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Properties of MTBE

MTBE has a high solubility in water. It is ~ 24 times more soluble in water
than Benzene (43,000 to 50,000 mg/L).

MTBE has a high vapor pressure, more than 2% times greater than the vapor
pressure of Benzene at 25 °C. The vapor pressure of MTBE (and BTEX)
increases exponentially with temperature.

MTBE has a low Henry’s Law Constant (air-water partitioning coefficient) in
comparison to the BTEX components that increases with temperature (more
than doubles from 20 to 40 C).

The biodegradation rate of MTBE is an order of magnitude lower than that of
the BTEX fuel components.

MTBE has a low organic partition coefficient in comparison to BTEX
components, reflecting its lesser affinity for soil adsorption.

MTBE is lower specific gravity than water and a higher vapor density than air
MTBE has a low taste and odor threshold.

Development of an in-situ remediation strategy for MTBE?
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Properties of MTBE & BTEX

Property MTBE | Benzene Ethylbenzene

¢ Volume in Fuel 15
Water Solubility, lmg/L 13.000 7 161 146
Vapor Pressure, immHg 251 05 . a .
Henrv's Constant 0.020 0.22 0.35 0.00024
Biodegradation Rate, |'4/D 0.01 0.1-1.0 0.1-10 9110
Adsorption, log(h, 1.05 1.90 2.50 2.6
Molecular Weight. le¢/mol RS 6 106 108
Specific Gravity 0.74 ().88 (.87 .87
Specific Vapor Density 2 R0 7 26 9 {57 £
Odor Threshold, |pphn 95 3.000 6.000 2).000

[aste Threshold, |pug/L 2,500 { 1na na
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Properties of MTBE suggest:

 Might be difficult to remove from the soils using vapor extraction
or multi-phase extraction.

* Bio-remediation may not be as effective for remediation of MTBE
as for other fuel components.

 Plumes might be relatively larger in extent and remediation may
require the pump and treat of huge volumes of groundwater and
significant ex-situ treatment.

« Begsthe question.......

Will Heat Help?

March 22, 2001 AEHS —-NAVFAC 11% Annual West Coast Conference M



Objective of Experimental Investigation

* Determine whether the addition of heat by the
conversion of electrical energy in the porous media
enhances the in-situ remediation of MTBE from the
water saturated sand, in this case in combination with
air sparging and solil vapor extraction.
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Liquid Injection Line
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Animation of the Bench Scale Investigation

Liquid Injection Line

Air Sparging Electrical Heating and Air Sparging
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Electrical Heating in the VVadose zone and below the water
table since ....
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Resistivity of Saturated Zone — Resistivity of Vadose Zone
Water Saturation is ~100% Water Saturation is ~ 50%

March 22, 2001 AEHS —NAVFAC 11t Annual West Coast Conference



Temperature Data
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Electrical Data
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Current and Conductivity Data
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Average Temperature and Electrical Conductivity
] ‘ ‘ ‘ 2.0

Average TerhperatUre -

Conductivity —— 1.8

1.6
80 1.4

90

1.2
1.0
| | 0.8
50 n 0.6
0.4

70

60

Conductivity, [S/m]

O,
)
—
>
-
©
| -
o
o
&
o
|_

40

| 0.2

30 e 0.0
13:00 14:00 15:00 16:00 17:00 18:00

Time

March 22, 2001 AEHS —NAVFAC 11t Annual West Coast Conference



Average Temperature and GasTech Response
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GasTech Readings With and Without Heat
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Summary of Air Sparging — No Electrical
Heating Experiment

March 22, 2001

Air Sparging - No Heating Data

Inside Diameter 6.33
Qutside Diameter 7.65
Length 19.00
Volume 274 .46
Total Sand 1,154.00
Total Water 253.80
Porosity 0.34
Pore Volume 93.32
Air Injection Rate 31.94
Air Injection Rate 0.34
Duration of Experiment 81,216
Total PV of Air Injected 27,798
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cm3
grams
grams
fraction
cm3
cm3/s
PVis
seconds
PV



Summary of Air Sparging — With Electrical
Heating Experiment
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Air Sparging - With Heating Data

Inside Diameter
Qutside Diameter
Length

Volume

Total Sand

Initial VWater

Porosity

Pore Volume

Air Injection Rate

Air Injection Rate
Duration of Experiment
MTBE VWater Added
Electrolyte Added
Total PV of Air Injected
Total Electrical Enegy Injected
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6.33
7.65
32.20
465.14
1,952.50
423.80
0.35
162.80
30.48
0.19
16,560
317.85
84.65
3,101
384.01

cm3
grams
grams
fraction
cm3
cmafs
PV/s
seconds
grams
grams
PV
kWhr/im3



Summary of Experimental Results (cont.)

Summary of Laboratory Results

Initial Concentration of MTBE by Volume

Initial Measured Concentration of MTBE

Concentration of MTBE after Air Sparging-No Heating
Concentration of MTBE after Air Sparging- With Heating

Adjusted for injected electrolyte
MNote that laboratory ND level is 5 ppb
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Vapor-Pressure of MTBE and BTEX Components
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Conclusions

Heat Helps In the

Remediation of MTBE
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