ethanol
! 'blend and isnot to be conS|dered secondary
b, contalnment for any ethanQI blend 3




- ETEEENREEY . ey

" Other E10 Compatibility Issues...

Y ¥ T

WA T VR

« Leak detection devices may not be compatible
with E-blend fuels

. Automatic tank gauges that have capacitance
probes will not work with E-blend fuels because

<y these fuels are conductive, and capacitance
, probes must be used in anonconductive product

- For magnetorestrictive tank probes; the fuel float=
mustbe changed for both chemical compatibility
with’ethanol and the change in specifickgravities .

between the E<blend and the previeus fuel.
; 4 ' o
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- Delaware’s Preparation for the ’

Coming of Ethanol ...

WA T VR

A ¥ T

k

Recommendation that owner/operator
check compatibility of UST system
components

a2+ Tank cleaning to remove deposits, sludge,
. rust and scaling |

Filters — designed to remove water from
gasolme

Water detection’ paste:specifically. for
ethanol blends | &

Take care of water mflltratlon problems
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Particulates in Gasoline

Sohd Contaminant Standards
Slight Particulate Dirty
Clean Particulate Matter
Matter

. T - TR T B
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Water in Gasoline

Moisture Content Standards

Bright Hazy Cloudy Wet

D
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* Phase Separation
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| Outline

. Commg soon to a station near, you

r‘ﬁ The regulatlons and compatlblllty
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S|gn|frcance of Propertles

A Properties A Examples of Significance
— Aqueous Solubility » Rate of migration; bioavailability

— WVapor Pressure » Volatilization from LNAPL; Soil
vapor exfraction

— Henry’'s Constant +» Volatilization from water: Air
— Octanol/Water Partition stripping
Coefficient —— Rate of migration; Adsorption
Potential
— Biodegradability - = Plume size; in-situ biodegradation
— Reactivity p Oxidation potential
— Structure -+ Biodegradability; oxidation

potential

3 :ﬁ iy

ir'ﬁ.‘-- ,
ol
-
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! Ethanol Release Scenarios
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e Denatured Fuel Ethanol Release

o EthanoI—BIended Gasoline Release.

ks
p o Small Volume Release of Ethanol Blended

Gasolme




- ETEEENREEY . ey

. Denatured Fuel Ethanol Release
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Will there be a dissolved ethanol plume?

WA T

VR

Depends of volume of release, depth to
' groundwater, and solil type -

- Depending on ethanol to.water ratio in the area *
’ - beneath the release, ethanol concentrations
can-gxceed 10,000 ppm (1% by:volume)




R=1+ focKmpbnEk
n

R=1 _|_(Elii] _|_[ facKchpbufﬁ:)

a H HEIH
A Increasing Koc increases retardation
(R) for constant soil properties
Bboncene - 45
Rygree
Re:hmoﬂ =025
Rygrse
A As R.approaches unity, contaminant
moves at speed of groundwater

dimensionless log kK

[log (1AmgL))]

ized Xylene:

thylbenzene

b
w

Fa

OSTP Report, Fane 1887
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Aqueous Solublllty

'\.‘ -_"""

A Raoult’s Law (holds for low contaminant mammaT.\Smm

concentrations) 106008
C - SD'ThEGF&tiEH| Xgas-:-line
- cmgﬁ (48,000 ppm)(11%) = 5.280 ppm
— Chapape g = (1.750 ppm)(1%) = 17.5 ppm
A Does not hold for miscible contaminants
(e.g. ethanol, TBA, methanol)

ethanal, pasoline

MixingRatio* DilutionRatio

CEIFMWI =

— Actual source area ethanol concentrations higher than
MTBE. ie., <1,000 ppm

A High solubility (> 10,000 mg/L)

— Fast dissolution

Theoretical Solubility
[mg/L]

— Lower sorption | mixed Xylenes
— Potential cosolvency effect !

—

3 Hi ,

Ethylbenzene
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. Denatured Fuel Ethanol Release

Y ¥ T WA T

Will there be an impact on the mobility of
nonaqueous phase liquid (NAPL)
hydrocarbons, If present before the
release?

VR

=@ | Potential exists to/impact NAPL mability:
‘ - Magnitude will depend on volume of release .
and.-pre-existing site conditions. Presence of -
ethanol can reduce interfacial tension-which .
enhances NAPL mobility, which may result in
reappearance of’ NAPT_ |n wells and sumbs
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| Cosolvency of Ethanol

Y |

0 AT T T

. Dependeht on ethanol concentration In
groundwater

— Function of dilution factors
~ Concentration drops with distance from source

rﬁ « ‘Corseuil (1998) found ethanol concentrations
=>10,000 ppm will increase BTEX selubility -

- 10%/Ethanol in gasoline with 5:fold dilution 7
factor results in groundwater concentratlons of
20, OOO ppm ' |
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. Denatured Fuel Ethanol Release

WA T
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Will there be an impact on BTEX plume
length?

VR

If the presence of ethanol increases BITEX
solubilities. BTEX plume length is also likely to
Increase. The results of a modeling-study
suggest that benzene plume length could
Increase by as much as:150%o. “Ethanal
copstitutes a significant demand on oxygen
(and other electron acceptors); the presence of
ethanol can‘deplete electron acee’ptors s

retardlng BTEX deg’radatlon
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Conceptual Model of BTEX Plume
\ Elongatlon

iL"

Vadose Zone

BTEX Plume
L Ethanol Degradation ‘

L.
“l

Eftective BTEX degradation
“Lag Length”
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. Denatured Fuel Ethanol Release

Y ¥ T

WA T

Can methane be a problem?

VR

Ethanal biodegradation can produce elevated
methane concentrations in groundwater and

. vapor phases that may persist for long periods.
Thus, methane should be considered in
groundwater sampling periods for monitoring
wells in the vicinity ofa denatured fuel ethanol
release. '
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' Ethanol-Blended Gasoline Release

Y ¥ T

Will there be a dissolved ethanol plume?

WA T

VR

Depends of volume of release, depth to
groundwater, and soll type

Depending on ethanol to water ratio in the area
beneath the release, ethanol concentrations
can exceed 10,000 ppm (1906 by volume)
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Summary of Literature
Blodegradatlon Rates. k“-

“ | A .ﬂ

Compound Anaerobic Pseudo First
Order Rate Constant

Electron Acceptor

Range of Rates

(day™)
Ethanol NO;" 0.53 "
Fe'l 0174
504”7 p1 "
MTEE Anaercbic Range 0.0062 -
0.00006 %"

Benzene NQ: 0-0.045%"
Fe' 0-0.024 %"
507 0-0.047%7
Methanogenic 0-0.052%"
General 0.0062-0.00096 "

1) Estimated from Corsewl e, al., 1997; I) Arowson ot al., 1997, 33 USGS, 1998; 4) Barker of. al., 1998;
*Diatermined v a laboratary;
** Ectimated from frst principlas.
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Ethanol Effect on BTEX
Degradation

WA T

g T T
Corseuil et al., 1998

e Ethanol retarded BTEX aerobic biodegradation in
laboratory; rapidly reduced oxygen concentrations

* "No benzene degradation observed under anaerobic
conditions

«@# ¢ Ethanol slowed toluene anaerobic degradatian

)

Huntetal, 1997

- Degradationof toluene completely inhibited until all -
the ethanol was degraded (aqwfer mlcrocosm) 1,
Barker et al,d990 . Y7 - 'f R

- 4l Methanol inhibits degradatlon of BTEX due to initial
toxic levels; later due to depletion'.of e e(_:’gron

L

= acceptors/ ! & LR NN L
_.& “
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BTEX Plume Elongation: ’

Possible Causes

A ¥ T

WA T

e \Increase in agqueous solubility of BTEX due to high b
ethanol concentration in water

e  Preferential utilization of ethanol

o

‘ — Larger volume of groundwater undér anaerobic

conditions; shift to methanogenic.redox
condaitiens
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' Ethanol-Blended Gasoline Release

Y ¥ T

Will there be an impact on benzene, toluene, 5
ethylbenzene and xylene (BTEX) '
concentrations?

WA T

VR

If the ethanol concentration exceeds .1(),000
ppm, there can be an increase in BTEX
concentrations.
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Cosolvency

BTX and ethanol concentrations track
~ logarithmically

Concentrations of BTX in an aqueous phase equilibrated with gasoline
‘ show a substanbal increase m the effectne salubility of thess constituents
| with increasing concentrations of ethanol.

e

& Benrane
& Toluena
B Lylenes

1w

&
7
B
=
L
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i
cx
L
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Aqu:u-:u: phasa velume fraction of sthancl
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' Ethanol-Blended Gasoline Release

Y ¥ T

Will there be an impact on (BTEX) plume
length?

WA T

VR

Field study by Ruiz-Aguilar (2003) showed that presence of
ethanol resulted in mean plume lengths that were 36%o
longer (70 feet); this difference was statistically

;‘“ﬁ ' significant.

‘Mean tolueneplume length was only slightly longer in the =
presence of ethanol (1790 longer or 26 feet); this
difference was not statistically significant:. " 5

Study suggests-that presenee of ethanal could inhibit
benzene biodegradation toa greater extent than
; oluene, but should not hinder appllcatnon of natural

ttenuation as a remediation strgtegy.,

-

b )

.
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Plume Length

FIGURE 2

Predicted contaminant plume length

Results of Monte Carlo simulations illustrate relatve changes in the
praobability that a drnking water wall wall be atfected folloveng a spill of
nonmopgenated gasoling (base case), ethanol-blended gasobne, and MTBE-
blended reformulated gasolne. Analysis details are presanted in (4],
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Small Volume Release of Ethanol-

Blended Gasoline

R ¥ T A T i E .
Small volume, releases of ethanol-blended gasoline may be
vapor or NAPL. In case of NAPL release, the volume is
assumed not sufficient to contact groundwater.

Will ethanol impact groundwater?

Field experiment simulating finite source showed no

- Impacts to groundwater for a release more-than one

| meter above the water table. If considerable infiltration
(=0.5 cm/day) is applied, ethanol was.detected in -
groundwater.

Modeling'results for steady state release (0.04 gal/day) 1
indicate biodegradation likely to limit groundwater
impacts. Actual infiltration rates associated with*
Individual precipitation.events could effect ethanol

~ 4 _transport. more than 'was demonstrated |n study
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Henry!s Law Constant (H)

A Ethanol Henry’s Constant = 0.000252
A Henry’s Constant < 0.05
- Volatilization from surface waters unlikely
- Off-gassing from groundwater unlikely
- Vapor phase retardation will be high

TBA

H [(atm-m*)/(mole)] | RT = H[-]

R = 008208 [(atm-m*)/{mole-K)]; T = [*K] = C + 273 Ethanol

0.0001 Metbagol

4P Rapors. Jaza 1867
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Small Volume Release of Ethanol-

Blended Gasoline

A ¥ T WA T VR

Will the presence of ethanol allow benzene
vapors/leachate to impact goundwater?

Field experiment by Dakhel, et al. (2003) suggests
any benzene impacts;to groundwater would be
localized and short-Ilived.

Modeling results for' steady state release (0.04
gal/day) indicate that even in the presence of
ethanol, biodegradation can significantly timit =
benzene transport to groundwater. Potential for
benzene-impacts to grounndwater.increases in fine-
grained soils; because of Ilmltatlons on oxygen ’
avallablllty & _ | i Y
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Small Volume Release of Ethanol-

Blended Gasoline

A ¥ T WA T

Is soil vapor monitoring needed?

No, the small volume releases detected in the
Young and: Golding (2002) study may go
undetected by conventional soil vapor
monitoring methods. However, thekre may be

| reasons.to conduct conventional sorl vapor

i monitoring for a large volume release of

. ethanol-blended gasoline.

Results 'of field and monitoring studles *
corroborate each other; ethanol and benzene
Impacts to groundwater associated with these
“small volume relea$es are not expected to be
slgnlflcant

| e .
i '
i 5
lmm m
i
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Summary

0 AT T T

Y |

e FEthanol is miscible in"water; does not adsorb or
volatize — can result in high potential source area
concentrations

Ethanol will rapidly biodegrade followiag.release
“to the environment — can result in rapid depletion
of electron acceptors and suspected mterference
with hydrocarbon blodegradatlon

Ethanol |s preferentlally.brodegrade_d ce_fnpared tg_‘ '
other gasoline‘constituents (e.9:, behzene, MTBE)
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Wave of the future...?
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35-%I\Ethanpl_
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v ESSFuel.oom

‘B Use EB5... =
& The Alternative
. Fuel Solution!

85% Ethaneol
For Flexible Fusl Vehicles

Energy independence?

The answer may be growing  ivegreen
in our own backyard. | goyellow
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