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ABSTRACT

Soil contamination is a big problem facing the venalorld as it affects majorly all facets of lifehd soil flushing
method enhanced by ultrasonic waves is a new, palteand efficient technique for in situ remediatiof the ground
contaminated by NAPL hydrocarbons. This study itigesed the effectiveness of ultrasound enhancenmettie soil
flushing method for a range of conditions involvitrgatment time, hydraulic gradient and the disgbarelocity. The
numerical investigation was performed using MATLA&Bdevelop a program to determine the effectivenésstrasound
enhancement in soil flushing method. The test teisdlicated that the rate of the contaminant eximacincreased
considerably with increasing sonication time upl&9) seconds with 34% contaminant removed withontcation and
64.05% contaminant removed with sonication andedadlecreasing at the level where cavitation oeclurincreasing the
sonication time will increase the contaminant realowp to the level where cavitation occurs. Theeaffeness of
sonication decreases with hydraulic gradient ben&ally becomes constant under higher flow rates aso is highly
related with the discharge velocity. It can be doded from the research work that soil flushinghaittrasound effect can

increase the rate of contaminant removal from soil.

KEYWORDS: In Situ Remediation, NAPL Hydrocarbons, Ultrasolfithancement, Soil Flushing, Soil Remediation,

Cavitation
INTRODUCTION

Soil contamination by petroleum hydrocarbon is aghtire problem facing the oil and gas industry. éGletrm
hydrocarbons are mostly found in urban and subudbeas due to possible leakage of gasoline, mdtrond diesel fuel
from underground storage tanks. Upon completioexdfaction and removal of facilities, many oil agak lease sites may
be left with varying degrees of soil contaminati®uich contaminated sites pose great risks to thieomment and human
health. The polluted ground needs to be cleaneatder to avoid hydrocarbon contamination of growater aquifer.
There are different remediation methods such algement, vapor extraction, pump-and-treat andhihgs methods.
However a method that can be economical and afsoti for a broad range of field conditions id get available. For
development of an effective ground remediation metlhere has been considerable research focusititedechnique of

enhancing soil-flushing method.

Soil flushing is an extraction process to removeanic compounds from contaminated soil. It removes
contaminants by dissolving the liquid, sobbed grorgphase by mobilizing contaminants existing &g foroduct in soil

pores and adsorbed to the soil (Hyman, Norman,Raidy, 2001). Ultrasound is a sound that has frequéeyond the
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human hearing from 20 kHz and above. The soil-fhigimethod enhanced by ultrasonic waves is a nelntgues that
potentially can become an efficient method for ilm semediation of the ground contaminated by NAmBidrocarbons.
There are data showing that ultrasonic waves gpalda of removing non-aqueous phase liquid (NAPYgrbcarbons
from soils. The behavior of a fluid’s flow rate tlugh porous media has been well known since DardB856 formulated
an empirical equation from the flow of water thrbugand. These brought about the use of ultrasoanenhance
remediation of soil contaminated with oil. NAPL aren-aqueous phase liquid, examples are DNAPL aWiRL. While
LNAPL on the other hand is a light non-aqueous pHiagliid, it is a groundwater contaminant thatas soluble and has a
lower density than water. Currently, the two reratidn strategies that exist aii@;situ andex situ. In situ remediation
techniques are the remediation of contaminatedveliith is carried out on the natural place or gied Ex situ, on the
other hand requires the extraction of contaminatats to different locations for treatment. Mostypical, chemical and

biological modes of non-aqueous phase liquid (NARHucer removal belong to this latter category.

Surguchev and Simkin (1991) attributed the incrdasdraction of oil (hydrocarbons) to a decreasenmater and
an increase for oil in the relative phase perméghidue to stress waves. Johnson (2004) observddceease in the
viscosity of polystyrene solution under sound waude also reported increase in oil percolation tht®ugh porous
medium. Piesio and ooms (2004) developed a theateatiodel to predict removal of small particle digbs in porous
media. Gadiev (2003) stated that ultrasound camceedhe viscosity of high polymeric liquid by up 87%. It was
reported that ultrasonic excitation can suspend fiarticle to which the contaminants are strongiigoabed (Cleveland
and Garg, 2003). Also, (Reddi and Challa, 1994) @wtdi and Wu, 1995) presented that ultrasonicesaan increase
not only the mobility of NAPL ganglia but the poitysof the soil as well, resulting in a decreaseistosity and buoyant
pressure. (Kim and Wang, 2003) stated that sooicatan enhance pollutant removal considerably hatthe degree of
enhancement depends on a number of factors susbnésation power, water flow rate and soil typdldii et al, 1995)
reported a 30% increase in contaminant extractiom th acoustic excitation. Another study by (lo#erét al., 1995)
reported a 6-26% improvement in contaminant extvacHence the soil-flushing method enhanced byasdinic waves is
a new techniques that potentially can become aadieff method for in situ remediation of the growahtaminated by
NAPL hydrocarbons. The objectives of this researchk is to investigate the effectiveness of ulttasidb on the soil

flushing remediation technique for a range of ctiadiinvolving soil type, sonication time and flusg rate.
Numerical Analysis

Darcy’'s law is a derived constitutive equation tdascribes the flow of a fluid through a porous med It
shows that the volumetric flow rate is a functidrihee flow area, elevation fluid pressure and préipoality constant. The
law was formulated by Henry Darcy based on thelrefiexperiments on the flow of water through bedsand. It also

formed the scientific basis of fluid permeabiliBor these equations, these assumptions were made
Basic Assumptions

e Itis assumed that the flow is steady throughout.

* The flow is laminar.

* The sand is saturated with the NAPL contaminant.

* There is uniform or constant NAPL permeability viitthe soil.
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Basic Governing Equations

The basic equations for modeling soil remediatismg soil flushing method enhanced by ultrasonivesaare
presented below:

» Determination of external pressure

Powe=GL,+ APL,

1)
Where, G is the Pressure gradient
AP is Density different between water and the NAPL
L, is the Vertical Length between interface indicated by K and i
While, G can be expressed as;
6= pgt @
i = Hydraulic gradient
v=ki 3)
feP  ="w] 4 ApL
. ext T v g-v
4
=2
P (5)
WhereQ = lfT Q(t)dt
TY0
T=Period of oscillations
TR*
@y = ™ G
g (6)
Q,(G) is the Poiseuille flow rate
Determination of hydraulic conductivity
kpg
K=—
2 (7)

Where, K is the hydraulic conductivity

k is Permeability
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p is the Fluid density (kg/em?)

u is the Fluid viscosity
g is the Gravitational constant ( 9.81m/s)

Flow rate under effect of vibration

W= ﬂ-aimr

Where; W is the Flow rate with vibration
a is the Displacement Amplitude
w is the angular frequency of Vibration.

Determination of permeability

QuL
AAP

Where K is the Permeability (Darcy)
Q is the Total dischargeri®/s)

u is the Viscosity (cp)

L is the length of cell (cm)

A s the cross sectional araar(®)

AP is the Pressure drop
Determination of porosity

p=lr
Vb

Where P is the porosity of soil
V. is the Volume of the reservoir

V, is the Bulk Volume (cross sectional ared ength)

Percentage of oil recover

Total volume of oil removed

X 100

% of oil recovery =

Initial volume ofcontaminant in the soil

Contaminant flow rate

RecoveryVolumeofsoil

Contaminant flow rate -
Time

The flow rate of oil in the reservoir to total vate of fluid
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Qr= (1 = ) Qou)/(aQuw + (1 — @)Qon)

WhereQ, is the flow rate of oil in the reservoir to totallume of fluid
Q.1 is the flow rate of oll

a is the fraction volume of reservoir occupied withter

Q,, is the flow rate of water

Increase in flow rate due to vibration

— 47490
Jaoy= "

o
Where J is the increase in flow due to vibration
q, is the steady flow rate (no vibration)

q is the steady flow rate with vibration

The percentage of contaminant removed is given as;

Total volume of oil removed
f 100

% of contaminant removed—=

Initial volume ofcontaminant in the soil

Soil Sample and Contaminant

15

(13)

(14)

(15)

The soil sample used was sandy soil of grain dim#ween 0.45mm-1.10mm. The contaminant chosenhfsr t

research work is Diesel which is produced from trastional distillation of crude oil between 2@0and 358 at

atmospheric pressure thereby resulting in a mixafrearbon chains that typically contain betweeari 12 carbon

atmosphere molecule. It has a density of 0.918ganha0c and viscosity of 65cst at 26

RESULTS AND DISCUSSIONS

The results of the numerical investigation carmeed are presented below in Table 1-3. Before th#asninant

can be flushed out on the soil, the soil/contamifiemmd have to be broken first. Inside the soil snése contaminant can

be trapped within the pore formed by the interlatkeil particles or absorbed on the surface ofviddial particles or

both. Regardless of the nature of bond, the breakdd the contaminant/soil bond is time-dependeatess.

www.iaset.us

Table 1: Percentage of Contaminant Removed with Rpect to Time

Treatment Contaminant .

(Sonication) Removed R? ontamlnar]t
; : emoved with

Time Without Sonication (%)
(Seconds) Sonication (%)

20 19.9824 49,9824
40 23.6242 53.6242
60 26.4879 66.4879
80 28.2241 58.2241
100 29.6812 59.6812
120 21.2401 61.2401
140 30.7812 60.7812
160 30.2890 60.2890
180 29.6210 59.6210
200 29.4214 59.4214
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5 36.2130 66.2131
10 33.1461 63.1461
15 30.7112 60.7112
20 28.4581 58.4581
25 27.9811 57.9811
30 26.6432 56.6432
35 26.0346 56.0346
40 25.8378 55.8378
45 25.6311 55.6311
50 24.7181 54.7181

Table 2: Contaminant Removed with Respect to Hydralic Gradient

Table 3: Contaminant Removed with Respect to Dischnige Velocity

15 33.5335 64.5935
25 26.3558 57.8535
35 235479 54.4321
45 22.3494 52.9761
5.5 22.9124 52.8124
]

1
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Figure 1: Relationship between Treatment Time and Gntaminant Removal (%)

edi@iaset.us



Numerical Investigation of Oil Removal from Soil usng Ultrasound Effect 17

Figure: 3: Relationship between Discharge VelocitfCm/S) and Contaminant Removal (%)

From the Figures above, it is obvious that numerfagsors may influence the percentage of contantinan
removal. Major factors investigated were sonicatiome, hydraulic gradient, and discharge veloclige effect of these
factors on contaminant removal was investigatedhensandy soil specimens that were prepared. Figyresents the
graphical relations between treatment time andegreage of contaminant removed for the numericagégtigation. The
effect of treatment time on contaminant removal wasied out at hydraulic gradient of 20cm. It vedoserved that for a
constant hydraulic gradient, the percentage ofaromant removed increases with the treatment tionddth ultrasonic
enhanced soil flushing and the soil flushing preesso a maximum around 120 seconds of treatmentdbcreases. The
treatment time beyond 120 seconds yielded decrgaseent contaminant removed. It is evident théheftreatment time
increases further, the reduction will increasetfert The reduction in contaminant removal after 426onds is due to the
effect of cavitation. Cavitation is the formationdathen immediate implosion of cavities in a liquil bubbles that are the
consequence of forces acting upon the liquid. Thaplgalso shows the effectiveness of ultrasourabittaminant removal

in a porous medium as it increases the percentagentaminant removed all other factors being laptstant.

Figure 2 presents the graphical relations betweghallic gradient and percent contaminant remoadtte
numerical investigation, carried out with hydraufjradients interval of 5cm with a fixed treatmefité@seconds. It is
evident that at low hydraulic gradient, there ighar percentage of contaminant removed. It is elesethat the percent

contaminant removal decreases with increasing hWidraradient. The explanation is that, increasthg hydraulic
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gradient will increase discharge velocity and flate, therefore reducing the time for the flushivater to interact with
the soil/contaminant system. For low hydraulic ggatl the water has longer time to interact witk #ystem, which

makes it more efficient to remove the contaminhantfast flushing under high hydraulic gradient.

Similarly, Figure 3 shows the percent contaminamaved vs. discharge velocity in the numerical stigations
respectively. It can be deduced from the relatigndletween the hydraulic gradient and dischargecigl which is
linearly proportional that the higher the hydraudi@dient the higher the discharge velocity. Atéowlischarge velocity,
more percentage of contaminant was removed dumatdllishing time for long interaction between theshing water and

the soil/contaminant system.
CONCLUSIONS

The research work numerically investigated theadffeness of sonication in the soil-flushing methdtle test

soil was sand and the contaminant was Diesel. &hdts indicated the following:

* Sonication increases the efficiency of soil flughim soil remediation by enhancing contaminant resho

considerably.
* Increasing the sonication time will increase thetaminant removal up to the level where cavitatoours.
* The degree of enhancement depends on factors sisthl dype and water flow rate.

* The effectiveness of sonication decreases withauldr gradient but eventually becomes constant uhagher

flow rates and is highly related with the dischavgocity.
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