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ABSTRACT

A fuel weathering study was conducted for database entries to estimate natural LNAPL weathering
and source-term reduction rates for use in natural attenuation models. A range of BTEX weathering rates from
mobile LNAPL plumesat eight field siteswith known rel ease dates was documented. Free-phasefuel BTEX
weathering rates varied among sites and were influenced by many factors. First-order weathering rate for five
JP-4 fuel siteswas 16%/year. Benzene and toluene exhibited higher weathering rates than ethylbenzene and
xylene, as expected, because of higher water solubility. The primary weathering mechanism of mobile LNAPL
wasdissolution. Meaningful determination of mobile LNAPL weathering ratesfor BTEX in gasolinewas
difficult because of thelargerangesof initial BTEX values.
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INTRODUCTION

Littleinformation hasbeen available
regarding rates of natural weathering of BTEX
componentsfrommobilefuel LNAPL's. Be-
causeof this, reduction rate sourcetermsin
groundwater modelsare often anoverly
conservativeestimate. Thisapproach canresult
inadverseforecastsof monitored natural
attenuation performanceat field sites. Themain
emphasisof the study wasfor JP-4 jet fudl,
becauseit hasbeen thefuel typemost widely
spilled at Air Force bases; and for jet fuels, it
hasthehighestinitial BTEX fractions.

OBJECTIVE

The study was doneto document arange
of BTEX wesathering ratesfor mobile LNAPL
fractionsfrom some JP-4 releaselocationswith
LNAPL plumesand knownrelease dates. The

weathering rates areto be used for more
accurate natura attenuation input parameters.

LITERATURE REVIEW

Thesearchdid not identify any field studies
toevauate BTEX reductionswithin mobile
LNAPL sat fuel releasesites. Frequently a
default value of five percent per year hasbeen
used, but nofield studieswere knownto exist to
support thisassumption.

JP-4BTEX COMPOSITION

Theinitia concentrationof BTEX inthe
original JP-4 fuelswasnot known. It was
estimated using fresh fue compostiona values
reported by Smithetal., 1981, and Hugheset
al., 1984, asshowninFigure1l. Massfractions
were obtained using adensity value of 802 mg/
mL for JP-4.
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Figurel. BTEX Concentrationsin Fresh
Fuels—Fuel Wesathering Study

DISSOLUTION AND WATER
SOLUBILITY

Dissolutionisthe partitioning of BTEX
from LNAPL into groundwater and most likely
themajor mechanism of BTEX depletionin
mobileLNAPL. Water solubility of theBTEX
componentsisanimportant factor determining
thefateand transport inthe subsurface. Water
solubility and effective solubility of JP-4and

gasolinearelistedin Table1. BTEX com-
poundsare more solublein fuel than water and
tendtoremaininthefue.

VOLATILIZATION AND BIODEGRA-
DATION

Contaminant volatilization for subsurface
releasesthrough aporous mediumisusualy
restricted by soil moisture and fine soil texture.
Effective biodegradationislimited because of a
hostilefuel environment and restricted access
to nutrients, el ectron acceptors, etc., inthe
LNAPL pool.

COLLECTIONOF SITEDATA

Five JP-4 fuel rel ease Siteswere sel ected
for thestudy and arelistedin Table 2. Both soil
and groundwater sampleswerecollected. The
sampleswere analyzed usng standard anayticd
methodsinvolving gaschromatographic/mass
spectrometry techniques.

Table 1. Dissolved Concentrationsof BTEX

Compound | water Solubility | 2 a0 Tatio
JP-4~ Gasoline?
mg/L
Benzene 1750 9.8 58.7
Toluene 524 85 334
Ethylbenzene 187 0.7 4.3
o-Xylene 167 1.2 6.9
m-Xylene 157 2.0 11.0
p-Xylene 180 0.4 4.4
Total Xylenes 168 3.6 22.3

4 Solubilitiesat 25° C (Montgomery, 1996)
Y Smithetd., 1981
¢ American Petroleum I nstitute, 1985
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DATA ANALYSIS

LNAPL weathering wasdetermined by a
massfraction reduction of BTEX ascompared
toassumedinitia BTEX levels. Average
annual contaminant reduction ratesfor both
zero-order and first-order weathering are
shownin Table2. Highest ratesfor BTEX
weathering were measured at Shaw AFB

wherethe zero-order and first-order weather-
ing areshownin Table2. Highest ratesfor
BTEX weathering were measured at Shaw
AFB wherethe zero-order and first-order
rateswere 18%/yr. and 23%/yr., respectively.
Lowest ratesoccurred at Eaker AFB and
were 1.7%/yr. and 2.9%/yr., respectively.

Table2. BTEX Weathering Ratesin JP-4 Mobile LNAPL

Site Analyte Spill Age ér:)i;iglal Recr:n(flrilzi.ng Zero-Order | First-Order
wt % Average % Reduced/Year
Shaw AFB, SC 4 years
Benzene 0.50 0.23 17 22
Toluene 133 0.48 20 28
Ethylbenzene 0.37 0.16 17 23
Total Xylenes 2.32 1.07 17 22
Total BTEX 452 194 18 23
Myrtle Beach AFB, SC | 16 Years
Benzene 0.50 0.02 59 19
Toluene 133 0.00 6.2 36
Ethylbenzene 0.37 0.17 34 5.3
Total Xylenes 2.32 0.57 4.7 8.9
Total BTEX 452 0.76 51 n
DFSP-Charleston, SC 22 years
Benzene 0.50 0.00 4.8 35
Toluene 133 0.01 4.8 25
Ethylbenzene 0.37 0.10 3.6 8.7
Total Xylenes 2.32 0.44 3.9 9.3
Total BTEX 4.52 0.55 43 1

a Based on assumed analyte concentrationsin fresh JP-4 fuel
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Figure 2 showsacompilation of thefive
averagetotal BTEX concentrationsinto one
weathering plot. Generally, thezero-order
curveunderestimatestotal BTEX depletion.
Thefirst-order curve provided amore reason-
ableapproximation of BTEX depletion. Also,
inFigure3, thefirst-order curvefor benzene
aloneisamore reasonabl e approximation of
benzenewesathering inmobileLNAPL at the
five JP-4 sites. The JP-4 sSitedataindicated that
BTEX mobileLNAPL wesathering ispredomi-
nately adissolution function. Asconcentrations
inthemobile LNAPL decrease, depletion rates

also decrease, which occursastheage of spill is
increased. Consideringtheplotsof Figures2
and 3inthefirst-order curves provided reason-
ableestimatesof total BTEX and benzene
wegthering. Theoveral first-order ratefor total
BTEX wesathering from JP-4 mobile LNAPL
wasnear 16%/yr. Reduced chemical concen-
trationsin mobile LNAPL indicated that disso-
lution wasthe predominant weathering mecha:
nism and was dominated by benzene.

CONCLUSIONS
® Free-phasefuel BTEX weathering rates

Table 2, cont. BTEX Weathering Ratesin JP-4 Mobile LNAPL

Site Analyte Spill Age | Initial Conc. ¥ Regﬁgl;r;i‘ng Zero-Order | First-Order
wt % Average % Reduced/Year
Eaker AFB, AR 24 years
Benzene 0.50 0.13 31 12
Toluene 133 0.04 4.0 31
Ethylbenzene 0.37 0.47 - -
Total Xylenes 2.32 2.03 0.5 13
Total BTEX 4.52 2.67 17 29
McChord AFB, WA 22 years
Benzene 0.50 0.00~ 4.5 42
Toluene 1.33 0.00 4.5 44
Ethylbenzene 0.37 0.00 4.5 41
Total Xylenes 2.32 0.00 4.5 43
Total BTEX 4.52 0.00 4.5 43

a Based on assumed analyte concentrationsin fresh JP-4 fuel

b/ Nondetect values
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Figure?2. Tota BTEX Weathering, Considering Average Datafrom the JP-4 Rel ease Sites—Fuel

Wesethering Study
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Figure 3. Benzene Weathering, Considering Average Datafrom the JP-4 Rel ease Sites—Fuel

Westhering Study

varied for thefivefuel release sitesas
influenced by factors of spill age,
relative solubilities, subsurface mois-
ture, and soil texture.

e Dissolutionwasthe primary westhering
mechanism that influenced mobile LNAPL
rates.
e Theaveragetotal BTEX for five JP-4
release sites, based on first-order weather-
ing, was near 16%l/year.
346

e Theaverage benzenefirst-order weathering
ratefor thefive siteswas near 26%/year.
e Asexpected, benzeneexhibited ahigher
weathering rate than the other BTEX
components.
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