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ABSTRACT

The measurement of soil water content is one of the most common kinds of soil analysis performed.
The potential effects of the soil water content on the behavior of soil make it an important measurement in every
type of soil study. The relationship between soil water content and metric suction is known as the soil-water
characteristic curve. The soil-water characteristic curveis often used for calculating unsaturated hydraulic
values. The introduction of petroleum hydrocarbons into an unsaturated soil, due to a spill, alters unsaturated
hydraulic properties of the soil, but current computer modeling of flow in unsaturated soil does not account for
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this change in unsaturated hydraulic properties. This presentation will present results from alaboratory
experiment measuring the hydraulic properties of contaminated soils.
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INTRODUCTION

The measurement of water contentisone
of themost common kindsof soil analysis
performed. The potentia effectsand/or
influence of soil water content on the behavior
and application of soil makesit animportant
measurement in every type of soil study (Carter,
1993). Over the past ten yearsor so, interest
inthevadose zone (unsaturated zone) of soils
hasbeenincreasing. Thisinterest hasbeen
fueled by public concernsabout diminishing
qudity of groundwater and soil (van Genuchten
et a 1991). Hydraulic propertiesof soil, such
ashydraulic conductivity areaffected by soil
physical propertiessuch assoil texture. Assoil
physical propertieschange, so doesthe soil-
water characteristic curveand thehydraulic
conductivity. Themaingoa of theresearch
conducted wasto measurethe change, if any, in

thewater-hol ding capacity of asoil contami-
nated with petroleum. Theresultsareintended
to act asastepping stonefor futureresearchin
thehydraulic propertiesof contaminated soil.

Before describing the experimental setup,
afew definitionsare needed.

Soil-Water Characteristic Curves. The
soil-water characteristic curve showsthe
relationshi p between water content and soil
suctioninthevadose zone.

Soil Water Content: Theterm soil water
content is defined asthe amount of water
incorporated within soil pores. Soil water
content can be defined aseither gravimetric
water content, or volumetric water content.
Gravimetric water content isdefined onamass
of soil basis. Volumetric water content is
defined asapercent by volume of soil basis.
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Gravimetric water content, w, iscalculated
asfollows:
o= (1)

Ms

whereM  symbolizesthe massof the
water and M, symbolizesthe massof the soil.

Volumetric water content, g, iscalcul ated
asfollows:

g = W ~Wa) @)
(dV,)
wheredisthedensity of water, and V isthe
contained volumeof thesample. Thewet
weight of the soil and the sample container ring
isW,_, andthedry weight of thesoil andthe
containerisW.,.

Soil Suction: Thesoil water potential, or
soil suction, isanenergy leve of the soil water.
M atric suction was used during the course of
thisstudy. Matric suction can bedefined asthe
pore-air pressure minusthe pore-water pres-
sure. When an unsaturated soil becomesmore
saturated, matric suction decreases.

DETERMINATION OF SOIL-WATER
CHARACTERISTIC CURVES

Determination of the soil-water character-
istic curveisaccomplished by establishing
equilibrium between abody of water of known
potential and the soil water inthesample. A
Five-Bar Pressure Plate Extractor, shownin
Figure 1, from Soil Moisture Equipment Corpo-
ration (SantaBarbara, CA) was used to estab-
lishequilibriumat thefollowing suctionlevels:
0.00, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.11, 0.22, 0.34, 0.45, and 1.00 bars.
Operating ingtructionsfor the Pressure Plate
Extractor can be obtained from Soil Moisture

Equipment Corporation (SantaBarbara, CA)
andthey areaso described indetail in Pirkl
(1999). Thesoil used for thisexperiment was
Ottawasand. The sand was contaminated with
10W30 motor ail to varying degrees: 0.0%,
0.2%, 0.4%, 0.6%, and 1.0% by weight. The
method used to homogeneoudy contaminatethe
soil isdescribedindetail in Pirkl (1999). Qua-
druplicate sampleswereused for statistical
purposes. After the samplesreach equilibrium,
volumetric water contentiscalculated andis
plotted versusthematric suction at equilibrium
toestablish adatapair.

RESULTS

Theeffect of varying oil contaminationon
the hydraulic propertiesof the Ottawasand was
analyzed during the collection of thedata
needed to construct the soil-water retention
curves. Contaminationlevelswerevaried at a
constant rate from no contamination to 1.0%
contamination by weight. Procedureswere
followed to minimizethe differences, not associ-
ated withleve of contamination, inthesamples.

To construct asoil-water retention curve,
datapairsof volumetric water content and
matric suction wereplotted. Thesedatapairs
werethen used to construct the soil-water
retention curvefor the soil beingtested. Figure
2 showsthat thereweremutually exclusivesoil-
water retention curvesfor each level of contami-
nation. Thesoil-water retention curvesindi-
cated that at |ow suction va ues, the uncontami-
nated soil samplehasahigher water-holding
capacity than the contaminated samples. Thisis
indicated by the higher water content of the
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Figurel. Diagram of Five-Bar Pressure
Plate Extractor.
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Figure2. Volumetric Water Content Versus
Pressurefor Various TPH Leves.

uncontaminated soil samplerelativetothe
contaminated samplesat thelower suction
values. Thisdevelopment wasunexpected. An
orderly progressionrelativeto the percent oil
contamination and final water content could not
be deduced from the data.

DISCUSSION
Theresultsof thisdatashow that at higher

suction values, thewater-hol ding capacity of
Ottawasand increasesdueto presence of ail
contamination. Thismay causeaproblem
when designing apump-and-treat, soil-vapor-
extraction, or air-stripping remediation system
to clean up oil-contaminated soils. If thesoll
properties are changed dueto the presence of
the contaminant, aresidua product may remain
even after; theoreticdly, the soil treatment
should be complete. Many computer-modeling
programsdo not account for thefact that the
physical propertiesof the soil may changedue
to the contamination present. Thiscould cause
asubstantial underestimation of theamount of
work required toremediate asite.

CONCLUSIONS

Soil-water characteristic curvesfor oil-
contaminated Ottawasand constructed during
thisstudy weredifferent from the soil-water
retention curve of clean Ottawasand. Thesoil-
water retention curvesindicatethat theintroduc-
tion of arelatively low amount of oil contamina-
tioninhibitsthe movement of water. Theresults
of thisresearchindicatethat theintroduction of
petroleum hydrocarbonsto asoil changesthat
soil’shydraulic properties. Athigher suction
values, the contaminated sampleshad ahigher
water- holding capacity. Thisshouldraise
concernswith theaccuracy of most computer
modelsused to eva uatefluid-flow through soils.
Further studiesare suggested to better under-
stand the rel ationship between the effects of soil
contamination and the hydraulic properties of
thesoil.
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