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Outline

* Ethanol Impacts on BTEX plumes
* Footprint model from EPA

* Analysis of Transport in Regional
Scale Aquifers
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Clean Air Act
Amendments of 1990

« Established framework for U.S. gasoline composition
» Final lead phase out (1996)

» Reformulated, conventional and oxygenated gasoline
programs

+ Reformulated (RFG) — benzene < 1%; oxygenated additive until
2006

« Conventional (CG) — benzene limited by anti-dumping provision
— oxygenates boost octane

« Oxygenated (OG) — control CO emissions in winter in selected
cities
» Mobile Sources Air Toxics Act (MSAT) 2007
* Reduce benzene to 0.62% all U.S.

= For more information:

+ Gasoline Composition Regulations Affecting L.U.S.T. Sites,
2010, EPA EPA/600/R-10/001
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Reformulated and
Conventional Gasoline

Atlantic
Ocean

Pacific
Ocean

[ state Cleaner Burning Gasoline (CBG)
Federal Oxygenate Requirement Duration
I 1.1.95t0 3.10.99

[ ]1.1.95t0 4.24.06

[ ]1.1.95t0 5.5.06

[ 6.1.96 to 4.24.06

I 6.1.99 to 5.5.06 y
[]12.10.02 to 4.24.06 o
] None

Whole county boundaries shown for partial counties: Grundy & Kendall in Illinois, Bullitt & Oldham in Kentucky. Not represented:
above 4500' on White Face Mountain in Essex County, New York. All areas not indicated on the map use conventional gasoline.
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Some of the 10%
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and Energy Research
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Gasoline composition data from
1930s to 2010

See David Spidle’s poster
for these cases, Jim’s
poster for more cities and
compounds
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More of the 10%

Phoenix Ethanol Data
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Ethanol Impacts on
BTEX Transport

* What is the science telling us?
= \Water scavengers ethanol from fuel
= Ethanol resides in the caplillary fringe
» Ethanol biodegrades preferentially over
BTEX
« BTEX plume elongated if in contact
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Two Phase
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2D Bench-Scale

20ml E95
(1ml LNAPL)

In Capiro, N., B.P.
Stafford, W.G. Rixey, P.B.
Bedient, and P.J.].
Alvarez (2007). Water
Research 41(3):656-664
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Distribution of Fuel-Grade Ethanol near a Dynamic Water Table Brent P. Stafford
and William G. Rixey, Ground Water Monitoring and Remediation, Summer 2011

NAPL lenses generated
during higher water table
conditions.

Initial lower NAPL boundary
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Freitas and Barker, 2011, Monitoring Lateral Transport of Ethanol
and Dissolved Gasoline Compounds in the
Capillary Fringe, GWMR, Summer

1) Significant transport above water table in capillary fringe
2)No increase in benzene concentration when flushed with E97
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Soil data from April 24, 2010 (611 days after E10 release and 234 days after E95 release); groundwater
data from multilevel well RA-WO7, April 27, 2010 (Figure 2).
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EPA’s FOOTPRINT Code

 \What Is the extent of a benzene
plume when ethanol is present?

= BTEX presumed not to degrade until
after ethanol degrades
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Conceptual Model

~—— Ethanol conc. at the source —— Ethanol

----COC w/ biodegradation

Virtual conc. of the COC (C,) —— COC wio biodegradation

Actual conc. of the COC at the source

Conc. of the COC at L (C)
,/ Threshold conc. of ethanol

______________ MCL of the COG_

—
——
—
e e o

— L (Zone 1)
COC not Biodegrading

o L.(Zone 2)
COC Biodegrading

Distance from the source

COC = Chemical Of Concern (e.g., Benzene)
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» 2 biodegradation zones for BTEX:

= 15t (adjacent to the source) allows no decay for BTEX;
here, ethanol only decays to a threshold concentration
(3 mg/L)

= 2nd (away from the source) allows decay of BTEX at a
given rate; here, ethanol is below the threshold
concentration (3 mg/L)

» Zero or 15t order decay for both ethanol and BTEX
» Constant or decaying (15t order) source for BTEX
» Homogeneous aquifer

» Unidirectional groundwater flow

» Linear sorption for both ethanol and BTEX

» Complete vertical distribution
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FootPrint ¥1.0: A Screening Model for Estimating the Area of a Plume Produced from Gasoline Containing Ethanol
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FOOTPRINT Output

Qutput: Numeric OQuiput from a Single Run

Area of the plume = 174400 (ar. 1. 74E+05]) =ft = 4.00 acre

Length of the no biodegradation zone (Le) = 195.00 ft

Length of the plume from the source (Le + Lc) = B37.00 ft

Concentration of the COC at Le [(Cl) = S E0E+01 mgfL

“irtual concentration of the COC at the source [(Cw] = 4 50E+03 magfL

Ethanol concentration at the source
_— Ethan ol

“irtual concentration of the COC - COCwith bindegradation
_— COC without biodegradation

Actual concentration of the CTOC at the source [(Cp)

Concentration

Concentration of the COC at Le (S0

Threshold concentration of ethanol

Bl I SRS MCL of the COC

-
L

Fone-2 - """"--.._______\_-‘__-

L.

Distance from the source

Figure 1. Conceptual model for transport of ethanol -blended gasoline constituents.

Print |
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Output: Plume Area
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« FOOTPRINT uses observed ethanol concentration,
not composition of fuel as a starting point

« FOOTPRINT is limited by assumptions of analytical

transport solutions:

» Homogeneous aquifer
= Steady-state, one-dimensional ground water flow

= Only one direction of flow
= No accounting for vertical flows or their lack

* Newest information on ethanol impacts:
» Ethanol residing in capillary fringe

» Ethanol Scavenging in the vadose zone—ethanol actually colocated
with petroleum hydrocarbons?
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« Starting point = gasoline

* Numerical model = heterogeneity,
multidirectional flow, transients

« Capillary fringe effects from how
the pieces are put together.
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* Preliminary work

* Leaching of gasoline perched in
capillary fringe

« Ethanol concentration determined

from extend of gasoline, vadose
zone water saturation
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Potential for Cosolvancy

1
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e saturation 85%
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ot M Smear zone gasoline + water
a
0.4 0.6 0.8 1

0 0.2
T fraction ethanol in gasoline

RESEARCH & DEVELOPMENT.
Building a scientific foundation for sound environmental decisions




« County-scale ground
water flow model

* Modflow 3.5 million grid
TN blocks
= What modifications are
{ A needed for shallow spills?
P - Refined vertical gridding
near the water table
ke * Demonstrate that
el transport model
Ned reproduces known
plumes.
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Calibration simulation of MTBE plume at Harper’s BP in Round Hill

*Hydraulic Conductivity: K« =K, = 0.6 ft/day, K, = 0.1 ft/day

*Recharge: N = 1.826e-3 ft/day over Round Hill
[MTBE] = 8,000 ug/L in six cells
held constant for 10 years

Dispersivity/Diffusion: 0 throughout the model

*Transport: No reactions / No decay

*Flow Model: MODFLOW (88/96), PCG2 Solver
*Transport Model: MT3DMS, Finite Difference Solver
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Ethanol gasoline
simulation
(preliminary results)

« 1) Simulate ethanol transport with 1.5 year

half life (Corseuil et al, 2011, BTEX Plume Dynamics..,
ES&T 45, 3422-3429)

= Determine when ethanol concentration goes below
3 mg/L

« 2) Simulate benzene transport with no
degradation ethanol above 3 mg/L

« 3) Simulate benzene transport with 2.0 year
half life ethanol below 3 mg/L

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



« 250 gallon gasoline release

= Qccupies 15% of pore space
= Layer 1 ft thick
= Covers 6 67ft x 57ft grid blocks

« Ethanol simulation concentration
78,900 mg/L
= [nitially present

 Benzene at 0.62% of gasoline (MSAT
concentration)

» Boundary condition supplied by compartment model
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Source benzene concentration from leaching model

16

14
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E10 simulation #2: Benzene with NO DECAY for 1825 days

*Hydraulic Conductivity: K« =K, = 0.6 ft/day, K, = 0.1 ft/day
*Recharge: N = 1.826e-3 ft/day over Round Hill
[benzene] in six cells varies
over first 5 years per leaching model

Dispersivity/Diffusion: 0 throughout the model

*Transport: Benzene retardation, no decay
*Flow Model: MODFLOW (88/96), PCG2 Solver
*Transport Model: MT3DMS, Finite Difference Solver
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250 gallon spill: benzene results at 5 and 10 years
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125 Gallon spill: benzene results at 5 and 10 years
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 Small differences between EOO and

E10 plumes observed for this site

= EO0O benzene plumes slightly shorter than E10
plumes

» (Smaller amount of ethanol than E95/E85)

« Ethanol degradation

= 1825 days for 250 gallons,
= 1700 days for 125 gallons

* Plume extent driven by:
= Ground water velocity
= Degradation
= (Weakly) Source mass
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&

Score Card

Gasoline Source @
Numerical Model &
Capillary Fringe O
Beginning development of a self-

contained “practical” model for
these problems

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions



